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FOREWORD 

The Exposure Assessment Gr oup ( EAG) of EPA's Office of Research and 

Developm ent ha s three main func tions : (1) to conduc t hum an health and e cologic al 

exposure and risk assessments, (2) to review exposure and risk assessments and related 

documents, and (3) to deve lop guideline s and handbook s for  use in t hese assessments. 

The activities unde r each of these funct ions are suppor ted by and r espond t o the ne eds of 

the var ious progr am of fices, re gional of fices, and the technical community. 

The Wildlif e Exposur e Factors Ha ndbook was produced in response to the 

increased interest in assess ing r isks to ec ologic al systems.  Its purpose is to improve 

exposure assessments for w ildlif e and suppor t the quantif ication of risk estimates.  It is a 

companion docum ent to the Exposur e Factors Ha ndbook , which cont ains infor mation 

useful f or  quantif ying e xposur e to hum ans.  B ecause informat ion and methods for 

estimat ing e xposur e are continually improving,  we will r evise th ese handbook s as 

necessary in the future. 

Micha el A.  Callaha n
 
Director
 
Exposure Assessment Group
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PREFACE 

The Exposure Assessment Gr oup of the Office of Health and Environmental 

Assessment (OHEA) has prepared the W ildlif e Exposur e Handbook in suppor t of the Office 

of Solid W aste and Emergency Response and the Office of Water.  The Ha ndbook provide s 

infor mation on v arious factors used to assess exposure to w ildlif e.  The goals of the 

project are (1) to promote the a ppli cation of risk assessment met hods to wildlif e species, 

(2) to foster a consistent approach to w ildlif e exposur e and r isk assessments, and (3) to 

increase the access ibilit y of the lit erature applic able to th ese assessments. 

The bulk of the docum ent su mmarizes literature values for exposure factors for 34 

species of birds, mammals, am phibians , and r eptile s.  In addition,  we include a chapter  on 

allometric equat ions that can  be us ed to estimate some of the exposure factors when data 

are lacking.  Finally , we describe some common equat ions us ed to estimate exposure.  The 

basic literature search was completed in May 1990 and was s upplemented by targeted 

searches c onducted in 1992. 

We anticipate upda ting this Handbook and would appr eciate any assistance in 

identif ying additional sour ces of informat ion t hat fill d ata gaps or otherwise improve the 

Handbook .  Comments can be sent to: 

Exposure Assessment Group 

Wildlif e Exposur e Factors Ha ndbook Pr oject 

USEPA (8603) 

401 M Street, SW 

Washington, DC 20460 
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1. INTRODUCTION 

The Wildlif e Exposur e Factors Ha ndbook (her eafter referred to as the Ha ndbook ) 

provides data, references, and guidanc e for conduc ting e xposur e assessments for w ildlif e 

species expos ed to toxic chemicals in t heir envir onm ent.  It is the produc t of a joint effort 

by EPA's Office of Research and Development (ORD), Office of S olid W aste and 

Emergency Response (OSWER), and Office of Water (OW).  The goals of this Ha ndbook are 

(1) to promote the a ppli cation of risk assessment met hods to wildlif e species, (2) to foster 

a consistent approach to w ildlif e exposur e and r isk assessments, and (3) to increase the 

access ibilit y of the lit erature applic able to th ese assessments. 

1.1. PURPOSE AND SCOPE 

The purpos e of the Handbook is to  provide a conv enient sour ce of infor mation a nd 

an analytic framework for scree ning- level risk assessments for common w ildlif e species. 

These scree ning- level risk assessments may be used for several purposes, inc luding:  to 

assess potential effects of environmental contaminat ion on wildlif e species and t o suppor t 

site-specific decis ions (e. g., for  hazardous waste sites); to s uppor t the d evelopment of 

water-quality or other media-specific criteria for limit ing e nvir onm ental l evels of toxic 

substances to protect w ildlif e species;  or  to focus r esearch and m onitoring efforts.  The 

Handbook provide s data (analogous to EPA's Exposure Factors Ha ndbook for humans, 

USEPA, 1989c) and met hods for estimat ing wildlif e intakes or doses of environmental 

cont aminant s.  Although t he data presented in the Ha ndbook can  be us ed for screening 

analyses, we recommend that anyone esta blishing a cleanup goal or  cr iterion on t he basis 

of value s cont ained he rein obtain the original literature on which the values are based to 

conf irm that the study qua lity is sufficient to suppor t the criteri on.  This Handbook doe s 

not include d ata or extra pola tion methods requir ed to assess the toxicity of substances to 

wildlif e species,  nor doe s it include any chemical-specific d ata (e.g., bioa vailabilit y factors). 

For the Office of Water, data gathered for the Ha ndbook were us ed to  identif y 

wildlif e species that are lik ely to  be at gr eater risk from bioaccumulative pollut ants in 

surface waters and to estimate likely exposures for these species.  Data on diets and on 
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food and water inge stion r ates can be used with chemical-specific informat ion,  such as 

bioaccumulat ion pot ential and wildlif e toxicity, to calcul ate site- or re gion- specific 

conc entrations of a chemical  in water (or s oil or  sedim ent) that are unlik ely to cause 

adverse effects. 

For  the Supe rfund progr am, this Handbook suppl ements the exist ing e nvir onm ental 

evalua tion guidanc e.  EPA's Risk Assessment Guidance for Superf und:  Volume II-

Environmental Evaluation Manual (U.S. EPA, 1989a) provides an overview of ec ologic al 

assessment in the Superf und pr ocess.  It includes a descript ion of the statutory and 

regulatory bases for ec ologic al assessments in Superf und and fund amental concepts for 

unde rstanding e cologic al effects of environmental contaminants.  The Environmental 

Evaluation Manual also reviews elements of pla nning a n ecologic al assessment and how to 

organize and pr esent the results of the assessment.  EPA's  Ecological Assessment of 

Hazardous Waste Sites: A Field and Laboratory Reference (U.S. EPA, 1989b) and 

Evaluation of Terrestrial Indicators for Use in Ecological Assessments at Hazar dous Waste 

Sites (U.S. EPA, 1992) are compa nion docum ents that describe biologic al assessment 

strategie s, field s ampling de signs , toxicity tests, biom arkers,  biologic al field assessments, 

and data interpretat ion.  The ECO Update intermittent bulle tin s eries (published by EPA's 

Office of S olid W aste and Emergency Res pons e, publi cation no. 9345.0-05I, available from 

the National T echnic al Infor mation S ervice, Spr ingfield,  Virginia ) provide s suppl emental 

guidanc e for Supe rfund on s elected issues.  Alt hough t hese documents have identified 

decreases in w ildlif e popula tions as pot ential endpoint s for ecologic al assessments, they 

do not provide guidanc e on how to conduc t a wildlif e exposur e assessment that is 

comparable to the guidanc e provided by the Supe rfund progr am for  hum an health 

exposure assessments.  This Ha ndbook provide s both guidanc e and d ata to facilitate 

estimat ing wildlif e exposur e to con taminants in the environment. 

Exposure assessments for w ildlif e and hum ans di ffer in several important ways. 

One key distinct ion is that many di fferent wildlif e species may be exposed, as compared 

with a single species of conc ern for a hum an health assessment.  Exposure varies between 

different species and even between different popula tions of the same species; behavioral 

attributes and diet and habitat preferences influence this variat ion. Second,  wher eas it is 
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seldom  pos sible to confir m estimated levels of human exposure wit hout invasive sam pling 

of human tissues, confirmatory sam pling f or many chemicals can  be done in wildlif e 

species (protected species excepted).  However, the tissue sam pling r equir ed to  quantif y 

actual exposure levels can be costly, and interpretat ion of tissue conc entrations can  be 

complex. 

For both hum an health and wildlif e exposur e assessments, the most cost-effective 

approach is often to first screen for potentially s ignific ant exposur es using measures (or 

estimates) of environmental contaminat ion ( e.g., in soils , water, prey species) to estimate 

contaminant intakes or doses by s ignific ant r outes of exposure.  If estimated doses fall far 

below the toxicity values associated with adverse effects, especially from chr onic 

exposures, further assessment may be unnecessary.  If estimated doses far exceed 

reference toxicity values, it may be poss ible to d etermine appropriate act ions on t he basis 

of these estimates a lone .  When a screening- level exposure assessment indi cates that 

adverse effects are likely, a dditional confir matory data may be needed in the decis ion-

making pr ocess.  For humans, it is usually not practicable to obtain a dditional t ypes of da ta 

(e.g., tissue conc entrations , biom arkers), and hum an exposur e estimates are often refined 

by using m ore si te-specific data for exposure parameters.  For w ildlif e, confir matory data 

may be obtained from chemical analyses of tissue samples from potentially exposed 

wildlif e or  their  prey and f rom obs erved  incidenc e of di sease, repr oduc tive failur e, or  death 

in expos ed wildlif e.  These are reviewed in EPA's field and laboratory reference and 

terrestrial indi cators documents described above (EPA, 1989b, 1992).  If this more direct 

approa ch is not pos sible , the exposur e analysis can  be refined on t he basis of more site-

specific data for the species of concern. 

Wildlif e can be expos ed to envir onm ental con taminant s thr ough inhala tion, de rmal 

contact with contaminated water or s oil, or ing estion of con taminated f ood, water, or s oil. 

Exposure assessment seeks to answer several quest ions , including: 

What organisms are actually or potentially exposed to contaminants?�� 
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Which organisms or life stages m ight be most vulne rable to envir onm ental 

contaminants (e.g., ingest the largest quantities of contaminated media 

rela tive to  body size )? 

��	 

What are the signific ant r outes of exposure?
�� 

To what amounts of each contaminant are organisms actually or potentially
 

exposed? 

�� 

How long is each exposure?�� 

How often does or w ill e xposur e to the envir onm ental con taminants take 

place? 

�� 

What seasonal and climatic variat ions in conditions are lik ely to affect 

exposur e? 

�� 

What are the site-specific ge ophy sical,  phy sical, and c hemical conditions 

affecting e xposur e? 

�� 

The parameters for which data are presented in the Ha ndbook are int ended t o help a risk 

assessor answer these quest ions .  The popula tion pa rameter data (e.g., birth and death 

rates) may be useful for plac ing estimates of risks to w ildlif e popula tions in a broade r 

ecologic al con text and for pla nning monitoring activities. 

This Handbook focu ses on selected gr oups of mammals, birds, am phibians , and 

reptiles.  Fish and aquatic or terrestrial invertebrates were not inc luded in this effort.  The 

profile s on a mphibians and r eptile s are,  in gene ral,  less deve loped t han thos e for  birds and 

mammals.  We emphasized birds and mammals because met hods for assess ing t heir 

exposur e are more common and w ell de veloped.  As more assessments are done for 

amphibians and r eptile s, we anticip ate that a dditiona l methods and suppor ting factors will 

be necessary.  Until then, we hope the infor mation pr esented here w ill e ncour age 

assessors to be gin conside ring and quantif ying t heir exposur e. 

For all exposure parameters and species in the Ha ndbook , we try to  present data 

indi cative of the range of values that different popula tions of a species may assume across 

North America.  For site-specific ec ologic al risk assessments, it is important to note that 

the values for exposure factors presented in this Ha ndbook may not accurately represent 

1-4
 



specific loc al popula tions .  The species included in t he Handbook h ave broad geogra phic 

ranges, and they may ex hibit di fferent values for many of the exposure factors in different 

por tions of their range .  Some species exhibit geogr aphic var iation in body size , surviv al, 

and r eproduc tion.  Br eeding and migr ation a lso  influenc e exposur e.  Site-specific values 

for these parameters can be determined more accurately us ing published s tudie s of loc al 

popula tions and assistance from the U.S. Fish and W ildlif e Service, state departments of 

fish and game, and orga nizations such as loc al Audubon S oci ety chapters.  In a ddition,  The 

Nature Cons ervancy de velops and m aint ains wildlif e databases (inc luding endange red 

species) in c oope ration w ith all 5 0 states.  Local informat ion inc reases the certainty of a 

risk assessment.  Thus, for site-specific assessments, we str ongly reco mmend contacting 

loc al wildlif e experts to d etermine the presence and characteristics of species of concern. 

Finally , we do not int end t o imply that risk assessments for w ildlif e should be 

restricted to the species described in this Ha ndbook , or  should a lways be c onducted for 

these species.  We emphasize that locally important or rare species not inc luded in this 

Handbook may st ill be very impor tant for si te-specific risk assessments.  To assist users 

who wish to evaluate other species, we list general references for birds, mammals, 

reptile s, and a mphibians in Nor th Amer ica.  The Handbook also  provide s allo metric 

equations to assist in extra pola ting e xposur e factors (e.g., water inge stion r ate, surface 

area) to closely related species on the basis of body size . 

1.2. ORGANIZATION OF THE HANDBOOK 

The Handbook is organized into four  chapters.  The remainde r of this chapter 

provides an overview of the species and exposure factors inc luded in t he Handbook and 

discusses the literature search strategy used to identify factors.  Chapter 2 presents 

exposure profiles for the selected species (described in greater detail below).  Chapter 3 

provides allometric models that may be used to estimate f ood and water inge stion r ates, 

inhala tion r ates, surface areas, and meta bolic r ates for w ildlif e species on t he basis of 

body size .  Chapt er 4 describes common equat ions us ed to estimate w ildlif e exposur e to 

envir onm ental cont aminant s.  Included a re methods for estimat ing di et-specific f ood 
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inge stion r ates o n the basis of meta bolic r ate and for estimat ing e xposur e to chemicals in 

soil and s edim ent. 

Chapt er 2 is the core of the Handbook ; it pr esents exposure profiles for selected 

birds (Sect ion 2 .1), mammals (Sect ion 2 .2), and r eptile s and a mphibians (Sect ion 2 .3), 

along w ith  brie f descript ions of their  natural his tory. Each species profile includes an 

int roduc tion t o the species'  general taxonomic group, quali tative descript ion of the 

species, list of similar species, table of exposure factors, and reference list (which also 

covers that species' sect ion in Volum e II, the Appendix ).  The value s included in t he 

exposure factors tables are a subset of those we f ound in t he lit erature and a lso  include 

values that we estimated us ing t he allo metric equat ions pr esented in Chapter 3.  We 

selected values for the tables in Chapter 2 based on a variety of factors inc luding sample 

size, quantific ation of var iabilit y (e.g., standa rd deviations , standard errors, ranges), 

relevance of the measurement tec hnique for exposur e assessment, and coverage of 

habitats, subspecies, and the varia bilit y seen in the literature.  A complete list ing of the 

parameter values identified in our literature survey is provided in the Appe ndix .  The 

Appendix also  include s more details conc erning sample size , methods , and qualif ying 

infor mation t han the species profile s.  Users are encour aged to consult the A ppendix to 

select the most appropriate values for their particular assessment. 

The remainde r of this int roduc tory chapter d escribes the species and exposure 

factors covered in the Ha ndbook in gr eater detail.  The literature search strategy is 

discussed in Sect ion 1 .6. 

1.3. LIST OF SELECTED SPECIES 

Wildlif e species were sel ected for the Ha ndbook to  provide several types of 

coverage: 

Major  taxonomic groups (major vertebrate gr oups , orde rs, and families);�� 

A range of diets (e.g., piscivore, pr obing in sectivore) likely to result in 

contact with contaminated environmental media; 

�� 
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•	 A variety of habitat types (e.g., fields, marshes, woodlands, coastal areas); 

and 

•	 Small to large body sizes. 

Other attributes also were considered when selecting species for the Handbook, 

including: 

•	 Species with wide geographic distribution within the United States (or 

replaced regionally by similar species); 

•	 Species of concern to EPA or other regulatory agencies (managed by state or 

Federal agencies); and 

•	 Species of societal significance (familiar or of concern to most people). 

Tables 1-1, 1-2, and 1-3 list the birds, mammals, and reptiles and amphibians, 

respectively, included in the Handbook. The species are listed according to diet, general 

foraging habitat, and relative body size. 

The species included in this Handbook were necessarily limited; however, we do 

not recommend limiting wildlife exposure assessments to the species or similar species 

identified in the Handbook. Instead, the Handbook should be used as a framework to 

guide development of exposure factors and assessments for species of concern in a risk 

assessment. Species selection criteria for site-specific risk assessments might include the 

following considerations: 

•	 Species that play important roles in community structure or function (e.g., 

top predators or major herbivores); 

•	 Diet, habitat preferences, and behaviors that make the species likely to 

contact the stressor; 

•	 Species from different taxa that might exhibit different toxic effects from 

contaminants; 

•	 Local species that are of concern to Federal and state regulatory agencies 

(e.g., endangered and threatened species); 
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Table 1-1.  Characteristics of Selected Birds 
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Diet General  Foraging Habit at Body Size Selected Bird Species 

Insectivore a
 

probing/ soil-dw elling inv ertebrates
 
gleaning/in sects
 

woodlands , marshes 
marshes 

medium 
small 

Amer ican woodcoc k 
marsh wren 

Herbivor e 
gleaning/ seeds 
grazing/ shoot s 

woodlands , fields and brus h 
open f ields 

medium 
large 

nor ther n bobwhit e 
Canada goos e 

Omnivor e open woodland,  suburbs small American r obin 

Carnivore b open fields, forest edge 
most open a reas 

medium 
medium 

Amer ican kestrel 
red-tailed ha wk 

Carnivore/Piscivore/Scavenger 
small birds & mammals/fish/dead fish 
fish/invertebrates/small birds/garbage 

open water bodie s 
Great Lakes and coastal 

large 
medium 

bald e agle 
herr ing gull 

Piscivore c most streams, rivers, small 
lakes 
most freshwater and saltwater 
bodie s 
large water bodie s 

medium 

large 

large 

belt ed kingfishe r 

great blue he ron 

ospr ey 

Aquatic Insectivore d 

probing/ soil-dw elling inv ertebr ates 
diving/ aquatic inv ertebr ates 

most rivers and streams 
oceans and coastal areas 

small 
medium 

spotted sa ndpipe r 
lesser scaup 

Aquatic Herbivore/Insectivore most wetlands, ponds medium malla rd 

aIncludes consumpt ion of  insects, other ar thr opods, wor ms, and other  terr estrial invertebrates. 
 

bIncludes consumpt ion of  terr estrial ver tebrates and l arge invertebrates. 


cIncludes consumpt ion of  fish, amphibians, crustaceans, and other  larg er aquat ic ani mals. 
 

dIncludes consumpt ion of aquat ic invertebrates and amphibian l arvae by gleaning or probing. 




Table 1-2.  Characteristics of Selected Mammals 
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Diet General  Foraging Habit at Body Size Mammal Species 
Selected 

Insectivore a 

gleaning/ surface-dwe lling inv ertebr ates most habitat types small short-tailed shrew 

Herbivor e 
gleaning/ seeds 
grazing or brow sing/ shoot s, root s, or 
leaves 

most dry-land habitats 
grassy fields, marshes, bogs 
prairie grass comm unitie s 
most habitat types 

small 
small 
small 
medium 

deer mouse 
meadow vole 
prairie vole 
eastern cottontail 

Omnivor e woodlands , suburbs 
mixed woodlands and ope n 
areas 

medium 
medium 

raccoon 
red f ox 

Carnivore b most areas near water medium mink 

Piscivore c rivers 
coastal, estuaries, lakes 

medium 
medium 

river otter 
harbor seal 

Aquatic Herbivore most aquatic habitats medium muskrat 

aIncludes consumpt ion of  insects, other ar thr opods, wor ms, and other  terr estrial invertebrates. 
 

bIncludes consumpt ion of aquat ic and t errestrial ver tebrates and l arge invertebrates. 


cIncludes consumpt ion of  fish, amphibians, crustaceans,  mollu scs, and other  larg e aquat ic ani mals. 
 



Table 1-3.  Characteristics of Selected Reptiles and Am phibians 
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Adult Die t for  Adult s 
General  Foraging Habit at 

Body Size Amphibian S pecies 
Selected Reptile or 

REPTILES 

Terrestrial Carnivore a open w oods , fields and brus h medium racer 

Aquatic Piscivore b most types of water bodie s medium nor thern water snake 

Omnivore open fields, forest edge, 
marshes 
most freshwater bodie s 

medium 

large 

eastern box turtle 

snapping t urtle 

Aquatic Herbivore most wetlands, ponds medium paint ed turtle 

AMPHIBIANS 

Insectivore c shallow freshwater bodie s small green frog 

Aquatic Piscivore/Insectivore d lakes, ponds , bogs , streams 
small lakes, ponds , str eams 

medium 
small 

bullf rog 
eastern newt 

aIncludes consumpt ion of  terr estrial ver tebrates and i nvertebrates,  insects, other ar thr opods, wor ms, and other  terr estrial invertebrates. 
 

bIncludes consumpt ion of  fish, amphibians, and crustaceans. 


cIncludes consumpt ion of  insects, other ar thr opods, wor ms, and other  terr estrial invertebrates. 
 

dIncludes consumpt ion of  fish, amphibians, crustaceans,  mollu scs, other aquat ic ani mals, and t errestrial insects and other  invertebrates. 




Speci es of societal s ignific ance or  conc ern (e.g., game species, fam ilia r 

species); and 

��

Species that have been shown to be particularly sensitive to the stressor 

being a ddr essed. 

��

When species of concern for a risk assessment inc lude sp ecies for which d ata are 

presented in this Ha ndbook , it can serve as a readily available source of data for 

screening- level exposure analyses. 

1.4. LIST OF EXPOSURE FACTORS 

Three routes of exposure may be of concern for w ildlif e in t he vicinit y of 

contaminated surface waters and terrestrial habitats:  oral, inhala tion,  and de rmal.  Oral 

exposur es might oc cur via ing estion of con taminated f ood ( e.g., aquatic pr ey) or water or 

incident al inge stion of con taminated media (e.g., s oils , sedim ents) dur ing f oraging or othe r 

activities. Inhala tion of g ases or particulates m ight be a signific ant r out e of exposur e for 

some anim als.  Dermal exposur es are lik ely to  be most signific ant for  bur rowing mammals 

(i.e., via contact with contaminated s oils ) and anim als that spend conside rable amount s of 

time submerged in surface waters.  This Ha ndbook tabul ates selected data for all three 

routes of exposure (Table 1-4), emphas izing or al exposur es.  It also  provide s quant itative 

infor mation on popula tion pa rameters and qualitative informat ion r elated to seasonal 

activities, geogra phic range s, habi tats, and other life-history characteristics. 

The exposure factors presented in the Ha ndbook are conc eptually separ ated into 

four  types:  nor malizing factors (Sect ion 1 .4.1), con tact rates (Sect ion 1 .4.2), popula tion 

dynamics (Sect ion 1 .4.3), and seasonal activities (Sect ion 1 .4.4). Sect ion 1 .5 describes the 

format in which values for these exposure factors are presented in Chapter 2. 

1.4.1. Normalizing Factors 

Normalizing factors inc lude body weight , grow th r ate, and meta bolic r ate, which are 

discussed in turn below. 
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Table 1-4. Wildlife Exposure Factors Included in the Handbook 

Parameter Type 
Exposure Routel 
Factor Category Factor 

NORMALIZING FACTORS Body Weight body weight 

growth rate 

Metabolic Rate metabolic rate 

CONTACT RATES Oral food ingestion rate 

dietary composition 

water ingestion rate 

soil/sediment intake 
rate 

Inhalation inhalation rate 

Dermal surface area 

POPULATION DYNAMICS Distribution (by life social organization 
stage and season) 

home range size 

population density 

Birth, Maturation, and annual fecundity 
Death Rates 

age at sexual maturity 

annual mortality rates 

average longevity 

SEASONAL ACTIVITIES Timing of Activities 
(those that can modify 
habitat preferences and 
exposure) 

mating season 

parturition/hatching 

molt/metamorphosis 

dispersal/migration/ 
hibernation 
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1.4.1.1.  Body Weight 

Body weight s (in unit s of mass) are reported as fresh we ight as might be obt ained 

by weighing a liv e anim al in t he field. Several of the contact rate parameters are 

nor malized t o body weight .  For example, both f ood and water inge stion r ates are reported 

on a pe r body weight ba sis (e. g., gram of fresh food or water per gram of fresh body weight 

per day).  Us ing e mpiric al models , body weight d ata also were used to estimate contact 

rate parameters for which we c ould not find measured values. 

Adult body weight s are li sted for all species.  For birds, we also provide egg we ight , 

weight at hatching,  nestling or  chic k weight s, and w eight at fledging,  when available , to 

assist risk assessors concerned with estimat ing e xposur es of embryos and young birds . 

For mammals, we also provide gestat ing female we ight , bir th weight , pup w eight s at 

var ious ages, weight at weaning,  and w eight at sexual maturity, when available, for a 

simila r purpos e.  Finally , for reptile s and a mphibians , we also  provide egg w eight , larval  or 

juv enile weight s with age, and w eight at metamor phosis , if available and applic able.  Body 

size for reptile s and a mphibians is o ften reported as body length in stead of body weight , 

so we also provide data on body length and t he rela tionship b etween body length and body 

weight , when available . 

1.4.1.2.  Growth Rate 

Young anim als gene rally consum e more food ( per  unit body weight ) than adult s 

because they grow and deve lop r apidly .  Growth r ates change as animals mature, whether 

expressed as absolute (g/day) or relative (percent body weight ) terms.  Weight gain is rapid 

after birth, but slows over time.  Different types of animals ex hibit di fferent patterns of 

grow th over time.  Plot s of body weight versus age for some anim al groups are sigmoida l 

whereas others may approximate logis tic func tions or othe r shapes.  As a result , 

investigators often report growth rates as var ious con stants associated with particular 

mathematical models (e.g., Gompertz equat ion,  von Be rtalan ffy equat ion; see Peters, 1983) 

that fit the growth pattern for a given species.  Instead of present ing a vari ety of growth 

constants and models, however, we report growth rates for y oung anim als, when available , 

1-13
 



 in grams per day for specific age gr oups .  Growth r ates also can be inferred from a series 

of juv enile body weight s with age.  Th ese measures are inc luded unde r body weight (see 

Sect ion 1 .4.1.1). 

1.4.1.3.  Metabolic Rate 

Metabolic r ate is reported on the basis of k iloc alorie s per day nor malized t o body 

weight (e. g., kcal/kg-day).  If meta bolic r ate was measured and reported on the basis of 

oxygen consumption only , we provide thos e value s as lit ers O2/kg-day.  Normalize d 

metabolic r ates based on kilocalories can be used to estimate norma lized food ing estion 

rates (see Sect ion 4 .1.2).  Metabolic r ates based on oxygen consumpt ion c an be us ed to 

estimate meta bolic r ates based on kilocalories for subsequent use in estimat ing food 

inge stion r ates (see Sect ion 3 .6.3.1). 

1.4.2. Contact Rate Factors 

Table 1-5 summarizes the six contact rate factors inc luded f or the or al, inhala tion, 

and dermal routes of exposure. 

1.4.2.1.  Oral Route 

Three envir onm ental media are the prim ary cont ributor s to wildlif e exposur e by the 

oral rout e:  food, water, and s oils and s edim ents.  Four  con tact rate exposure parameters 

related to these three exposure media are discussed below. 

1.4.2.1.1.  Food ing estion rates .  Food ing estion r ates are expressed in this 

Handbook as gr ams of f ood (wet we ight ) per gram of body weight (wet we ight ) per day 

(g/g-day). Food ing estion r ates can vary by age, size, and sex and by seasonal changes in 

ambient temperature, activity levels, reproductive activities, and the type of diet consumed. 

Food ing estion r ates have not been measured for many w ildlif e species.  Methods for 

estimat ing food ing estion r ates on the basis of free-liv ing ( or field) metabolic r ate, energy 

content of the diet, and assimilat ion efficiency are discussed in Sect ion 4 .1.2. 
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Table 1-5.  Wildlif e Contact Rate Exposure Factors 

Exposur e 
Rout e Medium Factor Expression Unit s 

ORAL Food ing estion r ate fraction body 
weight 

6 g/g-da y 

dietary fraction of total 
composition intake 

represented by 
each f ood t ype 

Water inge stion r ate fraction body 
weight 

g/g-da y 

Soil/ Sedim ent intake rate fract ion of total 
food intake 

g/g-da y 

INHALATION Vapor or 
Particulates 

inhala tion r ate daily volum e m /day3 

DERMAL Water or 
Soil/ Sedim ent 

surface area total area 
potentially 
exposed a 

cm 2 

aTotal unprotected or per meable sur face area t hat might be exposed under som e ci rcumstances ( e.g., dust
 bathing), even though i t would not be exposed under other condi tions ( e.g., swi mmi ng wi th  a trapped ai r 
layer  between the feather s or  fur  and skin) . 

1.4.2.1.2.  Dietary composition .  Dietary composit ion v aries seasonally and by age, 

size, reproductive status, and habitat.  Dietary composit ion ( e.g., propor tion of die t 

consis ting of var ious plant or  anim al materials), often measured by stomach-content 

analyses, is expressed whenever poss ible as pe rcentage of total  intake on a wet-we ight 

basis.  T his conv ention facilitates comparison with contaminant concentrat ions in di etary 

items reported on a wet-we ight ba sis.  Methods for conv erting othe r measures of dietary 

composition ( e.g., percentage of total  prey i tems captured, pr opor tion of intake on a dry-

weight ba sis) to estimates of dietary intake on a wet-we ight ba sis are provided in Section 

4.1.2. 

1.4.2.1.3.  Water ingestion rates.  For drinking-water exposures, inge stion r ates are 

expressed in this Ha ndbook as gr ams of water per gram of wet body weight pe r day (g/g

day).  Water consumpt ion r ates depend on body weight , phy siologic al adaptations , 

1-15
 



diet, temperature, and activity levels.  It is important to remember that, unde r some 

conditions , some species can meet their water re quir ements with only the water contained 

in the diet and meta bolic water pr oduc tion (see Sect ion 3 .2). 

1.4.2.1.4.  Incidental soil and sediment intakes. Wildlif e can incident ally inge st 

soils or  sedim ents while foraging or during othe r activities such as dust bat hing a nd 

preening or grooming.  Data quantify ing soil and s edim ent ing estion a re limit ed; we 

present available values for selected species in Sect ion 4 .1.3. 

1.4.2.2.  Inhalation Route 

Average daily inhala tion r ates are reported in the Ha ndbook in unit s of m 3/day. 

Inhala tion r ates vary with size, seasonal activity levels, ambient temperature, and daily 

activities.  EPA's current approach to calculat ing inhala tion e xposur es requir es additiona l 

infor mation on s pecies' respir atory phy siology to fully estimate inhala tion e xposur es (see 

Sect ion 4 .1.4). 

1.4.2.3.  Dermal Route 

Dermal contact with contaminated s oil,  sedim ent,  or water is likely to be an 

exposure pathway for some w ildlif e species.  An anim al's sur face area c ould be us ed to 

estimate the potential for uptake of contaminants thr ough it s skin.  For  some exposur es 

(e.g., dus t bathing) , the entire sur face area of the animal m ight be impor tant.  For othe r 

types (e. g., swimming) , only the uninsul ated port ions (e. g., no f ur  or feathers that create a 

trapped air layer) of the animal m ight con tact the contaminated me dium .  In the Handbook , 

we provide measures or estimates of the entire potentially exposed surface area of an 

anim al, when  pos sible .  We have not attempted to determine what port ions would be 

exposed and protected for swimm ing anim als. 
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1.4.3. Population Dynamics 

Several parameters can be used to describe the spatial distr ibution and abundanc e 

of a popula tion of anim als in r elation t o the spatial extent of contaminat ion.  Three 

parameters related to spatial distr ibution a re social  organiza tion, ho me-range size, and 

popula tion densit y.  These are important for estimat ing t he numbe r of individuals or 

propor tion of a popula tion t hat might be expos ed to a con taminated area.  Parameters 

related to popula tion size and pe rsi stence inc lude age at sexual maturity and maturat ion, 

mortalit y, and annua l fecundit y rates.  These parameters may be useful to assessors 

planning or evalua ting f ield s tudie s or  monitoring progr ams. 

1.4.3.1.  Social Organization 

The Handbook include s a quali tative descript ion of each species' social 

organiza tion,  which influe nces how animals of var ious ages and size s are dis tr ibut ed in 

space.  In some species, individual hom e range s do not ov erlap.  In othe rs, all individuals 

use the same home range.  In between these extremes, home ranges can be shared with 

mates, offspr ing, or extended family gr oups . 

Social  organiza tion c an vary sub stantially am ong s pecies that appe ar othe rwis e 

simila r; therefore,  it is not pos sible to extra polate the social orga nization of simila r species 

from the selected species in this Ha ndbook .  Consult the gene ral bibliogr aphie s for 

infor mation sour ces to determine the social orga nization of species not covered  in t he 

Handbook . 

1.4.3.2.  Home Range/Territ ory Size/F orag ing Radius 

Home range size can be used to determine the pr opor tion of time that an  individua l 

animal is expected to contact contaminated environmental media.  Home range is defined 

as the geogr aphic area encomp assed by an animal's activities (except migrat ion) ov er a 

specified time.  W hile hom e range value s often are expressed in units of area, for species 

dependent on riparian or coastal habitats, a more mea ningful measure can be fora ging 
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radius , or  the di stances the animals are w illing t o tr avel to potential f ood sour ces. Alt hough 

home ranges may be r oughly circula r in homogeneous habi tats, it is important to 

remember that depe nding on habi tat needs and c onditions , hom e range s may be irre gula r 

in shape.  The size and spatial attributes of a home range often are defined by fora ging 

activities, but also m ight depend on t he lo cation of specific resour ces such as dens or nest 

sites in other areas.  An animal m ight not visit all a reas of its home range every day or 

even every week, but over longe r time pe riods , it can  be exp ected to visit most of the areas 

within t he hom e range that cont ain ne eded resour ces such as forage, prey, or protected 

resting a reas. 

Home range size for  individuals within a popula tion c an vary with season, latitude, 

or  altitude as a cons equenc e of change s in t he dis tr ibution and abundanc e of food or othe r 

resources.  It generally varies with animal body size and a ge because of differences in the 

dis tr ibution of pr eferred forage or prey.  It can also depend on habitat quality, increas ing a s 

habitat quality decreases to a c ondition be yond which t he habi tat does not sustain even 

sparse popula tions .  Finally , hom e range s can vary by sex and season.  For example, if a 

female is res ponsible for most or  all of the feeding of young, he r foraging r ange might be 

restricted to an area close to her nest or den when she has dependent y oung,  wher eas the 

foraging r ange of males would not be so restricted. 

Nonterritorial species may a llow signific ant ov erlap of activity areas among 

neighboring individuals or groups .  For example, several individuals or mated pairs may 

share the same area, alt hough signalling beha vior s may ensure temporal segregat ion.  For 

these species, we report a home range size or fora ging r adius .  Other species are str ongly 

territorial and defend mutually exclusive areas: individuals , breeding pair s, or family unit s 

actively advertise identifiable bounda ries and exclude neighboring individuals or groups . 

Foraging activities are usually restricted to the defended territories.  For these species, we 

repor t the size of the de fended t erritory and not e whether foraging oc curs out side of the 

terri tory . 
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1.4.3.3.  Popul ation Density 

Popula tion densit y (the numbe r of anim als pe r unit ar ea) influences how many 

individuals (or what propor tion of a loc al popula tion) might be expos ed within a 

contaminated area.  For str ongly territorial species,  popula tion densit y can  be inf erred 

from territory size in many cases.  For species with overla pping hom e range s, particula rly 

colonially br eeding anim als (e.g., most seabirds ), popula tion densit y cannot be inf erred 

from hom e range size . 

1.4.3.4.  Annua l Fecundi ty 

Attributes related to the number of offspr ing produc ed each year that reach sexual 

maturity (a nnua l fecundi ty) are measured in different ways depe nding on t he lif e his tory of 

the species.  For birds, data are generally available for clutch size, number of clutches per 

year, nest success (generally reflect ing pr edation pr essure), number of y oung f ledged pe r 

successful nest (generally reflect ing food availabili ty), and number of y oung f ledged pe r 

active nest (reflect ing all c auses of mortality).  For mammals, litter size in w ild popula tions 

often is determined by placental scars or embryo c ount s, and t he numbe r of young 

surviving t o weaning is seldom known.  For  reptile s that la y eggs , clut ch size and pe rcent 

hatching c an be measured in the field.  For viviparous reptiles, we report the number born 

in a lit ter.  For  amphibians , egg masses may inc lude thous ands of eggs , but th ese are 

seldom count ed. 

1.4.3.5.  Annua l Mor tality and Longe vity 

Longe vity can  influenc e the pot ential for cumula tive de leter ious effects and the 

appropriate avera ging t imes for chr onic exposur es.  For birds , annual adult mortalit y tends 

to be constant.  For large mammalian species, however, a nnual adult mortalit y tends to  be 

constant for several years, and then increases ra pidly with age.  For  reptile s and 

amphibians , annual adult mortalit y can  decrease with age for some time as the animals 

continue to  grow la rger and be come l ess suscept ible to  predation.  In t he Handbook , we 
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repor t annual m ortalit y rates by age category and typical or mean and maximum 

longe vities, when  pos sible . 

1.4.4. Seasonal Activities 

Many life-cycle attributes affect an animal's activity and fora ging p atterns in time 

and space.  For example, many species of birds are present in the northern hemisphere 

only during t he warmer months or  move seasonally between the northern and southern 

parts of North America.  Some species of mammals, reptiles, and am phibians hibe rnate or 

spend a dor mant pe riod in a bur row or den during t he wint er months .  The species profile s 

describe these and other seasonal activity patterns that can influence exposure frequency 

and dur ation. 

For each species, we summarize informat ion on t he seasonal occurrence of several 

activities inc luding br eeding,  molting,  migr ation, dispe rsal, and oc currenc e of 

dor mancy/ denning ( if applic able).  Deposition and utiliza tion of fat reserves are discussed 

where infor mation is available.  Trends in these factors with latitude are identified. 

1.5. DATA PRESENTATION FORMAT 

Species-specific values for the exposure factors are presented in Chapter 2. 

Quantitative data for each species are presented in tables arranged in four main sect ions : 

Normalizing and Con tact Rate Factors;�� 

Dietary Composit ion;�� 

Popula tion Dyna mics; and�� 

Seasonal Activities.�� 

The parameter values and units used for each exposure factor are described in the 

remainde r of this sect ion.  In t he species profile s and in t he Appendix , all v alues are 

identified as measured or estimated, and references are provided. 
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1.5.1. Normalizing and Contact Rate Factors 

Normalizing and con tact rate factors are presented unde r the he ading "F actors" in 

Chapter 2.  Several of them a pply to all anim als included in t he Handbook , wher eas some 

apply only to specific groups , as described in Sect ions 1.5.1.1 thr ough 1 .5.1.4.  The colum n 

headers for these factors are explained in Table 1-6. 

Table 1-6. Column He aders for Table s of Nor malizing and Con tact Rate Factors 

Age/Sex/ Age (e.g., A for a dult , J for  juv enile ) 

Cond. /Seas.	 Sex (e.g., M for male, F for female) 


Condition ( e.g., I for  incuba ting, NB f or  nonbr eeding) 
Season (e.g., SP for spr ing,  SU for summer). 

[Not e:  Only infor mation ne eded to corr ectly interpret the value is 
included. ] 

Mean	 Mean value for  popula tion sampled ±  standa rd deviation ( SD), if 
reported.  If SD is not reported, mean value for popula tion sampled ± 
standard error (SE) of the mean, if reported.  For some studies, a 
range of typical values may be presented instead of a mean value 
(check the notes). 

Range or Range of value s repor ted for the popula tion sampled, or 
(95% CI of (95th percent confidence interval of the mean value). 
Mean) 

Location State(s) or province(s) in which the study was c onducted 
(subspe cies) (subspe cies studied, if repor ted). 


Reference Reference for study. 


Note No. Footnot e numbe r. 


1.5.1.1.  All Anim als 

Body weight (gr ams or Measured values only .  Although w e use the term 
kilogr ams) weight , all d ata are presented in units of mass.  The age 

and sex of the animal are specified as appropriate, and 
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weights may inc lude age-we ight ser ies for young 
animals. 

Metabolic r ate (liters O 2/kg-day) Inc luded only if measured values were available.  These 
data can be used to estimate meta bolic r ate on a kcal 
basis. 

Metabolic r ate (kcal/kg-day) Measured or estimated basal and free-liv ing ( or field) 
metabolic r ates.  Most of the free-liv ing v alues were 
estimated from body weight using a n appropria te 
allometric equat ion. 

Food ing estion r ate (g/g-day) Measured on a wet-we ight ba sis.  For birds and 
mammals, values measured in captivity are generally 
lower than for free-ra nging anim als.  For  reptile s and 
amphibians , food ing estion r ates can be highe r in 
captivity than  in t he field.  Food ing estion r ates can also 
be different in captivity than in the w ild if the die t di ffers 
substantially from that consumed in the w ild ( e.g., dry 
laboratory chow has a substantially lower water content 
than most natural diets). 

Water inge stion r ate (g/g-day) Most of these values were estimated from body weight 
using a n allo metric equat ion. 

Sedim ent/soil ing estion r ate These values are not presented in the individual s pecies 
profiles in Chapter 2; instead, the limited data available 
for soil/ sedim ent ing estion r ates (as percent s oil or 
sedim ent in die t on a dr y weight ba sis) for selected 
species are presented in Sect ion 4 .1.3. 

Inhala tion r ate (m3/day) Note that this value is not norma lized t o body weight , 
but is the total volum e inhale d each day.  Most values 
were estimated from body weight using a n appropria te 
allometric equat ion. 

Surface area (cm 2) Most values were estimated from body weight using a n 
appropriate allometric equat ion. 

1.5.1.2.  Bird s 


Egg w eight (grams) 
 Inc luded only if measured values were available. 

Weight at hatching ( grams) 
 Inc luded only if measured values were available. 
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Chic k or ne stling grow th 
rate (g/day) 

Included only if measured values were available.  The 
ages to which the growth rate a pplie s are indi cated. 

Weight at fledging ( grams) Inc luded only if measured values were available. 

1.5.1.3.  Mammals 

Neonate we ight (grams) Inc luded only if measured values were available. 

Pup growth rate (g/day) Inc luded only if measured values were available.  The 
ages to which the growth rate a pplie s are indi cated. 

Weight at weaning ( grams) Inc luded only if measured values were available. 

1.5.1.4.  Reptiles and Amphibians 

Body lengt h (mm) Length is the most common measure of size and growth 
rate reported for reptiles and am phibians .  Body length-
weight rela tionships are repor ted when ever poss ible . 
Data for snakes inc lude snou t-to-vent lengths (SVL) and 
total  lengths ; for fr ogs , SVLs only ; and f or turtle s, 
carapace (dorsal shell) and plastron (ventral shell) 
lengths . 

Egg w eight (grams) 
 Inc luded only if measured values were available. 

Weight at hatching ( grams) 
 Inc luded only if measured values were available. 

Juvenile grow th r ate (g/day) 
 Inc luded only if measured values were available.  The 
ages to which the growth rate a pplie s are indi cated. 

Tadpole weight (gr ams) 
 For frogs only ; included only if measured values were 
available . 

Larval or eft we ight (gr ams) 
 For newts only ; included only if measured values were 
available . 

1-23
 



1.5.2. Dietary Composition 

1.5.2.1.  All Anim als 

The diet of all animals is separated by season whenever poss ible .  Up to three 

months of data were com bined f or each of the four seasons, provided the animals were in 

the same locat ion and habi tat dur ing t he 3-month pe riod ( Table 1-7).  The diet com ponent s 

are listed in the first c olumn s haded  in gr ey.  The measure of dietary composit ion is 

enclosed in parentheses unde r the "Lo cation ( subspe cies)/Habitat (measure)" c olum n 

header. 

Table 1-7. Column He aders for Table s on Di etary Composition 

Dietary Composition List of f ood t ypes. 

Spring Dietary composit ion during s pr ing ( March, Apr il,  May). 
Summer Dietary composit ion during s ummer (June, July, August). 
Fall Dietary composit ion during f all (September, October, 

November). 
Winter Dietary composit ion during wint er (December, January, 

Februa ry). 

Location State(s) or Canadian province(s) in which study was 
(subspecies)/ conducted (subspecies st udied, if repor ted). 
Habitat Type of habitat associated with the reported values 
(measure) (measure used to quantify dietary composit ion) . 

Reference Reference for study. 

Note No. Footnot e numbe r. 

Dietary composit ion c an be expr essed in many ways.  In the Appe ndix , we have 

presented all measures of dietary composit ion e ncount ered in t he lit erature review.  In the 

species profiles in Chapter 2, we have emphasized dietary composit ion measured as the 

percentage of the total food in take of each f ood t ype on a wet-we ight ba sis.  Th ese data 
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are usually determined by analysis of stomach or other digestive tract contents.  For 

entries based on these measures, the total of the values listed unde r each seasonal 

column should approx imate 100 percent.  As Chapter 4 indi cates, it is relatively simple to 

estimate contaminant intakes when dietary composit ion is measured on a wet-we ight 

basis.  Dietary composit ion may also be measured on a dry-we ight ba sis;  infor mation on 

the relative water content of the different dietary items provided in Chapter 4 can be used 

to convert dry-we ight composition t o wet-we ight composition if ne eded.  Dietary 

composition is o ften reported as frequency of occurrence in digestive tract contents, 

scats, or regurgitated pellets.  For these measures, the total of the values in the seasonal 

columns can exceed 100 (e.g., fish occurred in 90 percent of scats, am phibia in 7 5 percent 

of scats, and m ollu scs in 15 percent of scats).  We do not provide guidanc e on how to 

estimate contaminant intakes based on these measures; however, st udie s using t hese 

measures can indi cate seasonal and geogra phic di fferences in diet. 

1.5.3. Population Dynamics 

Dis tr ibution and m ortalit y parameters can be defined similarly for birds, mammals, 

reptile s, and a mphibians (Sect ion 1 .5.3.1).  Reproduc tive pa rameters, however, differ 

among t hese gr oups (Sect ions 1.5.3.2 thr ough 1 .5.3.5).  The column he aders for  popula tion 

dynamics are described in Table 1-8. 

1.5.3.1.  All Anim als 

Home range size (ha)/ Area usually listed in hectares, ra dius in kilo meters.  The home 
Territory size (ha)/ range for species such as mink or  kingfishe rs, which s pend 
Foraging r adius (m) most of their time along shor eline ar eas, is sometimes 

described as kilometers of shore line .  For  some species with 
extremely small bree ding t erritories, we us ed m2 instead of 
hectares.  For c olonially nesting birds , foraging r adii a re li sted 
in kilometers.  For frogs, we f ound infor mation only on m ale 
breeding t erritory size , which doe s not include the foraging 
range of either sex. 

Popula tion densit y Usually li sted as number (N) of individuals pe r hectare, 
(N/ha) although numbe rs of br eeding pair s or  nests per hectare are 

used for some species. 
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Table 1-8. Column He aders for Table s of F actors for P opula tion Dyna mics 

Age/Sex/ 	 Age (e.g., A for a dult , J for  juv enile ) 
Cond. /Seas.	 Sex (e.g., M for male, F for female) 

Condition ( e.g., I for  incuba ting, NB f or  nonbr eeding) 
Season (e.g., SP for spr ing,  SU for su mmer). 

[Not e:  Only infor mation ne eded to corr ectly interpret the value is 
included. ] 

Mean	 Mean value for  popula tion sampled ±  standa rd deviation ( SD), if 
reported.  If SD is not reported, mean value for popula tion sampled ± 
standard error (SE) of the mean, if reported.  For some studies, a 
range of typical values may be presented instead of a mean. 

Range 	 Range of value s repor ted for the popula tion sampled. 


Location State(s) or province(s) in which the study was c onducted 

(subspecies)/ (subspecies st udied, if repor ted). 

Habitat Type of habitat associated with the reported values. 


Reference 	 Reference for study. 


Note No. 	 Footnot e numbe r. 


Age at sexual maturity	 Age at which first successful repr oduc tion oc curs.  In many 
long-liv ed species,  only a por tion of the popula tion br eeds at 
this age. 

Annual m ortalit y rates	 Usually listed as percent per year.  Can vary with age and sex 
of the animal. 

Longe vity	 Mean longe vity of adult members of the popula tion (doe s not 
include juv enile mortali ty).  When available, an estimate of 
maximum longe vity is also  provided ( usually fr om studie s of 
captive individuals ). 

1.5.3.2.  Bird s 

Clutch size	 Number of eggs laid per active nest (usually the number laid 
per female, but in some species, more than one female may lay 
in a single nest). 
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Clutches per year	 Number of successful clutches laid per year.  A dditiona l 
clutches may be laid if a clutch is lost early in incubat ion. 

Days incubation	 Measured from day incubat ion starts (often after lay ing of la st 
egg) to  hatching. 

Age at fledging	 Age at which young c an maint ain s ustained flight .  Parents 
usually continue to feed or to accompany y oung f or some time 
after fle dging. 

Number fledged per Number fledged for each nest for which incubat ion w as 
active nest init iated. 

Percent nests Percent of active nests hatc hing eggs . 
successful 

Number fledged per Number fledged for each nest for which at least one y oung 
successful nest hatched. 

1.5.3.3.  Mammals 

Litter size	 Based on embryo counts whenever poss ible .  Use of pl acental 
scars can result in overestimat ion of li tter size and c ount s of 
liv e pups in dens can result in unde restimat ion of li tter size. 

Litters per year Number of litters born each year. 

Days gestation	 Days of active gestat ion.  For  species with  delayed 
implant ation,  this pe riod c an be sub stantially shorter than the 
period f rom mating t o bir th. 

Pup growth rate	 Usually reported as grams per day dur ing a specified age 
interval.  May be reported instead as a series of weights for 
pups of specified ages. 

Age at weaning	 Age when the pups begin t o leave the nest or den to actively 
feed for most of their f ood. 

1.5.3.4.  Reptiles and Amphibians 

Clutch or litter size	 Number of eggs laid per female for egg-lay ing s pecies;  numbe r 
of live offspr ing born f or species be aring liv e young ( e.g., water 
snake).  Reported by age and size of the female when 
appropriate. 
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Clutches or litters Number of clutches or litters produced each year.  Not limited 
per year	 to successful clutches because there is no parental care in 

most temperate species. 

Days incubation	 Measured from lay ing of l ast egg to hatc hing.  The dur ation of 
incuba tion depends on t he temperature of the substrate into 
which eggs are laid. 

Juvenile grow th rate	 Usually repor ted as gr ams per day dur ing a specified age (or 
size) interval.  May be reported instead as a series of we ight s 
for  juv enile s of specified size s if thos e are the only da ta 
available . 

Length at sexual maturity	 Length at which the first successful repr oduc tion usually 
occurs (see above).  More comm only repor ted than weight or 
age at sexual maturity. 

1.5.4. Seasonal Activities 

The meaning of most of the factors inc luded unde r seasonal activities are self-

evident .  Thos e requiring additional e xplana tion a re described in Sect ions 1.5.4.1 thr ough 

1.5.4.3.  The column he aders for this sect ion of the table are shown in T able 1-9. 

Table 1-9. Column He aders for Table s on Seasonal Activities 

Begin Month t hat the activity usually be gins . 

Peak Mont h(s) that the activity peaks (most of the popula tion is involv ed). 

End Month t hat the activity usually ends. 

Location State(s) or province(s) in which the study was c onducted 
(subspe cies) (subspe cies studied, if repor ted). 


Reference Reference for study. 


Note No. Footnot e numbe r. 
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1.5.4.1.  Bird s 

Mating/la ying	 These two factors are com bined b ecause birds lay eggs within 
a day or  two  of mating ( they begin mating a da y or  two  prior  to 
laying t he first egg) . 

1.5.4.2.  Mammals 

Mating	 Although f or most mammals the mat ing season corres ponds to 
conc eption and is follow ed immediately by gestat ion,  some 
species exhibit de layed implantat ion. 

Parturition 	 Bir th of the pups (also known a s whelping f or canids ). 

1.5.4.3.  Reptiles and Amphibians 

Mating	 Because fert iliza tion is external for many am phibians (i.e., most 
toads and f rogs and s ome salamande rs), mating oc curs at the 
same time as egg-lay ing f or th ese species.  For reptiles, 
fertiliza tion is int ernal,  and f or some species, sperm may be 
stored for months or years f ollowing mating. 

Nesting	 Because many female reptiles can store sperm, nest ing ( i.e., 
egg-la ying) o ften occurs weeks or months after mat ing. 

1.5.5. Abbreviations Used in Tables 

Age (life stage) 

A 	 adult (for all groups )
 
B 	 both adults and juveniles/year lings (for all groups )
 
C 	 chic k (for  birds )
 
E 	 eft (for newts)
 
F 	 fledgling ( for  birds )
 
H 	 hatchling ( for  birds , reptile s, and a mphibians )
 
J 	 juv enile (for all groups )
 
N 	 nestling ( for  birds )
 

or 
neonate (for mammals, water snakes) 

P 	 pup ( for mammals) 
T 	 tadpole (for fr ogs ) 
Y 	 year ling ( for all groups ) 
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Sex 

B both sexes 
 
F female
 
M male
 

Unit s 

time: energy: 
d day cal calorie 
wk week kcal kiloc alorie 
yr year 

mass: area: 
g gram ha hectare 
kg kilogr am m2 squa re meter 

length: volum e: 
mm milli meter ml m illilit er 
cm centimeter l liter 
m meter 
km kilometer 

temperature: 
��C degrees Centigrade 

Other 

NS not stated 

1.6. LITERATURE SEARCH STRATEGY 

The profile s in this Handbook are int ended t o provide a readily available 

compendium of repr esentative data for each selected species to assist in c onduc ting 

screening- level exposure assessments.  They are not intended to provide complete 

reviews of all available published and unpublished infor mation or indepth biologic al 

summaries.  Moreover, the Ha ndbook is not int ended t o repl ace field guide s or na tural 

his tory or  anim al phy siology texts.  We have attempted to balance generalities, accuracy, 

and coverage of each species relative to the available literature to meet our stated 

purposes.  We describe the process by which we identified literature for the Ha ndbook 

below . 
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The U.S. Fish and Wildlif e Service (USFWS) Office of Informat ion T ransfer 

condu cted the primary literature search for species-specific informat ion using t heir W ildlif e 

Review/Fisheries Review database.  The database is com piled by USFW S personnel f rom a 

review of over 1,130 publi cation sour ces (largely journals , but also  USFWS publi cations ) 

from the United States and other c ount ries, most da ting b ack to 1971.  The search was 

condu cted in May 1990 us ing c ommon and s cientific species n ames, but no further 

restrict ions on search terms were a pplied.  All t itles identified f or each species were 

reviewed to determine potential ut ilit y for the Handbook , and promising r eferences were 

reviewed in f ull.  Recent review articles, ha ndbook s, and na tural his tory texts were used to 

identify other relevant literature and literature from before 1971.  Commercial databases 

were not searched initially .  Following pe er review of the Handbook in 1991 and 1992, all 

references submitted or identified by peer reviewers were evaluated, and a dditiona l 

relevant citat ions were obt ained f or review.  Limit ed (1970 forward) literature searches for 

some species were condu cted us ing c ommercial databases in 1992. 

For infor mation conc erning phy siology , allo metric equat ions , energetics, and othe r 

general topics, literature was identified on the basis of recent review articles or book s in 

the field suggested by experts in the field and by peer reviewers. 

Because of resource limitat ions , we have inc luded s ome value s fr om seconda ry 

citations .  In these cases, our intent was to caref ully record the original sour ce and t o 

clear ly indi cate from which sec onda ry sour ce it was obtained.  Users are encouraged to 

obtain the primary sources to verify these values. 

We used certain f ield guide s cons istently thr oughout each tax onomic category to 

provide greater compara bilit y of gene ral s pecies char acteristics.  The use of a specific field 

guide doe s not cons titute endor sement. 

Because our literature search strategy may not have inc luded all journals of int erest 

and did not cons istently cover other sources of informat ion ( e.g., book s, theses, 

dissertat ions , state w ildlif e repor ts, conf erence pr oceedings ), we would appr eciate any 

assistance that users m ight provide in identif ying additional sour ces of informat ion t hat 
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would help t o fill d ata gaps or to improve the informat ion in t he Handbook .  In particula r, 

Ph.D. dissertat ions and master's theses often contain relevant but unpublishe d 

infor mation. 
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2. 	 EXPOSURE FACTORS AND DESCRIPTIONS 


OF SELECTED SPECIES 


Chapter 2 includes exposure profiles for the selected species in three subsect ions : 

birds (Sect ion 2 .1), mammals (Sect ion 2 .2), and r eptile s and a mphibians (Sect ion 2 .3). 

Each species profile f ollow s the same format, be ginning w ith an  int roduc tion t o the 

taxonomic group t o which t he species belongs and a quali tative descript ion of relevant 

aspects of the species' natural history.  Next, a list of similar species is provided to help 

identif y species that might share certain e xposur e characteristics, alt hough t hey may have 

different geogra phic range s, diets, and habitat preferences.  Each species profile then 

presents a series of tables present ing v alues for  nor malizing and con tact rate factors, 

dietary composit ion, popula tion dyna mics, and seasonal activity patterns that represent 

the range of values that we identified in our literature review.  Table format is described in 

Sect ion 1 .5.  Data on s oil and s edim ent ing estion a re limit ed; we pr esent these data in a 

separate sect ion ( 4.1.3) for easy comparison am ong s pecies.  Finally , each profile inc lude s 

the references cited in the species profile and in the corres ponding Appendix table s. 

2.1. BIRDS 

Table 2-1 lists the bird species described in this sect ion.  For  range maps, r efer to 

the general references identified in individual s pecies profile s.  The remainde r of this 

sect ion is organized by species in t he orde r presented in Table 2-1.  The availa bilit y of 

published infor mation v aries sub stantially am ong s pecies, as is refl ected in the profiles. 

Some species include two  or  more subspe cies; th ese are indi cated in the profiles when 

reported by the investigators.  For many st udie s, the subspe cies, although not identified, 

can be inf erred f rom the study loc ation and geogr aphic range of the subspe cies.  Average 

lengths of birds are reported from museum study skins measured from bill tip t o tail tip. 

Body weight is repor ted as fresh wet we ight with  plum age, unl ess otherwise noted. 
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 Table 2-1.  Birds Inc luded in t he Handbook 

Order 
Family Common name Scientific name Section 

Ciconifor mes 
Ardeidae 

Anseriformes 
Anatida e 

Falconifor mes 
Accipit ridae 

Falconida e 

Gallifor mes 
Phasianida e 

Charadriifor mes 
Scolopa cida e 

Laridae 

Coraciifor mes 
Alcedinida e 

Passeriformes 
Troglody tida e 
Muscicapida e 

great blue he ron 

Canada goos e 
malla rd 
lesser scaup 

osprey 
red- tailed ha wk 
bald e agle 

Amer ican kestrel 

nor ther n bobwhit e 

Amer ican woodcoc k 
spotted sa ndpipe r 

herr ing gull 

belted kingfishe r 

marsh wren 
Amer ican robin 

Ardea herodi as 

Branta canadensis 
Anas platyrhynchos 
Aythya affinis 

Pandion haliaetus 
Buteo jamaicensis 
Haliaeetus leucocephalus 

Falco sparverius 

Colin us virginia nus 

Scolopax minor 
Actitis macularia 

Larus argentatus 

Ceryle alcyon 

Cis tothorus palu stris 
Turdus migratorius 

2.1.1 

2.1.2 
2.1.3 
2.1.4 

2.1.5 
2.1.6 
2.1.7 

2.1.8 

2.1.9 

2.1.10 
2.1.11 

2.1.12 

2.1.13 

2.1.14 
2.1.15 
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2.1.1. Great Blue Heron (herons) 

Order Ciconiif ormes , Family Ard eidae.  Herons, egrets, and bitterns are me dium to 
large wading birds with  long n ecks and spear-like bills .  Nearly all s pecies feed primarily on 
aquatic animal life (e.g., fish, frogs, crayfish, insects) and are common a long t he mar gins 
of most freshwater and saltwater bodie s and wetlands (Kushlan, 1978).  Their long legs , 
necks, and bills are adapted for wading in s hallow water and sta bbing pr ey.  Most species 
build t heir n ests in trees near their fora ging habi tat, and many nest c olonially .  Members of 
this group r ange in size fr om the l east bittern (28 to 36 cm bill tip t o tail tip) to the gr eat 
blue he ron (106 to 132 cm tall).  The sexes are similar in size and appearance. 

Selected species 

The great blue he ron (Ardea herodi as) is the largest member of the gr oup in Nor th 
America and feeds primarily on aquatic animals.  It is widely distributed in both saltwater 
and freshwater environments.  There are four subspecies in the United States and Canada: 
A. h. wardi (Kansas and Oklahoma across the Mississ ippi Riv er to  Florida ), A. h. he rodi as 
(remainde r of the Nor th and Cent ral Amer ican range ), A. h. fannini  (Pacific coast of North 
America from Alaska to Was hington) , and A. h. occidentalis (extreme south of Florida ) 
(Bancroft, 1969, cited in Hancock and Kushlan, 1984). A. h. occidentalis (the great white 
heron) is an all whit e color  mor ph t hat was formerly considered a separate species 
(National G eogr aphic Soci ety, 1987). 

Body size .  Males average s lightly h eavier in we ight than females (Hartman, 1961; 
Palmer, 1962).  Northern continental herons are somewhat smaller than those f ound in t he 
south (Palmer, 1962).  Q uinne y (1982) determined a relat ionship b etween age and body 
weight for nestling gr eat blue he rons (r  = 0.996, N = 16 nest lings , and 274 measurements): 

BW = 55.6 × A - 47.4 

where BW  equals body weight in gr ams and A equals age in days. 

Habitat .  Great blue he rons inhabit a vari ety of freshwater and marine areas, 
including f resh water lakes and rivers, brackish marshes, la goons , mangr oves, and coastal 
wetlands, particularly where small fish are plentiful in sha llow ar eas (Spendelow and 
Patton, 1988; Short and Coope r, 1985).  They are often seen on tidal flats and sa ndba rs and 
occas ionally forage in wet meadows, pastures, and other terrestrial habitats (Palmer, 
1962).  Great blue he rons tend t o nest in dense c olonie s, or he ronrie s.  The lo cation of the 
heronr y is gene rally clos e to foraging grounds , and t all t rees are preferred over shorter 
trees or bushes for nest sites (Bent, 1926; Palmer, 1962; G ibbs et al., 1987).  They also may 
nest on the gr ound, on r ock ledge s, or on sea cliffs (Palmer, 1962). 

Food habi ts .  Fish are the preferred prey, but great blues also eat am phibians , 
reptiles, crustaceans, insects, birds, and mammals (Alexander, 1977; Bent, 1926; Hoffman, 
1978; Kirkpatrick, 1940; Peifer, 1979).  When fis hing,  they mainly us e two foraging 
technique s: standing s till and w aiting f or fish to swim within s tr iking di stance or 
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slow wading t o catch more sedentary prey (such as f lounde r and s culpin) (Bent, 1926; 
Willa rd, 1977).  To fish, they re quir e shallow waters (up to 0.5 m) with a firm substrate 
(Shor t and Coope r, 1985).  Fish up to a bout 20 cm in length w ere dominant in t he die t of 
herons foraging in sout hwestern Lake Erie (Hoffman, 1978), and 95 percent of fish 
consumed by great blue s in a Wisconsin popula tion w ere less than 25 cm in length 
(Kirkpatrick, 1940).  Great blues sometimes forage in wet meadows and pastures in pursuit 
of liza rds, small mammals, and large insects (Palmer, 1962; Peifer, 1979).  In northern 
areas, small mammals such as meadow voles may be an important part of the diet early in 
the br eeding season, poss ibly b ecause some aquatic fora ging a reas may st ill be pa rtially 
frozen w hen the he rons arrive (Collazo, 1985). Consumption of la rger  prey (fish, fr ogs , 
rodents) is often f ollow ed by drink s of water (Hedeen, 1967); terrestrial prey such as voles 
are usually dunked in water before they are swallowed (Peifer, 1979).  A dult he rons tend t o 
deliver the same type and size of f ood t o their nestlings that they consum e themselves, but 
they deliver it well digested for y oung nestlings and l ess well digested as the nest lings 
grow (Kushlan, 1978).  Adults tend to feed s olit arily , although t hey may feed in s ingle or 
mixed species flocks where there are large concentrat ions of pr ey (Bayer, 1978; Krebs, 
1974; Kushlan, 1978; W illa rd, 1977); fle dglings are frequently seen fora ging toge ther (Dow d 
and Flake, 1985).  Kushlan (1978) deve loped a regr ession equa tion r elating t he amount of 
food ingested per day to body weight for wading birds (N = seven species): 

log(FI) = 0 .966 log(BW ) - 0.640 

where FI equals food ing estion in gr ams per day and BW equals body weight in gr ams. 

Mol t.  Adult s unde rgo a compl ete molt in the late summer and fall and a partial molt 
of the contour feathers in the late winter and early spr ing ( Bent, 1926).  Young he rons 
attain full adult plum age in t he summer/fall molt at the end of their second year (Bent, 
1926). 

Migr ation.  In the northern part of its range, most great blues are migratory, some 
moving t o the southe rn Atlantic and Gulf States to overwinter with the resident popula tions 
of herons (Bent, 1926; Palmer, 1962), others cont inuing on t o Cuba and Cent ral and Sout h 
America (Hancock and Kushlan, 1984).  Most migrat ing he rons l eave their bree ding 
grounds by October or November and return between February and April (Bent, 1926). 

Breeding activities and social organization .  The male great blue he ron s elects the 
site for the br eeding t erritory, and n ests generally consist of a stick platform over 1 m in 
diameter (Palmer, 1962).  Great blues often use a nest for more than 1 year, expa nding it 
with each use (Palmer, 1962).  Mean clutch sizes range from three to five (see table); in 
general, clutch size tends to increase with latitude (Pratt, 1972).  Only one br ood is rais ed 
per year; however, if a clutch is destroyed, great blues may lay a replacement clutch, 
usually with fewer eggs than the initial clut ch (Palmer, 1962; Pratt and Winkler, 1985).  Both 
parents incubate and feed the y oung (Palmer, 1962; Hancock and Kushlan, 1984).  During 
the br eeding season, great blue s are monoga mous and colonial,  with fr om a few to 
hundr eds of pair s nesting in t he same area or heronry (G ibbs et al., 1987). Colonie s may 
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include othe r species, such as gr eat egrets or double-crested cormorants (Pratt and 
Winkler, 1985; Mock et al., 1987). 

Home range and r esour ces.  Breeding colonie s are gene rally clos e to foraging 
grounds (Bent, 1926; Palmer, 1962; G ibbs et al., 1987).  Mathisen and Richards (1978) 
found t he di stance between heronries and poss ible feeding a reas in Minne sota l akes to 
range from 0 to 4.2 km, avera ging 1 .8 km.  Anothe r study found t hat most he ronrie s along 
the Nor th Carolina co ast were located near inlets with large concentrat ions of fish, an 
average of 7 to 8 km away (Parnell and Soots, 1978, cited in Short and Coope r, 1985). 
Fifteen to 20 km is the farthest great blue he rons regula rly tr avel between fora ging a reas 
and colonie s (Gibbs et al., 1987; Gibbs , 1991; Peifer, 1979).  In the northern port ion of their 
range, great blue he rons often build n ests in tall trees over dry land, whereas in the 
southern part of their range, they usually nest in swamp trees, inc luding m angrov es 
(Palmer, 1962).  Each bree ding pair  defends a small t erritory ar ound t he nest, the size of 
which depends on local habitat and the birds' stage of repr oduc tion ( Hancock and Kushlan, 
1984).  Herons in some areas also defend fee ding t erritories (Peifer, 1979).  In other areas, 
great blue s appe ar to  be oppor tunis tic forage rs, lacking s tr ic t fidelit y to  particula r feeding 
sites (Dowd and Flake, 1985).  A study in North Dakota f ound t hat he rons o ften returned to 
the same general areas, but different individuals o ften used the same areas at different 
times (Dowd and Flake, 1985). 

Popul ation dens ity .  Because great blues nest c olonially , loc al popula tion densit y 
(i.e., colony densit y, colony size , and numbe r of coloni es) varies with the availa bilit y of 
suit able ne sting habi tat as well as fora ging habi tat.  On islands in coastal Maine, G ibbs and 
others (1987) f ound a signific ant correla tion b etween c olony size and t he area of tidal a nd 
intertidal wetlands wit hin 2 0 km of the colonie s, whic h was the longest distance herons in 
the study colonie s tr aveled on fora ging t rips .  In western Ore gon,  the size of he ronrie s was 
found t o range fr om 32 to 161 active nests; the area enclosed by per iphe ral n est trees 
within t he colonie s ranged f rom 0.08 to 1.21 ha (Werschkul e t al., 1977). 

Popul ation dyna mics .  Most nestling los s is a result of starvat ion,  although s ome 
losses to predat ion do oc cur (Collazo, 1981; Hancock and Kushlan, 1984).  In a study of 243 
nests in a coastal California c olony , 65 percent of the chi cks fledged, 20 percent starved, 7 
percent were taken by predators, and 7 percent were lost to other causes (Pratt and 
Winkler, 1985).  Estimates of the number of y oung f ledge d each year by bree ding pair s 
range from 0.85 to 3.1 (Pratt, 1970; Pratt, 1972; McAloney, 1973; Pratt and Winkler, 1985; 
Quinne y, 1982).  Based on ba nding s tudie s, about two-thirds of the fledglings do not 
surviv e more than 1 year, although t hey may survive better in protected w ildlif e refuge s 
(Bayer, 1981a).  Values for later years indi cate that a bout one-third to one-fifth of the 2
year-old and olde r birds are los t each year (Bayer, 1981a; Henny, 1972; Owen, 1959). 

Similar species (from general references) 

��	 The great egret ( Casmerodius albus ) is almost the same size (96 cm length) 
as the great blue he ron and is found ov er a limit ed range in t he br eeding 
season, inc luding a reas in the central and eastern United States and the east 
and west coasts.  It winters in coastal areas of the United States and in 
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Mexico and farther south.  The great egret's habitat preferences are similar 
to those of the great blue he ron. 

��	 The snowy egret ( Egretta thula ), one of the medium-sized herons (51 to 69 
cm), shuffles its feet to stir up benthic aquatic prey.  It is f ound m ostly in 
freshwater and saltwater marshes but also sometimes f ollow s cattle and 
other livestock as does the cattle egret.  It breeds in parts of the western, 
southeastern, and east coasts of the United States and winters a long bot h 
coasts of the southern United States and farther south. 

��	 The cattle egret ( Bubul cus ibis ) is seen in agricultural pastures and fields, 
where it follow s li vestock to pick up insects disturbed by gra zing.  An Old 
World species, it was introduced into South America and reached Florida in 
the 1950's.  It reached California by the 1960's and has been cont inuing t o 
expand its range. 

��	 The green-backed heron ( Butorides striatus ), one of the smalle r herons (41 
to 56 cm), breeds over most of the United States except for the northwest 
and southern midwest.  It has a winter range similar to that of the snowy 
egret and seems to prefer water bodie s with woodland c over. 

��	 The tr icolor ed heron (Egretta tricolor ) (former ly known a s the Louisiana 
heron) is common in salt marshes and mangrove swamps of the east and 
gulf co asts, but it is rare inland. 

��	 The lit tle blue he ron (Egretta caerulea ) is common in freshwater ponds , 
lakes, and marshes and coastal saltwater wetlands of the Gulf Coast States. 
Juvenile s are easily confus ed with  juv enile snow y egr ets.  This species 
hunt s by walking slowly in s hallow waters, and its diet typically includes fish, 
amphibians , crayfish, and insects. 

��	 The black-crowned night he ron (Nycticorax nycticorax ), characterized by a 
heavy body , shor t thic k neck, and short legs (64 cm), is a common heron of 
freshwater swamps and tidal marshes, roost ing by da y in t rees.  It typically 
feeds by night , predominantly on aqua tic species, fish, amphibians , and 
insects.  This heron is extremely widespread, occurring in Nor th and Sout h 
America, Eurasia, and Africa.  It breeds over much of the United States and 
parts of central  Canada and wint ers along both c oasts of the United States 
and farther south. 

��	 The yellow-crowned night he ron (Nyctanassa violacea ) (61 cm) is similar to 
the black-crowned but is more restricted in its range to the southeastern 
United States.  It roosts in trees in wet w oods , swamps, and low coastal 
shr ubs . 

��	 The American bittern ( Botaurus lentigin osus ), anothe r of the medium -sized 
herons (58 to 70 cm), is a relatively common but elusive inhabit ant of 
freshwater and brackish marshes and reedy lakes.  It is a solitary feeder, 
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consuming f ish, cr ayfish, reptiles, am phibians , insects, and even small 
mammals.  Its bree ding r ange include s most of Canada and t he Unit ed 
States, alt hough m uch  of the southe rn Unit ed States is inhabit ed only during 
the winter. 

��	 The least bittern ( Ixobrychus exilis ), the smallest of the North American 
herons (33 cm), also is an elusive inhabit ant of reedy ar eas.  Its bree ding 
range is restricted largely to the eastern half of the United States. 

General references 

Hancock and Kushlan (1984); Robbins et al. (1983); Nat ional G eogr aphic Society 
(1987); Palmer (1962); Short and Coope r (1985). 
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Great Blue Heron (Ardea herodias) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion Reference 

Note 
No. 

Body  Weight 
(g) 

A B 

A F 
A M 

2,229 ± 762 SD 

2,204 ± 337 SD 
2,576 ± 299 SD 

eastern Nor th Amer ica 

NS 

Quinney , 1982 

Hartman, 1961 1 

yearlings 
juveni les 

2,340 ± 490 SD 
1,990 ± 550 SD 

1,940 - 2,970 
1,370 - 2,750 

cent ral Oregon Bayer, 1981b 

nest lings: 
day 1 
day 5 
day 10 
day 15 
day 20 
day 25 
day 30 
day 35 
day 40 

86 
170 
567 
983 
1,115 
1,441 
1,593 
1,786 
2,055 

Nova Scot ia, Canada McAloney , 1973 

Metabol ic  Rate 
(kcal /kg-day ) 

A B basal 

A B f ree-living 

62 

165 (78 - 353) 

est imated 

est imated 

2 

3 

Food Ingest ion 
Rate (g/g-d ay) 

A B 0.18 NS Kushlan, 1978 4 

Water 
Ingest ion Rat e 
(g/g-d ay) 

A B 0.045 est imated 5 

Inhal ation Rat e 
3 (m /day)

A B 0.76 est imated 6 

Surface Area 
(cm 2 )

A B 1,711 est imated 7 
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Great Blue Heron (Ardea herodias) 

Dietar y Compos itio n Spr ing Summer Fall Winter
Locat ion/Habi tat 

 (measur e) Reference 
Note 
No. 

trout 
non- trout  fish 
crustaceans/amphibian 
s 

59 
39 

2 

lower Mi chi gan/lake 

(% wet wei ght ; stomach 
content s) 

Alexander , 1977 

trout 
non- trout  fish 
crustaceans 
amphibians 
bi rds and m ammals 

89 
5 
1 
4 
1 

lower Mi chi gan/river 

(% wet wei ght ; stomach 
content s) 

Alexander , 1977 

At lant ic  si lverside 
mummi chog 
Amer ican eel 
Gaspereaux 
pol lack 
yello w perch 

3.6 
2.4 

52.6 
29.9 

8.9 
2.6 

Nova Scot ia/Boot  Island 

(% wet wei ght ; it ems 
regurgi tated by nest lings) 

Quinney , 1982 

staghorn scul pin 
smal l 
medium 
large 

star ry fl ounder 
smal l 
medium 
large 

other 
smal l 
medium 

27.8 
7.6 
2.2 

15.0 
8.1 
5.2 

30.6 
3.5 

Vancouver , BC/coastal 
island 

(% of  fish observed caught ; 
small  = less t han 1/3 beak 
length;  medium = about 1/ 2 
beak length;  larg e = longer 
than beak; other  includes 
shi ner sea per ch and 
penpoint gunnel s) 

Krebs, 1974 
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Great Blue Heron (Ardea herodias) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range ion/Habi tat Locat Reference 

Note 
No.

Size Feeding 
Territory 

A B fall 
A B winter 

0.6 ± 0.1 SD ha 
8.4 ± 5.4 SD ha 

Oregon/ freshwat er marsh 
Oregon/estuar y 

Bayer, 1978 

Foragi ng 
Distance f rom 
Colony 

A B sum mer 

A B sum mer 

3.1 km 

7 to  8 km 

up t o 24.4 km South Dakot a/river  & 
streams 
North Carolin a/coastal 

Dowd & Flake, 1985 

Parnell & Soots, 1978 8 

Populat ion 
Densi ty

sum mer 
 along st ream 
along r iver 

2.3 bi rds/km 
3.6 bi rds/km 

North  Dakot a/rivers & 
streams 

Dowd & Flake, 1985 

sum mer 

sum mer 

149 ± 53 SD 
nests/ha 

461 nests/ha 447 - 475 

Maine/coastal  isla nds 

Oregon/coastal  isla nd 

Gibbs et  al., 1987 

Werschkul et  al., 1977 

Clutch Si ze 3.16 ± 0.04 SE 1 - 5 California/coastal cany on Pratt  & Winkl er, 1985 

4.17 ± 0.85 SD 3 - 6 Nova Scot ia/isla nd McAloney , 1973 

4.37 3 - 6 Pennsylvan ia/NS Miller, 1943 9 

Clutches/Year 1 Pennsylvan ia; Oregon/NS Miller, 1943; English, 1978 10 

Days 
Incubat ion 

27.1 

28 

25 - 30 Nova Scot ia/isla nd 

Uni ted States/NS 

McAloney , 1973 

Bent , 1926 

Age at Fledging 
(days) 

45 
60 
49 to 56 

Nova Scot ia/isla nd 
NS/NS 
Nova Scot ia/isla nd 

McAloney , 1973 
Hancock & Kushl an, 1984 
Quinney , 1982 

11 

Number Fledge 
per Pai r 

1.7 
1.96 
2.8 

cent ral Cal ifornia/coastal 
nor thwest Oregon/ river 
Nova Scot ia/isla nd 

Prat t, 1972 
Engl ish, 1978 
Quinney , 1982 
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Populat ion Age/Sex Note 
Dynamics Cond. /Seas. Mean Range ion/Habi tat Locat Reference No.

Number 2.19 ± 0.25 SD 2 - 3 cent ral Cal ifornia/coastal Prat t & Winkl er, 1985 
Fledge per 2.43 nor thwest Oregon/ river Engl ish, 1978 
Successful 3.09 Nova Scot ia/isla nd McAloney , 1973 
Nest 

Age at Sexual B 2 years NS Bent, 1926 
Maturity 

Annual dur ing 1st  yr 64 Uni ted States and Henny , 1972 
Mort ality  Rates dur ing 2nd y r 36 Canada/NS 
(percent ) dur ing 3rd y r 22 

Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Matin g/Laying Nov.  to  Dec. April Florid a Howell, 1932 9 
mid-Februar y mid-March June cent ral Cal iforni a Pratt  & Winkl er, 1985 
mid-March nor thw est  Oregon Engl ish, 1978 
late  March early April Pennsylvan ia Miller, 1943 9 
mid-Apr il early May late May Nova Scot ia McAloney , 1973 

Hatching early May nor thw est  Oregon Engl ish, 1978 
mid-Apr il Idaho Col lazo,  1981 
mid-May mid-J uly Ohio Hoffman & Curnow , 1979 

Migrat ion (fall) mid-Sept . late October nor thern US Palmer, 1962 

(spr ing arriv al) mid-February mid-March western Oregon Werschku l et al., 1977 
mid-March Wisconsi n; Mi nnesot a Bent , 1926 
late March Nova Scot ia Bent , 1926 

1 As ci ted in Dunning, 1984. 
2 Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom Quinney  (1982).
 
3 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Quinney  (1982).
 
4 Est imated f rom Kushl an's (1978) al lometric  equat ion f or  wading bi rds, assum ing a body weight of 2,230 g.
 
5 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Quinney  (1982).
 
6 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Quinney  (1982).
 

Great Blue Heron (Ardea herodias) 
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7 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Quinney 
(1982). 

8 Cited in Shor t and Cooper  (1985). 
9 Cited in Palmer (1962). 

10 May replace clutch i f eggs are l ost , but onl y rear one brood ( Henny , 1972). 
11 Young f ed around colony  for  10 days after l eaving nest at 45 day s of age. 
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2.1.2. Canada Goose (geese) 

Order Anserif ormes , Family Anatidae .  Geese are large herbivorous waterfowl that 
feed on grains, grass sprouts, and some aquatic vegetat ion.  Although a dapted for  lif e on 
the water, they forage primarily in open fields.  They breed in open forested areas near lake 
shores and coastal marshes from the arctic t undr a thr ough temperate climates.  These 
birds migrate in noisy flocks in the fam ilia r V-formation,  stopping in cult ivated fields, 
wetlands, and grasslands to feed.  Geese show a wide variat ion in size even wit hin a 
species; the sexes look alik e. 

Selected species 

The Canada goos e (Branta canadensis ) is the most wide spread and abundant goos e 
in Nor th Amer ica.  It is a popula r game species and is comm only encount ered on cult ivated 
fields , golf cour ses, other parklands, and wetland refuge areas.  Depe nding on subspe cies, 
these geese can range in size from 64 to 114 cm ( bill tip t o tail tip) , the la rger geese 
breeding in m ore southe rly lo cations than the smaller subspecies.  The reverse is true in 
wint er, with the la rger subspe cies wint ering in t he more nor ther ly pa rts of the range 
(Palmer, 1962).  The number of exist ing r ecognized subspe cies var ies, but most 
ornithologi sts agree that there are 11: canadensis (Atlantic Canada goose), fulva 
(Vancouver Canada goose), hutch insii (Richardson's Canada goose), interio r (int erior 
Canada goose), leucopareia (Aleutian Canada goose), maxima (giant Canada goose), 
minima (cack ling Canada goo se), moffitti (Great Basin or western Canada goose), 
occidentalis (dusky Canada goose), parvip es (lesser Canada goose), and taverneri 
(Taverner's Canada goose) (Bellrose, 1976; J ohnson e t al., 1979; Palmer, 1962).  Several 
subspe cies usually mingle during migr ation and in wint ering a reas, but they breed in 
geographically distinct ranges.  Six of the subspecies breed in Alaska ( fulva, leucopareia , 
minima, occidentalis, parvipes , and taverni ) (Johnson e t al., 1979).  The leucopareia 
subspe cies, found in O regon,  Washington, California , and A laska, currently is a Unit ed 
States federally designated threatened species (50 CFR 17.11, 1992).  It is only known t o 
breed on one of the western Aleutian islands off Alaska (Byrd and W oolington, 1983).  See 
Bellrose (1976) for ranges, migrat ion c orr idor s, and wint ering a reas of specific subspecies 
and popula tions . 

Body size .  Canada geese subspecies vary greatly in size, but males are on average 
larger than females (see table). Body weight r eaches its maximum just prior to or during 
the spr ing migr ation and t hen decline s during egg-la ying and incuba tion,  sometimes by as 
much as 20 pe rcent (Mainguy and Tho mas, 1985; McLandress and Rave ling, 1981).  Most of 
the weight los t during incuba tion r eflects loss of fat, which can provide over 80 percent of 
the ener gy requir ements for the incubat ing females (Ma inguy and Tho mas, 1985; Murphy 
and Boag, 1989).  Y oung a re simila r to  parent s in size by 2 months of age (Palmer, 1962). 

Habitat .  Breeding habi tat inc lude s tundr a, for est muskeg in the far north, tall- and 
shortgrass prairie, marshes, ponds , and l akes.  Most nest ing s ites are close to open water 
with  high v isibilit y in all dir ections (Palmer, 1962; Steel et al., 1957).  In many areas, Canada 
geese nest predominantly on islands in ponds or  lakes (Geis, 1956).  Former 
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muskrat houses often serve as nest sites in marshes (Steel et al., 1957).  Br ood- rear ing 
habitats, on the other hand, re quir e adequ ate cover, and riparian areas are used more 
frequently than open water (Eberhardt et al., 1989a).  Dur ing t he fall and wint er in Maryland, 
Harvey et al. (1988) f ound Canada g eese to spend 57 percent of their time in farmlands 
(mostly corn, soybeans, and winter wheat fields) and 24 percent in forested areas. 

Food habi ts .  Canada geese are almost exclusively vegetarian, and fee ding activity 
is concentrated in areas where f ood is plentiful ( e.g., standing c rops , scattered w hole 
grain) (Palmer, 1962).  They are primarily grazers, but must consume grit at some point to 
assure proper dige stion (Palmer, 1962).  They prefer certain f oods , but will c hange their 
die t depending on t he availabilit y of a food t ype (Col eman and Boag, 1987).  For example, 
when water levels are low in the south Yukon (Canada) river delta, Canada geese forage on 
rhizo mes of Potamoge ton r icha rdsoni i even t hough othe r forage is available ; at highe r 
water levels when the Potamogeton is unreachable, the geese w ill feed on other plants 
(Coleman and Boag, 1987).  Dur ing f all,  geese often consume green crops (e.g., winter 
wheat).  Dur ing wint er, however, they consume more energy-rich f oods such as corn 
(Harvey et al., 1988; McLandress and Rave ling, 1981).  In late winter and early spr ing, gr een 
crops that are high in nit rogen and othe r impor tant nut rients again cons titute an  impor tant 
part of the diet (McLandress and Rave ling, 1981).  Canada geese often feed preferentially 
on t he blade tips of many plant s, which a re highe r in nit rogen t han othe r parts of the plant 
(Buchsbaum et al., 1981).  In Minne sota,  Canada g eese begin consuming gr een grasses as 
soon a s they are expos ed by the melting snow (McLandr ess and Rave ling, 1981).  In 
Maryland, on the other hand, Harvey et al. (1988) f ound t hat Canada geese did not begin 
consuming gr een cr ops be fore migr ation t o the br eeding grounds , indi cating t hat this 
popula tion may rely on green forage available at sta ging a reas to obtain the protein and 
lipids requir ed for reproduc tion.  In t he spr ing in Falmouth Ha rbor , Massachusetts, Canada 
geese initially consum e predominantly the marsh  grasses Spartina spp. and rushes 
Juncus ge rardi , which a re high in prot ein (Buchsbaum and V aliela , 1987).  As the summer 
progresses, however, they feed increas ingly on subm erged eelgr ass, Zostera marina , 
which provide s more car bohydr ates (Buchsbaum and Valiela, 1987). 

Mol t.  Nonbr eeders and year lings migr ate to a separate molt ing ground soon after 
arrival at the br eeding grounds , while br eeding birds molt on t he brood- rear ing grounds 
(Bellrose, 1976). Molting oc curs ear lier in nonbr eeders, at l east a month earlier in the 
larger subspecies (Palmer, 1962). Molting pa rent s do not regain flight feathers until just 
prior  to the time when their young f irst attain flight (Palmer, 1962).  The f light less per iod of 
B. c . interio r is estimated to be 32 days.  For B. c. maxima and B. c. moffitti , the flightle ss 
period l asts from 39 to 40 days (Balham, 1954; Hanson, 1965, as cited in Palmer, 1962). 

Migr ation.  Migr atory Canada g eese leave their bree ding grounds during la te 
summer and early autumn; they return in the spr ing a round t he time the first water is 
opening ( i.e., ice melting) but well be fore snow cover  has dis appeared (Bellros e, 1976). 
Spr ing migr ation begins l ater for northerly popula tions , with g eese that winter in mild 
climates depart ing a s ear ly as mid -Janua ry, while thos e wint ering in t he cold est areas do 
not move nor thwar d until t he beginning of Ma rch ( Bellros e, 1976).  The bulk of the migr ants 
typically arrive on the summer bree ding grounds 3 weeks after the first birds 
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(Bellrose, 1976).  Some popula tions h ave become resident year-r ound,  for example, 
B. c. maxima in Missouri (Brakhage, 1965) and in southeast Georgia and southwest 

Alabama (Combs et al., 1984).  Dur ing both t he spr ing and f all migr ations , geese tend to 
gather in large flocks and feed for several weeks in "sta ging" a reas along m ajor waterfowl 
flyways (Bellrose, 1976). 

Breeding activities and social organization .  Canada geese arrive on the bree ding 
grounds in flo cks, and s oon after, the male becomes territorial and aggressive toward 
other birds (Palmer, 1962).  Life long monog amy f ollowing t heir first br eeding is the gene ral 
rule with these geese (Palmer, 1962).  Nests are built on t he ground in a position w ith  good 
visibilit y (Palmer, 1962).  Dur ing incuba tion t he male stands gua rd, while the female 
incubates the eggs, which she normally leaves two or three times daily to feed, bath, drink, 
and preen (Murphy and Boag, 1989).  Both parents accompany the y oung t hrough t he 
brood pe riod ( Bellros e, 1976; Brakhage, 1965).  Canada geese return to the bree ding 
grounds as family units, but the year lings l eave their parents s oon after arrival (Bellrose, 
1976). 

Home range and r esour ces.  The foraging hom e range of Canada g eese varies with 
season, latitude, and bree ding condition.  Soon after hatc hing, goos e families move away 
from the ne sting s ites to other areas with adequate cover and forage to rear their br oods 
(Byr d and Woolington, 1983).  Newly hatched families may have to travel 10 to 20 km from 
the nest site to reach areas with adequate aquatic vegetat ion or  pasture grasses (Geis, 
1956).  Alt hough t he families stay predominantly on land, often in riparian areas, they 
usually are close to water.  Eberhardt et al. (1989a) f ound goslings within 5 m of water 
most of the time;  only 7 pe rcent of sightings were farther than 50 m away.  Dur ing t he 
spr ing and f all migr ations and in wint er, Canada g eese can be f ound on ope n water or 
refuges near grain fields or coastal estuaries (Le opold e t al., 1981). 

Popul ation dens ity .  Breeding popula tion densitie s of Canada g eese vary widely. 
Low ne sting densitie s (i.e., l ess than 0.005 per hectare) are common in the Northwest 
Territories of Canada (Smith and Sutton, 1953, 1954) and intermediate densities (i.e., 0.02 
to 0.7 per hectare) have been reported for Alaska (Cornley et al., 1985).  In some more 
southe rly loc ations (e. g., California ), colonial n esting s ituations h ave been reported, with 
as many as 32 nests located on half an acre (Naylor, 1953, as cited in Palmer, 1962). 

Popul ation dyna mics .  The earliest Canada geese be gin br eeding is ar ound 2 to 3 
years of age (Mac Innes and Dunn, 1988; Brakhage, 1965).  In the larger subspecies, only a 
small propor tion of the birds unde r 4 years may attempt to breed.  For example, in 
Manitoba, Moser and Rusch (1989) f ound t hat only 7 pe rcent of 2-year-old and 1 5 percent 
of 3-year- old B. c . interio r laid eggs.  Canada geese only attempt to rear one br ood pe r 
year.  In the more southerly latitudes, Canada geese w ill r enest if a clutch is lost prior to 
incuba tion ( Brakhage, 1965; Geis, 1956).  In general, both clutch size and success at 
rear ing goslings inc rease with the age of the breeder (Brakhage, 1965).  Rave ling (1981) 
found t hat olde r B. c. maxima (4 plus years) raised more than twice as many gos lings to 
fledging a s did younge r (2 to 3 years) birds.  P opula tion a ge str ucture and annual m ortalit y 
vary with  hunting pr essure as well as natural factors. 
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Similar species (from general references) 

The Brant goose ( Branta bernicla ) is approximately the size of the smaller 
Canada geese subspecies (length 25 cm).  It is primarily a sea goos e and is 
rare inland.  It wint ers along both t he east and west coasts of the Unit ed 
States, where it feeds on aquatic plants in sha llow b ays and estuaries.  It 
breeds in t he high a rctic. 

��	 

The greater white-fronted goose ( Anser albifrons ) is limited to certain areas 
west of the Mississ ippi Riv er and averages 71 cm in length.  Its habits are 
similar to those of other geese. 

��	 

The snow goose ( Chen caerulescens ) breeds in the Arctic and winters in 
selected coastal areas across the United States.  However, this average-
sized goose (71 cm) is a migratory visitor to much of the central Unit ed 
States. 

��	 

The Ross' goose ( Chen ro sii ) breeds in t he high a rctic tundr a and wint ers in 
some areas of the southwest United States.  This relatively small (58 cm) 
goose is a rare visitor to the mid-Atlantic States and is always seen with 
snow geese. 

��	 

General references 

Bellrose (1976); Kortr ight (1955); Nat ional G eogr aphic Soci ety (1987); Palmer (1962). 

2-22 Canada Goose 



Canada Goose ( Branta canadensis ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

(95% CI of  mean) 
Range or 

Locat ion (subspecies) Reference 
Note 
No. 

Body  Weight  (g) A M late  sum . 1,443 ± 32 SE 1,260 - 1,605 Alaska (minima) Ravel ing, 1979 
A F late sum . 1,362 ± 54 SE 1,195 - 1,590 

A M winter 2,769 ± 30 SE Colorado (parvi pes) Grieb, 1970 
A F w inter 2,472 ± 23 SE 

A M not spec. 3,992 NS (canadensi s) Webster  (unpubl ished)  in 
A F not spec. 3,447 Bel lrose, 1976 

A M fall 4,212 ± 35 SE 3,799 - 4,727 Illin ois ( interio r) Ravel ing, 1968 
A F fall 3,550 ± 31 SE 3,147 - 3,856 

A M late  sum . 4,960 Missour i (maxima) Brakhage, 1965 
A F late sum . 4,160 

M at hat ching 108.7 Alb erta (moffitti ) LeBlanc, 1987b 
F at hat ching 109.5 

B day 10 150 Alaska (minima) Sedinger , 1986 1 
B day 20 450 
B day 30 755 
B day 40 950 
B day 47 1,050 

B day  0 110 NS (moffitti ) Willia ms (unpubl ished)  in 
B day  9 240 Palmer, 1976 
B day 16 440 
B day 30 1,400 
B day 44 2,400 
B day 51 2,600 

M at fledging 87% adul t wt Alaska ( minima) Sedinger , 1986 
F at fledging 89% adul t wt 
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Canada Goose ( Branta canadensis ) 

Range or 
Age/Sex/ (95% CI of  mean) Note 

Factor s Cond. /Seas. Mean Locat ion (subspecies) Reference No. 

Body Fat F fall mi gr. 182 ± 24 SE 117 - 264 Alaska i n wi nter  (minima) Ravel ing, 1979 
(g lipid) F winter 57 ± 6 SE 34 - 71 California i n sum mer 

F spr ing m igr. 172 ± 25 SE 68 - 362 
F prelay ing 171 (no SE; N=2) 136 - 205 
F end i ncub. 33 ± 5 SE 14 - 51 
F early molt 108 ± 13 SE 62 - 179 

F prelay ing 751 ± 45 SE Ontari o, Canada (maxima) Thomas et  al., 1983 
F incubat ing 611 ± 40 SE 
F late in cub. 166 ± 18 SE 
F molting 485 ± 37 SE 

Egg Weight 96 NS (minima) Owen, 1980 2 
(g) 127 NS (leuco pa) Owen, 1980 2 

163 Alber ta, Canada (moffitti ) LeBlanc, 1987a 

Metabo lic  Rate free-livin g: 
(kcal /kg-day )  A M winter 105 - 209 Illin ois  in  winter ( interio r) Willia ms & Kende igh, 1982 3 

A M spr ing 105 - 203 Ontari o, Canada i n 
A M sum mer 115 - 253 sum mer 
A M fall 100 - 209 

A F spr ing 130 - 220 Willia ms & Kende igh, 1982 3 
A F sum mer 143 - 274 (interio r) 

free-livin g: 
A M 185 (87 - 391) est imated 4a 
A F 187 (88 - 397) (minima) 

A M 141 (65 - 304) est imated 4b 
A F 147 (69 - 316) (interio r) 

A M 135 (63 - 292) est imated 4c 
A F 142 (66 - 305) (maxima) 
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Spring Sum mer Fall  (measur e) 
Locat ion/Habi tat 

Canada Goose ( Branta canadensis ) 

Range or 
Age/Sex/ (95% CI of  mean) Note 

Factor s Cond. /Seas. Mean Locat ion (subspecies) Reference No. 

Food Ingest ion A M winter 0.030 (interio r) captiv e Joyner et a l., 1984 5 
Rate (g/g-d ay) A F winter 0.033 

A M spr ing 0.030 (interio r) captiv e Joyner et a l., 1984 5 
A F spr ing 0.031 

Water Ingest ion  A M 0.052 (minima) est imated 6a 
Rate  A F 0.053 
(g/g-d ay) 

A M 0.035 (maxima) est imated 6b 
A F 0.037 

Inhal ation Rat e  A M 0.54 (minima) est imated 7a 
(m /day)3 

A F 0.52 

A M 1.40 (maxima) est imated 7b 
A F 1.22 

Surface Area  A M 1,280 (minima) est imated 8a 
(cm )2 

A F 1,230 

A M 2,920 (maxima) est imated 8b 
A F 2,590 

Note 
Dietar y Compos itio n Winter Reference No. 

sedges 63 North  Carolin a/lake Yelver ton & Q uay, 1959 
nat ive grasses 11 
cor n kernel s 22 (% vol ume;  crop and gi zzard 
animal  0.01 content s) 
other  4 
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Age/Sex/ 
Cond. /Seas. Mean 

Canada Goose ( Branta canadensis ) 

Dietar y Compos itio n Spr ing Summer Fall Winter  (measur e) 
Locat ion/Habi tat 

Reference No. 
Note 

Equisetum sp. Ontario , Canada/bay Preve tt e t al., 1985 
(shoot ) 

Trigloch in palust ris 
9.2 

(% dry weight ; esophagus 
(root ) 3.4 and provent ric ulus 

grasses ( root ) 23.4 content s) 
(shoot ) 2.1 

sedges ( shoot ) 25.3 
(root) 5.3 
(reed) 17.9 

Plant ago mariti ma 
(root) 6.5 

unident ifie d plant s 6.1 
invertebrates 0.7 

cor n 23 Wisconsi n/marsh Craven & Hunt , 1984 
unident ifie d plant s 8.6 
alfalfa 10.4 (% dry vol ume;  gizzard 
Gramineae 12.6 and provent ric ulus 
oats 25.1 content s) 
Setaria lutescens 8.4 
Trifoliu m repens 10.9 

Populat ion Locat ion (subspecies) / Note 
Dynamics Range habi tat a Reference No. 

Home Range A F & brood 983 ± 822 SD ha 290 - 2,830 Washington ( moffitti )/riv er Eberha rdt e t al., 1989a 
Size 

A F & brood 8.8 ± 4.4 SD km 2.8 - 18.1 Washington ( moffitti )/riv er Eberha rdt e t al., 1989a 
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Canada Goose ( Branta canadensis ) 

Populat ion Age/Sex/ Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean Range habi tat a Reference No. 

Populat ion 
Densi ty 

summer 

16.6 nests/ha 

1.3 nests/ha 

0.02-12.4 nests/ha var ious l ocat ions 

Montana ( moffitti )/ 

Montana ( moffitti )/ 
on 0.2-0.8 ha i sland 

on 8-121 ha i sland 

Cooper , 1978 

Geis,  1956 

9 

0.35 nests/ha Alaska ( leuco pus)/ 
isla nd prefer red habi tat 

Byrd  & Wool ington, 1983 

fall 22 bi rds/ha Missour i/wildlife refu ge Humburg et a l., 1985 

winter 4 bi rds/ha Missour i/wildlife refu ge Humburg et a l., 1985 

Clutch Si ze 4.7 
5.6 ± 0.1 SE 
4.6 
5.6 

2 - 8 
Alaska (minima) 
Alaska ( leuco pa) 
Ontar io,  Canada ( interio r) 
Alabama, Georgia ( maxima) 

Spencer et a l., 1951 
Byr d & Wool ington, 1983 
Ravel ing & Lumsden, 1977 
Combs et a l., 1984 

10 

2 

Clutches/Year 1 issour i M Brakhage, 1985 

Days 25 NS (minima) Laidley , 1939 10 
Incubat ion 28 Missour i (maxima) Brakhage, 1965 

Age at 
Fledging 
(days)

40-46 
55 

63 
71-73 

Alaska ( minima) 
NS (leuco pa) 

Ontario, Canada ( interio r) 
Michi gan (maxima) 

Mickelson, 1973 
Lee (pers. com m.) in  Byrd 
 & Wool ington, 1983 

Hanson, 1965 
Sherwood, 1965 

11 

11 
11 

Percent Nest s 91  89 - 93 Alaska/ isla nd (leuco pa) Byrd  & Wool ington, 1983 
Successful 44 27 - 64 Alabama,  Georgia ( maxima) Combs et a l., 1984 

Number 2.19 ± 2.42 SD 0 - 7 Washington ( moffitti ) Eberhardt et a l., 1989b 
Fledge per 
Act ive Nest 
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Begi n Peak 

Canada Goose ( Branta canadensis ) 

Populat ion Age/Sex/ Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean Range habi tat a Reference No. 

Number 4.0 ± 0.008 SE 1 - 7 Alaska ( leuco pa) Byrd  & Wool ington, 1983 
Fledge per 2.2 IL, WI (interio r) Hardy & Tacha, 1989 12 
Successful 3.9 ± 1.9 SD 1 - 7 Washington ( moffitti ) Eberha rdt e t al., 1989b 
Nest 

Age at Sexual  B 2 - 3 Northwest Ter ritori es MacInnes & Dunn, 1988 
Maturity  (smaller  subspecies) 

F 4 - 5  > 2 Mani toba, Canada ( interio r) Moser & Rusch, 1989 

M 2 - 3  > 1 Missour i (maxima) Brakhage, 1965 
F 2 - 3  > 2 

Annual  A B 35.9 Alaska (minima) Nelson & Hansen, 1959 11 
Mort ality  Rates  J B 46.0 
(percent ) 

A B 28 ± 0.8 SD California, Nevada ( moffitti ) Rienecker , 1987 
J B 49 ± 3.7 SD 

A B 22.9 Ohio ( maxima) Cummings, 1973 11 
J B 37.0 

Seasonal 
Act ivi ty End Locat ion (subspecies) Reference No. 

Note 

Mating/Lay ing late  Februar y March - Apr il mid-M ay Georgia, Alabama ( maxima) Combs et a l., 1984 
early March late March OR, WA, CA (moffitti ) McCabe, 1979; Bel lrose, 

1976 
mid-March late March - Apr il May Montana ( moffitti ) Geis, 1956 
early April mid-A pr il early May Idaho ( moffitti ) Steel et a l., 1957 
early April mid-A pr il Ontario , Canada (maxima) Mainguy & Thomas, 1985 
late May late May early June Alaska ( leuco pa) Byr d & Wool ington, 1983 

Hatching March Apr il - May early June Georgia, Alabama ( maxima) Combs et a l., 1984 
mid-Apr il late Apr il - May late May Montana ( moffitti ) Geis, 1956 
early May mid-May late  June Idaho ( moffitti ) Steel et a l., 1957 

early Jul y Alaska ( leuco pa) Byr d & Wool ington, 1983 
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Migrat ion fall 

spr ing 

Canada Goose ( Branta canadensis ) 
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Seasonal 
Act ivi ty Begi n Peak End Locat ion (subspecies) Reference No. 

Note 

Molt (fall) mid-June Idaho (moffitti ) Steel et a l., 1957 
mid-Jul y mid-August late August Alaska (leuco pa) Byr d & Wool ington, 1983 
late  June late  October Illin ois ( interio r) Willia ms & Kende igh, 1982 

mid-Sept . November arri ve south I lli nois ( interio r) Bell & Kl imstra, 1970 
October early November mid-D ecember arri ve CO, TX (parvi pes) Grieb, 1970 

Februar y early March leave Illin ois ( interio r) Bell & Kl imstra, 1970 
late March early Apr il leave Minnesot a (maxima) Ravel ing, 1978b 

1 Weights est imated f rom graph. 
2 Cited in Dunn and MacInnes (1987) . 
3	 Est imated r ange of existence t o maximum fr ee-livi ng m etabol ism  at typical breeding ground ( Ontar io,  Canada i n spr ing and sum mer) and at 

typical winter ing ground ( south I lli nois i n fall  and w inter ).  Est imate d using r egression equat ions developed by  the authors,  measures of 
metabol ic rat es at  temp eratures f rom -40 to 41��C, and t emperatures t ypical  for th e season and l ocat ion. 

4 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom (a) Ravel ing (1979); (b)  Ravel ing (1968); and (c) Brakhage ( 1965). 
5 Repor ted as grams dr y wei ght of  feed; cor rected t o grams w et wei ght of  feed using t he measur ed moisture  content of 11 percent (on average) of 

the feed i tems ( i.e., cor n, sunf lower  seeds,  wheat, and m ilo). 
6 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom (a) Ravel ing (1979) and ( b) Brakhage (1965) . 
7 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom (a) Ravel ing (1979) and ( b) Brakhage (1965) . 
8 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom (a) Raveling (1979) 

and (b) Brakhage (1965) . 
9 Summarizi ng several studies, ci ted in Byrd  & Wool ington (1983) . 

10 Cited in Palmer (1976). 
11 Cited in Bel lrose (1976). 
12 For par ents older  than 5 years of age. 
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2.1.3. Mallard (surface-feeding ducks) 

Order Anserif ormes , Family Anatidae .  Surface-fee ding du cks are the most fam ilia r 
ducks of freshwater and saltwater wetlands.  They feed by da bbling and tipping up in 
shallow water, often filter ing t hrough s oft mud f or food.  They feed primarily on seeds of 
aquatic plants and cultivated grains, alt hough t hey also consum e aquatic inv ertebrates, 
particula rly during t he br eeding season (Jorde et al., 1983; Swanson et al., 1985).  All 
species have a br ight color ed patch of feathers on the tra iling edge of each w ing,  and t he 
overall plum age of the males is more color ful t han that of the females.  Da bbling duc ks 
range in size fr om the gr een-winge d teal (average 37 cm bill tip t o tail tip) to the nor thern 
pintail (average 66 cm). 

Selected species 

The mallard ( Anas platyrhynchos ) feeds mostly on aquatic plants, seeds, and 
aquatic invertebrates, depe nding on t he season, and forages in ponds and wetlands by 
dabbling and filt ering t hrough s edim ents.  It is wide spread thr oughout most of the Unit ed 
States and is the most a bundant of the Unit ed States ducks (USFWS, 1991).  In the past 
decade, however, its numbers have dec lined m arkedly acr oss it s principal r ange in t he 
mid- continent al region b ecause of habitat degradat ion and drought (USFWS, 1991). 
Mallards interbreed with domestic ducks and black ducks ( Anas rubrip es). 

Body size .  Mallards average 58 cm from bill tip t o tail tip.  Male malla rds are 
generally heavier than females (Delnicki and Reinecke, 1986; Whyte and Bolen, 1984; see 
table).  Female mallards lose we ight during t he laying and incuba tion pe riods ; males los e 
weight fr om their spr ing a rrival thr ough t he peak of the bree ding season and then gain 
weight while the females are incubat ing (Lokemoen et al., 1990a). 

Habitat .  Wint ering m allards pr efer natural bottomland wetlands and rivers to 
reservoirs and farm ponds (Hei tmeyer and Vohs, 1984); water depths of 20 to 40 cm are 
optimum for foraging ( Heitmeyer, 1985, cited in Allen, 1987).  The primary habitat 
requir ement for nest ing appe ars to  be dens e grassy vegetat ion a t least a half meter high 
(Bellrose, 1976).  Mallards prefer areas that provide concealment from predators such as 
seeded cover (fields esta blished on f ormer cr oplands ) (Klett et al., 1988; Lokemoen et al., 
1990b), cool-season introduced legumes and grasses (Duebbert and Lokemoen, 1976), and 
idle gr assland with tall, dense, rank cover in the area (Duebbert and Kantrud, 1974).  Nests 
usually are located wit hin a few kilometers of water, but if c hoic e nesting habi tat is not 
available nearby, females may nest further away (Bellrose, 1976; Duebbert and Lokemoen, 
1976). 

Food habi ts .  In winter, mallards feed primarily on seeds but also on invertebrates 
associated with leaf litter and wetlands, mast, agricultural grains, and to a limited extent, 
leaves, buds , stems, rootlets, and tubers (Goodman and Fisher, 1962; Heitmeyer, 1985, 
cited in Allen, 1987).  In spr ing, females shift from a largely herbivorous diet to a diet of 
mainly inv ertebr ates to obtain protein for their prebasic molt and then for egg pr oduc tion 
(Swanson and Meyer, 1973; Swanson et al., 1979; Swanson et al., 1985; Heitmeyer, 1988b). 
Laying females consume a highe r propor tion of anim al foods on t he br eeding 
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grounds than  do m ales or nonla ying females (Swanson et al., 1985).  The animal diet 
continue s thr oughout the su mmer, as many females lay clutches to replace destroyed 
nests (Swanson et al., 1979; Swanson et al., 1985).  Duck lings also consum e aquatic 
invertebrates almost exclusively, particularly during t he period of rapid grow th (Chur a, 
1961).  Mallards concentrate in wetlands at night , apparently feeding on emerging in sects 
(Swanson and Meyer, 1973). Flocks may feed in unha rvested grain fields and st ubble fields 
during f all and wint er (Dillon, 1959).  Dur ing pe riods of food shor tage, fat reserves are used 
as an ener gy sour ce.  During br eeding, females cont inue to feed but also use fat to meet 
the de mands of egg produc tion; females may lose 25 percent of their body mass (in fat) 
during la ying and e arly incuba tion ( Krapu, 1981). 

Mol t.  Female mallards molt into basic plumage in late winter or early spr ing, except 
for the wing molt , which is de layed until a bout the time broods are fledged.  In m ales,  head-
body-tail molt commences in early summer and overlaps or is f ollow ed by the wing molt . 
Mallards gene rally are flight less for a bout 25 d ays dur ing t he wing molt (Palmer, 1976). 

Migr ation.  Although t he malla rd wint ers in all four waterfowl flyways of North 
America (i.e., Pacific, Central, Mississ ippi,  and A tlantic ), the Mis sissippi f lyway (a lluvia l 
valle y fr om Mis souri t o the Gulf of Me xico) cont ains the high est numbers (Bellrose, 1976). 
Human creation and a lteration of water bodie s and plant communitie s have changed the 
migr ation and wint ering p atterns of mallards; in North America the ducks winter farther 
north than in the past (Jorde et al., 1983).  Mallards tend to arrive at their winter ing grounds 
in t he Mis sissippi V alley in mid -September thr ough e arly No vember and depart for their 
nor ther ly br eeding grounds again in Ma rch ( Fredr ickson and Heitmeyer, 1988).  A dult 
females that reproduce successf ully are lik ely to return to the same nest ing ground t he 
following year (Lokemoen et al., 1990a, 1990b). 

Breeding activities and social organization .  Older females arrive at bree ding 
grounds ear lier than year ling birds , which probably inc reases their chances of 
reproductive success because they can select the best nest sites (Lokemoen et al., 1990b). 
First clut ches are gene rally finished by mid- Apr il in t he southe rn part of the br eeding r ange 
and late April to May in the northern United States (Palmer, 1976). High r ates of nest fa ilur e 
requir e females to renest persistently to reproduce successf ully (Swanson et al., 1985). 
Average clutch size decreases as the season progresses because the clutch size of 
renesting females is smaller than initial clut ches (Eldridge and Kr apu, 1988; Lokemoen et 
al., 1990b).  Older females produce larger clutches than do year lings (Lo kemoen et al., 
1990a).  Mallards mate for one bree ding season, and males typically leave the females at 
the onset of incubat ion (Palmer, 1976).  Females remain with the br ood until f ledging. 
Mallards are ser ially monoga mous and thus r emate annually (Palmer, 1976). 

Home range and r esour ces.  Each pair of mallards uses a home range, and the 
drake comm only establishe s a territory that he d efends against other mallards (Bellrose, 
1976).  Home-range size depends on habitat, in particular the type and distr ibution of water 
habitats (e.g., prairie pot hole s, rivers), and popula tion densit y (Bellros e, 1976; Dwyer et al., 
1979; Kirby et al., 1985). 
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Popul ation dens ity .  Mallard densitie s during t he br eeding season are positively 
correlated with availa bilit y of terr estrial cover for nest ing and w ith availabilit y of wetlands 
and ponds that provide the aqua tic die t of malla rds (Pospahala et al., 1974).  Availa bilit y of 
suitable wetland habitat for bree ding and wint ering depends on e nvir onm ental conditions 
(e.g., rainfall) (Heitmeyer and Vohs, 1984; Lokemoen et al., 1990a).  Average densities of 
breeding m allards in t he pr airie pothole region r ange fr om 0.006 to 0.67 pairs per hectare 
(Duebbert and Kantrud, 1974; Duebbert and Lokemoen, 1976; Kantrud and Stewart, 1977; 
Lokemoen et al., 1990b).  Mallards attain their highest densities in prairie and parkland of 
the southern prairie provinces and in the Coope r River and A thabasca River deltas of 
Canada (Johnson and G rier, 1988). 

Popul ation dyna mics .  Nest success or fa ilur e is an  impor tant factor affecting 
malla rd popula tions .  Mammalian predat ion is the main c ause of n est fa ilur e, follow ed by 
hum an dis turbance (e. g., farming ope rations ) and adverse weather c onditions (Kl ett et al., 
1988; Lokemoen et al., 1988).  Mammalian predators inc lude fox,  badge r, and s kunk ; cr ows 
also prey on mallard nests (J ohnson e t al., 1988).  Mallards usually renest if the first nest 
fails (Palmer, 1976).  Juve nile surviv al depends on food and pr eferred habitat availa bilit y, 
factors that in turn are affected by environmental c onditions .  For example, high r ainf all is 
related to increased wetland area, which is positively correlated with duck ling grow th 
(Lokemoen et al., 1990a).  A nnual adult mortalit y rates vary with year, locat ion, hunting 
pressure, age, and sex.  Females suffer greater natural mortality rates (e.g., typical values 
of 40 to 50 pe rcent) than  do m ales (e.g., typic al value s of 30 to 40 pe rcent) (Chu a nd 
Hestbeck, 1989).  By fall, there is a highe r propor tion of males than females in most 
popula tions (Bellros e, 1976).  Immature mortality rates of 70 percent have been recorded in 
many areas, alt hough low er immature mortality rates are more common (Bellrose, 1976; 
Chu and H estbeck, 1989).  A nnual m ortalit y rates also are greater in areas with highe r 
hunting pr essure (Bellrose, 1976). 

Similar species (from general references) 

The American black duck ( Anas rubrip es) is only pr esent in the w oode d 
parts of northeastern and north central United States.  It nests near 
woodland l akes and streams or in freshwater and tidal marshes.  It is similar 
in size (58 cm) to mallards us ing t he same habitats. 

��	 

The nor ther n pint ail (Anas acuta ) is wide spread,  occurr ing in m ost pa rts of 
Nor th Amer ica and br eeding t hroughout Canada and t he nor th central  Unit ed 
States.  Alt hough f ormer ly far ily abundant , Nor th Amer ican pint ail 
popula tions h ave dec lined dr amatically dur ing t he past decade (USFWS, 
1991).  It prefers marshes and open areas with ponds and l akes.  Pintails 
average s lightly longe r (66 cm) than mallards. 

��	 

The gadw all (Anas strepera ) (51 cm) occurs thr oughout most of the Unit ed 
States.  In Canada, its bree ding r ange is limit ed to the south c entral  pothole s 
region.  It is more common in t he west than in the east. 

��	 

The American wigeon ( Anas americana ) (48 cm) breeds thr oughout most of 
Canada and in t he pr airie pothole regions of the Unit ed States.  It winters 

��	 
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along both t he east and west coasts of the United States as well as farther 
south into Me xico. 

Northern shovelers ( Anas clypeata ) (48 cm), inhabit ants of marshes,  ponds , 
and bays, breed thr oughout mid t o western Canada and the prairie pot hole 
regions of the Unit ed States.  They winter a long t he gulf co ast, southern 
Atlantic coast, in Texas, and a few other southwestern states as well as 
thr oughout Me xico. 

��	 

Blue -winge d teal (Anas discors ) (39 cm) are fairly common in open c ount ry 
in m arshes and on ponds and l akes.  Bree ding popula tions oc cur thr oughout 
the central United States and Canada, but winter ing popula tions are 
restricted to Atlantic and Pacific coastal areas. 

��	 

The gr een-winge d teal (Anas crecca ) (37 cm) is the smallest of the da bbling 
ducks. A. c. carolinensis is the most common subspecies in the United 
States.  It breeds thr oughout most of Canada and t he pr airie pothole region 
of the United States.  It overwinters in the southern half of the United States 
and in Me xico. 

��	 

Cinna mon teal (Anas cyanoptera ) (41 cm) bree ding popula tions are restricted 
to the western United States and Mexico, with few reac hing southe rn 
Canada.  Some popula tions in California and Me xico are year-r ound 
residents. 

��	 

General references 

Allen (1987); Nat ional G eogr aphic Soci ety (1987); Pospahala et al. (1974); Palmer 
(1976); Bellrose (1976). 
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Mallard Duck ( Anas platyrhynchos) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight A M 1,225 up t o 1,814 thr oughout Nor th Amer ica Nelson & M artin,  1953 
(g) A F 1,043 up t o 1,633 

A M winter 1,246 ± 108 SD western M ississippi Delnicki & Rei necke, 1986 
A F w inter 1,095 ± 106 SD (allu vial val ley) 

A M winter 1,237 ± 118 SD Texas Whyt e & Bol en, 1984 
A F w inter 1,088 ± 105 SD 

A F spr ing 1,197 ± 105 SD North Dakot a Krapu & Dot y, 1979 

egg 52.2  32.2 - 66.7 North  Dakot a Eldr idge & Krapu, 1988 

at ha tching 32.4 ± 2.4 SD centra l North  Dakota Lokemoen et a l., 1990a 

B at 3.5 days 32.4 ± 2.4 SD centra l North  Dakota Lokemoen et a l., 1990b 

F at 9.5 day s 115 ± 37 SD cent ral Nor th Dakot a Lokemoen et  al., 1990b 
F at 15.5 day s 265 ± 92 SD 
F at 30.5 day s 401 ± 92 SD 
F fledging at 

56.0 days 740 ± 115 SD 

M at 9.5 days 92 ± 12  SD centra l North  Dakota Lokemoen et a l., 1990b 
M at 15.5 day s 215 ± 5 SD 
M at 30.5 day s 460 ± 93 SD 
M fledging at 

56.0 days 817 ± 91 SD 

Body Fat A M wi nter 174 ± 66 SD Texas Whyt e & Bol en, 1984 
(g lipid) A F winter 171 ± 56 SD 

A F Apr il 106 ± 34 SD North Dakot a Krapu & Dot y, 1979 
Y F Apr il 82 ± 37 SD 
A F June 22 ± 22 SD 
Y F June 9.6 ± 8.3 SD 
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Mallard Duck ( Anas platyrhynchos) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Metabol ic  Rate 
(kcal /kg-day ) 

A F basal 
A M basal 

77 
73 

est imated 1 

A F w inter 
A M winter 

280 
220 

Texas Whyt e & Bol en, 1984 2 

A F f ree-living 
A M free-living 

200 
192 

(94 - 424) 
(91 - 408) 

est imated 3 

Food Ingest ion 4 
Rate (g/g-d ay) 

Water A F 0.058 est imated 5 
Ingest ion A M 0.055 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay) 3 

A F 
A M 

0.42 
0.48 

est imated 6 

Surface Area 
(cm ) 2 

A F 
A M 

1,030 
1,148 

est imated 7 

Dietar y Locat ion/Habi tat Note 
Compos itio n (measur e) Reference No. 

adul ts: Winter Louisiana/coastal  marsh Dill on, 1959 
rice  24 and prai rie 
jungle r ice  21 
brownseed paspalum  19 (% vol ume;  gul let  content s) 
barnyard grass  8.0 
red ric e  8.0 
knot grass  6.5 
signal grass  2.5 
coast cockspur  1.9 
Mamaica sawgrass  1.3 
sna ils  1.0 
other  6.8 
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Age/Sex 
Cond. /Seas. Reference 

Mallard Duck ( Anas platyrhynchos) 

Dietar y Locat ion/Habi tat Note 
Compos itio n (measur e) Reference No. 

breed ing female: Apr il May June south cen tra l North Swanson et a l., 1985 
(total  animal) (67.8) (66.8) (89.4) Dakot a/prairie  potholes 
gast ropods trace 24.9 16.5 
insect s 13.1 25.6 48.1 (% wet vol ume;  esophagus 
crustacea 7.9 15.1 13.9 content s) 
anne lid s 38.3 0.2 10.9 
misc. ani mal 8.5 1.0 -

(total  plant ) (32.2) (33.2) (10.6) 
seeds 28.7 28.7 10.6 
tubers 2.4 4.3 -
stem s 1.1 0.2 -

Populat ion 
Dynamics Mean Range Locat ion/Habi tat 

Note 
No. 

Home Range spr ing: 
Size (ha)  A F total 468 ± 159 SD 307 - 719 North Dakot a/prairie Dwyer et al., 1979 

A F laying 
spr ing: 

111 ± 76 SD  38 - 240  potholes 

A F 540  40 - 1,440 Minneso ta/wetlands , riv er Kirby et a l., 1985 
A M 620  70 - 1,140 

Populat ion A B spr ing 0.036 0.006 - 0.076 cent ral Nor th Dakot a/range Lokemoen et  al., 1990a 
Densi ty  (area 1)  of 6 years of dat a from 
(pairs/h a) A B spr ing 

(area 2)
0.047 0.031 - 0.087  two di ffere nt pothol e 

 areas 

Clutch yearling 9.3 ± 1.7 SE North Dakot a/prairie Krapu & Dot y, 1979 
Size A 10.3 ± 1.1 SE  potholes 

9 1 - 18 NS/NS Bellrose, 1976 

Clutches if lo st up t o 4.5 North  Dakot a/exper imental Swanson, unpubl ished i n 
/Year  ponds ( nests purposel y 

dest royed) 
Swanson et  al., 1985 

if  successful 1 North Amer ica/NS Bel lrose, 1976 

Days 26 23 - 29 NS/NS Bent, 1923 8 
Incubat ion 25 North Dakot a/wetlands Klet t & Johnson, 1982 
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Begi n Peak Locat ion Reference 

Mallard Duck ( Anas platyrhynchos) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Age at 52 - 60 NS/NS Bellrose, 1976 
Fledging 
(days) 56 cen tra l North  Dakota/ Lokemoen et a l., 1990a 

potholes 

Percent Nest s 51 - 61 South Dakot a/prairie Duebber t & Lokemoen, 1976 
Successful potholes and f ields 

9 - 10 eastern South Dakot a/ Klett  et al., 1988 
potholes 

Number 4.9 NS/NS Cowar din  & Johnson, 1979 9 
Fledge per 8.4 Uni ted States/NS Bel lrose, 1976 
Successful 
Nest 

Age at 1 yr Uni ted States/NS Krapu & Dot y, 1979 
Sexual 
Maturity 

Annual
Mort ality
Rates 
(percent )

 A M 

A F 

 A M  fall 
J M  fall 
A F all 
J F all 

f 
f 

27.2 
38.2 

40.1 ± 3.1 SE 
41.1 ± 7.2 SE 
49.9 ± 3.3 SE 
48.8 ± 6.0 SE 

22 - 51 
31 - 59
20 - 72 
15 - 68 

eastern-cent ral flyw ay/NS 

western m id-At lant ic/NS 
 1971 to 1985 

Bellrose, 1976 

Chu & Hestbeck, 1989 

A M  fall 
J M  fall 
A F all 
J F all 

f 
f 

39.0 ± 2.3 SE 
48.1 ± 5.3 SE 
51.5 ± 1.9 SE 
56.8 ± 3.2 SE 

9 - 60 
7 - 69
33 - 64
38 - 68 

nor theastern Uni ted 
 States/NS 
 1971 to 1985 

Chu & Hestbeck, 1989 

Seasonal Note 
Act ivi ty End No. 

Mating May CA, UT, MT, SD, NY, VT Bel lrose, 1976 
early Apr il early May mid-J uly south cent ral N Dakot a Krapu & Dot y, 1979 

Hatching June NW Territory, C anada Toft e t al., 1984 
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Migration 
spr ing 
fall 

Mallard Duck ( Anas platyrhynchos) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Molt 
spr ing December March Mississippi Val ley Fredr ickson & Hei tmeyer,  1988 
fall mid-Sept . November 

mid-March mid-M ay arrive nor th  cent ral US Johnson et  al., 1987 
mid-October November leave nor thern US Palmer, 1976 

1 Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom Nel son and M artin ( 1953).
 
2 Est imated dai ly existence energy at  0��C.
 
3 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Nel son and M artin ( 1953).
 
4 See Chapt ers  3 and 4 f or met hods of est imating food ingest ion r ates f rom free-livi ng m etabol ic rate  and dietar y composi tion.
 
5 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Nel son and M artin ( 1953).
 
6 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Nel son and M artin ( 1953).
 
7 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Nel son and M artin
 

(1953). 
8 Cited in Palmer (1976). 
9 Cited in Johnson et al . (1987). 
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2.1.4. Lesser Scaup (bay ducks) 

Order Anserif ormes , Family Anatidae .  Bay ducks are adapted for div ing a nd 
characteristically need a r unning start to become airborne because their legs are located 
further back on their body than  on othe r ducks.  They breed at mid to high la titude s and 
winter in flocks on large water bodie s and in pr otected coastal bays and river mouths.  Bay 
ducks dive for their f ood,  and t heir  die t is omnivorous (i.e.,  both plant and anim al matter) 
and depends on the seasonal and re gional abundanc e of food r esour ces.  Because of their 
food habit s, bay du cks prefer deeper, more permanent ponds than  dabbling duc ks 
(Bellrose, 1976).  The sexes vary in c olor ation,  and di fferent bay duck species range in 
length f rom 42 to 53 cm (bill tip t o tail tip) . 

Selected species 

The lesser scaup ( Aythya affinis ) is one of the most abundant Nor th Amer ican 
ducks (Allen, 1986).  They breed principally thr oughout western Canada and Alaska, 
although t heir  breeding r ange extends into the western United States as far south as 
Color ado and Ohio.  Lesser scaup winter in the United States in the Mississ ippi f lyway and 
the Atlantic flyway (Bellrose, 1976).  They also winter a long all c oastal areas in the 
southern states and into Mexico (Nat ional G eogr aphic Soci ety, 1987). 

Body size .  The lesser scaup averages 42 cm from bill tip t o tail tip.  Male s are 
larger and m ore color ful t han the brow n females (Bellrose, 1976; see table). Following t heir 
pos tbreeding molt , scaups increase their fat reserves in preparat ion f or migr ation ( Austin 
and Fredrickson, 1987; see table). 

Habitat .  Lesser scaup are f ound on la rge l akes and bays dur ing t he fall and wint er 
and are common on s malle r bodie s of water (e.g., ponds ) during t he spr ing.  They br eed in 
the pr airie pothole s region,  most o ften on permanent or semipermanent wetlands of 0.85 to 
2.0 ha with trees and shrubs border ing a t least half of the shorelines (Bellrose, 1976; 
Smith, 1971, cited in Allen, 1986).  Primary br ood habi tat is characterized by permanent 
wetlands dominated by emergent vegetat ion (Smith, 1971, cited in Allen, 1986).  In a study 
of ducks winter ing in South Ca rolina , Bergan and S mith (1989) found l esser scaup w ould 
forage primarily in areas with submergent vegetat ion but also  in areas of emergent 
vegetat ion,  shallow ope n water, and float ing- leaved vegetat ion.  They found s ome 
differences in fora ging habi tat use by season and between males and females.  In 
particular, females tended to use more sha llow habi tats than males, and males preferred 
open water in late fall (Bergan and Smith, 1989). 

Food habi ts .  Most popula tions of l esser scaup consume primarily aquatic 
invertebrates, both from the water c olumn and f rom the sur faces of aquatic vegetat ion a nd 
other substrates (Tome and Wrubleski, 1988; Bartonek and Hickey, 1969).  Common prey 
include snails , clams, scuds (am phipods ), midge s, chironomids , and l eeches (see table). 
Scaup are omnivorous, however, and the percentage of plant materials (almost exclusively 
seeds) in the diet varies seasonally as the availa bilit y of di fferent foods change s (Afton e t 
al., 1991; Dirschl, 1969; Rogers and Kor schgen, 1966).  When seeds are locally a bundant , 
they may be consumed in large quantities (Dirschl, 1969).  Bree ding females and duck lings 
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eat mostly aquatic invertebrates (S ugden, 1973).  Young duc klings feed primarily on water-
column inv ertebr ates (e.g., phantom midges, clam shrimps, water mites), whereas olde r 
duc klings forage mainly on bot tom-dwelling inv ertebr ates (e.g., scuds or am phipods , 
dragonflie s, caddis fli es) (Bartonek and Murdy, 1970).  Dur ing t he wint er, there are no 
signific ant di fferences in diet between juveniles and adults or between males and females 
(Afton et al., 1991). 

Mol t.  Nonbr eeding and pos tbreeding m ales and nonbr eeding females generally 
leave the bree ding grounds in June to molt on l akes.  However, some males complete their 
molt on t he br eeding grounds (Trauge r, 1971, cited in Bellrose, 1976).  Large flocks of 
molting birds be come flight less dur ing t he wing molt ph ase, which be gins in July and is 
usually complete by late A ugus t (McKnight and Bus s, 1962). 

Migr ation.  The axis of the main migr ation c orr idor extends from the bree ding 
grounds on t he Yukon Fl ats, Alaska, to winter ing a reas in Florida (Bellros e, 1976).  Most 
scaup winter in the United States, with the greatest numbers in the Mississ ippi f lyway and 
the Atlantic flyway.  They start to arrive at their winter ing a reas in mid-October (Bellrose, 
1976).  The tim ing of nor thwar d migr ation in t he spr ing v aries fr om Februa ry to  May 
(Bellrose, 1976).  Before migrat ion, scaup gain w eight by inc reasing t heir  body fat content 
(Austin and Fredrickson, 1987). 

Breeding activities and social organization .  Scaup build n ests on the gr ound 
among t all gr asses, shrubs, or forbs where plant heights range from 20 to 60 cm (Hines, 
1977).  Nests can be located a long t he edge of shor eline s to  upland a reas (Bellrose, 1976). 
Cour tship and pair bonds start to form on the winter ing grounds , and pair s typic ally remain 
toge ther for  only one season.  Males do not remain long after incubat ion c ommences 
(Trauger, 1971, cited in Bellrose, 1976).  The female and her br ood l eave the vicinity of the 
nest shortly after the duck lings h ave hatched.  Most br oods are on t heir  own by 4 to 5 
weeks of age (Gehrman, 1951, cited in Bellrose, 1976) and fledge between 7 and 9 weeks of 
age (Bellrose, 1976; Lightbody and A nkney, 1984).  Females of this species often lay eggs 
in other lesser scaup nests (nest parasitism), which can result in large com pound clut ches 
of lesser scaup eggs in a s ingle n est (Hines, 1977). Hines (1977) also f ound t hat mixing of 
broods was common in Saskatchewan; by A ugus t, groups of 15 to 40 duc klings led by two 
to three hens would be common.  Female lesser scaup also occas ionally la y eggs in t he 
nests of other ducks (e.g., gadwall; Hines, 1977). 

Home range and r esour ces.  Relatively small ne sting t erritories and la rge highly 
overlapping f oraging r anges are char acteristic of lesser scaup (Hammel, 1973, cited in 
Allen, 1986).  Several pairs can nest in close proximity wit hout aggr ession, each defe nding 
only a small area immediately surr ounding t he nest (Bellrose, 1976; Vermeer, 1970).  In 
Manitoba, Hammel (1973) estimated the mean m inimum foraging hom e range to  be 89 ± 6.5 
ha.  Initial a reas occ upied by pair s usually cont ain s tumps,  logs , boulde rs,  or  beaches as 
loafing s ites, but later lesser scaup rely solely on open water (Gehrman, 1951, cited in 
Bellrose, 1976). 

Popul ation dens ity .  In wint er, loc al densitie s of scaup c an be very high,  as large 
flocks float on favored fee ding a reas (Bellrose, 1976).  In summer, the density of bree ding 
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pairs increases with the permanence and size of the ponds (Kantr ud and Stewart, 1977; 
see table). 

Popul ation dyna mics .  In some popula tions , many year ling and s ome 2-year- olds do 
not br eed; the propor tion br eeding t ends to  inc rease with improv ing water and habitat 
conditions (Afton, 1984; McKnight and Bus s, 1962).  In a 4-year study in Manitoba, Afton 
(1984) found t hat,  on average, 30 percent of 1-year- olds and 1 0 percent of 2-year-olds , did 
not br eed.  Clut ch size and r eproduc tive pe rfor mance of adult females generally increase 
with age (Afton, 1984).  Most nest fa ilur es are due to  predation ( e.g., by mink , raccoons , red 
fox), and scaup often attempt to renest if the initial n est fails (Afton, 1984; Bellrose, 1976). 
Annual m ortalit y for  juv enile s is highe r than that for adult s, and adult female mortality 
exceeds a dult male mortalit y (Smith, 1963; see table). 

Similar sp

	 

ecies (from general references) 

The redhead ( Aythya americana ), a larger bay duck (48 cm), breeds on lakes 
and ponds in t he nor thwestern United States and in midwestern Canada. 
They winter in coastal areas and the southern United States and Mexico.  In 
summer, adult female and juve nile redhe ads consum e predominantly anim al 
matter (e.g., ca ddis flie s, midge s, water fleas, snails), w hile males include 
more plant materials in their diet. 

��

The canvasback ( Aythya valisineria ) is the largest bay duck (53 cm).  They 
are common on lakes and ponds in t he nor ther n Unit ed States and southern 
Canada during t he br eeding season and a long c oastal areas of the Unit ed 
States dur ing wint er.  Studie s during t he wint er in Nor th and South Ca rolina 
have f ound v arying di ets for canvasbacks, consum ing m ostly anim al matter 
(e.g., clams); others eat only vegetation.  In s ummer, adult female and 
juv enile can vasbacks eat predominantly animal material (e.g., ca ddis flie s, 
snails, mayflies, midges), whereas a dult males may eat predominantly 
vegetable material, particularly tubers of Potamogeton . 

��	 

The r ing- necked duck ( Aythya collaris ) is similar in size (43 cm) to the lesser 
scaup and prefers freshwater wetlands.  They are comm only seen on 
woodland l akes and ponds , but in wint er also  use southe rn co astal marshes. 
During t he wint er, r ing- necked ducks eat mostly plant materials (81 percent) 
and a variety of animal matter (19 percent). 

��	 

The greater scaup ( Aythya marila ) (46 cm) is common in coastal areas and 
the Great Lakes dur ing wint er.  They are omnivorous , eating 5 0 to 99 pe rcent 
animal matter and the rema inde r plant foods during t he wint er. 

��	 

General references 

Allen (1986); Bartonek and Hickey (1969); Bellrose (1976); Nat ional G eogr aphic 
Society (1987); Perry and Uhler (1982). 
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Lesser Scaup ( Aythya affinis ) 

Age/Sex/ Range or Locat ion or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Body  Weight 
(g) 

F pref light less 
F fli ght less 
F post fli ght less 
F migrator y 

688 
647 
693 
842 

Mani toba, Canada Aust in  & Fredr ickson, 1987 1 

F 
M 

770
860

 up t o 950 

up t o 1,100 
Uni ted States Nelson & M artin,  1953 

Adul t Body Fat F pref light less 50.7 7.4%)( Mani toba, Canada Aust in  & Fredr ickson, 1987 1 
(grams lipid : F flig ht less 37.2  (5.7%) 
% of  total  body F post fli ght less 46.5 6.7%)( 
weight ) F migrator y 188.1 (22.3%) 

Duckl ing 
Growth  Rate 

age in weeks 
0-3 
3-6 
6-9 
9-12 

growt h in  g/day 
6.9 

5 
2 

14 
1. 
1. 

(final body weight ) 
(190 g) 
(485 g) 
(516 g) 
(542 g) 

Utah or Canada Sugden & Har ris, 1972 2 

Metabol ic  Rate 
(kcal /kg-day ) 

A F basal 
A M basal 

A B rest ing 
20 to 30��C 

A F free-living 
A M free-living 

83 
81 

211 

90 

216 
(102 - 457) 
(99 - 445) 

Canada 

est imated 

McEwan & Koel ink, 1973 

est imated 

3 

4 

Food Ingest ion juveni les, dry matter int ake/ Saskatchewan/capt ive: Sugden & Har ris, 1972 5 
Rate (g/g-d ay) both sexes: wet body weight  reared i n larg e brooder 

1 - 5 weeks 0.162  and i n outdoor pens 
6 - 12 weeks 0.077 

Water A F 0.064 est imated 6 
Ingest ion A M 0.062 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay)3 

A F 
A M 

0.34 
0.36 

est imated 7 
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Spring Sum mer Fall Reference 

Lesser Scaup ( Aythya affinis ) 

Age/Sex/ Range or Locat ion or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Surface Area 
(cm ) 2 

A F 
A M 

842 
906 

est imated 8 

Dietar y Locat ion/Habi tat Note 
Compos itio n Winter  (measur e) No. 

(animal) (60.9) Louisiana/ lakes,  mars hes Aft on et  al., 1991 
midges 45.9 
sna ils 7.7 (% dry we ight; 
grass shr imp 7.3 esophageal & provent ric ular 

(plant  - seeds) (36.1) content s) 
bul rush 36.0 

(plant  - vegetat ive) (3.0) 
green algae 2.3 

juveni les onl y: Northwest Ter ritori es/lake Bartonek & M urdy,  1970 
(animal) (100) (100) 
scuds 1 ± 1 57 ± 9 (% wet vol ume ± SE; 
phantom  midges 54 ± 8 1 ± 1 esophageal content s) 
clam shr imps 30 ± 8 2 ± 2 
dragon/damsel flies   17 ± 8 
water bugs 4 ± 3 11 ± 7 
water m ites 8 ± 3  
caddis  flie s   6 ± 5 
water b eetles 1 ± 1 4 ± 3 
mayf lies 2 ± 1  

(plants) (trace) (trace) 
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Reference 

Lesser Scaup ( Aythya affinis ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

adul ts  only: nw Minneso ta: sp rin g and  fall Afto n et a l., 1991 
(animal) (91.8) (90.5)  migrat ions/ lakes,  mars hes, 
scuds ( amphipods) 33.2 54.9  pool s 
dragonf lies - 2.4 
caddis  flie s 8.8 7.6 (% dry we ight; 
midges 2.3 - esophageal & provent ric ular 
other  insect s 4.9 - content s) 
snai ls 31.9 10.2 
fin gernail c lams 6.0 5.1 
brook st ickleback - 4.1 
fath ead minnow - 5.0 
othe r fis h 3.5 

(plants - seeds) (6.0) (9.4) 
(plants - vegetat ive) (2.2) (0.1) 

(animal) (90.9) (75.1) (49.6) Saskatchewan, Dirschl , 1969 
scuds 66.0 9.8 42.5 Canada/shal low l akes 
dipter a - 1.3 0.1 
leeches 12.0 23.7 1.6 (% dry weight ; esophagus 
finger nail clam s 12.7 25.7 - and provent ric ulus content s) 
cypr inid fis h - 2.9 -
caddis  flie s 0.2 1.6 1.9 
clam shr imps - 3.1 0.5 

(plant  - seeds) (9.1) (24.9) (50.4) 
Nuphar var iegatum - 13.2 42.8 
other seeds 9.1 11.7 7.6 

Populat ion Age/Sex Note 
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat No. 

Home Range
Size (ha) 

 breedi ng 89 ± 6.5 SE  Mani toba, Canada Hammel,  1973 9 
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Lesser Scaup ( Aythya affinis ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Populat ion 
Densi ty
(pairs/h a) 

A B seasonal 
 wetl and 

A B per manent 
wetl and 

0.029

0.061 

North  Dakot a/ 
 prai rie potholes 

Kantrud & Stewar t, 1977 

A B i sland i n 
lake

28.9 13.1 - 58.5 Alb erta, Canada/ isla nds i n 
 lakes of par klands and 
boreal  for est 

Vermeer, 1970 10 

Clutch 9.47 ± 0.18 SE 7 - 12 Saskatchewan/ marsh i sland Hines, 1977 
Size 

2nd y r female 10.0 ± 0.2 SE 8 - 12 Mani toba/ lake Afton, 1984 
4th y r female 12.1 ± 0.2 SE 11 - 14 

Clutches 1, but of ten NS/NS Afton, 1984 
/Year renest  if lo st 

Days 
Incubat ion 

24.8 21 - 27 NS/NS Vermeer, 1968 10 

Age at B 65 ± 0.91 SE Mani toba/capt ive Lightbody & Ankney , 1984 
Fledging 
(days) 

Percent Nest s 1st  yr female 26.3 Mani toba/ lake Afton, 1984 
Hatching 2nd y r female 22.2 

3rd y r female 45.5 

76 Saskatchewan/ marsh i slands Hines, 1977 

Percent up t o 20 days 67.5 ± 4.9 SE Mani toba/ lake Afton, 1984 
Broods of age 
Survivin g 

Age at Fi rst M most  in  2nd y r NS/NS Palmer,  1976 
Breedi ng F 1 - 2 years Mani toba/ lake Palmer, 1976; Af ton, 1984 

Annual juveni les 68 - 71 NS/NS Smith,  1963 
Mortality  Rates A ma les 38 - 52 
(percent ) A females 49 - 60 
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Hatching 

Molt (fall) 

Migration 
spr ing 

fall 

Lesser Scaup ( Aythya affinis ) 
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Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Mating/Lay ing early June 
early May early June early Ju ly 

Mani toba, Canada 
Montana 

Afton, 1984 
Ellig , 1955 10 

early Jul y mid-Jul y early August NW Territory  and 
Saskatchewan, Canada 

Toft et al., 1984; Hines, 1977 

Jul y September Mani toba, Canada Aust in  & Fredr ickson, 1987 

early Februar y March - Apr il May depar ting Uni ted States Bel lrose, 1976 
mid-Apr il arri ving M ani toba, Canada Afton, 1984 

September mid-N ovember Paci fic f lyw ay (s OR, n CA) Gammonley & Hei tmeyer,  1990 
Bel lrose, 1976 

mid-October mid- December arri ving Uni ted States 
November 

1 Four stages of  feather  molt  evaluat ed. 
2	 Duckl ings stopped growing at  rate ty pical of wi ld  bi rds around 6 weeks of age.  By 12 weeks,  they weighed approxi mately 200 g less t han typical 

of w ild  scaup. 
3 Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom Nel son and M artin ( 1953). 
4 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Nel son and M artin ( 1953). 
5	 Young duckl ings m aintain ed in 18 to 27��C brooder , then in outdoor pens wi th  same t emperature r ange.  Metabol izable energy of amphipods 

(est imated t o be 3.11 kcal /g dry wt), a typical scaup food,  is  similar to th e com mercial  diet used i n th e exper iment  (3.09 kcal /g dry w t). Duck lin gs 
stopped growing as r apidl y as would wi ld  duckl ings at about 6 weeks of age.  For  methods of est imating food ingest ion r ates for adul t scaup, see 
Chapt ers  3 and 4. 

6 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Nel son and M artin ( 1953).
 
7 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Nel son and M artin ( 1953).
 
8 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, ci ted in Wals berg and King, 1978) and body weights f rom Nel son and  Martin ( 1953).
 
9 Relat ively sma ll, h ighly over lapping, home  ranges.  Ci ted in  Allen (1986).
 

10 Cited in Bel lrose (1976).
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2.1.5. Osprey ( Pandion haliaetus ) 

Order Falconi formes , Family Accipitridae .  The only Nor th Amer ican member of the 
subf amily Pandionina e, these large birds of prey have long na rrow wings , a shar p hook ed 
bill,  and pow erful t alons .  Osprey are found ne ar fresh water or saltwater, and their diet is 
almost completely restricted to fish.  They are adapted for hover ing ov er the water and 
dive feet-first, se izing f ish with their talons (Robbins et al., 1983).  Once very rare ow ing t o 
DDT accumulat ion in t heir food (1950's to early 1970's), osprey now are increas ing in 
numbers.  In the United States, there are five re gional popula tions of ospr ey (in orde r of 
abunda nce): Atlantic coast, Florida and gulf co ast, Pacific Northwest, western interior, and 
Great Lakes (Henny, 1983).  In North America, osprey breed primarily in a wide band from 
coast to coast across Canada and the southern half of Alaska, where they are not 
restricted to coastal and Great Lake areas as they are in the United States.  However, 
osprey are reported from all States dur ing t he fall and s pr ing migr ations (Henny , 1986). 

Body size .  The var ious subspe cies of ospr ey around t he wor ld di ffer in size, and in 
general females are heavier than males (P oole , 1989a; see table).  Osprey f ound in t he 
United States are considered to be of the subspecies carolinenesis and average 56 cm 
from bill tip t o tail tip (Robbins et al., 1983) and we igh b etween 1.2 and 1.9 kg (see table). 

Habitat .  In the United States, the majority of osprey popula tions are associated with 
mar ine envir onm ents,  but la rge inland r ivers, l akes, and reservoirs also may s uppor t 
osprey (Henny, 1986, 1988b).  G ood nesting s ites in proximity to open, sha llow water and a 
plentiful supply of fish are the prim ary resour ces re quir ed for  ospr ey su ccess (P oole , 
1989a).  The tops of isolated and often dead trees and man-made structures are preferred 
nesting s ites.  Osprey often nest in c olonie s (Poole , 1989a). 

Food habi ts .  Osprey are almost completely piscivorous, alt hough t hey h ave been 
observed on occas ion taking othe r prey including birds , frogs , and c rustaceans (Brown 
and Amadon, 1968).  Their prey preferences change seasonally with the a bundanc e of the 
local fish (Edwards, 1988; Greene et al., 1983).  Osprey occas ionally will pic k up de ad fish 
but only if fresh (Bent, 1937).  Osprey are most successful catc hing s pecies of slow -
moving f ish that eat benthic organisms in sha llow waters and fish that remain near the 
water's surface (P oole , 1989a).  Osprey consume all parts of a fish except the larger bone s; 
later,  bone s and othe r undig estible pa rts are ej ected in fecal pellets (Bent, 1937). 

Mol t.  Juvenile plum age is fully developed by fledging a t about 60 d ays of age 
(Henny, 1988b).  Juve nile s unde rgo a gr adual molt to adult plum age at approx imately 18 
months of age (Brown and A madon, 1968).  For adults, the basic molt takes place in two 
phases; the first phase occurs primarily on the winter ing grounds prior  to spr ing migr ation. 
Comple tion of the molt oc curs in t he su mmer range prior to fall migrat ion ( Henny , 1988b). 

Migr ation.  Osprey are year-r ound r esident s in t he most southe rn parts of their 
range (e. g., south Florida , Mexico) but are migr atory ov er the r est of their range in the 
United States and Canada (P oole , 1989a).  Studies of banded osprey have shown that the 
fall migr ation begins in l ate August in the north temperate zone, with adult s and juv enile s 
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from the eastern and central United States compris ing a broad f ront flying south and t hen 
directly across open ocean to their winter ing grounds in Cent ral and South A mer ica (Poole , 
1989a).  Spr ing migr ation appe ars to follow the same routes with birds reac hing,  for 
example, the Chesapeake Bay area in mid-March (Reese, 1977) and Minne sota by the first 
half of April (Dunstan, 1973; Henny and Van Velzen, 1972).  The majority of migrating 
ospr ey appe ar to follow the coastline , perhaps b ecause they come from coastal c olonie s or 
because the coast offers a bundant food ( Poole , 1989a).  After their first migrat ion south, 
juv enile s remain in t heir wint ering grounds for about a year and a half, retur ning nor th to 
the br eeding grounds as 2-year- olds (Henny and V an Velzen, 1972). 

Breeding activities and social organization .  Nonmigr atory (i.e., year-r ound r esident ) 
popula tions br eed during t he wint er; wher eas migratory popula tions br eed during t he 
summer (P oole , 1989a). Monogamy is the general rule for osprey; bree ding pair s remain 
together and return to the same nest site year after year (Fernandez and Fernandez, 1977; 
Henny, 1988b). Colonie s of ospr ey oc cur  in areas such as islands, reservoirs, or lakes that 
offer secure nest ing s ites and a bundant food ( Henny , 1986), but most osprey are solitary 
nesters, often separated from other nests by tens to hundr eds of kilo meters (P oole , 1989a). 
The female performs most of the incubat ion and r elies compl etely on the male for food 
from just after mat ing until t he young h ave fledged (P oole , 1989a).  Van Daele and Van 
Daele (1982) found t hat ospr eys at successful nests incubated 99.5 to 100 percent of the 
daylight hour s; dis turbance of the n est dur ing this time can kill t he eggs if the adult s are 
kept fr om retur ning t o the n est for some time.  After hatc hing,  the female is in constant 
attendance at the nest for the first 35 days but may perch nearby at intervals after that 
(Henny, 1988b).  The female distributes the f ood deliv ered by the male by biting of f pi eces 
to feed to the y oung ( Poole , 1989a).  By 30 days, the nest lings h ave reached 70 to 80 
percent of their adult weight and begin t o be active in the nest (P oole , 1989a).  The young 
fledge by age 60 to 65 days in nonmigr atory popula tions and by about 50 to 55 d ays in 
migr atory popula tions (Henny et al., 1991).  After fle dging,  the young r emain dependent on 
both pa rent s for food usually for an additional 2 to 3 weeks (P oole , 1989a), but dependency 
can continue up t o 6 weeks in the more southern popula tions (Henny , 1986). 

Home range and r esour ces.  Osprey build la rge stick n ests in the tops of tall trees 
or  artificial str uctures such as buoy s and r adio t owers (Poole , 1989a).  In the Chesapeake 
Bay area, less than one third of the 1,450 bree ding pair s built their n ests in trees, w hile 
over half nested on channel markers and duck blinds , and t he remainde r on m iscellaneous 
man-made structures (Henny et al., 1974).  Osprey build t heir n est at the top of the chosen 
site, which can make it v ulne rable to destruct ion f rom high winds (Henny , 1986).  If not lost, 
the same nest often is used year after year, and it can become quite large (e.g., over 2 m 
tall and 1.5 m across) (Dunstan, 1973; Henny, 1988a).  On islands where no predators are 
present, osprey w ill n est on the gr ound ( Poole , 1989b).  The distance osprey travel from 
their nests to forage (i.e., fora ging r adius ) depends on t he availabilit y of appropr iate nest 
sites near areas with sufficient fish; osprey w ill t ravel up to 10 to 15 km to obtain f ood (Van 
Daele and Van Daele, 1982). 

Popul ation dens ity .  Popula tion densit y depends on t he availabilit y and dis tr ibution 
of resources and can be highly var iable .  Henny (1988a) reported as many as 1.9 nests per 
hectare in one of the largest osprey c olonie s in t he western United States in 1899, with an 
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estimated 1.0 to 1.2 nests per hectare occ upied t hat year.  Low er densitie s on t he orde r of 
0.005 to 0.1 nests per hectare are more common (see table). 

Popul ation dyna mics .  Breeding d ata from many locat ions in t he Unit ed States and 
Canada during t he years 1950 to 1976 show low productivity (fewer than one chick fledged 
per active nest on average).  Evidence indi cates the cause to be egg-shell t hinning t hat 
resulted from the ospreys' exposure to DDT that had bioaccumulated in fish (Henny and 
Anthony , 1989; Henny et al., 1977; P oole , 1989a).  Thus, data from repr oduc tive studie s 
condu cted dur ing this time can  only be us ed with this in mind ( Spitze r et al., 1978). a 

Because of their terminal posit ion in t he aqua tic food c hain, ospr ey can  be a sensitive 
indi cator of toxic contaminants that bioaccumulate (Henny et al., 1978; Henny, 1988b). 

Osprey are only known t o start a sec ond clut ch if the first one is d estroyed (P oole , 
1989a).  Juveniles do not return to their place of birth until 2 years of age, and they do not 
breed until their third season (Henny and Van Velzen, 1972).  Often, bree ding is de layed 
until 4 to 7 years of age in areas such as the Chesapeake Bay, where good nesting s ites 
are scarce (P oole , 1989b). 

General references 

Poole (1989a); Brown and Ama don (1968); Henny (1986); Henny (1988b). 

aIn the ta ble beginning on t he next  page, data on t he number f ledged per a ctive  nest and t he
 number f ledged per successful nest are provi ded only f or studies of populat ions t hat appeared 
to be una ffected  by  DDT. 
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Osprey ( Pandion haliaetus ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion (subspecies) Reference No. 

Body  Weight 
(g) 

A F 
A M 

1,568 
1,403 

1,250 - 1,900 
1,220 - 1,600 

NS Brown & Amadon, 1968 

A F cour tship 
A F incubat ion 
A F late nest l. 
A M cour tship 
A M late  nest l. 

1,880 ± 20 SE 
1,925 ± 25 SE 
1,725 ± 25 SE 
1,480 ± 15 SE 
1,420 ± 15 SE 

se Massachuset ts Poole, 1984 1 

F at fledging 
M at fledging 

1,510 
1,210 

Maryla nd, Vi rginia McLean, 1986 

Egg Weight  (g) 72.2 ± 5.35 SD 66.0 - 81.3 North  Carolina 
(carol inensi s) 

Whittemore,  1984 

Metabol ic  Rate A F basal 69 est imated 2 
(kcal /kg-day ) A M basal 71 

A F f ree-living 181 (85 - 384) est imated 3 
A M free-living 186 (87 - 395) 

Food Ingest ion 
Rate (g/g-d ay)

A F cour tship 
 perio d 

0.21 se Massachuset ts Poole, 1983 

Water Ingest . A F 0.051 est imated 4 
Rate (g/g-d ay) A M 0.053 

Inhal ation 
Rate (m /d ay) 3 

A F 
A M 

0.578 
0.531 

est imated 5 

Surface Area 
(cm )2 

A F 1,353 est imated 6 
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Osprey ( Pandion haliaetus ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

alewife 32 Nova Scot ia, Canada/ Greene et a l., 1983 7 
smel t 5 harbor , bay 
pol lock 53 
winter  flounder 10 (% wet weight ; observed 

capt ures) 

star ry fl ounder 95 se Alaska/NS Hughes, 1983 7 
cu tthro at tro ut 5 

(% wet wei ght ; observed 
capt ures, not ing f ish l ength) 

carp 67 w Oregon/NS Hughes, 1983 7 
crappi e 33 

(% wet wei ght ; observed 
capt ures, not ing f ish l ength) 

gizzard  shad 63 Flor ida/lake Col lopy , 1984 
sunf ish 29 
larg emouth bass 5 (% of prey caught ; id ent ifi ed 
golden shi ner 3 at nests) 

brown bul lhead 37.7 Idaho/ reservoi r Van Daele & Van Daele, 1982 
salmonids 20.8 
nor thern squawf ish 19.3 (% of  fish caught ; observed 
yellow  perch 11.6 capt ures) 
larg escale sucker 10.6 

Size of  fish caught : Idaho/ reservoi r Van Daele & Van Daele, 1982 
< 10 cm 3.3 
11 - 20 cm 42.1 (% of  fish i n each si ze class; 
21 - 30 cm 46.7 determined f rom remain s at 
31 - 40 cm 6.6 nest) 
41 + cm 1.3 

2-69 
O

sprey 



Osprey ( Pandion haliaetus ) 

Populat ion 
Dynamics 

Age/Sex 
Cond/Seas Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Foragi ng A M 1.7 0.7 - 2.7 Minnesot a/lakes Dunst an, 1973 
Radius  (km) A B sp rin g 10 Nova Scot ia/coastal Greene et a l., 1983 

A B 3 to 8 > 1 nw California/coastal , bay Kopl in,  1981 

Populat ion A B sum mer 1.9 Oregon/ lake in 1899 onl y Henny , 1988a 
Densi ty A B spr ing 0.028 Flor ida/wet land Eichhol z, 1980 
(nests/ha) A B spr ing 0.10 North Carolin a/reservoi r Henny & Nol temeier , 1975 

A B spr ing 0.005 North Carolin a/lake Henny & Nol temeier , 1975 

Clutch 
Size 

3.23 ± 0.03 SE 
2.84 ± 0.07 SE 
2.67 ± 0.07 SE 
3.23 ± 0.09 SE 
2.82 1 - 4 

At lant ic  Seaboar d/NS 
Georgia, Flor ida/NS 
s Cal ifornia, n Mexico/ NS 
ne Uni ted States/NS 
Idaho/ river, lakes 

Judge, 1983 
Judge, 1983 
Judge, 1983 
Spi tzer,  1980 
Henny et  al., 1991 

Clutches/Year 1 NS/NS Poole, 1989a 8 

Days 38.1 ± 3.2 SD 32 - 42 Baja California, Judge, 1983 
Incubat ion  Mexico/ coastal  isla nds 

35 - 43 Massachuset ts/NS Poole, 1989a 

Age at non- migr. 62.5 ± 4.9 SD 52 - 76 Baja California, Judge, 1983 9 
Fledging pop.  Mexico/ coastal  isla nds 
(days) 

54  3.0 SD ± 48 - 59 Maryla nd/Cheasapeake Bay Stotts  & Henny , 1975 9 
migrator y 
pop. 

Number 1.16 0.79 - 1.47 (10 yrs) N. Carolin a/lake Whittemore,  1984 
Fledge per 1.34 S. Carolin a/lake Henny & Nol temeier , 1975 
Act ive Nest 1.58 1.17 - 1.89 (3 yrs) Idaho/reservoi r Van Daele & Van Daele, 1982 

1.92 e Uni ted States/coastal Poole, 1984 
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Begi n Locat ion 

Osprey ( Pandion haliaetus ) 

Populat ion 
Dynamics 

Age/Sex 
Cond/Seas Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Number 1.7 Baja Cal ifornia, Judge, 1983 
Fledge per  Mexico/ coastal  isla nds 
Successful 
Nest 2.14 Idaho/ riv er Henny et a l., 1991 

1.83 or ida/lake Fl Col lopy , 1984 
1.79 Delaware/coastal bay Henny et a l., 1977 
2.05 Montana /lake Henny et a l., 1991 

Age at B  3 - 5 yrs New Yor k, Spi tzer, 1980 10 
Sexual B 3 yrs Massachuset ts/NS Henny & W ight , 1969 
Maturity North Amer ica/NS 

Annual 1st  year 57.3 New Yor k, New Jersey /NS Henny & W ight , 1969 
Mort ality years 2 - 18 18.5 ± 1.8 
Rates (percent ) J B 41 NS/NS Spi tzer,  1980 

A B 15 

Average 
Longevi ty 

if r each sex. 
maturity 

4.8 NS/NS Brown & Amadon, 1968 

Seasonal 
Act ivi ty Peak End Reference No. 

Note 

Mating late  Apr il 

early Dec. 
early Januar y 

May 
May 

mid-June 

late  Februar y 
early March 

Delaware,  New Jersey 

Flor ida (nonm igratory) 
Baja Cal ifornia,  Mexico 

Minnesot a 

(nonm igratory) 

Bent , 1937 

Poole, 1989a 
Judge, 1983 

Dunst an, 1973 

Hatching mid-March 
late  Apr il 
Februar y 

early May 
mid-M ay 

late May 
mid-June 
late  Apr il 

Maryland, Vi rginia 
New Yor k/New England 
Baja Cal ifornia,  Mexico 
(nonm igratory) 

Bent , 1937 
Bent, 1937 
Judge, 1983 

Migrat ion fall late  August September November most of Uni ted States Henny , 1986 11 

spr ing early Apr il Minnesot a Dunst an, 1973 
early March North  Carolina Parnel l & Walton, 1977 
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Osprey ( Pandion haliaetus ) 

1 Late nest l. indicates l ate nest ling stage of  the breeding season.  Ci ted in Poole (1989a) .
 
2 Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom Brown and Amadon (1968) .
 
3 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Brown and Amadon (1968) .
 
4 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Brown and Amadon (1968) .
 
5 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Brown and Amadon (1968) .
 
6 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, ci ted in Wals berg and King, 1978) and body weights f rom Brown and Amadon
 

(1968).
 
7 Percent wet weight of  food ingested by  free-flyi ng osprey est imated by  ident ifyi ng species of  fish capt ured (using binoculars) , est imating t he 

length of each f ish capt ured by com parison w ith  osprey , and using l aborator y measures of  weights and l engths of samples of  these fish species. 
8 Second clutch produced onl y if first is lo st . 
9 Nest lings i n mi grator y populat ions f ledge at an ear lier  age than nest lings i n nonm igratory  populat ions, such as those i n Mexico and sout h 

Flor ida. 
10 Cited in Henny  (1988b). 
11 Cited in Henny  (1986). 
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2.1.6. Red-Tailed Hawk (buteo hawks) 

Order Falconi formes , Family Accipitridae .  The family Accipit ridae include s most 
birds of prey except falcons, owls, and American vultures.  Buteo hawks are covered in 
this sect ion. b But eo hawks are moderately large soar ing h awks that inhabit open or semi-
open areas.  They are the most common daytime avian predators on ground-dw elling 
vertebrates, particularly rodents and other small mammals.  They range in size from the 
broad winged h awk (41 cm bill tip t o tail tip) to the ferr uginous h awk (58 cm).  Hawks egest 
pellets that contain undigestible pa rts of their  prey, such as hair  and feathers, that can be 
useful in identif ying t he types of pr ey eaten (bones usually are digested completely; Duke 
et al., 1987). 

Selected species 

The red-tailed hawk ( Buteo jamaicensis) is the most common Buteo species in the 
United States (Nat ional G eogr aphic Soci ety, 1987).  Bree ding popula tions are dis tr ibut ed 
thr oughout most wooded and semiw ooded r egions of the Unit ed States and Canada south 
of the tundr a (Adamcik et al., 1979), alt hough s ome popula tions are found in d eserts and 
prairie habitats.  Six subspecies are rec ognized ( Brown and A madon, 1968).  Nesting 
prim arily in woodlands , red-tails feed in open c ount ry on a wide vari ety of small- to 
medium -sized pr ey. 

Body size .  Males of this medium-sized buteo (46 cm) we igh about 1 kg, and females 
are approximately 20 percent heavier than the males (see table).  Otherwise, the sexes look 
alik e (Brown and A madon, 1968). 

Habitat .  Red-tails are found in habi tats ra nging f rom woodlands , wetlands, 
pastures, and prairies to deserts ( Bohm 1978b; Gates, 1972; MacLaren et al., 1988; Mader, 
1978).  They appear to prefer a mixed landscape conta ining old f ields , wetlands, and 
pastures for fora ging int erspersed with  groves of w oodlands and blu ffs and streamside 
trees for perc hing and n esting ( Brown and A madon, 1968; Preston, 1990).  Red-tails build 
their nests close to the tops of trees in low-density forests and often in trees that are on a 
slope (Bedna rz and Dins more, 1982).  In areas where trees are scarce, nests are built on 
other structures, occas ionally in cactus (Mader, 1978), on rock pinna cles or ledge s, or 
man-made structures (Brown and Ama don, 1968; MacLaren et al., 1988).  In winter, night 
roosts usually are in thick conifers if available and in other types of trees otherwise (Brown 
and Amadon, 1968). 

Food habi ts .  Red-tails hunt prim arily fr om an el evated perch, often near w oodland 
edges (Bohm , 1978a; Janes, 1984; Preston, 1990).  Small mammals, inc luding m ice, 
shrews, voles, ra bbit s, and squir rels , are impor tant pr ey, particula rly during wint er.  Red-
tails also eat a wide variety of f oods depending on availabilit y, including birds , lizards, 
snakes, and large insects (Bent, 1937; Craighead and Craighead, 1956; Fitch et al., 1946). 
In gene ral,  red- tails are oppor tunis tic and will feed on whatever species are most a bundant 

bOther members o f the fam ily A cci pi tri dae, eagles and the o spr ey, are covered  in Secti ons  2.1.7 
and 2.1.5, respectively. 
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(Brown and A madon, 1968).  Winter f ood choi ces vary with snow cover; when small 
mammals such as voles become unavailable ( unde r the snow ), red-tails may concentrate 
on larger prey, such as pheasants (Gates, 1972). 

Mol t.  Juvenile s molt into adult plum age in a gr adual pr ocess from the spr ing ( age 
about 14 months ) to su mmer or early fall (Bent, 1937). 

Migr ation.  The more northerly red-tailed hawk popula tions are migr atory while the 
more southerly are year-r ound r esident s (Bent, 1937). 

Breeding activities and social organization .  Red-tails lay one clutch per year 
consis ting of one to three eggs , although a repl acement clutch is poss ible if the initia l 
clut ch is los t ear ly in t he br eeding season (Bent, 1937).  Their nests are large and built of 
twigs (Bohm , 1978b).  Both sexes incubate, but the male provides f ood f or the female 
during incuba tion and t he entire family following h atching ( Brown and A madon, 1968).  The 
parent s continue to feed their y oung after fle dging while they are le arning t o hunt (Brown 
and Amadon, 1968). 

Home range and r esour ces.  Red-tailed hawks are territorial thr oughout the year, 
including wint er (Brown and A madon, 1968).  Trees or other sites for nest ing and pe rching 
are impor tant requir ements for bree ding t erritories and c an determine which habitats are 
used in a particular area (Preston, 1990; Rothfels and Lein, 1983).  Home range size can 
vary from a few hundr ed hectares to over 1,500 hectares, depe nding on t he habit at 
(Andersen and Rong stad, 1989; Petersen, 1979).  In a 10-year study in Ore gon,  Janes 
(1984) found t hat the size of red-tail t erritories and t he loc ation of bounda ries between 
territories varied little from year to year, even t hough individual birds or pair s died a nd 
were replaced. 

Popul ation dens ity .  Popula tion densitie s gene rally do not exceed 0.03 pairs per 
hectare, and usually are lower than 0.005 pairs per hectare (see Appe ndix ).  Popula tions in 
southern areas such as Florida can  inc rease substantially in the winter with the influx of 
migr ants fr om the more nor ther ly popula tions (Bohall and Collopy , 1984). 

Popul ation dyna mics .  Beginning a t 2 years of age, most red-tailed hawks attempt to 
breed, although t he propor tion br eeding c an vary by popula tion and e nvir onm ental 
conditions (Henny and Wight , 1970, 1972).  Average clutch size varies re gionally , tending t o 
increase from east to west and from south to north (Henny and W ight , 1970, 1972).  In a 10
year study of red-tails in Alberta, Canada, Adamcik et al. (1979) f ound t hat the br eeding 
popula tion of adult s remained s table de spit e str ong cyclic al fluc tuations in t he densit y of 
their main prey, the snowshoe hare, over the years.  The mean clutch size for the red-tail 
popula tion, ho wever, appeared to vary with prey density, from 1.7 to 2.6 eggs/nest 
(Adamcik et al., 1979).  Over the course of the study, a bout 50 pe rcent of obs erved nestling 
losses occurred wit hin 3 to 4 weeks after hatc hing due to starvat ion.  Mos t of the var ianc e 
in yearly mortality of nest lings could be attr ibut ed to the amount of food supplied and t he 
frequency of rain.  Large raptors such as horned owls also can be important sources of 
mortalit y for red- tail ne stlings in s ome ar eas (Adamcik et al., 1979). 
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Similar species (from general references ) 

The ferr uginous h awk (Buteo re galis ), one of the larger buteos (58 cm), 
inhabit s the dr y open count ry of the western United States. 

��	 

The red- shoulde red h awk (Buteo lineatus ) is slightly smaller (53 cm) and ��

feeds on snakes, frogs, crayfish, mice, and some small birds.  Its range is 
east of the Rocky Mount ains and in California , with mois t mixed woodlands 
preferred. 

	 

Swainson's hawk ( Buteo swainsoni ) is restricted to the open plains of the 
western United States.  Alt hough it is as la rge (53 cm) as the red-tail, it preys 
mostly on insects. 

��	 

The broad- winged h awk (Buteo platypterus ) is one of the smaller buteos (41 
cm) and preys on mice, frogs, snakes, and insects.  It prefers w oodlands and 
is found a lmost exclusively east of the Mississ ippi Riv er. 

��	 

Harris' hawk ( Parabuteo unicinctus ) is similar in size (53 cm) to the red-tailed 
hawk but is restricted to the semiarid w ood and brushlands of the sout hwest. 
This bird nests in saguaro, mesquite, and yucca and preys on rodents, 
lizards, and small birds . 

��	 

The rough- legged h awk (Buteo lagopus ) is one of the larger buteos 	 ��

(56 cm).  It winters thr oughout most of the Unit ed States in open 
count ry but br eeds only in t he high a rctic of Nor th Amer ica. 

The zone-tailed hawk ( Buteo al bono tatus ) is slightly smaller (51 cm) 
than most buteos and feeds on rodents, lizards, fish, fr ogs , and small 
birds .  It can  be found in mesa and m ount ain count ry within it s limit ed 
range between the southwest United States and Mexico. 

��	 

The short-tailed hawk ( Buteo brachyurus ) is the smallest buteo (39 
cm) and can only be found in t he southe rn tip of Florida in m ixed 
woodland and gr assland habitats. 

��	 

General references 

Brown and A madon (1968); Craighead and Craighead (1956); Fitch et al. (1946); 
National G eogr aphic Soci ety (1987). 
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 Red-Tailed Hawk ( Buteo jamaicensis ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight 
(g) 

A F 
A M 

1,224 
1,028 

Michi gan, Pennsy lvani a Craighead & Craighead, 1956 

A F 
A M 

1,154 
957 

sw Idaho Steenhof , 1983 

A F 
A M 
hatchl ing F 
hatchl ing M 
juven ile  F 
juven ile  M 

1,235 
1,204 

58 
57 

1,149 
962 

Ohio Spr inger & O sborne, 1983 1 

Metabo lic  Rate A B standa rd 17.7 ± 5.9 SD Mich igan/metabo lis m Pakpahan et a l., 1989 
(lO /kg-day) 2 MR /spr ing chamber 

Metabol ic  Rate 
(kcal /kg-day ) 

A F basal 
A M basal 

73 
77 

est imated 2 

A M breedi ng 
A F breedi ng 

109 
102 

California/ mountains Sol tz, 1984 3 

A F f ree-living 
A M free-living 

192 
201 

(91 - 408) 
(95 - 426) 

est imated 4 

Food Ingest ion A F winter 0.11 Michi gan/capt ive outdoor s Craighead & Craighead, 1956 5 
Rate (g/g-d ay) A M wi nter 0.10 

A M sum mer 0.086 

Water A F 0.055 est imated 6 
Ingest ion A M 0.059 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay) 3 

A F 
A M 

0.48 
0.42 

est imated 7 

Surface Area 
(cm ) 2 

A F 
A M 

1,147 
1,021 

est imated 8 
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 Red-Tailed Hawk ( Buteo jamaicensis ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

summa ry of 10 years: mean ± SD Albe rta , Canada/ Adamc ik  et al., 1979 9 
snowshoe har e 25.6 ± 19 farm  & woodlands 
Richard's ground 
squi rrel 30.4 ± 10 (% wet weight of prey 

Frankl in's  ground brought  to  chicks) 
squi rre l 5.1 ±  2 

voles & m ice 4.8 ±  2 
other  mamma ls 7.8 ±  6 
waterf owl 16.2 ± 10 
ruffe d grouse 2.0 ±  2 
sharp -taile d grouse 1.2 ±  1 
other grouse 0.9 ±  1 
other bi rds 6.3 ±  3 

(mammals) (78.5) nc Oregon/ Janes, 1984 9 
Belding's ground  pasture and wheat  fields 
squi rre l 52.8 

mtn cot tontai l 13.1 (% wet weight of prey 
pocket gopher 7.3 brought  to  nests;  March to 
Townsend's ground June) 

squi rre l 2.9 
(bir ds) (8.5) 
Alector is graeca 3.5 
western meadow lark 1.8 

(snakes) (13.1) 
gopher snake 6.1 

ground squi rrel 60.8 c California/ foot hills Fitch et a l., 1946 9 
rabbi t 26.5 
pocket gopher 4.3 (% wet weight of prey 
other  mammals 2.6 brought  to  nests) 
gopher snake 3.8 
wh iptail liza rd 0.3 
bi rds 1.3 
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 Red-Tailed Hawk ( Buteo jamaicensis ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory A B sp rin g 60 - 160 c Califo rnia/ footh ills Fitch et a l., 1946 
Size (ha) 

A B winter 697 ± 316 SD 381 - 989 s Michi gan/field s, woodlot s Craighead & Craighead, 1956 

A B f all 1,770 957 - 2,465 Colorado/upland prai rie, 
pinyon- juniper woodlands 

Andersen & Rongst ad, 1989 10 

Populat ion mer: sum pairs/ha: 
Densi ty  A B  0.0017 

0.0050 
Colorado/open aspen McGovern & M cNurney, 1986 

A B area a  0.0004 0.0002 - 0.0005 s Michi gan/field s, woodlot s Craighead & Craighead, 1956 
A B area b  0.0012 0.0010 - 0.0013 

A B  0.0012 0.0010 - 0.0015 Alber ta, Canada/farm, Adamcik et  al., 1979 
woodlands 

winter : N/ha: 
B B  0.014 Toronto, Canada/ mixed ol d 

fie lds 
Baker & Brooks, 1981 

B B  0.0015 ± 0.0012 - 0.0018 s Michi gan/field s, woodlot s Craighead & Craighead, 1956 
0.0003 
SD 

Clutch 2.0 ± 0.77 SD 1 - 3 c Califo rnia/ footh ills Fitch et a l., 1946 
Size 2.32 Ar izona/desert Mader, 1978 

2.2 1.9 - 2.6 /10 yrs Alberta, Canada/farm, Adamcik et a l., 1979 
2.11  woodlands Henny & W ight , 1972 
2.96 Flor ida/NS 

Oregon,  Washington/NS 
Henny & W ight , 1970 

Clutches/Year 1 Bent , 1937 

Days 
Incubat ion 

32 Albe rta , Canada Adamcik et a l., 1979 
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Begi n Peak End Reference 

 Red-Tailed Hawk ( Buteo jamaicensis ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Growth  Rate to  1 week 
1 to 2 weeks 
2 to 3 weeks 
3 to 4 weeks 
4 to 5 weeks 

20 g/day 
34 g/day 
39 g/day 
26 g/day 
10 g/day 

Ohio/ free-livi ng, habi tat  NS Spr inger and O sborne, 1983 11 

Age at
Fledging 

4 5 to  46 days Califo rnia/ footh ills Fitch et a l., 1946 

Number  1.47 ± 0.25 SE Oregon/pastur e Janes, 1984 
Fledge  1.15 0.28 - 1.90/ Albe rta , Canada/farm, Adamcik et a l., 1979 
per Act ive Nest  10 yrs  woodlands 

high prey  1.9 Idaho/canyon, shrub steppe Steenhof & Kocher t, 1985 
low  prey  1.2 

Number  2.12 nor th  of 42��N latit ude/ Henny & W ight , 1970 12 
Fledge per  North Amer ica 
Successful  1.85 south of 42 ��N latit ude/ Henny & W ight , 1970 12 
Nest  North Amer ica 

Age at B 2 years throughout  range Henny & W ight , 1970 
Sexual 
Maturity 

Annual J B 1st  year  62.4 nor th  of 42��N latit ude/ Henny & W ight , 1970, 1972 13 
Mort ality A B  20.6 ± 1.3 SE  North Amer ica 
Rates (percen t) 

J B 1st  year  66.0 south of 42 ��N latit ude/ Henny & W ight , 1970, 1972 13 
A B  23.9 ± 2.2 SE  North Amer ica 

Longevi ty  maximum  18 yrs North  Amer ica/NS Henny & W ight , 1970, 1972 

Seasonal Note 
Act ivi ty Locat ion No. 

Mating mid-Februar y early Apr il Ariz ona Mader, 1978 
mid-Ap ril early May mid-May Albe rta  Canada Lu ttic h et a l., 1971 
late March early Apr il south M ichi gan Craighead & Craighead, 1956 
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Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference 

Note 
No. 

Hatching late March 
mid-May 
late  Apr il 

early June 
early May 
mid-June 
early May 

Ariz ona 
Albe rta , Canada 
south M ichi gan 

Mader, 1978 
Lu ttic h et a l., 1971 
Craighead & Craighead, 1956 

Fall Migrat ion mid-O ctober 

late Oct ober 
late  November 

Montana, Alber ta, Canada 

North  Dakot a 
Minnesot a 

Bent , 1937; Lut tich et al ., 
1971 
Bent , 1937 
Bent , 1937 

14 

Spr ing 
Migrat ion 

late  Februar y 
mid-M arch 
early April 

early March south M ichi gan 
Maine, Montana 
Alberta, Canada 

Craighead & Craighead, 1956 
Bent, 1937 
Lu ttic h et a l., 1971 

15 

1 
2 
3 
4 
5	 

6 
7 
8 

9 

10 
11 
12 
13 
14 
15 

Est imated f rom dat a provi ded by authors. 
Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom Craighead and Craighead (1956) .
 
Est imated f rom time  and energy budget s for  breeding season onl y.
 
Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Craighead and Craighead (1956) .
 
Hawks m aintain ed outdoors using f alconer 's techniques;  fed lean r aw beef supplement ed wi th  natural  prey .  Overal l act ivity lev els not descr ibed. 
Winter  temp eratures averaged 3 t o 5��C and sum mer temp eratures averaged 15 ��C dur ing t rials.  Females weighed 1,218 g;  males in wi nter 
weighed 1,147 g;  males in sum mer wei ghed 855 g. 
Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Craighead and Craighead (1956) .
 
Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Craighead and Craighead (1956) .
 
Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Craighe ad and
 
Craighead (1956) . 
Percent biomass ( wet weight ) est imated f rom observat ions of prey brought  to th e nest  (ident ifie d to species) and r emain s of prey  found at  the 
nests, using standar d wet wei ghts f or  each species of prey  from other studies or  measur ed in th e lab. 
Home range de termin ed by 95 pe rcent ellip se met hod;  radio- tagged hawks,  two of each sex. 
Estim ated fro m fig ure. 
Summarizi ng dat a from several studies. 
Summarizi ng banding recover ies pr ior to  1951. 
Late depar ture dates. 
Early arrival dates. 

 Red-Tailed Hawk ( Buteo jamaicensis ) 
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2.1.7. Bald Eagle (eagles) 

Order Falconi formes , Family Accipitridae .  Eagles have long rounded wings , large 
hook ed bills , shar p talons , and are the la rgest birds of prey in the United States.  They 
swoop down on t heir  prey at high s peeds, and t heir  die t var ies by species and 
considerably by habitat.  In most species, the male is smaller than the female, but 
otherwise the sexes are similar in appearance.  This family also includes kites and hawks. 

Selected species 

The bald e agle (Haliaeetus leucocephalus ), our na tiona l symbol, is a federally 
designated endangered species.  Relatively common in Alaska, popula tions in t he low er 48 
States have been ser iously diminished,  although t hey are recover ing in s ome areas.  Bald 
eagles are most commonly sight ed in c oastal areas or near rivers or lakes.  Bald eagles are 
prim arily carr ion feeders. 

Body size .  Females are s ignific antly la rger than males,  but othe rwis e the sexes 
look alik e (Brown and A madon, 1968). Body size inc reases with latitude and is the sole 
basis by which the northern and southern subspecies are divided (Snow, 1973).  Length 
from bill tip t o tail tip averages 81 cm in the more northerly popula tions . 

Habitat .  Bald eagles generally are restricted to coastal areas, lakes, and rivers 
(Brown and A madon, 1968), although s ome may winter in areas not associated with water 
(Platt, 1976).  Preferred bree ding s ites inc lude proximit y to  large bodie s of ope n water and 
large nest trees with sturdy branches (often conifers) and areas of old-grow th timber with 
an open and dis continuous canopy (A ndr ew and Moshe r, 1982; Ant hony et al., 1982; 
Grubb, 1980; Peterson, 1986).  In an analysis of more than 200 nests, Gr ubb (1980) found 
55 percent within 4 6 m of a shor eline and 9 2 percent within 183 m of shore.  During 
migr ation and in wint er, conif ers o ften are used for communal roost ing both during t he day 
and at night , perhaps to minimize h eat loss (Ant hony et al., 1982; Stalmaster, 1980). 
Mature trees with large open crowns and stout, hor izont al perching limbs are pr eferred for 
roos ting in gene ral (Anthony et al., 1982; Chester et al., 1990).  Bald eagles reach maximum 
densities in areas of minimal human activity and are almost never f ound in a reas of heavy 
human use (Peterson, 1986). 

Food habi ts .  Primarily carr ion feeders, bald eagles eat dead or dy ing f ish when 
available but also will catch live fish swimm ing ne ar the sur face or fish in sha llow waters 
(Brown and A madon, 1968).  In general, bald eagles can be described as oppor tunis tic 
feeders, tak ing a dvantage of wh atever f ood sour ce is most plentiful and easy to scavenge 
or  to capture,  including birds and mammals (Brown and Ama don, 1968; Green, 1985; 
Watson et al., 1991).  In many areas, especially in winter, waterfowl, k illed or injur ed by 
hunt ers, and shor e birds are an  impor tant food sour ce (Todd e t al., 1982).  Eagles forage in 
upland a reas in the winter when surface waters are frozen over, consum ing c arr ion 
including r abbit s, squir rels , and de ad domestic livestock such as pigs and chi ckens 
(Brown and A madon, 1968; Harper et al., 1988).  Bald eagles also have been known to steal 
food f rom othe r members of their own species as well as from hawks, osprey, gulls , and 
mergans ers (Gr ubb, 1971; Jorde and Lingle , 1988; Sobkowiak and Titman, 1989).  This 
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may occur when there is a shortage of a primary f ood sour ce, such as fish, and a n 
abundanc e of othe r prey such as waterfowl be ing us ed by othe r predatory birds (Jorde and 
Lingle , 1988).  Some prey are important to a few popula tions ; for example, in the 
Chesapeake Bay re gion,  turtle s are consum ed during t he br eeding season (Clark, 1982), 
and at Amchitka Island in Alaska, sea otter pups are found r egula rly in bald e agle nests 
(Sherrod et al., 1975).  In the Pacific Northwest dur ing t he br eeding season, Watson et al. 
(1991) found t hat bald e agles hunt ed liv e prey 57 percent of the time, scavenged for 24 
percent of their prey, and pirated 19 percent (mostly from gulls or othe r eagl es).  Because 
bald eagles scavenge dead or dy ing pr ey, they are pa rticula rly vulne rable to envir onm ental 
contaminants and pesticides (e.g., from fee ding on birds that died f rom pesticides, 
consuming le ad shot fr om waterfowl k illed or dis abled by hunt ers) (Henny and A nthony , 
1989; Harper et al., 1988; Lingle and Kr apu, 1988).  Bald eagles also are v ulne rable to 
biom agnif ication of con taminant s in food c hains .  For example, near Lake Superior (WI), 
herr ing gulls , which w ere consum ed by ov er 20 percent of nesting bald e agle pair s, were 
found t o be a signific ant sour ce of DDE and PCB in take by the eagles ( Kozie and Ande rson, 
1991).  The gulls cont ained highe r con taminant levels than the local fish because of their 
highe r tr ophic level. 

Mol t.  Adult eagle s molt yearly.  In northern popula tions , molting oc curs fr om la te 
spr ing t o ear ly fall; in southe rn popula tions , molting may be init iated earlier (Mc Collough, 
1989).  It is likely that the molt is not complete, and that some feathers are retained for 2 
years.  Y oung bald e agles gene rally molt into t heir adult plum age by their fifth year 
(McCollough, 1989). 

Migr ation.  Bald eagles migrate out of areas where lakes are completely frozen over 
in wint er, but will r emain a s far  nor th as the availabilit y of ope n water and a reliable food 
supply allow (Brown and A madon, 1968).  Areas with ice-free waterways, such as the 
Columbia Riv er estuary in Was hington and O regon, may s uppor t both r esident and 
migr atory popula tions in t he wint er (Watson et al., 1991).  The far northern bree ding 
popula tions migr ate south for the winter and often c ongr egate in areas with a bundant food, 
particula rly the Mis sissippi V alley and t he nor thwestern States (Snow, 1973).  Some 
popula tions of eagle s that br eed in southe rn latitude s (e.g., Ar izona , Florida ) show a 
reverse migrat ion and migr ate north in midsummer (f ollowing br eeding) , retur ning south in 
early autumn  or  wint er (Brown and A madon, 1968; Grubb e t al., 1983). 

Breeding activities and social organization .  Bald eagles have been observed to 
nest successf ully at 4 years of age, but most do not breed until at least their fifth year (Nye, 
1983).  Breeding pair s remain toge ther as long a s both a re aliv e (Brown and A madon, 
1968).  Large stick nests (approximately 1.5 m across and 0.6 m deep) are built ne ar water 
and most often in a large tree, but sometimes on rocky outcrops or even on the ground on 
some islands (Brown and A madon, 1968; Grubb, 1980).  In the absence of disturbance, the 
same nest site may be used for many years (Nash et al., 1980).  In Florida , eggs are laid in 
late autumn or winter, w hile ov er the r est of the eagle's range, mat ing and egg la ying oc cur 
in s pr ing ( Brown and A madon, 1968). Clutch sizes are larger in the north, and both sexes 
take res ponsibilit y for feeding t he young ( Brown and A madon, 1968).  Young f ledge at 
about 10 to 12 weeks of age; after leav ing t he nest, they are st ill dependent on t heir  parent s 
for several weeks and often return to the nest for f ood ( Sprunt et al., 1973).  After nest ing, 
large groups will o ften gather at sites with plentiful f ood 
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resources, such as a long r ivers following a salmon s pawn (Fitzne r and Hanson, 1979; 
Keister et al., 1987; McClelland, 1973). 

Home range and r esour ces.  During t he br eeding season, eagles re quir e large areas 
in the vicinity of open water, with an adequate s upply of nesting t rees (Brown and Ama don, 
1968).  Distance from human disturbance is an important factor in nest site select ion,  and 
nests have been reported to fail as a result of disturbance (Andrew and Mosher, 1982). 
During incuba tion and brooding,  eagles show territorial d efense of an area ar ound t he nest 
site.  Following f ledging,  there is lit tle ne ed for n est defense, and eagles are oppor tunis tic 
in their search for a bundant sour ces of prey (Mahaffy and Frenzel, 1987).  Dur ing wint er, 
eagles roos t communally in la rge aggr egations and s hare a foraging hom e range .  For 
example, Opp (1980) described a popula tion of 150 eagles that fed on meadow voles in a 
250-ha f looded f ield f or a 4-week per iod.  This group a lso esta blished a communal night 
roost in the vicinity. 

Popul ation dens ity .  Because popula tion densit y depends str ongly on t he 
configur ation of the sur face water bodie s us ed for foraging, few investigators have 
published e xplicit densit y estimates on an area basis; most report bree ding densitie s along 
a shor eline on a line ar basis.  During t he br eeding season, 0.03 to 0.4 pairs have been 
recorded per km shore (see table).  Eagles migrat ing south f rom their su mmer territories in 
Canada have aggregated in communal roosts of up to 400 eagles in a 40-ha area 
(Crenshaw and McClelland, 1989).  In the winter, communal roost sites may also contain 
large numbers of eagles.  Opp (1980) described a gr oup of 150 eagles that roosted and 
foraged together in the Klamath Basin (OR/CA), and communal night r oosts of up to 300 
eagles in O regon in l ate winter. 

Popul ation dyna mics .  Not all adult s in a n area are pa rt of the br eeding popula tion. 
Some pairs may esta blish t erritories and not br eed, while othe rs may not even pair.  The 
percentage of adult s br eeding and t he br eeding s uccess of those that do vary with local 
food abundanc e, weather, and habitat c onditions (Hansen, 1987; Hansen and Hodge s, 
1985; McAllister et al., 1986).  In past years, bioaccumulat ion of organochlorine pollut ants 
reduced the reproductive success of bald eagles.  Now, in many areas, these raptors are 
reproducing a t rates similar to those prior to the widespread use of these pesticides 
(Green, 1985).  Eagles lay one clutch per year, alt hough r eplacement clutches may be laid 
upon los s of the initial one (Sherr od et al., 1987).  Very little is known a bout mortalit y rates 
of bald eagles; Grier (1980) conc luded f rom popula tion models that adult surviv al is more 
important than reproductive rate to the cont inued s uccess of bald eagle popula tions .  In 
captivity, bald eagles have lived for up to 50 years (Snow, 1973), and one w ild e agle, 
banded and recaptured in Alaska, was estimated to be almost 22 years old ( Cain, 1986). 
Upon los s of an  initial clut ch,  bald e agles may lay replacement clutches if sufficient time 
remains (Sherrod et al., 1987). 

Similar species (from general references) 

The golden e agle (Aquila chrysaetos ) is similar in size (81 cm) to the bald ��

eagle, and its range encompasses all but the southeastern United States. 
Small mammals, snakes, birds, and carr ion a re prim ary pr ey i tems, and 
golden e agles pr efer m ount ainous or hilly terrain. 
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General references 

Brown and A madon (1968); Green (1985); Peterson (1986); Stalmaster and 
Gessaman (1982, 1984). 
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Bald Eagle ( Haliaeetus leucocephalus ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) 

Locat ion or 
subspecies Reference 

Note 
No. 

Body  Weight  (g) J F sum mer 5,089 4,359 - 5,756 Alaska Imler  & Kal mbach, 1955 1 
J M sum mer 4,014 3,524 - 4,568 

A F 4,500 Flor ida Wiemeyer,  1991 (pers. com m.) 
A M 3,000 

Kran tz et al., 1970 
egg 120.6 ± 8.2 SD 108 - 134 Wisconsi n Krant z et al., 1970 
egg 102.5 ± 17.9 SD 71 - 125 Flor ida 

Bor tolot ti,  1984b 
at hat ching 91.5 ± 5.2 SD Saskatchewan, Canada 

nest lings: Bor tolot ti,  1984a,b 
M 10 days 500 (est .) Saskatchewan, Canada 2 
M 30 days 2,700 (est .) 
M 50 days 3,600 (est .) 
M 60 days 4,066 ± 35.1 SE 3,575 - 4,500 

Bor tolot ti,  1984a,b 
F 10 days 500 (est .) Saskatchewan, Canada 2 
F 30 days 3,000 (est .) 
F 50 days 4,600 (est .) 
F 60 days 5,172 ± 46.5 SE 4,800 - 5,600 

Metabo lic  Rate free-livin g Connect icut Craig et a l., 1988 3 
(kcal /kg-day )  A w inter  99 

J winter 111 

A F f ree-living 135 (62 - 290) est imated 4 
A M free-living 143 (66 - 307) 
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Reference 

Bald Eagle ( Haliaeetus leucocephalus ) 

Age/Sex/ Range or Locat ion or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Food Ingest ion 
Rate (g/g-d ay)

winter: 
 B B sal mon 
B B r abbi t 
B B duck 

0.092 ± 0.026 SD 
0.075 ± 0.013 SD 
0.065 ± 0.012 SD 

Utah (capt ive) Stalmaster & Gessaman, 1982 

A B 
subadul t B 
juven ile  B 

0.12 
0.10 
0.091 

Washington ( free-flyi ng) Stalmaster & Gessaman, 1984 5 

A B 
juven ile  B 

0.12 
0.14 

Connect icut  (free-fly ing) Craig et a l., 1988 6 

Water Ingest ion A F 0.035 est imated 7 
Rate (g/g-d ay) A M 0.037 

Inhal ation 
Rate (m /d ay) 3 

A F 
A M 

1.43 
1.19 

est imated 8 

Surface Area 
(cm ) 2 

A F 
A M 

2,970 
2,530 

est imated 9 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
No. 
Note 

mallard 32 Washington/ river Fitzner & Hanson, 1979 
Amer ican w idgeon 9 
Amer ican coot 9 (% biomass; prey  remains 
other bi rds 3 found bel ow com munal 
Chinook sal mon 21 roost ) 
sucker 4 
European car p 1 
other  fish 1 
unaccounted 20 

2-96 
B

ald E
agle 



Bald Eagle ( Haliaeetus leucocephalus ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

brown bul lhead 24.8 Maine/ inla nd r iver Todd et  al., 1982 
whit e sucker 19.5 
chain pickerel 20.1 (% occur rence i n pel lets) 
smal lmouth bass 3.8 
whit e perch 3.6 samples f rom al l seasons 
other  fish 4.9 except  winter 
black duck 3.0 
other bi rds 13.5 
mamma ls 6.8 

(fish) (57.6) cent ral Ar izona/desert Haywood & Ohm art,  1986 
channel cat fish 21.8 scrub,  ripar ian 
Sonora sucker 8.6 
carp 17.3 (% biomass; prey observed 
other  fish 8.5 brought  to  nest or  found at 

(bir ds) (14.1) nests) 
Amer ican coot 8.1 
great blue her on 4.4 

(mammals) (28.1) 
deser t cot tontai l 8.1 
jackrabbi t 14.9 
rock squi rre l 1.1 

(rept iles) (0.2) 

pink sal mon 15.5 Alaska/coastal Ofelt, 1975 
herring 32.0 
trout 4.5 (% frequency of occur rence; 
other  fish 24.0 prey  observed brought  to 
other ani mals 24.0 the nest ) 
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Bald Eagle ( Haliaeetus leucocephalus ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory  Area pair spr ing 3,494 ± 2,520 SD 1,821 - 6,392 Ar izona/desert, ri par ian r iver Haywood & Ohm hart, 1983 
(ha) 
Territory pair  3.5 1.4 - 7.2 Washington/SJ I slands; Grubb, 1980 
Length ( km) pair 15.8 11.1 - 26.6 Grays Harbor 

Territory pair in cubat . 0.56 ± 0.18 SE Minnesot a/lake, woods Mahaffy & Frenz el, 1987 
Radius ( km) pair brooding 0.72 ± 0.21 SE 

Winter Hom e J B w inter 1,830 ± 1,460 SD Missour i/lake Griffi n & Basket t, 1985 
Range (ha) A B winter 1,880 ± 900 SD 

Forag ing B B winter 3 to  7 Connect icut /riv er Craig et a l., 1988 
Distance ( km) 

Populat ion sum mer 0.38 se Alaska/ river ine Hansen, 1987 
Densi ty 
(pair/km summer WY, ID, MT/: Swenson et a l., 1986 
shore) 0.035  Yellowst one 

0.026  Cont inental 
0.045  Snake 

Clutch 2 1 - 3 NS/NS Brown & Amadon, 1968 
Size 2.3 1 - 4 PA, DE, MD, NJ Schm id,  1966-67 

Clutches/Yea 
r 

1 NS/NS Sherro d et a l., 1987 

Days 
Incubat ion 

35 34 - 38 Maryla nd (capt ive) Maestrelli &  Wiemeyer, 1975 

Age at M 79.9 ± 1.08 SE Saskatchewan/ lake Bor tolot ti,  1989 
Fledging F 83.0 ± 0.94 SE 
(days) 

Number 1.01 0.58 - 1.22/10 yr California/NS Henny & Anthony , 1989 
Fledge per 1.28 1.07 - 1.58/9 yr Montana/NS Henny & Anthony , 1989 
Act ive Nest 0.90 0.76 - 1.14/7 yr Washington/NS Henny & Anthony , 1989 

1.14 Flor ida/NS McEwan & Hi rth, 1979 
1.00 ± 0.06 SE 0 - 3 Alaska/NS Sprunt et  al., 1973 
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Bald Eagle ( Haliaeetus leucocephalus ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Number 1.65 ± 0.26 SD Arizona/desert scrub,  river Grubb et  al., 1983 
Fledge per 1.35 ± 0.11 SD 1.22 - 1.48/6 yr Washington/San Juan I sland Grubb et  al., 1983 
Successful 2.2 1 - 3 PA, DE, MD, NJ/NS Schm id, 1966-67 
Nest 1.64 ID, MT, WY/riv er, lake Swenson et a l., 1986 

Age at B 4 3 - 5 Uni ted States/NS Nye, 1983 
Sexual 
Maturity 

Annual A B 5.4 Alaska/Amchi tka Island Sherrod et  al., 1977 
Mort ality fledging t o 1 yr 89.3 
(percent ) 

Longevi ty A B up t o 50 yrs capt ivi ty Snow, 1973 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Mating/Lay in 
g 

late September 
December 
late Oct ober 
Februar y 
early March 
late March 

late December 

late March 

November 
late Januar y 
March 
late Apr il 
early April 

Flori da, Texas 
Ar izona 
se Uni ted States 
MD, VA, DE 
WY, MT, ID 
Vancouver BC 

Mager, 1977 
Grubb et  al., 1983 
USFWS, 1989 
LeFranc & Cl ine, 1983 
Swenson et a l., 1986 
Brown & Amadon, 1968 

10 

Fledging Apr il May s Louisiana Harris et  al., 1987 
early Jul y late  Jul y mid-August WY, MT, ID Swenson et  al., 1986 

late  August se Alaska Hansen, 1987 

Fall Migrat ion 
early Oct ober 
late  October 

June 
November mid-D ecember 

Ar izona 
Montana 

Grubb et  al., 1983 
Crenshaw & M cClel land, 
1989 

November December 
December /Januar y 

Januar y se Alaska 
sc Oregon, n Cal iforni a 

Hodges et  al., 1987 
Keister et  al., 1987 

Spr ing December Ariz ona Grubb et  al., 1983 
Migrat ion Apr il sc Oregon, n Cal iforni a Keister et  al., 1987 

late  March early April WY, MT, ID Swenson et a l., 1986 
early March Illi noi s Sabine, 1981 
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Bald Eagle ( Haliaeetus leucocephalus ) 

1 Cited in Maestrelli a nd Wiemeyer ( 1975) and Bor tolot ti (1984a); ju veni les up t o 3 years of age.
 
2 Est imated f rom Figure 4.
 
3 Daily energy budget  for fr ee-livi ng eagles based on t ime-act ivity  budget s and m etabol ic m odel s;  assum ing 4.5 kg eagl e.
 
4 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Imler  and Kal mbach (1955) .
 
5 Est imated f rom observed capt ures of preweighed sal mon provi ded at  feeding stat ions.  Eagle body weight assum ed to be 4.5 kg. Som e feeding
 

may have occur red elsewher e. 
6 Est imate of  food consumed based on observed feeding behaviors and an eagl e body weight of 4.5 kg. 
7 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Imler  and Kal mbach (1955) . 
8 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Imler  and Kal mbach (1955) . 
9 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Imler and Kal mbach 

(1955). 
10 Cited in Green, 1985. 
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2.1.8. American Kestrel (falcons) 

Order Falconi formes , Family Falconida e.  Falcons are the more streamlined of the 
raptor  species, with  long point ed wings bent b ack at the wrists and large tails that taper at 
the tips .  They consum e many kinds of anim als including in sects, reptiles, small mammals, 
and birds .  Falcons are found in a vari ety of habitats, from cities to the most remote areas. 
Strong flie rs that achi eve high s peeds, falcons range in size fr om the Amer ican kestrel (27 
cm bill tip t o tail tip) to the pe regrine falcon (41 to 51 cm). 

Selected species 

The American kestrel ( Falco sparverius ), or sparrow hawk, is the most common 
falcon in open and semi-open areas thr oughout Nor th Amer ica.  There are three recognize d 
subspecies: F. s. paulus (year-r ound r esident fr om South Ca rolina to  Florida and southe rn 
Alabama), F. s. peninsul aris (year-r ound r esident of southe rn Baja California ), and F. s. 
sparverius (wide spread and migr atory) (Bohall- Wood and Collopy , 1986).  Predators of the 
kestrel inc lude la rge raptor s such as gr eat horned owls, golden e agles, and r ed-tailed 
hawks (Meyer and Ba lgooy en, 1987). 

Body size .  Weighing slightly ov er one tenth  of a kilogr am, the kestrel is the 
smallest falcon native to the United States (Brown and Ama don, 1968).  As for most 
raptors, females are 10 to 20 percent larger than males ( Bloom , 1973; Craighead and 
Craighead, 1956).  Kestrel body weight s vary seasonally, with maximum we ight (and f at 
deposits) be ing a chi eved in winter and m inimum weight s in s ummer ( Bloom , 1973; 
Gessaman and Haggas, 1987). 

Habitat .  Kestrels inhabit open d eserts, semi-open areas, the edges of groves 
(Brown and A madon, 1968), and even cities (Nat ional G eogr aphic Soci ety, 1987).  In several 
areas, investigators have f ound t hat male kestrels tend to use w oodland openings and 
edges, while females tend to ut ilize more open a reas characterized by short or sparse 
ground v egetation, pa rticula rly during t he wint er (Koplin, 1973, cited in Mills , 1976; Meyer 
and Balgooy en, 1987; Mills , 1975, 1976; Smallw ood, 1987).  In other areas, however, 
investigators have f ound no s uch  di fferentiat ion ( Toland, 1987; Sferra, 1984).  In Florida , 
kestrels appear to prefer sa ndhill c ommunitie s (particula rly pine /oak woodlands ); these 
areas provide high-qualit y foraging habi tat and the majority of available nest sites ( Bohall-
Wood and Collopy , 1986).  Kestrels are more likely to use habitats close to centers of 
human activities than are most other raptors (Fischer et al., 1984). 

Food habi ts .  Kestrels prey on a variety of small animals inc luding inv ertebrates 
such as worms, spide rs, scor pions , beetles, other large insects, am phibians and r eptile s 
such as fr ogs , lizards, and s nakes, and a wide variety of small- to me dium -sized birds and 
mammals (Brown and Ama don, 1968; Mueller, 1987).  Large insects, such as grass hoppe rs, 
are the kestrels' primary summer prey, alt hough in t heir absence kestrels w ill s witch to 
small mammals ( Collopy , 1973) and birds (Brown and Ama don, 1968).  In winter, small 
mammals and birds comprise most of the diet ( Collopy and Koplin, 1983; Koplin e t al., 
1980).  Kestrels usually cache their vertebrate prey, often in clumps of grass or in tree 
limbs and holes, to be retrieved later ( Collopy , 1977; Mueller, 1987; Rudolph, 1982; Toland, 
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1984).  Invertebrate prey usually are eaten immediately ( Rudolph, 1982).  In Florida , where 
small mammals are scarce and reptiles are a bundant , lizards are an  impor tant component 
of the die t (Bohall- Wood and Collopy , 1987).  Kestrels forage by three different tec hnique s: 
using open pe rche s fr om which t o spot and attack gr ound pr ey, hov ering in t he air to spot 
ground pr ey, and catc hing in sects on the w ing (Rudolph, 1982, 1983). 

Mol t.  Females be gin t heir molt during incuba tion and c ompl ete it by the end of the 
breeding season.  Males, who are res ponsible for captur ing m ost of the pr ey for the family, 
do not begin t heir molt until ne ar the end of the br eeding season (Smallw ood, 1988). 

Migr ation.  The American kestrel is a year-r ound r esident ov er most of the Unit ed 
States, but is migratory over the northern-most port ions of it s range (National G eogr aphic 
Society, 1987).  Because of their late molt, males migrate and arrive at the wintering 
grounds l ater than females or immatures (Smallw ood, 1988). 

Breeding activities and social organization .  Adult kestrels are solitary, except 
during t he br eeding season, and maintain territories even in winter (Brown and Ama don, 
1968).  Kestrels typically build t heir n ests in tree cavities, but have used hole s in t elephone 
pole s, buildings , or  str eam banks when tree cavities are not available (Brown and Ama don, 
1968).  Both parents participate in incubat ion, but the female performs most of the 
incuba tion,  while the male provide s her with food ( Brown and A madon, 1968). Following 
hatching,  the male brings the majorit y of the pr ey to the nestlings (Brown and A madon, 
1968).  After fle dging,  young kestrels remain dependent on their parents for f ood f or at 
least 2 to 4 a dditiona l weeks (Lett and Bird, 1987).  Fle dglings o ften perch and socia lize 
with their siblings prior  to dispe rsal (L ett and Bird, 1987).  In Florida , resident kestrels 
(paulus subspecies) maintain year-r ound pair bonds and joint territories.  The resident 
pairs have a competitive advantage over winter migrants ( sparverius subspecies) in their 
territories (Bohall- Wood and Collopy , 1986). 

Home range and r esour ces.  Although s ome in vestigators have not noted territorial 
defense (e.g., Craighead and Craighead, 1956), Mills (1975) demonstrated that kestrels 
defend t erritories by int roducing c aptured birds into othe r birds ' territories.  W int er 
foraging t erritories range fr om a few hectares in productive areas (e.g., in California) 
(Meyer and Ba lgooy en, 1987) to hundr eds of h ectares in less productive areas (e.g., Illinois , 
Michigan) (Craighe ad and Cr aighe ad, 1956; Mills , 1975).  Summer bree ding t erritories 
probably follow the same pattern (Craighead and Craighead, 1956). 

Popul ation dens ity .  Although m uch smaller than red-tailed hawks and bald eagles, 
reported kestrel bree ding popula tion densitie s can  be simila rly low (e. g., 0.0003 to 0.004 
nests per hectare; see table). 

Popul ation dyna mics .  Kestrels are sexually mature in the first bree ding season 
after their birth (Carpenter et al., 1987).  Scarcity of suitable nest ing cavities probably limits 
the size of kestrel popula tions in pa rts of the Unit ed States (Cade, 1982).  Three to four 
young may fledge per nest per year, but mortality of juveniles in the first year is high (60 to 
90 percent) (Craighead and Craighead, 1956; Henny, 1972).  A dult mortalit y can  be low 
(e.g., 12 percent per year) (Craighead and Craighead, 1956). 
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Similar species (from general references) 

��	 The peregrine falcon ( Falco pe regr inus ), a rare resident of woods , 
mountains, and coasts, preys almost exclusively on birds.  T hough 
uncom mon,  they can  be found wint ering in m ost states, but rarely bree ding. 
These large falcons (38 cm) have been reintroduced in some areas in the 
United States and have nested in urban environments. 

��	 The mer lin ( Falco co lumbariu s), larger (30 cm) than the kestrel, can be f ound 
in a variety of habitats but nests in open w oods or  wooded pr airies. 
Wint ering along c oasts and near cities of the Great Plains, it primarily eats 
birds . 

��	 The prairie falcon ( Falco mexicanus ) also is larger (39 to 50 cm) than the 
kestrel and inhabit s dr y, open count ry and pr airies.  A year-r ound r esident of 
the western United States, prairie falcons prey chiefly on birds and small 
mammals. 

General references 

Cade (1982); Craighead and Craighead (1956); Nat ional G eogr aphic Soci ety (1987); 
Brown and A madon (1968). 
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American Kestrel ( Falco sparverius ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight  F fall  115 ± 8.6 SD California,  Imperial Val ley Bloom , 1973 
(g)  F winter  132 ± 13 SD 

M fall  103 ± 6.7 SD California,  Imperial Val ley Bloom , 1973 
M winter  114 ± 7.8 SD 

F laying/ inc.  124 Utah Gessaman & Haggas, 1987 
F fall  127 
F winter  138 

M incubat e  108 Utah Gessaman & Haggas, 1987 
M fall  111 
M winter  119 

Metabol ic  F laying/ inc.  414.4 ± 9.84 SE Utah ( free-livi ng) Gessaman & Haggas, 1987 1 
Rate  F fall  368.7 ± 17.0 SE 
(kcal /kg-day )  F winter  327.2 ± 5.72 SE 

M incubat e  337.6 ± 16.8 SE Utah ( free-livi ng) Gessaman & Haggas, 1987 1 
M fall  364.9 ± 26.9 SE 
M winter  386.4 ± 9.41 SE 

A F basal  134 est imated 2 
A M basal  140 
A F free-living  333 (157 - 706) est imated 3 
A M free-living  345 (162 - 733) 

Food  A B winter  0.29 nw Cal ifornia ( free-livi ng) Kopl in  et al., 1980 4 
Ingest ion Rat e  (vert. prey )  (0.18) 
(g/g-d ay)  (invert. p rey)  (0.11) 

A M sum mer  0.31 Ohio ( seminatural 
enclosure) 

Barrett  & Mackey , 1975 

Water  A F  0.11 est imated 5 
Ingest ion A M  0.12 
Rate (g/g-d ay) 
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Reference 

American Kestrel ( Falco sparverius ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Inhal ation 
Rate (m /day)3 

A F
 A M

 0.089 
 0.079 

est imated 6 

Surface Area
(cm )2 

A F
 A M

 267 

242 

est imated 7 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
No. 
Note 

invertebrates 32.6 California/open areas, woods Meyer & Balgooyen, 1987 
mamma ls 31.7 
bi rds 30.3 (% wet weight of prey 
rept iles 1.9 observed capt ured) 
other 3.5 

vertebrates 49 Flor ida/dry pine- oak Bohal l-Wood & Col lopy , 
(primarily liz ards) woodlands (sandh ill) 1987 

invertebrates 51 
(% wet weight of prey observed 
capt ured) 

Coleopter a 10.8 California/hay field s, pastur e Col lopy & Kopl in,  1983 
other  invertebrates 14.2 
frogs ( Rana aurora ) 8.0 (% wet weight of prey 
other her petofauna 12.2 observed capt ured) 
Microtus cal ifornicus 30.2 
Sorex va grans 9.4 
other  mamma ls 11.5 
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American Kestrel ( Falco sparverius ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory
Size (ha)

 A F winter 
 A M winter 

31.6 ± 10.7 SD 
13.1 ± 2.0 SD 

18.7 - 42.0 
9.7 - 14.8 

California/open areas, 
woods 

Meyer & Balgooyen, 
1987 

A B w inter 154 < 452 
Illin ois/ag ric ultu ral area Mills , 1975 

A B sum mer 

A B sum mer 

202 ± 131 SD 

131 ± 100 SD 

41 - 500 

21 - 215 

Wyoming/grasslands, 

Michi gan/woodlots,  fields 
for ests 

Craighead & Craighead, 

Craighead & Craighead, 
1956 

1956 

Populat ion 
Densi ty 

pairs 
summer 
pairs 
sum mer 

pairs 
sum mer 

B B f all 
A B winter 
A B spr ing 

0.0026 nests/ha 
0.0004 nests/ha 

0.0035 pairs/ha 

bird s/ha: 
0.0007 ± 0.00004 SD 
0.0005 ± 0.0001 
0.0010 ± 0.0002 

SD 
SD 

0.0023 - 0.0031 
0.0003 - 0.0006 

0.0005 - 0.0012 
0.0005 - 0.0006 
0.0008 - 0.0011 

Missour i/urb an 
Missour i/rural 

Wyoming/grasslands,  for est 

s Michi gan/field s, woodlot s 

Toland & Elder , 1987 
Toland & Elder , 1987 

Craighead & Craighead, 

Craighead & Craighead, 
1956 

1956 

Clutch  4.3 California/ juniper , Bloom & Hawks, 1983 
Size  sagebr ush 

4 to 5  3 - 7 NS/NS Brown & Amadon, 1968 

Clutches/Year  1 Quebec, Canada /captiv e Carpenter e t al., 1987 

Days  33.7 ± 0.33 SE 33 - 35 Maryla nd/capt ive Porter & Wiemeyer , 1972 
Incubat ion Brown & Amadon, 1968 

29 to 30 NS/NS 

Age at
Fledging 

 27.4 days 26 - 30 days Maryla nd/capt ive Porter & Wiemeyer , 1972 
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Begi n Locat ion 

American Kestrel ( Falco sparverius ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Number  3.1 California/ juniper , Bloom & Hawks, 1983 
Fledge per  sagebr ush 
Act ive Nest  3.8 Wyomi ng/grasslands,  for est Craighead & Craighead, 

1956 

Number  3.7 California/ juniper , Bloom & Hawks, 1983 
Fledge per sagebr ush 
Successful 
Nest 

Age at Sexual
Maturity 

B  1 yr Quebec, Canada /captiv e Carpenter e t al., 1987 

Annual  A B  12 s Michi gan, Wyoming/ Craighead & Craighead, 
Mort ality  J B  88 open areas, woods 1956 
(percent ) 

A B  46.0 ± 4.6 SE North Amer ica/NS Henny , 1972 
J B  60.7 

Longevi ty up t o 9 yrs Quebec, Canada/capt ive Carpenter et al., 1987 

Seasonal 
Act ivi ty Peak End Reference No. 

Note 

Mating/ 
Laying 

early May 
mid-Apr il 
early Apr il 

late May late June 
early June 
mid-M ay 

Californi a 
cent ral US 
nor thern Utah 

Bloom & Hawks, 1983 
Brown & Amadon, 1968 
Gessaman & Haggas, 
1987 

mid-March early June Flor ida Bro wn & Amadon, 1968 

Hatching early June 
early May 

late  June late  Jul y 
mid-J une 

Californi a 
nor thern Utah 

Bloom & Hawks, 1983 
Gessamen & Haggas, 
1987 

early May cent ral Missour i Toland & Elder , 1987 

Molt mid-May mid-S eptember nor thern Utah Gessaman & Haggas, 
1987 
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Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference 

Note 
No. 

Migrat ion fall 

spr ing 

early 
September 
early March 

mid-Apr il 

early November nor thern Utah 

south M ichi gan 

Wyomi ng 

Gessaman & Haggas, 
1987 
Craighead & Craighead, 
1956 
Craighead & Craighead, 
1956 

1 

2 
3 
4 

5 
6 
7 

Invest igators est imated values f rom time- act ivity  budget studies of kest rels in th e field and r ates of energy expendi ture  dur i ng di ffere nt act ivities 
measur ed in th e laborator y. 
Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom winter  measur ements by Gessaman and Haggas ( 1987). 
Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom winter  measur ements by Gessaman and Haggas (1987) . 
Authors observed prey capt ured dai ly,  and est imated t otal wet-w eight prey  int ake using measur ed or  repor ted weights f or id ent ifiable prey and 
est imated w eights f or  unident ifia ble i nvertebrate prey  (also, assum ed kest rel wei ghed 119 g) .  Also, see Chapt ers  3 and 4 f or m ethods by 
est imating food ingest ion r ates. 
Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom winter  measur ements by Gessaman and Haggas (1987) . 
Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom winter  measur ements by Gessaman and Haggas ( 1987). 
Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, ci ted in Wals berg and King, 1978) and body weights f rom winter  measur ements by 
Gessaman and Haggas (1987) . 

American Kestrel ( Falco sparverius ) 
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2.1.9. Northern Bobwhite (quail) 

Order Gallif orme s, Family Phasiadinae .  Quail a re ground-dw elling birds with shor t, 
heavy bills adapted for foraging on t he ground f or seeds and insects.  Most species inhabit 
brush,  abandoned f ields , and open woodlands ; some inhabit pa rklands .  Quail and m ost 
othe r gallin aceous birds are poor  flyers that seldom l eave the gr ound and do not migr ate. 
All species of this family gather in coveys (i.e., flocks of vary ing size ) during s ome pa rt of 
the year.  Quail range in size from Montezuma's quail (22 cm bill tip t o tail tip) to the 
mountain and Gambel's quail (28 cm); sexes are similar in size but differ in appearance. 

Selected species 

The nor ther n bobwhit e (Colin us virginia nus ) feeds ma inly on seeds by glea ning on 
the ground and low vegetation.  It range s fr om sout heastern Wyom ing, east to southern 
Minne sota and a cross to southe rn Maine, south t hrough t he central and eastern Unit ed 
States to eastern New Mexico in the west and to Florida in t he east (American 
Ornithologi sts' Union, 1983).  It is the most widespread of the North American quail and 
used to be very common, particularly east of the Rocky Mount ains . Over the past three 
decades, however, popula tions h ave been dec lining t hroughout it s range (Brennan, 1991). 

Body size .  Nor ther n bobwhit e are average-sized quail (25 cm).  W ild bobwhit es 
typic ally weigh b etween 150 and 200 g depe nding on lo cation and season (see table), w hile 
commercially bred stock usually exceed 200 g and may reach 300 g or more (Brenner and 
Reeder, 1985; Koerth and Guthery, 1991).  Males and females are similar in size, and 
weights tend to increase with latitude and toward the west coast of the United States 
(Hamilton, 1957; Rosene, 1969; Roseberry and Klimstra, 1971).  Females are heaviest in the 
spr ing and s ummer when they are lay ing eggs ; males are ligh test at this time of year 
(Hamilton, 1957; Roseberry and Klimstra, 1971).  Juve nile s tend t o weigh slightly l ess than 
adult s thr ough wint er (Hamilton, 1957; Roseberry and Klimstra, 1971).  Koerth and Guthery 
(1987) found both m ales and females to maintain between 9 and 11 percent body fat (as a 
percentage of dr y body weight ) thr oughout the year in southern Texas; more northern 
popula tions may maintain highe r body fat ratios, particularly just prior to bree ding ( McRae 
and Dimmick, 1982) . 

Habitat .  During t he br eeding season, grasslands, idle fields , and p astures are the 
preferred ne sting habi tat, and bobwhit e often nest in large clumps of grasses (Roseberry 
and Klimstra, 1984).  Shade, open herbaceous cover, and green and grow ing v egetation a re 
requir ed for suit able n est sites (Lehmann, 1984). Bobwhi tes forage in areas with open 
vegetat ion,  some ba re ground,  and light li tter (Stodda rd, 1931).  Nearby dry powdery s oils 
are impor tant for  dus t bathing ( Johnsga rd, 1988).  Shrubby thi ckets up to 2 m high a re 
used for cover  during midda y (Schroeder, 1985).  Alt hough t heir range is extensive, 
nor ther n bobwhit e reproduc e poorly in t he ar id western port ions of their range and during 
drought s elsewhere (Schroeder, 1985).  Dur ing t he wint er, they requir e wooded c over with 
unde rstory for d aytime cover, preferably adjacent to open fields for fora ging ( Yoho a nd 
Dimmick, 1972).  They tend to roost at night in m ore open habi tats with short and sparse 
vegetat ion (Schroeder, 1985).  In the more northern latitudes, cover and f ood c an be limit ed 
during t he wint er (Ros ene, 1969).  Changes in land use, primarily 

2-121 Northern Bobwhit e 



the dis tr ibution of farms and f arming methods , have eliminated large areas of bobwhit e 
habitat in the last three decades (Brennan, 1991). 

Food habi ts .  Bobwhi tes forage dur ing t he day, prim arily on t he ground or in a light 
litter layer less than 5 cm deep (Rosene, 1969).  Seeds from weeds, w oody plant s, and 
grasses comprise the majority of the a dult bobwhit e's die t thr oughout the year (Handle y, 
1931; Bent, 1932; Lehmann, 1984), alt hough in wint er in t he south, gr een vegetation ha s 
been found t o domin ate the plant materials in their diet (Campbell-Kissock et al., 1985). 
Insects and other invertebrates can comprise up to 10 to 25 percent of the a dult s'  die t 
during t he spr ing and s ummer in more northerly areas and year-r ound in t he sout h 
(Campbell-Kissock et al., 1985; Handley, 1931; Lehmann, 1984).  Insects comprise the bulk 
of the chicks' diet; up to 2 or 3 weeks of age chicks may consume almost 85 percent 
insects, the rema inde r of the die t consis ting of be rries and seeds (Handley, 1931).  Most 
insects consumed by bobwhit e chi cks are very small, less than 8 mm in length and 0.005 g 
(Hurst, 1972).  Juve nile bobwhit e, on t he othe r hand, may consume only 25 pe rcent in sects, 
the remainde r of their  die t being f ruit and seeds (Handley, 1931).  Quail consume little grit. 
Korschgen (1948) f ound grit in only 3.4 pe rcent of ov er 5,000 crops examined, and agreed 
with Nestler (1946) that hard seeds can replace grit as the grinding a gent for  nor thern 
bobwhit e. 

In some areas, bobwhi tes apparently can ac quir e their  daily water needs from dew, 
succulent plants, and insects (St odda rd, 1931); in more arid areas or in times of dr ought , 
however, northern bobwhit e need sur face water for drink ing ( Johnsga rd, 1988; Lehmann, 
1984; Prasad and Guthery, 1986).  Females need more water than males dur ing t he 
breeding season, and both sexes may re quir e more water in the winter than in the summer 
when their diet is more restricted to seeds with low water content (Koerth and Guthery, 
1990).  Measurements on captive quail have indi cated a daily water re quir ement of up to 13 
percent of their  body mass (see table); however, water intake re quir ements for free-ra nging 
birds may be highe r, perhaps 14 to 21 pe rcent of body mass per day (Koerth and Guthery, 
1990).  In the absence of adequate water, females may fail to repr oduc e (Koerth a nd 
Guthery, 1991). 

Dustbathing.  Quail f requently dus tbathe, although t he reason for the behavior is 
debated. c  They scratch in dry dirt or dust, toss the dust up into their feathers, rub their 
head and sides in the dust, and then shake the dust from their plumage (Borchelt and 
Duncan, 1974).  Experiments by Driver et al. (1991) indi cate that inge stion of materials 
preened from feathers and direct dermal uptake can be s ignific ant exposur e pathways for 
quail e xpos ed to aer ial appli cation of p esticides.  Dust bat hing might , therefore,  provide a 
signific ant exposur e rout e for  bobwhi tes us ing con taminated s oils . 

Mol t.  Juveniles attain a dult plum age during t heir first fall molt at about 3 to 5 
months of age (Hamilton, 1957; St odda rd, 1931).  Adult s unde rgo a compl ete prebasic 

cStoddard (1931) and others have suggested t hat dust bat hing hel ps to control ectoparasi tes; 
Borchel t and Duncan (1974) suggest  that dust bat hing hel ps control  the amount of oi l on t he 
quails' feathers. 
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molt in the late summer and fall into winter plum age; in s pr ing,  a limit ed ren ewal of 
feathers ar ound t he head and t hroat provide s the br eeding plum age (Bent, 1932). 

Migr ation.  The nor ther n bobwhit e is a year-r ound r esident ov er its entire range but 
may disperse locally to a different cover type or altitude with the cha nging season 
(Lehmann, 1984).  Most winter in w ooded or brushy ar eas, retur ning t o more open habi tats 
in s pr ing f or the br eeding season (Lehmann, 1984; Rosene, 1969).  P opula tions nesting a t 
highe r elevat ions tend t o move to  low er ground w here the wint ers are l ess severe 
(Stodda rd, 1931).  The more southerly popula tions may be more sedentary; in a study in 
Florida , nor ther n bobwhit e were found no f urthe r than 1 km fr om where they were banded, 
and 86 percent were found w ithin 400 m from their ba nding s ite ov er a 1- to 5-year period 
(Smith et al., 1982). 

Breeding activities and social organization .  Nor ther n bobwhit e build n ests on the 
ground in open woodlands or in or  around f ields us ed for foraging.  Mos t nests are 
constructed in grassy growth near open gr ound,  often in areas with scattered shrubs and 
herbaceous growth (Klimstra and Roseberry, 1975; St odda rd, 1931).  Both the male and 
female scrape out a saucer-shaped depress ion in t he ground 2 to 6 cm de ep and 1 0 to 12 
cm acr oss, lining it with  dead grasses from the prev ious year's growth (Bent, 1932; 
Rosene, 1969).  They lay large clutches, 12 to 30 eggs, which one or both parents incubate 
for approximately 23 days (Lehmann, 1984; Simpson, 1976).  As a general rule, clutch size 
and nest success both decrease as the season progresses (Roseberry and Klimstra, 1984). 
Family unit s, consis ting of both t he male and female as well as the offspr ing,  sometimes 
remain intact thr ough t he su mmer, but more often, one or both parents are lost to 
predation ( some females leave their br ood t o the male and begin anothe r), and othe r pair s 
or individual adult s may adopt chi cks from other br oods (Lehmann, 1984).  By fall, northern 
bobwhi tes of all ages gather in larger coveys for the fall and winter.  The quail remain in 
coveys until the next spr ing,  when they dispe rse as mating season be gins (Lehmann, 1984; 
Roseberry and Klimstra, 1984).  Coveys of northern bobwhit e tend t o average 10 to 12 or 
15 birds (up to 30) (J ohnsga rd, 1988; Lehmann, 1984; Rosene, 1969).  When roost ing in 
winter, the birds in a covey form a small circle on the ground unde r a tree or in thic k brush, 
with  heads facing ou tward and their bodie s clos ely p acked to conserve heat. 

Home range and r esour ces.  In the br eeding season, the bobwhit e's hom e range 
include s foraging a reas, cover, and the nest site and may encompass several hectares. 
Mated males and incubat ing females have the smallest spr ing and s ummer home ranges; 
bachelor males and post-nest ing m ales and females have much larger fora ging r anges (see 
table ).  Bobwhit e tend t o use a por tion of their  hom e range more int ensively than the 
remainde r of the range (Urban, 1972).  In the fall and winter, the range of each bobwhit e 
covey must inc lude adequ ate open fora ging a reas and cover, typically shr ubby or  woody 
thickets (Rosene, 1969).  Each covey may ut ilize an area of several hectares, alt hough a s in 
summer, there tend to be activity centers where the quail spend most of their time (Yoho 
and Dimmick, 1972). 

Popul ation dens ity .  Bobwhit e densit y depends on food and c over availabilit y and 
varies from year to year as well as from one locat ion t o anothe r (Ros eberry and Kli mstra, 
1984).  Densities are highest at the end of the bree ding season in the fall.  In the 
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southeast, densities may reach values as high a s 7.5 birds (adult s and juv enil es) per 
hectare, alt hough average values of 2 to 3 may be more common in these areas (Guthery, 
1988; Lehmann, 1984; Smith et al., 1982).  Winter and spr ing densitie s between 0.1 and 0.8 
birds per hectare have been recorded in the spr ing f urthe r nor th (Ros eberry et al., 1979). 

Popul ation dyna mics .  Bobwhi tes attempt to rear one or two br oods pe r year (up to 
three in the south) (Bent, 1932; CKWRI, 1991; Stanford, 1972b). Bobwhit e clut ch size s are 
generally smalle r in m ore southe rly popula tions (Ros eberry and Kli mstra, 1984) and 
smalle r as the br eeding season progresses in any given locale (Lehmann, 1984; Simpson, 
1976).  Predat ion is a major  cause of n est loss; once hatched, chicks leave the nest 
immediately to f ollow both or one pa rent (Lehmann, 1984; Roseberry and Klimstra, 1984). 
Juvenile s can surviv e without pa rent al care after a bout 6 weeks of age (Lehmann, 1984). 
They reach maturity by 16 weeks of age in the laboratory alt hough t hey continue to  gain 
weight thr ough about 20 weeks ( Moor e and Cain, 1975), and they may re quir e 8 to 9 
months to mature in the w ild ( Johnsga rd, 1988; Jones and Hughe s, 1978).  Adult mortalit y 
as well a s juv enile mortalit y is high,  with 70 to 85 pe rcent of birds surviving l ess than 1 
year (Brownie et al., 1985; Lehmann, 1984); thus, the bulk of the popula tion t urns ov er each 
year. 

Similar species (from general references) 

��	 California quail ( Callip epla calif ornica ), also known as valley quail, are 
similar in size (25 cm) to the bobwhit e and a lso  gather  in c oveys during 
autumn and wint er.  They are common in open woodlands , brushy foothills , 
stream valleys, and s uburbs , usually ne ar permanent sur face waters; 
however, their range is restricted largely to the western coastal States and 
Baja California . 

��	 Gambel's quail ( Callip epla gambelii ) is larger (28 cm) than the bobwhit e, and 
is a resident of the southwestern desert scr ublands , usually ne ar permanent 
surface waters.  It also gathers in coveys in winter. 

��	 The scaled quail ( Callip epla squamata ), similar in size (25 cm) to the 
bobwhit e, is r estricted to the mesas, plateaus, semidesert scr ublands , and 
grasslands mixed with scrub, primarily of western Texas, New Mexico, and 
Mexico. 

��	 Mount ain quail ( Oreortyx pictus ) are found in t he chappa ral, brushy ravine s, 
and mountain slopes of the west up to 3,000 m.  These also are large quail 
(28 cm).  Dur ing t he fall,  they ga ther  in c oveys and descend to lower altitudes 
for the winter. 

��	 The Mont ezuma quail ( Cyrtonyx montezumae ), formerly known as the 
harlequin quail, is a small (22 cm), secretive resident of the southwest.  This 
species is usually found in gr assy unde rgrowth  of junipe r or  oak-pine 
woodlands . 
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General references 

Johnsga rd (1988); Lehmann (1984); Nat ional G eogr aphic Soci ety (1987); Rosene 
(1969); Roseberry and Klimstra (1984); St odda rd (1931). 
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Northern Bobwhite ( Colinus virginianus ) 

Factor s Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) 

Locat ion or 
subspecies Reference 

Note 
No. 

Body  Weight A B f all 189.9 ± 3.28 SE Kansas Robel , 1969 
(g) A B w inter 193.9 ± 4.56 SE 

A B spr ing 190.0 ± 4.98 SE 

A M winter 181 Illi noi s Roseber ry & Kl imstra, 1971 
A M sum mer 163 
A F w inter 183 
A F sum mer 180 

A M winter 161 west Rio G rande, Texas Guth ery et al., 1988 
A M sum mer 154 
A F w inter 157 
A F sum mer 157 

(weight gai n:) 
at hat ching 6.3 southwest Georgia/bot h Stoddar d, 1931 
day 6 9  - 10  (0.5 - 0.75 g/day ) capt ive and w ild  bi rds 
day 10 10 - 13 livi ng i n farm s, woods, 
day 19 20 - 25  (1.5 g/day ) and t hicket s 
day 32 35 - 45 
day 43 55 - 65  (1.75 g/day ) 
day 55 75 - 85 
day 71 110 - 120  (1.75 - 2.0 g/day ) 
day 88 125 - 150 
day 106 140 - 160 

J B f all 174.0 ± 3.49 SE Kansas Robel , 1969 

Body Fat A M wi nter 15.5 ± 2.8 SD Tennessee McRae & Dimmi ck, 1982 
(% dry wei ght ) A M spr ing 8.8 ± 3.2 SD 

A F w inter 13.8 ± 2.7 SD 
A F spr ing 12.7 ± 2.4 SD 

Body Fat A M wi nter 10.2 ± 0.6 SE  9.0 - 11.9 souther n Texas/capt ive Koer th  & Guth ery, 1987 
(% dry wei ght ) A M spr ing 7.9 ± 0.2 SE  6.5 - 10.0 
(cont inued) A F w inter 10.6 ± 0.8 SE  8.3 - 19.9 

A F spr ing 9.7 ± 0.3 SE  7.7 - 11.2 
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Northern Bobwhite ( Colinus virginianus ) 

Factor s Age/Sex/ Range or Locat ion or Note 
Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Egg Weight 9.3 ± 0.3 SE Texas Koer th  & Guth ery, 1991 
(grams) 8.6 8.0 - 10.2 southwest Georgi a Stoddar d, 1931 

Metabol ic  Rate 
(kcal /kg-day ) 

A F nonbreed 
A F laying 

183.3 
243.9 

Nebraska/capt ive Case, 1982 1 

A M basal 
A F basal 

129 
125 

est imated 2 

A M free-living 
A F f ree-living 

320 
311 

(151 - 677) 
(147 - 659) 

est imated 3 

Food Ingest ion 
Rate (g/g-d ay) 

A B winter 
A B spr ing 
A B sum mer 
A B f all 

0.093 ± 0.0032 SE 
0.067 ± 0.0021 SE 
0.079 ± 0.0061 SE 
0.072 ± 0.0017 SE 

souther n Texas/capt ive Koer th  & Gut hery, 1990 4 

(kcal /kg-day ) A B w inter 
A B f all 
A B spr ing 

587 
657 
519 

Kansas Robel , 1969 5 

Water A M sum mer 0.10 ± 0.023 SD souther n Texas/capt ive Koer th  & Guth ery, 1990 
Ingest ion Rat e A F sum mer 0.13 ± 0.037 SD 
(g/g-d ay) 

A M summer 0.11 est imated 6 
A F summer 0.10 

Inhal ation Rat e 
(m /day) 3 

A M sum mer 
A F summer 

0.10 
0.11 

est imated 7 

Surface Area 
(cm ) 2 

A M sum mer 
A F sum mer 

298 
320 

est imated 8 
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Northern Bobwhite ( Colinus virginianus ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

adul ts: 
(total  plant  foods) (87.2) (78.7) (79.7) (96.8) southeastern Uni ted Handley , 1931 
misc. seeds 21.1 6.0 11.1 2.6 States/NS 
other seeds: 
legumes 15.2 3.9 10.1 31.5 (% vol ume;  crop and gi zzard 
senna 7.2 0.4 0.2 12.8 content s) 
cul tivated plant s 2.1 2.1 5.3 2.6 
grasses 3.1 11.3 26.0 2.3 
sedges 1.1 1.2 2.4 1.1 
mast 14.1 0.2 0.5 28.0 
spurges 0.1 1.2 5.5 0.4 

frui ts 11.1 45.8 11.3 9.5 
fora ge plant s 12 0.3 0.3 5.2 

(total  animal foods) (12.8) (19.6) (20.3) (3.2) 
grasshopper s 3.2 7.5 16.6 2.4 
bugs 2.8 4.4 0.6 0.1 
beet les 4.6 6.3 0.8 0.2 

adul ts: 
seeds of  weeds 43.64 33.7 30.0 34.3 south Texas/sem i-prai rie, Lehmann, 1984 
seeds of woody 4.03 20.5 39.7 9.5 brushland 
plant s 13.2 24.8 0.7 7.2 

seeds of grasses 3.7 1.9 8.3 15.4 (% dry vol ume;  crop 
cul tivated grains, etc. 27.4 4.9 3.4 10.3 content s) 
greens 
insect s 

8.03 14.2 17.9 23.3 

adul ts: 
seeds of  forbs 3.5 19.0 12.0 southwest Campbel l-Kissock et  al., 1985 
seeds of grasses 
seeds/ frui ts  of 

51.7 42.9 4.9 Texas/grasslands 
drought condi tions 

woody plant s 9.7 - 1.4 
unident ifie d seeds 4.6 - 2.3 (% wet vol ume;  crop 
green vegetat ion 4.8 1.8 72.4 content s) 
invertebrates 25.8 36.2 6.5 
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Northern Bobwhite ( Colinus virginianus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion/Habi tat Reference 

Note 
No. 

Home Range summer: 
Size (ha/bi rd)  A B 3.6 Iowa/State  game area Crim & Sei tz, 1972 

A M mated 7.6 ± 5.0 SD south I lli nois/ idle farms Urban, 1972 
A M unmated 16.7 ± 9.5 SD woods, brush, cor nfi elds 
A F nest ing 6.4 ± 4.0 SD 
A F post -nest 15.6 ± 9.1 SD 

(ha/covey) winter: 
B B 6.8 ± 2.9 SD 4.0 - 11.7 Tennessee/woods, old f ields 

cul tivated f ields 
Yoho & Di mmi ck, 1972 

B B 15.4 12.1 - 18.6 south I lli nois/NS Bartholomew , 1967 

Populat ion 
Densi ty 

B B fall 0.21 ± 0.0031 SE south Texas/upland 
rangel and 

Guther y, 1988 

(N/ha) B B spr ing 0.10 ± 0.0003 SE 

B B fall 0.63 ± 0.24 SD 0.28 - 0.92 south I llin ois/ag ric ultu ral Rosebe rry  et al., 1979 
B B spr ing 0.24 ± 0.05 SD 0.18 - 0.33 

B B f all 5.0 ± 0.30 SE south Texas/ mixed brush Guther y, 1988 
B B spr ing 2.2 ± 0.21 SE rangel and 

B B w inter 0.63 ± 0.18 SD 0.37 - 0.88 South Car olin a/farm s, 
woods 

Rosene, 1969 

B B winter 2.25 ± 1.16 SD 0.6 - 3.9 Smith  et al., 1982 
B B winter 3.65 ± 2.22 SD 1.7 - 7.6 Flori da/pin e woods 

Clutch Si ze 12.9 4 - 33 south Texas/prai rie, brush Lehmann, 1984 
13.7 ± 3.28 SD 6 - 28 Illi nois/agr icul tural Roseber ry & Kl imstra, 1984 

March 25.0 southwest  Georgia/pine Simpson, 1976 
August 9.4 woods,  farms 

Clutches/Year 1 0 - 3 NS/NS CKWRI, 1991 

Days 
Incubat ion 

23 21 - 25 south Texas/prai rie, brush Lehmann, 1984 

2-129 
N

orthern 
B

obw
hit

e 



Begi n Peak Locat ion Reference 

Northern Bobwhite ( Colinus virginianus ) 

Populat ion Age/Sex/ Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Locat ion/Habi tat Reference No. 

Percent Nest s 17.5 15.4 - 19.0 southwest  Georgia/pine Simpson, 1976 
Successful  woods,  farms 

32.6 ± 8.1 SD 21.0 - 52.8 south I lli nois/agr icul tural Roseber ry & Kl imstra, 1984 

Number Hatch spr ing/ 12.2 south Texas/sem iprairie, Lehmann, 1984 
per summer  brush 
Successful March 20.0 southwest  Georgia/pine Simpson, 1976 
Nest August 8.4  woods,  farms 

Age at Sexual B 8 - 9 months NS/NS (wild) Johnsgar d, 1988 
Maturity B 16 weeks South Car olin a/lab Jones & Hughes, 1978 

Annual 
Mort ality  Rates 
(percent ) 

A M 
A F 
J M 
J F 

78.8 ± 2.47 SE 
85.3 ± 2.72 SE 
81.8 ± 2.46 SE 
87.2 ± 1.68 SE 

64.7 - 94.8 
68.4 - 98.6 
73.0 - 93.7 
67.9 - 95.8 

Flori da/open woods Brownie et  al., 1985 

B B 81 Illi nois/agr icul tural Roseber ry & Kl imstra, 1984 

no hunt ing 
B M 
B F 

52 
56 

Flori da/pin e woods Pol lock et  al., 1989 

Longevi ty star ting: 9 
(months)  B November 10.6 Texas/sem iprairie,  brush Lehmann, 1984 

B October 8.5 cent ral Missour i/NS Marsden & Basket t, 1958 

Seasonal Note 
Act ivi ty End No. 

Mating/ Lay ing March May - June August Flori da Bent , 1932 
mid-Apr il mid-A ugust south Texas Lehmann, 1984 
Apr il mid-M ay - Jul y September south I lli noi s Roseber ry & Kl imstra, 1984 

Hatching mid-March 
late  Apr il 
early May 
mid-May 

May - June 
May - August 
mid-J une 
June - August 

mid-September 
October 
October 
early October 

south Texas 
sw Georgia, nor thern Flor ida 
Missour i 
south I lli noi s 

Lehmann, 1984 
Stoddar d, 1931 
Stanford, 1972a 
Roseber ry & Kl imstra, 1984 
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Northern Bobwhite ( Colinus virginianus ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference 

Note 
No. 

Molt fall 

spr ing 

August 

early Februar y 

September 

March - Apr il 

October 

early June 

NS 

sw Georgia, nor thern Flor ida 

Bent, 1932 

Stoddar d, 1931 

1	 

2 
3 
4 
5 

6 
7 
8 

9 

	
	

	
	

	
	

	
	

Metabol ized energy  requi rements of  farm-r aised bi rds in capt ivi ty: (1)  7 weeks pr ior to layi ng (mean weight of hens = 194 g)  and (2) dur ing l aying 
(mean weight of hens = 215 g) . 
Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and sum mer body weights f rom Roseber ry and Kl imstra (1971). 
Est imated using equat ion 3-37 (Nagy, 1987) and sum mer body weights f rom Roseber ry and Kl imstra (1971). 
Diet  of com mercial  game food wi th  onl y 5 to 10 percent wat er content ; maintain ed at  temp erature, hum idity,  and l ight cycle t yp ical  for  Texas. 
Gross energy  int ake calcul ated from the average vol ume of crop content s in  shot bi rds, assum ing a 1.5-hour  retent ion per iod,  2.30 kcal /cm 3 for 
the content s, and const ant  fora ging t hroughout  the daylight hours, whi ch is li kely to  overest imate food i ntake. 
Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Roseber ry and Kl imstra (1971). 
Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Roseber ry and Kl imstra (1971). 
Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Roseber ry and 
Kl imstra (1971). 
Expected r emaini ng longevi ty for t hose j uveni le quai l th at sur vived t o th e month indicated. 	
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2.1.10. American Woodcock (woodcock and snipe) 

Order Charadriformes , Family Scolopacidae .  These inland members of the 
sandpipe r family have a stocky build, long bill,  and shor t legs .  However, their habitats and 
die t are dis tinc t.  Woodcoc k inhabit prim arily woodlands and a bandoned f ields , whereas 
snipe are found in associat ion w ith  bogs and f resh water wetlands.  Both species use their 
long bills to  probe the subs trate for invertebrates.  The w oodcoc k and snipe are simila r in 
length,  although t he female w oodcoc k weighs almost twice as much as the female s nipe . 

Selected species 

The Amer ican woodcoc k (Scolopax minor ) breeds fr om southe rn Canada to 
Louisiana thr oughout for ested re gions of the eastern half of North America.  The highe st 
breeding densitie s are found in t he nor ther n por tion of this range , especially in t he Great 
Lakes area of the United States, northern New E ngland,  and southe rn Canada (Gregg, 
1984; Owen et al., 1977).  W oodcoc k wint er prim arily in t he sout heastern United States and 
are year-r ound r esident s in s ome of th ese areas.  W oodcoc k are impor tant g ame animals 
over much of their range (Owen et al., 1977). 

Body size .  Woodcoc k are la rge for sandpipe rs (28 cm bill tip t o tail tip) , and females 
weigh m ore than males (Keppie and Redmond, 1988).  Most y oung a re full grown by 5 to 6 
weeks after hatc hing ( Gregg, 1984). 

Habitat .  Woodcoc k inhabit both woodlands and a bandoned f ields , particula rly thos e 
with rich and moderately to poorly dr ained lo amy s oils , which t end t o suppor t abundant 
earthworm popula tions (Cade, 1985; Owen and Galbraith, 1989; Rabe et al., 1983a).  In the 
spr ing,  males us e early success ional open a reas and w oods openings , int erspersed with 
low brush and grassy vegetat ion,  for singing displ ays at dawn and dusk (Cade, 1985; 
Keppie and Redmond, 1985).  Females nest in brushy areas of sec onda ry grow th 
woodlands ne ar their feeding a reas, often near the edge of the w oodland or ne ar a br eak in 
the forest ca nopy (Gregg, 1984).  Dur ing t he su mmer, both sexes use sec ond grow th 
hardwood or  early success ional m ixed  hardwood and conif er woodlands for  diurnal c over 
(Cade, 1985).  At night , they move into open p astures and early success ional a bandone d 
agricultur al fields , including f ormer male singing grounds , to r oos t (Cade, 1985; Dunfor d 
and Owen, 1973; Kr ohn, 1970).  Dur ing t he wint er, woodcoc k us e bot tomland ha rdwood 
forests, hardw ood thickets, and upland m ixed  hardwood and conif er for ests dur ing t he 
day.  At night , they us e open a reas to some degree, but also forested habitats (Cade, 1985). 
Diurnal habi tat and nocturnal roost ing f ields ne ed to  be in clos e proximit y to  be useful for 
woodcoc k (Owen et al., 1977). 

Food habi ts .  Woodc ocks feed primarily on invertebrates f ound in mois t upland 
soils by probing t he soil w ith their  long pr ehensil e-tipped bill (Owen et al., 1977; Sperry, 
1940).  Earthworms are the preferred diet, but when earthworms are not available, other 
soil inv ertebr ates are consumed ( Mille r and Ca usey, 1985; Sperry, 1940; Str ibling a nd 
Doerr, 1985).  Some seeds and other plant matter may also be consumed (Sperry, 1940). 
Krohn (1970) found t hat during s ummer most fee ding was done in wooded a reas prior to 
enter ing f ields at night , but othe r studie s have indi cated that a s ignific ant amount of food 
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is acquir ed during noc turnal activities (Britt, 1971, as cited in Dunford and Owen, 1973). 
Dyer and Hamilton (1974) f ound t hat during t he wint er in southe rn Louisiana , woodcoc k 
exhibit ed three feeding pe riods : ear ly mor ning (0100 to 0500 hour s) in t he noc turnal 
habitat, midday (1000 to 1300 hour s) in t he diurnal habi tat, and at dusk (1700 to 2100 
hour s) again in t he noc turnal fields ; earthworms and millipede s were consum ed in bot h 
habitat types.  Most of the w oodc ocks' meta bolic water needs are met by their food 
(Mendall and Aldous , 1943, as cited in Cade, 1985), but captive birds have been observed 
to drink (Sheldon, 1967).  The chicks leave the nest s oon after hatc hing, but are dependent 
on the female for f ood f or the first week after hatc hing ( Gregg, 1984). 

Mol t.  Woodcoc k molt twice annually .  The pr enuptial molt invol ves body plum age, 
some wing c overts, scapula rs, and t ertials and oc curs in l ate winter or early spr ing;  the 
complete post nuptial molt takes place in July or August (Bent, 1927). 

Migr ation.  Fall migr ation begins in l ate September and cont inue s thr ough 
December, often f ollowing t he first h eavy frost (She ldon, 1967).  The migrat ion may take 4 
to 6 weeks (She ldon, 1967).  Some w oodcoc k wint er in t he south A tlantic region,  while 
those that breed west of the Appalachian Mount ains wint er in Louisiana and othe r Gulf 
States (Martin et al., 1969, as cited in Owen et al., 1977).  W oodcoc k are ear ly spr ing 
migr ants,  leaving t heir wint ering grounds in Februa ry and a rriving on t heir  nor thern 
breeding grounds in l ate March to early April (Gregg, 1984; She ldon, 1967; Owen et al., 
1977).  Dates of w oodcoc k arrival at their  breeding grounds vary fr om year to year 
depending on t he timing of sno wmelt (Gregg, 1984).  She ldon (1967) summarizes spring 
and f all migr ation d ates by States from numerous st udie s. 

Breeding activities and social organization .  From their arrival  in t he spr ing,  male 
woodcoc k perfor m daily cour tship flight s at da wn and a t dus k, defending a site on t he 
singing grounds in orde r to attract females for mat ing (Owen et al., 1977; Gregg, 1984). 
Often several males display on a s ingle singing ground,  with each defe nding his ow n 
sect ion of the area.  F emales construct their nests on the gr ound, usually at the b ase of a 
tree or shrub located in a brushy area adjacent to an ope ning or  male singing ground 
(Gregg and Hale, 1977; McAuley et al., 1990; Owen et al., 1977).  Females are res ponsible 
for all of the incuba tion and c are of their  brood ( Trippe nsee, 1948).  The y oung l eave the 
nest s oon after hatc hing and c an sustain flight by approx imately 18 days of age (Gregg, 
1984). 

Home range and r esour ces.  The hom e range of woodc ocks encompasses both 
diurnal c over ar eas and nocturnal roost ing a reas and varies in size depe nding on season 
and t he dis tr ibution of feeding s ites and suitable cover.  Dur ing t he day, mo vements are 
usually limit ed until dus k, when woodcoc k fly to  noc turnal r oos t si tes. Hudgins et al. 
(1985) and Gregg (1984) f ound s pr ing and s ummer diurnal r anges to  be only 1 to 10 
percent of the total home range.  Movement on the nocturnal roost sites also is limited; 
however, dur ing wint er, woodcoc k are more lik ely to feed and move ar ound a t night 
(Bor tner,  pers. comm.).  Singing m ales gene rally r estrict their movements more than non-
singing m ales,  juv enile s, and females (Owen et al., 1977). 

Popul ation dens ity .  The annual singing-ground s urvey c onducted by the Unit ed 
States and Canada provides informat ion on t he popula tion t rends of woodcoc k in t he 
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northern states and Canada dur ing t he br eeding season (note from B. Bortner, U.S. Fish 
and Wildlif e Service, Office of Migr ating Bird Mana gement, to Susan Norton, January 9, 
1992).  Gregg (1984) summarized results of several published singing-ground s urveys and 
found estimates to vary from 1.7 male s inging grounds pe r 100 ha in Minne sota (Godf rey, 
1974, cited in Gregg, 1984) to 10.4 male s inging grounds pe r 100 ha in Maine (Mendall and 
Aldous , 1943, cited in Gregg, 1984).  Alt hough this method is appropr iate for assessing 
popula tion t rends , flushing s urveys, telemetry, and mark-recapture are better met hods for 
estimat ing woodcoc k densitie s because there are variable numbers of females and 
nonsinging m ales associated with active s inging grounds (Dilwor th,  Krohn, Ri ffenberger, 
and Whitcomb pers. comm., cited by Owen et al., 1977).  For example, Dwyer et al. (1988) 
found 2 .2 singing m ales pe r 100 ha in a w ildlif e refuge in Maine , but with mark-recapture 
technique s, they found yearly summer densities of 19 to 25 birds per 100 ha in the same 
area. 

Popul ation dyna mics .  Woodc ocks attempt to raise only a single brood in a giv en 
year but may renest if the initial clut ch is d estroyed (McAuley et al., 1990; She ldon, 1967). 
In 12 years of study in Wisconsin, Gregg (1984) f ound 4 2 percent of all n ests to be lost to 
predators and another 11 percent lost to other causes.  Survival of juveniles in their first 
year ranges from 20 to 40 percent, and survival of adults ranges from 35 to 40 percent for 
males to approximately 40 to 50 percent for females (Dwyer and Nic hols , 1982; Kr ohn e t al., 
1974).  Derleth and Sepik (1990) f ound high adult surviv al rates (0.88 to 0.90 for both sexes) 
between June and October in Maine, indi cating t hat adult mortalit y may occur primarily in 
the wint er and e arly spr ing.  They found low er su mmer survival rates for y oung woodcoc k 
between fle dging and migr ation t han for adult s during t he same months, with most losses 
of young attr ibut ed to  predation. 

Similar species (from general references) 

��	 The common snipe ( Gallin ago gallin ago) is similar in length (27 cm) to the 
woodcoc k, although light er in w eight .  Snipe are prim arily found in 
associat ion w ith  bogs and f resh water wetlands and feed on the var ious 
invertebrates associated with wetland s oils .  Snipe br eed prim arily in bor eal 
forest re gions and thus are found slightly nor th of the woodcoc k br eeding 
range, with some areas of overlap in the eastern half of the continent.  The 
breeding r ange of the snipe , however, extends westward to the Pacific coast 
and t hroughout most of Al aska, thus occupy ing a more extensive east-west 
range than the woodcoc k. 

General references 

Cade (1985); Dwyer et al. (1979); Dwyer and Storm (1982); Gregg (1984); Nat iona l 
Geogr aphic Soci ety (1987); Owen et al. (1977); She ldon (1967); Tr ippe nsee (1948). 
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American Woodcock ( Scolopax minor ) 

Range or 
Age/Sex/ (95% CI of Note 

Factor s Cond. /Seas. Mean mean) Locat ion erence Ref No. 

Body  Weight A M 176 thr oughout  range Nelson & M artin,  1953 
(g) A F 218 

A M Apr il 134.6 ± 2.9 SE Maine Dwyer et  al., 1988 
A M May 133.8 ± 5.8 SE 
A M June 151.2 ± 9.5 SE 

A M sum mer 145.9 127 - 165 cent ral Massachuset ts Sheldon, 1967 
J M sum mer 140.4 117 - 152 
A F sum mer 182.9 162 - 216 
J F sum mer 168.8 151 - 192 

A M fall 169 Minnesot a Marshal l (unpubl .) 1 
J M fall 164 
A F fall 213 
J F fall 212 

at hat ching 13.0 Wisconsi n Gregg, 1984 
9 - 16 

Egg Weight  (g) at layi ng 
near hat ching 

18 - 19 
14 - 16 

Wisconsi n Gregg, 1984 

Chick Grow th M 5.1 Maine Dwyer et a l., 1982 
Rate (g/d ay) F 6.2 

Metabol ic  Rate A F basal 115 s Michi gan Rabe et  al., 1983b 2 
(kcal /kg-day ) 

A M basal 126 est imated 3 
A F basal 118 

A F free-livin g 315 s Mich igan Rabe et a l., 1983b 4 
A F nest ing 553 

A M free-living 313 (148 - 662) est imated 5 
A F f ree-living 296 (140 - 627) 
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Spring 

American Woodcock ( Scolopax minor ) 

Range or 
Age/Sex/ (95% CI of Note 

Factor s Cond. /Seas. Mean mean) Locat ion erence Ref No. 

Food Ingest ion A B winter 0.77 0.11 - 1.43 Louisiana (capt ive) Stickel et  al., 1965 
Rate (g/g-d ay)  (earthworm 

die t) 

Water A M 0.10 est imated 6 
Ingest ion A F 0.10 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay) 3 

A M 
A F 

0.11 
0.13 

est imated 7 

Surface Area 
(cm ) 2 

A M 
A F 

314 
362 

est imated 8 

Dietar y 
Compos itio n Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

earthworms 67.8 North  Amer ica/NS Sperry,  1940 
Diptera 6.9 
Coleoptera 6.2 (% vo lume; stomach 
Lepidopter a 3.3 content s) 
othe r animals 5.3 
plant s 10.5 

earthwor ms 58 Maine/ fields Krohn, 1970 9 
beetle lar vae 10 
grit (i norganic) 31 (% wet weight ; mout h 
other organi c 1 esophagus, stomach,  & 

provent ric ulus content s) 

earthworms 99+ N Carolin a/soy bean f ields Stribl ing & Doer r, 1985 
other  invertebrates <1 (% wet weight ; digest ive 

tract) 

earthworms 87 Alabama/NS Miller &  Causey, 1985 10 
Coleoptera 11 
Hymenopter a  2 (% vol ume;  esophagus 

content s) 
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American Woodcock ( Scolopax minor ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Home Range 
Size (ha) 

A M inact ive 
A M act ive 
A M singing 

3.1 (median) 
73.6 (median) 
10.5 (median) 

0.3 - 6.0 
38.2 - 171.2 
4.6 - 24.1 

Pennsy lvani a/mixed f orests 
wit h shrubs and f ields 

Hudgins et  al., 1985 

B B sum mer 
A F w ith 
brood 

32.4 ± 27.6 SD 
4.5 

7 - 98 Wisconsi n/woods, open 
areas, brush 

Gregg, 1984 

Populat ion 
Dens ity 
(bird s/ha) 

B B winter 
B B winter 
B B w inter 

3.38 
0.20 
0.034 

North Carolin a/agr icul tural : 
unt ille d soy st ubbl e 
unt ille d co rn stubbl e 
rebedded cor n fi elds 

Connors & Doer r, 1982 

nests i n 
spr ing 

A M sum mer 
A F sum mer 
J B sum mer 
B B summer 

0.21 (nests/ha) 

0.056 
0.125 
0.223 

0.035 
0.037 - 0.074 
0.108 - 0.143 
0.190 - 0.250 

0.026 - 0.046 

Pennsy lvani a/mixed pine 
and 

Maine/second growt h for est , 
meadows, and ponds 

hardwoods, open f ields 

Coon et  al., 1982 

Dwyer et al., 1988 

Clutch 4 3 - 5 throughout  range and Bent, 1927 
Size habi tats 

1st clutch 3.8 ± 0.42 SD Maine/mixed  fore sts, McAu ley et a l., 1990 
2nd clutch 3.0 ± 0.67 SD agr icul tural  fields 

Clutches/ 1 but  renest  if  1st thr oughout  range and McAuley et  al., 1990 
Year lost  habi tats 

Percent Nest s 
Hatching 

about 50 Maine/mixed f orests,  fields McAul ey et al., 1990 

Days 
Incubat ion 

19 - 21 NS/NS Mendal l & Aldous, 1943; 
Pettin gill, 1936 

11 

Age at 18 - 19 days Wisconsi n/woods, open Gregg, 1984 
Fledging areas, brush 
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Begi n Peak Locat ion 

American Woodcock ( Scolopax minor ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Age at M < 1 year thr oughout  range and Sheldon, 1967 
Sexual F year 1 habi tats 
Maturity 

Annual 
Mort ality 
Rates 

A M east 
A M cent ral 
J M east 
J M cent ral 
A F east 
A F cent ral 
J F east 
J F cent ral 

65 ± 5.2 SD 
60 ± 15 SD 
80 ± 4.8 SD 
64 ± 12 SD 
51 ± 7.3 SD 
47 ± 9.6 SD 
64 ± 7.7 SD 
69 ± 9.4 SD 

eastern and cent ral Uni ted 
States/NS 

Dwyer & Nichols, 1982 

Seasonal Note 
Act ivi ty End Reference No. 

Mating/Lay ing early Februar y mid-March Texas Whiti ng & Boggus, 1982 
early April Maine Dwyer et al., 1982 

Hatching early Februar y 
late  Februa ry 
late  March 
mid-Apr il early May 

mid-May 
early June 

Louisiana 
Virginia 
Connect icut 
Massachuset ts 
Maine 

Pettingill, 1936 
Pettin gill, 1936 
Pettin gill, 1936 
Sheldon, 1967 
Dwyer et al., 1982 

1 
1 
1 

Molt August  to NS/NS Owen & Krohn, 1973 12 
early 
September 

Migration 
spr ing mid-Februar y early March leaving Nor th Carolina Connors & Doer r, 1982 

March Apr il arriving i n nor thern r ange Gregg, 1984 

fall October December arri ving Nor th Carolina Sheldon, 1967 
late mid-December leaving Canada Owen et  al., 1977 
September 
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American Woodcock ( Scolopax minor ) 

1 As ci ted in Sheldon (1967) .
 
2 Metabol ic rate  est imated by authors f rom equat ion of Aschof f and Pohl  (1970).
 
3 Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and sum mer body weights f rom Nel son and M artin ( 1953).
 
4 Est imate of  free-livi ng m etabol ism  based on energy budget  model .  Metabol ism  dur ing nest ing est imated f or peak needs dur ing egg- layi ng.
 
5 Est imated using equat ion 3-37 (Nagy, 1987) and sum mer body weights f rom Nel son and M artin ( 1953).
 
6 Est imated using equat ion 3-15 (Calder and Braun, 1983) and sum mer body weights f rom Nel son and M artin ( 1953).
 
7 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and sum mer body weights f rom Nel son and M artin ( 1953).
 
8 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and sum mer body weights f rom Nel son and
 

Martin ( 1953).
 
9 Grit  com pri sed onl y 14 percent of  total  digest ive t ract content s vol ume. 

10 Should provi de a more  accur ate est imate of propor tion of so ft-bodied ear thwor ms consumed t han would i ncluding other por tions of  the digest ive 
tract . 

11 Cited in Trippensee (1948) . 
12 Cited in Owen et al . (1977). 
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2.1.11. Spotted Sandpiper (sandpipers) 

Order Charadriif ormes , Family Scolopacidae .  The family Scolopacidae include s 
num erous species of shor ebirds , e.g., sandpipe rs, tattlers, knots, godwit s, curlews, 
yellowlegs , will ets, and dowitchers.  Those known as sa ndpipe rs tend t o be small with 
moderately long legs and bills .  Most sandpipe rs forage on s andy b eaches and mudflats; a 
few utilize upland a reas.  They feed almost exclusively on small invertebrates, either by 
probing into or gle aning f rom the subs trate.  Most species are highly migr atory,  breeding in 
arctic and suba rctic regions and e ither wint ering along t he co asts or in southern latitudes 
and t he southe rn hemisphe re; therefore, many are only p assage migrants thr oughout most 
of the United States.  Scola pids range in size fr om the l east sa ndpipe r (11.5 cm bill tip t o 
tail tip) to the long-billed c urlew (48 cm). 

Selected species 

The spotted sa ndpipe r (Actitis macularia ) (19 cm) is a very common summer 
resident of freshwater and saltwater bodie s thr oughout most of the Unit ed States. These 
sandpipe rs are most o ften enc ount ered singly but may form small flocks.  Most winter in 
the neot ropic s. 

Body size .  Females (approximately 50 g) are s ignific antly la rger than males 
(approximately 40 g) (Or ing and Lank , 1986). 

Habitat .  Spotted sa ndpipe rs br eed along t he edge s of bodie s of water, usually in 
open habitats, from the northern border of the boreal forest across North America, south to 
the central United States (Or ing and Lank , 1986).  They re quir e open water for bat hing a nd 
drinking, semi-open habitat for nest ing,  and dens e vegetation f or  breeding ( Bent, 1929; 
Oring e t al., 1983). 

Food habi ts .  In coastal areas, spotted sa ndpipe rs search the beach and m uddy 
edges of inlets and creeks, wa ding l ess frequently than most sa ndpipe rs;  inland t hey feed 
along t he shor es of sandy ponds and all t ypes of str eams, sometimes stray ing int o 
meadows, fields, and gardens in agricultural areas (Bent, 1929).  Their diet is composed 
primarily of terrestrial and marine insects (Bent, 1929).  W hile adult flying in sects comprise 
the bulk of the die t, cru staceans, leeches, m ollu scs, small fish, and carr ion a lso are eaten 
(Oring e t al., 1983).  Young feed themselves immediately after hatc hing,  conc entrating on 
small invertebrates (Or ing and Lank , 1986).  Dur ing in sect outbreaks, sa ndpipe rs will 
forage in wooded a reas near water, and they have been observed eat ing eggs and f ish  on 
occas ion ( Oring, pe rs.  obs .). 

Mol t.  Partial  prenuptial molt of body plum age oc curs in Ma rch and A pr il,  while the 
pos tnuptial molt begins by A ugus t with the body feathers and ends anywhere from October 
to Apr il w ith the los s of the prim ary flight feathers (Bent, 1929). 

Migr ation.  Spotted sa ndpipe rs gene rally migr ate in small flocks or s olit arily 
(National G eogr aphic Soci ety, 1987).  They winter from southern United States to northern 
Chile , Argentina , and Ur aguay (Or ing and Lank , 1986), and breed across North 

2-149 Spotted Sa ndpipe r 



Amer ica, nor th fr om Vir ginia and southe rn California (National G eogr aphic Soci ety, 1987). 
In the spr ing, females arrive at the bree ding grounds ear lier than males (in one study , by 
about 2 weeks; Or ing and Lank , 1982). 

Breeding activities and social organization .  The prim ary conside ration f or nesting 
sites is proximity to water, and spotted sa ndpipe rs h ave been known to build t heir  ground 
nests in such diverse c onditions as depr essions in volc anic rock and s trawberry patches 
(Bent, 1929).  Spotted sa ndpipe rs are poly androus (i.e., a single female lays eggs for 
multiple mal es), with males s upplying m ost of the incuba tion and pa rent al care (Or ing, 
1982).  Thus repr oduc tion is limit ed by the numbe r of males pr esent (Lank et al., 1985). 
Spotted sa ndpipe rs la y a determinate clutch of four eggs.  Females may lay several 
clutches in a year, often a dozen eggs pe r season (Maxson and Or ing, 1980).  Egg laying 
begins b etween late May and early June in Minne sota (Lank et al., 1985), and males 
incubate after the third egg is laid (Or ing e t al., 1986).  Females sometimes incubate and 
brood w hen anothe r male is not available (Maxson and O ring, 1980).  Parents br ood small 
chicks and protect them with war ning c alls or by dis tracting or attack ing pr edators (Or ing 
and Lank, 1986). 

Home range and r esour ces.  Although a vari ety of vegetat ion t ypes are us ed, nests 
usually are placed in semi-open vegetat ion ne ar the edge of a l ake, river, or ocean (Or ing e t 
al., unpubl. , as cited  in Oring e t al., 1983; McVey, pers. obs.).  The suita bilit y of nesting 
habitat varies from year to year in some locat ions due to l evels of prec ipit ation a nd 
predators (Or ing e t al., 1983). 

Popul ation dens ity .  Spotted sa ndpipe r nesting densitie s have been st udied w ell a t 
only one lo cation, on Lit tle Pelic an Island,  Leech Lake, Minne sota.  At this lo cation, 
densities ranged from 4 to 13 females per hectare and 7 to 20 males per hectare over a 10
year per iod, depending on weather and other c onditions (Or ing e t al., 1983). 

Popul ation dyna mics .  Females may lay one to six clutches for different males over 
one season (Or ing e t al., 1984), averaging 1 .3 to 2.7 mates per year (Or ing e t al., 1991b). 
Female mat ing and r eproduc tive su ccess increase with age, but male success does not 
(Oring e t al., 1991b).  Lifetime reproductive success is most affected by fle dging s uccess 
and longe vity for  both m ales and females (Or ing e t al., 1991a). 

Similar species (from general references) 

��	 The solit ary sandpipe r (Trin ga so lit aria) is usually seen s ingly in f reshwater 
swamps or rivers.  Present over much of the United States dur ing annua l 
migr ations , this average-sized sa ndpipe r (18 cm) winters a long t he sout heast 
and Gulf coasts. 

��	 The western sa ndpipe r (Calidris mauri ) is a small s andpipe r (13 cm), 
common on mudflats and sa ndba rs, that wint ers on both t he Atlantic and 
Pacific shores of the United States. 
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��	 The least sa ndpipe r (Calidris minutilla ), the smallest of this gr oup (11 cm), is 
common in wint er on s alt marshes and muddy shor es of rivers and estuaries 
in coastal areas across the United States. 

��	 The semipalmated sa ndpipe rs (Calidris pusilla ) are small birds (13 cm) seen 
in the United States primarily dur ing migr ation and r arely wint ering on 
Florida coasts. 

��  Most other members of the family Scolopacidae forage by gle aning.

General references 

Oring and Lank (1986); Lank et al. (1985); Nat ional G eogr aphic Soci ety (1987); Oring 
et al. (1991a, 1991b). 
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Spotted Sandpiper ( Actitis macularia) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight A F spr ing 47.1 43 - 50 Minnesot a isla nd Maxson & O ring, 1980 
(g) A M spr ing 37.9 34 - 41 

Metabol ic  Rate 
(kcal /kg-day ) 

A F pre-breed 
A F laying 
A F 

404 - 787 
383 - 745 
368 

Minnesot a Maxson & O ring, 1980 1 

incubat ing 
A M pre-breed 
A M 

440 
303 

incubat ing 
A M brooding 

A F f ree-living 
A M free-livin g 

425 

460 
436 

(213 - 994) 
(202 - 937) est imated 2 

Food Ingest ion 3 
Rate (g/g-d ay) 

Water A F 0.16 est imated 4 
Ingest ion A M 0.17 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay)3 

A F 
A M 

0.039 
0.033 

est imated 5 

Surface Area 
(cm )2 

A F 
A M 

131 
113 

est imated 6 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

mayf lies ��  Minnesot a/isla nd i n lake Maxson & O ring, 1980 
midges ��  

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory 
Size (ha) 

approx. 0.25 NS/NS Maxson & O ring, 1980 
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Begi n Peak Locat ion Reference 

Spotted Sandpiper ( Actitis macularia) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Populat ion A F sum mer 10 3.8 - 12.5 Minnesot a/isla nd i n lake Oring et  al., 1983 
Densi ty (N/h a) A M sum mer 13.9 7.5 - 20.0 

Clutch Si ze 4 3 - 5 NS/NS Bent , 1929; Oring et  al., 1983 7 

Clutches/Year 1 - 6 Minneso ta/NS Orin g et a l., 1983 

Days 
Incubat ion 

18 to 24 NS/NS Oring, unpubl ished 

Age at approx imately NS/NS Oring et a l., 1991a 
Fledging 18 days 

Number 1.83 0.58 - 2.76 Minneso ta/isla nd  in la ke Oring et a l., 1984 
Fledge per 
Nest That 
Hatches 

Number 2.58 1.67 - 2.91 Minneso ta/isla nd  in la ke Oring et a l., 1984 
Fledge per 
Successful 
Nest 

Age at F 1 year Minneso ta/isla nd  in la ke Oring et a l., 1983 
Sexual M 1 year 
Maturity 

Annual F approx. 31 Minnesot a/isla nd i n lake Oring et  al., 1983; Oring & 
Mort ality M approx. 30 Lank, 1982;  Oring, 
Rates (percen t) unpubl ished 

Longevi ty A F 3.7 years Minnesot a/isla nd i n lake Oring et  al., 1983 

Seasonal Note 
Act ivi ty End No. 

Matin g early May late May  - early 
June 

Minneso ta Lank et a l., 1985 

Hatching early June late  June Minneso ta Lank et a l., 1985 
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Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Molt  fall August October NS Bent, 1929 
spr ing March - Apr il Bent, 1929 

Migration Minneso ta Lank et a l., 1985 
females late June early - m id-Ju ly 
males early Ju ly mid-Ju ly 

1 Est imated by authors; al lometric m odel not speci fied.
 
2 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Maxson and Or ing (1980).
 
3 See Chapt ers  3 and 4 f or met hods of est imating food ingest ion r ates; also see Sect ion 4.1.3 and Table 4-4 f or  sedi ment  ingest ion r ates for
 

sandpiper s. 
4 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Maxson and Or ing (1980). 
5 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Maxson and Or ing (1980). 
6 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Maxson and Or ing 

(1980). 
7 Spot ted sandpiper s are det ermin ate layers,  wi th  a clutch si ze of  four eggs.  Clutches wi th fe wer eggs are not com plete  or have lost eggs;  larg er 

clutches are t he resul t of  more th an one f emale layi ng i n a nest . 

Spotted Sandpiper ( Actitis macularia) 
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2.1.12. Herring Gull (gulls) 

Order Charadriif ormes , Family Larid ae.  Gulls are medium - to large-sized sea birds 
with  long point ed wings , a stout , slightly hook ed bill,  and w ebbed feet.  They are a bundant 
in temperate coastal areas and thr oughout the Gr eat Lakes.  Alt hough gulls may feed from 
garbage dumps and landfills , most take natural prey.  G ulls n est primarily in c olonie s, 
although s ome of the la rger species also n est s olit arily .  Many popula tions migr ate 
annually b etween bree ding and wint ering a reas.  North American gull s pecies range in size 
from Bonapa rte's gull (33 cm bill tip t o tail tip) to the gr eat black-backed gull (76 cm). 

Selected species 

The herr ing gull ( Larus argentatus ) (64 cm) has the largest range of any North 
Amer ican gull,  from Newfoundland south t o the Ch esapeake Bay a long t he nor th Atlantic 
and west thr oughout the Gr eat Lakes into Alaska.  A long t he Pacific coast, the similar-sized 
western gull ( L. oc cident alis ) is the ecologic al equiv alent of the he rr ing gull.  Both s pecies 
take primarily natural f oods , especially fish, although s ome individuals of both s pecies 
forage ar ound f ishing ope rations and landfills (Pier ot ti, 1981, 1987; Pierotti and Annett, 
1987).  The increase in number of herr ing gulls in this century ha s been attr ibuted to the 
inc reasing abundanc e of year-r ound food supplie s found in landfills (Drury, 1965; Harris, 
1970); however, birds specia lizing on ga rbage h ave such low reproductive success that 
they cannot repl ace themselves in the popula tion ( Pierot ti and Ann ett, 1987, 1991).  An 
alter native explana tion of the species' expansion is that cessat ion of taking of gulls by the 
feather indus try in t he late 1800's has a llow ed gull numbe rs to return to  pre-exploi tation 
levels (Graham, 1975). 

Body size .  Adult females (800 to 1,000 g) are s ignific antly smaller than males (1,000 
to 1,300 g) in both the herr ing gull ( Greig e t al., 1985) and the western gull ( Pierot ti, 1981). 
Chicks grow from their hatc hing w eight of about 60 to 70 g t o 800 to 900 g wit hin 3 0 to 40 
days, after which time their we ight stabilize s (Dunn and Brisbin, 1980; Norstrom et al., 
1986; Pierotti, 1982).  Norstrom et al. (1986) fitted chick growth rates to the Gompertz 
equation a s follow s: 

BW = 997 e-e(-0.088(t - 14.8)) for females, and 

BW = 1193 e-e(-0.075(t - 16.3)) for males, 

where BW  equals body weight in gr ams and t equals days after hatc hing.  Adult s show 
seasonal variat ion in body weight (Coulson e t al., 1983; Norstrom et al., 1986). 

Habitat .  Nesting colonie s of he rr ing gulls along t he nor theastern coast of the Unit ed 
States are f ound prim arily on s andy or  rocky offshore or barrier beach islands (Kadlec and 
Drury, 1968).  In the Great Lakes, they are f ound on t he more remote, secluded,  and 
protected islands and shorelines of the lakes and their c onne cting r ivers (Weseloh, 1989). 
Smalle r colonie s or isol ated pairs also can be f ound in c oastal marshes (Burger, 1980a), 
peninsula s, or  cli ffs along seacoasts, lakes, and rivers (Wese loh, 1989), and occas ionally in 
inland a reas or on buildings or pie rs (Harris, 1964).  Gulls are the most abundant seabirds 
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of fshor e from fall t hrough s pr ing,  and are only found pr edominantly inshor e during t he 
breeding season in late spr ing and s ummer (Powers, 1983; Pierotti, 1988).  G ulls forage 
predominantly of fshor e, within 1 to 5 km of the co ast (Pierotti, 1988).  In all seasons the 
numbe r of birds feeding a t sea outnumber those fee ding inshor e (data from Powers, 1983; 
Pierot ti,  pers. comm.).  Inshor e, herr ing gulls forage prim arily in int ertidal zone s but also 
search for f ood in wet fields, ar ound l akes, bays, and rock jetties, and at landf ills in s ome 
areas (Burger, 1988).  In Florida , herr ing gull pr esence at landf ills is r estricted to the winter 
months (December thr ough A pr il) and may consist primarily of first-year birds that 
migrated from more northerly popula tions (e. g., from the Gr eat Lakes) (Patton, 1988). 

Food habi ts .  Gulls feed on a variety of f oods depending on availabilit y, including 
fish, squid,  cru stacea, m ollu scs, worms, insects, small mammals and birds, duck and gull 
eggs and chicks, and garbage ( Bourge t, 1973; Burger, 1979a; Fox et al., 1990; Pierotti and 
Annett, 1987).  G ulls forage on ope n water by aerial dipping and s hallow diving a round 
conc entrations of pr ey.  At sea, such concentrat ions o ften are associated with whales or 
dolphins , othe r seabirds , or  fishing bo ats (McCleery and S ibly , 1986; Pierotti, 1988).  In the 
Great Lakes, concentrat ions of species such as alewife oc cur seasonally (e.g., when 
spawning) (Fox et al., 1990).  Gulls also forage by stea ling food f rom othe r birds and by 
scave nging a round hum an refuse si tes (e.g., garbage dumps, fish plants, docks, and 
seaside parks) (Burger and Gochfeld, 1981; 1983; Chapman and Parker, 1985). Individua l 
pair s of gulls may specia lize pr edominantly on a single type of food;  for example, three 
quarters of a popula tion of he rr ing gulls in N ewfoundland w ere found t o specialize either 
on blue mu ssels, garbage, or adults of Leach's storm-petrel, with 60 percent of the 
specialists concentrat ing on m ussels between 0.5 and 3 cm in length (Pierotti and Annett, 
1987; 1991).  Diet choices may change with the age and experience of a dult birds as well a s 
with availabilit y of pr ey (Pier ot ti and Ann ett, 1987; 1991).  Females take smaller prey and 
feed less on garbage than do males (Pierotti, 1981; Greig et al., 1985).  For example, Fox et 
al. (1990) found females to feed more on smelt (100 to 250 mm) and males more on alewife 
(250 to 300 mm) in the Great Lakes re gion.  Adult gulls so metimes attack and eat chicks of 
neighboring gulls or othe r species of seabird (Brown, 1967; Schoen and Morris, 1984). 
Juveniles up to 3 years of age forage less efficiently than adults (Greig et al., 1983; 
MacLean, 1986; Verbeek, 1977).  In the Great Lakes, herr ing gulls ' high consumption of 
alewife during t heir spawn may result in high e xposur es of the gulls to  lipophilic 
contaminants that biomagnify (Fox et al., 1990). 

Metabolism .  Norstrom et al. (1986) have estimated an a nnual e nergy budge t for 
free-living female herr ing gulls that br eed in t he Great Lakes and an a nnual e nergy budge t 
for free-living juv enile he rr ing gulls in t he Great Lakes in their first year.  Between 
September and March, the nonbr eeding season, they estimate that a dult females re quir e 
250 to 260 kcal/day. Following a dip in e nergy requir ements to 210 kcal/day when the male 
feeds the female dur ing cour tship,  the female's needs increase to peak at 280 kcal/day for 
egg produc tion,  then fall t o approx imately 210 kcal/day dur ing incuba tion.  The ener gy 
requir ed to forage for food f or the chi cks is substantial, ris ing t hrough July to p eak in 
August at 310 to 320 kcal/day, then dec lining a gain until S eptember when fee ding chic ks 
has ceased.  These estimates compare well with those derived from Nagy's (1987) equation 
to estimate free-liv ing metabolic r ates for seabirds, except that the energy peaks re quir ed 
to produce eggs and to feed chicks are not inc luded in Nagy 's model.  Re aders int erested 
in the meta bolic r ates of first-year herr ing gulls are r eferred to Norstrom et al. (1986).  E llis 
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(1984) provides an overview of seabird energetics and a dditional dis cussion of approa ches 
and models for estimat ing metabolic r ates of free-ra nging seabirds . 

Mol t.  Gull chi cks are downy gray with dark brown spott ing and molt into a da rk-
gray or brown m ottled  juv enile plum age.  At the end of the first year,  por tions of the 
plumage have paled, and by the sec ond year,  gray plum age develops along t he back and 
top of wings .  By their thir d year, young gulls r esemble dirty a dult s, and t hey acquir e their 
full adult plum age by 4 years (Harrison, 1983; Kadlec and Drury, 1968).  A dult gulls , at least 
in s ome popula tions , begin t heir  prim ary feather molt dur ing incuba tion and c ompl ete the 
molt by mid- to late fall ( Coulson e t al., 1983).  They molt and replace the large body 
feathers from mid-summer to early fall ( Coulson e t al., 1983). 

Migr ation.  Herr ing gull popula tions along t he nor theast coast of North America tend 
to be migr atory, while adult he rr ing gulls of the Gr eat Lakes are year-r ound r esident s. 
Along t he western North Atlantic, most herr ing gulls arrive on t heir  breeding grounds 
between late February and late April.  They remain until late August or early September 
when they leave for their winter ing grounds along t he Atlantic and Gulf co asts or well 
offshore (Burger, 1982; Pierotti, 1988).  A dult and olde r subadult he rr ing gulls in t he Great 
Lakes area are essentially nonmigr atory (Mine au et al., 1984; Weseloh e t al., 1990).  Thus, 
in contrast to other fish-eat ing birds in t he Great Lakes system that migrate south in the 
wint er, herr ing gulls are expos ed to any con taminants that may be in Great Lakes' fish 
thr oughout the year (Mineau et al., 1984).  Postbree ding dispe rsal away from bree ding 
colonie s begins in l ate July and ends in A ugus t, with all a ges traveling shor t di stances. 
Great Lakes herr ing gulls l ess than a year old usually migr ate to the Gulf or Atlantic coast 
(Smith, 1959; Mineau et al., 1984), trave ling along r iver systems and the coast ( Moor e, 
1976). 

Breeding activities and social organization .  Gulls n est primarily in c olonie s on 
offshore islands, and nest density is str ongly affected by popula tion size (Pier ot ti, 1981; 
1982; 1987).  Typically, males arrive at the bree ding grounds first and establish t erritories. 
Both sexes build t he nest of vegetat ion on t he ground in a reas that are sheltered from wind 
but may be exposed to the sun (Pierotti, 1981; 1982).  Males feed females for 10 to 15 days 
prior to the start of egg lay ing ( Pierot ti, 1981).  From the lay ing of the first egg until t he 
chicks are 3 to 4 weeks old, one or both pa rent s will be pr esent at all times (T inbe rgen, 
1960).  Males perform most territorial defense, females perform most incubat ion,  and bot h 
parents feed the chicks until they are at least 6 to 7 weeks old (Burge r, 1981; Pierotti, 1981; 
Tinbe rgen, 1960).  All gulls are str ongly monoga mous ; pair bonds can  persis t for 10 or 
more years and usually only are termin ated by the death of a mate or fa ilur e to reproduc e 
successf ully (T inbe rgen, 1960).  Males may be promisc uous in popula tions with more 
females than males (Pierotti, 1981).  Herr ing gull colonie s often are f ound in association 
with colonie s of othe r species,  including othe r gulls (Bourge t, 1973; Brown, 1967).  In some 
nesting colonie s, gulls attack chicks of ne ighboring gulls and othe r species (Brown, 1967; 
Schoen and Morris, 1984). 

Home range and r esour ces.  During t he br eeding season, herr ing gulls d efend a 
territory of several tens of square meters ar ound t he immediate vicinity of the nest (Burger, 
1980b).  Their daily fora ging r ange depends on t he availabilit y of pr ey and on t he foraging 
strategy, age, and sex of the gull.  Using r adiot elemetry on gulls in t he Great Lakes, Morris 

2-159 Herr ing Gull 



and Black (1980) demonstrated that some parents with chicks forage at specific locat ions 
within 1 km of the colony wher eas other parents make extended f light s to destina tions 
across a lake more than 30 km away.  Similarly, gulls that feed at sea may range tens of 
kilometers from their nest whereas gulls fr om the same c olony feeding in t he int ertida l 
zone may travel less than 1 km (Pierotti and Annett, 1987; 1991).  Males typically range 
farther than females and take larger prey items (Pierotti and Annett, 1987; 1991).  At sea 
during t he nonbr eeding season, gulls may range hundr eds of kilo meters dur ing a da y 
(Pierotti, pers. comm.). 

Popul ation dens ity .  As described above, popula tion densit y is d etermined by 
available ne sting s pace, size of the bree ding popula tion,  and qualit y of habi tat.  Small 
islands with  good feeding a reas nearby can have several hundr ed nests per hectare 
(Kadlec, 1971; Parsons, 1976b; Pierotti, 1982).  In poor qualit y habi tat, some pairs nest 
solit arily without anothe r nest for several kilometers (Wese loh, 1989). 

Popul ation dyna mics .  Herr ing gulls and western gulls usually do not begin 
breeding until a t least 4 years of age for males and 5 years of age for females (Burger, 
1988; Pierotti, 1981; Pierotti, pers. comm.).  Kadlec and Drury (1968) suggest that in a given 
year, 15 to 30 pe rcent of adult s of br eeding a ge do not br eed.  Most br eeding females 
produce three-egg clutches, but individuals in poor  condition may lay only one or  two eggs 
(Parsons, 1976a; Pierotti, 1982; Pierotti and Annett, 1987; 1991).  Herr ing gulls will la y 
replacement eggs if all or a port ion of their  original clut ch is d estroyed (Parsons, 1976a). 
Hatching s uccess appears to be influenced by female diet, with garbage specialists 
hatching a smaller percentage of eggs than fish or intertidal (mussel) specialists (Pierotti 
and Annett, 1987, 1990, 1991).  Predat ion,  often by gulls of the same or other species, also 
contributes to egg losses (Paynter, 1949; Harris, 1964; Davis, 1975).  Many herr ing gull 
chicks that hatch die before fle dging,  most within t he first 5 d ays after hatc hing ( Harris, 
1964; Kadlec et al., 1969; Brown, 1967).  A dult mortalit y is low (ar ound 1 0 percent pe r year), 
and some birds may live up to 20 years (Brown, 1967; Kadlec and Drury, 1968).  Suba dult 
birds exhibit highe r mortalit y (20 to 30 percent per year) (Kadlec and Drury, 1968; Chabrzyk 
and Coulson, 1976). 

Similar species (from general references) 

��	 The western gull ( Larus occidentalis ) (64 cm), f ound on t he Pacific coast of 
the United States, is the ec ologic al equiv alent of the he rr ing gull and is 
similar in size (53 cm); males range from 1,000 to 1,300 g and females from 
800 to 1,000 g (Pierotti, 1981). 

��	 The glaucous gull ( Larus hype rbor eus) is larger (69 cm) than the herr ing gull 
and is the pr edominant gull br eeding in t he high a rctic.  Birds fr om Alaska 
are slightly smaller than birds from eastern Canada. 

��	 The glaucous -winged gull ( Larus glaucescens ) is simila r in size to the 
herr ing gull (66 cm) and is the primary bree ding s pecies nor th of the 
Columbia Riv er.  This species hybridize s extensively with the herr ing gull in 
Alaska. 
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��	 The California gull ( Larus californicus ) is smaller (53 cm) than the herring 
gull.  This species br eeds prim arily in t he Great Basin Desert and winters 
along t he Pacific coast. 

��	 The great black-backed gull ( Larus mari nus ) is the largest species of gull ( 76 
cm) in North America and breeds from Labrador to Long Island. 

��	 The r ing-billed gull ( Larus delawarensis ) is of average size (45 cm) and is the 
most common br eeding gull in t he Great Lakes and northern prairies. 

��	 Franklin' s gull ( Larus pipixcan ) is a small (37 cm), summer resident of the 
Great Plains. 

General references 

For gene ral infor mation: Ha rrison (1983); Nat ional G eogr aphic Soci ety (1987); 
Tinbe rgen (1960); Graham (1975).  For discuss ion of die t: Burge r (1988); Fox et al. (1990); 
Pierotti (1981); Pierotti and Annett (1987). 
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Herring Gull ( Larus argentatus ) 

Factor s 
Age/Sex 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion Reference 

Note 
No. 

Body  Weight A F spr ing 951 ± 88 SD Lake Hur on Norst rom  et al., 1986 
(g) A M spr ing 1,184 ± 116 SD 

A F sum mer 999 ± 90 SD 832 - 1,274 Newfoundland Threl fall  & Jewer , 1978 
A M sum mer 1,232 ± 107 SD 1,014 - 1,618 

at hat ching  65 50 - 80 Maine Dunn & Br isbin, 1980 
10 days old 230 120 - 380 
20 days old 590 420 - 800 
30 days old 810 610 - 1,000 

30 days old 964 ± 77 SD Newfoundland/ rocky  isla nd Pierot ti,  1982 1 
30 days old 818 ± 99 SD Newfoundland/grassy  isla nd 

Chick Growt h < 5 days 8.8 - 13.1 Newfoundland/ isla nd Pierot ti,  1982 
Rate (g/day) 5-30 days 26.3 ± 6.5 SD Newfoundland/ isla nd Pierot ti,  1982 

meadow 
5-30 days 33.4 ± 4.7 SD Newfoundland/ rocky  isla nd Pierot ti,  1982 

5-25 days 30.2 ± 1.75 SD 26.7 - 31.4 Maine/coastal  isla nd Hunt , 1972 

Egg Weight  (g) 3 egg clutch 87.2 New Brunsw ick Herbert & Bar clay,  1988 
2 egg clutch 85.7 

in  1983 92.0 ± 5.9 SD Lake Super ior , Canada Meathrel et  al., 1987 
in  1984 98.0 ± 8.0 SD 

Metabol ic  Rate 
(kcal /kg-day ) 

A M basal
A F basal

A  standa rd

A M free-
livin g 
A F f ree-
livin g 

86 
91 

 99 

233 

248 

(84 - 646) 

(92 - 669) 

laboratory 

est imated 

Lus tic k et a l., 1978 

est imated 

2 

3 

Also see text  for  a discussion of annual var iati on i n fr ee-livi ng m etabol ic rate in  herring gul ls. 
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Herring Gull ( Larus argentatus ) 

Age/Sex Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Food Ingest ion A M breedi ng 0.20 Newfoundland - Pierotti  & Annet t, 1991 4 
Rate (g/g-d ay) A F breedi ng 0.21 diet  of  mussel s 

A M breedi ng 0.19 Newfoundland - Pierotti  & Annet t, 1991 5 
A F breedi ng 0.18 diet  of gar bage 

Water A M 0.055 est imated 6 
Ingest ion Rat e A F 0.059 
(g/g-d ay) 

Inhal ation Rat e 
(m /day) 3 

A M 
A F 

0.48 
0.41 

est imated 7 

Surface Area 
(cm ) 2 

A M 
A F 

1,150 
1,001 

est imated 8 

Dietar y 
Compos itio n Summer Summer Summer Summer  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

months: Mid-May/ Mid-J une/ Mid-J uly/ Newfoundland/ isla nd Haycock & Threl fall, 1975 
Mid-June Mid-Jul y Mid-Aug. 

Mytilu s edul is 30.9 0.9 9.1 (% occur rence i n 
sea urchi n 5.8 0.0 4.5 regurgi tati ons and 
fish 11.4 71.1 18.9 pellets) 
Oceanodrom a 22.4 7.0 15.9 
leuchorhoa 

Fratercul a arct ica 5.8 0.0 1.5 
adul ts 
Fratercu la, Uria 0.0 3.5 9.1 
chicks 
Larus sp. eggs 3.1 0.9 0.8 
Vaccinum - - 9.9 
angust ifolium 
Gadus m orhua 12.4 1.7 14.4 
offa l 
assor ted refuse 5.8 0.9 6.8 
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Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat 

Herring Gull ( Larus argentatus ) 

Dietar y 
Compos itio n Summer Summer Summer Summer  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

year: 1978 1979 1980 1981 Lake Ontario Fox et  al., 1990 
Amer ican smel t 46.1 18.4 61.2 57.8 
alewife 23.1 73.7 16.7 23.4 (% occur rence i n 
other  fish 20.5 0 3.4 3.1 regurgi tati ons f rom and 
birds 2.6 2.6 13.8 6.2 stomach content s of 
vol es 2.6 2.6 3.4 9.4 incubat ing adul ts) 
insects & r efuse 12.8 0 3.4 0 

lake: Ontario Erie Huron Super ior Great Lakes Fox et  al., 1990 
fish 91.8 94.1 75.8 38.6 
insect s 5.5 5.9 5.6 42.1 (% occur rence i n bol i 
offal,  garbage 0.5 2.9 13.6 21.0 regurgi tated by chicks) 
gul l chicks 2.2 0 1.0 0 
adul t b irds 1.6 0 1.0 3.5 
amphibians 0.5 0 0 0 
earthworms 2.2 0 11.6 1.7 
cray fish 0 0 0.5 0 

snai ls 3 CA,FL,NY,NJ,TX/ Burger , 1988 
crabs 14 coastal 
garbage 27 
offal 5 (% of gul ls f eeding on i tems) 
worms 23 
other  inverts. 28 offs hore feeding on f ish was 
fish unknown not  included i n observat ions 

Populat ion Note 
Dynamics Reference No. 

Foragi ng A M 10 to 15 3 - 50 NS/coastal Pierot ti,  pers. com m. 
Radius ( km) A F 5 to  10 3 - 25 

Populat ion summer 227 138 - 350 Massachuset ts/c oastal Kadlec, 1971 
Densi ty isla nds 
(nests/ha) 

sum mer 217 Newfoundland/ isla nd - rocky Pierot ti,  1982 
75 Newfoundland/ isla nd 

grassy slope 
Pierotti,  1982 
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Herring Gull ( Larus argentatus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Clutch 
Size

2.78 2.51 - 2.90 
 (over 8 si tes) 

New Jersey /sal t marsh 
isla nds 

Burger , 1979b 

2.54 

2.38 

2.84 ± 0.44 SD 

1 - 6 

2.3 - 2.8 
(per nest ) 

(over 11 years) 

NE Uni ted States/coastal 

Maine/coastal  isla nds 

Lake Super ior, Canada/ 
isla nds 

Nisbet & Drur y, 1984 

Hunt , 1972 

Meathrel et  al., 1987 

Clutches/Year 1 1 - 2* (* if first  eggs l ost) Burger , 1979a; Bourget , 1973 

Days 30.5 28 - 33 Hol land/NS Tinber gen, 1960 
Incubat ion 29  Newfoundland/ isla nd Pierot ti, 1982 9 

Age at 51 35 - 44 to 56 - 61 Massachuset ts/c oastal Kadlec et  al., 1969 
Fledging 43 31 to 52 isla nd Paynter,  1949 
(days) New Brunswick /isla nd 

Number 3 colonies 1.42 1.40 - 1.44 New Jersey /coastal Bur ger & Shi sler,  1980 
Fledge 
per 6 colony -yrs 1.65 1.40 - 2.13 Lake Ontari o/lakeshor e Mineau et  al., 1984 
Act ive Nest 3 colony -yrs 1.78 1.62 - 2.10 Lake Er ie/lakeshor e  (minim um and maxi mum  are 

6 colony -yrs 2.19 2.16 - 2.25 Lake Huron/ lakeshor e  yearly m eans) 

Number 3 colonies 1.80 1.79 - 1.80 New Jersey /coastal Bur ger & Shi sler,  1980 
Fledge per 
Successful 
Nest 

Age at F 5 years throughout  range/NS Greig  et al., 1983; Pierot ti, 
Sexual M 4 - 5 years  pers. com m. 
Maturity 

B 4.3 to  5.8 3 - 8 Sco tland/coastal Coulson et a l., 1982 

Annual A B 8 New England/coastal Kadlec & Drur y, 1968 
Mort ality  Rates J B 22 17 - 33 
(percent ) A B 7.3 Scot land/coastal Chabr yzk  & Coulson, 1976 
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Populat ion Age/Sex/ Note 
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No. 

Longevi ty A B 10 up t o 30 years NS/NS Pierot ti,  pers. com m. 

Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Mating/ late  Apr il early May early June ne shore Lake Super ior Morri s & Hay mes, 1977 
Laying early May mid-M ay early June Maine Bourget , 1973 

early May mid-M ay mid-June New Jersey Bur ger, 1977, 1979b 
early May late May end May Newfoundland Pierotti,  1982 

Hatching mid - late May Great Lakes Fox et  al., 1990 
May June Jul y Massachuset ts Kadlec, 1971 
early June mid-June end June Newfoundland Pierotti,  1982, 1987 
late  June late  June mid-Jul y New Brunsw ick Paynter,  1949 

Migration 
spr ing Februar y late  Apr il nor thw estern At lant ic Bur ger, 1982 

populat ions 
fall August September 

Molt June Jul y August Newfoundland Pierotti,  pers. com m. 

1	 Weight of chicks f rom first  egg l aid in  1978 for th e rocky  isla nd and i n 1977 for th e grassy area.  In som e years and som e loc ations, chicks f rom 
the first  egg w ere heavier  than the rest , and at other  tim es and l ocat ions,  the first  chick was l ighter . 

2 Est imated using equat ion 3-29 (Lasiewski and Dawson, 1967) and body weights f rom Threl fall  and Jewer  (1978). 
3 Est imated using equat ion 3-38 (Nagy, 1987) and body weights f rom Threl fall  and Jewer  (1978). 
4	 Est imated using 11.2 meals of  mussel consumed per day per pai r, wei ght of 80 g per  mussel  meal of  whic h hal f is  shel l and not included i n 

ingest ion r ate, assum ing t hat the female  accounts f or 46 percent of pai r's  energy  requi rement and t he male accounts f or 54 perc ent, and usi ng 
the body weights of Threl fall  and Jewer  (1978). 

5	 Est imated using 4.2 meals of gar bage consumed per day per pai r, wei ght of 100 g per gar bage meal , assum ing t hat the female  accounts f or 46 
percent of pai r's  energy  requi rement and t he male accounts f or  54 percent , and using t he body weights of Threl fall  and Jewer  (1978). 

6 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Threl fall  and Jewer  (1978). 
7 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Threl fall  and Jewer  (1978). 
8	 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Threl fall  and Jewer 

(1978). 
9 Beginning wi th first  egg. 

Herring Gull ( Larus argentatus ) 
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2.1.13. Belted Kingfisher (kingfishers) 

Order Coraciif ormes , Family Alc edinid ae.  Kingfishe rs are sto cky, short-legged 
birds with  large he ads and bills .  They exist on a die t mostly of fish, which t hey catch by 
diving,  from a pe rch or  the air,  head first into t he water.  They nest in burrows in earthen 
bank s that they dig using t heir  bills and feet. 

Selected species 

The belt ed kingfishe r (Ceryle alcyon , formerly Megaceryle alcyon ) is a medium -
sized bird (33 cm bill tip t o tail tip) that eats primarily fish.  It is one of the few species of 
fish-eat ing birds found t hroughout inland a reas as well as coastal areas.  The belted 
kingfishe r's range include s most of the Nor th Amer ican continent ; it br eeds fr om nor thern 
Alaska and central Labrador southward to the southern border of the United States (Bent, 
1940).  Two subspecies sometimes are rec ognized:  the eastern belted k ingfishe r (Ceryle 
alcyon alcyon ), which occupies the range east of the Rocky Mount ains and nor th to 
Quebec, and the western belted k ingfishe r (Cercyle alcyon caurina ), which occupies the 
remaining r ange to the west (Bent, 1940). 

Body size .  The sexes are similar in size and appearance, alt hough t he female tends 
to be slightly la rger (Salyer and Lagler, 1946).  Bent (1940) reported that western 
popula tions are so mewhat larger than eastern ones.  Nest lings r each adult body weight by 
about 16 d ays after hatc hing, but then may lose some we ight be fore fledging ( Hamas, 
1981). 

Habitat .  Belt ed kingfishe rs are typic ally found along r ivers and s treams and a long 
lake and pond edge s (Hamas, 1974).  They are also common on seacoasts and estuaries 
(Bent, 1940).  They prefer waters that are free of thick vegetat ion t hat obs cures the view of 
the water and water that is not completely overshadowed by trees (Bent, 1940; White, 
1953). Kingfishe rs also requir e rela tively clear water in order to see their prey and are 
noticeably absent in areas when waters become tur bid ( Bent, 1940; Davis, 1982; Salyer and 
Lagler, 1946).  White (1953) suggested that water less than 60 cm deep is preferred.  They 
prefer stream riffles for fora ging s ites even when pools are more plentiful b ecause of the 
conc entration of fish at riffle edge s (Davis, 1982).  Belted k ingfishe rs n est in burrows within 
steep earthen banks dev oid of vegetation be side rivers, streams, ponds , and l akes; they 
also have been f ound t o nest in slopes created by human excavat ions such as roadcuts 
and landfills (H amas, 1974).  Sandy s oil bank s, which a re easy to excavate and provide 
good dr ainage , are pr eferred (Brooks and Davis, 1987; Cornwell, 1963; White, 1953).  In 
general,  kingfishe rs n est near suitable fis hing a reas when poss ible but will n est away from 
water and feed in bodie s of water other than the one closest to home (Cornwell, 1963). 

Food habi ts .  Belt ed kingfishe rs gene rally feed on fish that swim near the surface or 
in s hallow water (Salyer and Lagler, 1946; White, 1953; Cornwell, 1963).  Davis (pers. 
comm. in Prose, 1985) believes that these k ingfishe rs gene rally catch fish only in t he uppe r 
12 to 15 cm of the water c olumn.  Belt ed kingfishe rs capture fish  by diving e ither fr om a 
perch ov erhanging t he water or after hover ing abov e the water (Bent, 1940).  Fish 
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are swallow ed whole , head first, after be ing b eaten on a perch (Bent, 1940).  The average 
length of fish caught in a Michigan s tudy was less than 7.6 cm but ranged from 2.5 to 17.8 
cm (Salyer and Lagler, 1946); Davis (1982) f ound f ish caught in Ohio s treams to range from 
4 to 14 cm in length.  Several st udie s indi cate that belted k ingfishe rs usually catch the prey 
that are most available (White, 1937, 1953; Salyer and Lagler, 1946; Davis, 1982).  Diet 
therefore var ies conside rably among di fferent water bodie s and w ith season (see examples 
in Appendix ).  Although kingfishe rs feed predominantly on fish, they also sometimes 
consume large numbers of crayfish (Davis, 1982; Sayler and Lagler, 1946), and in 
shor tages of their  preferred foods , have been known to consume crabs, mussels, lizards, 
frogs, toads, small snakes, turtles, insects, salamanders, newts, y oung birds , mice, and 
berries (Bent, 1940).  Parents br ing s urprisingly la rge fish to their young.  Whit e (1953) 
found t hat nestlings only 7 to 10 days old w ere provided f ish  up t o 10 cm long,  and 
nestlings only 2 weeks old w ere provided w ith fish  up t o 13 cm in length.  After fledging, 
young belt ed kingfishe rs fed  on f lying in sects for their first 4 days after leav ing t he nest, 
crayfish for the next week, and by the 18th day post-fle dging,  could catch fish (Salyer and 
Lagler, 1946). 

Mol t.  The juv enile plum age is maint ained t hrough t he wint er, and young birds 
unde rgo t heir first pr enuptial molt in t he spr ing ( between February and April) involving 
most of the body plum age (Bent, 1940).  Adults have a complete post nuptial molt in t he fall 
(August to October) (Bent, 1940). 

Migr ation.  This kingfishe r breeds ov er most of the area of Nor th Amer ica and 
wint ers in m ost regions of the continent al Unit ed States (Nat ional G eogr aphic Society, 
1987).  Alt hough m ost nor ther n kingfishe rs migr ate to southern re gions during t he colde st 
months, some may stay in areas that remain ice-free where fis hing is pos sible (Bent, 1940). 

Breeding activities and social organization .  During t he br eeding season, pairs 
establish t erritories for nesting and f ishing ( Davis, 1982); otherwise, belted k ingfishe rs are 
solit ary.  They are not colonial n esters and w ill d efend a n unus ed bank if it lie s within t heir 
territory (Davis, 1982).  In migrat ing popula tions , the males arrive be fore the females to find 
suit able ne sting t erritories (Davis, 1982). Kingfishe rs excavate their burrows in earthen 
bank s, forming a tunnel t hat averages 1 to 2 m in length, alt hough s ome bur rows may be 
as long a s 3 to 4 m (H amas, 1981; Prose, 1985).  The burrow entrance is usually 30 to 90 
cm from the top of the bank (Bent, 1940; White, 1953) and at least 1.5 m from the base 
(Cornwell, 1963).  Burrows closer to the top may c ollaps e, and bur rows too low may f lood 
(Brooks and Davis, 1987).  Burrows may be used for more than one season (Bent, 1940). 
Five to seven eggs are laid on bare substrate or on fish bone s within t he bur row (Hamas, 
1981; White, 1953).  Only one a dult , usually the female, spends the night in t he nest cavity; 
males usually roost in nearby forested areas or heavy cover (Cornwell, 1963).  Both 
parents incubate eggs and feed the y oung ( Bent, 1940).  After fle dging,  the young r emain 
with their parents for 10 to 15 days (Sayler and Lagler, 1946). 

Home range and r esour ces.  During t he br eeding season, belted k ingfishe rs requir e 
suit able ne sting s ites with adequate nearby fis hing.  During s pr ing and e arly su mmer, both 
male and female belted k ingfishe rs d efend a territory that includes both their nest site and 
their foraging a rea (Davis, 1982).  By autumn, each bird (inc luding t he young of the year) 
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defends an  individua l feeding t erritory only (Davis, 1982).  The bree ding t erritories (lengt h 
of water line pr otected) can be more than twice as long a s the fall and wint er feeding 
territories, and stream territories tend to be longe r than thos e on l akes (Davis, 1982; Salyer 
and Lagler, 1946).  Fora ging t erritory size is inv ersely rel ated to prey a bundanc e (Davis, 
1982). 

Popul ation dens ity .  Breeding densitie s of b etween two and six pairs per 10 km of 
river shor eline h ave been recorded, with density increas ing w ith food availabilit y (Br ook s 
and Davis, 1987; White, 1936). 

Popul ation dyna mics .  Kingfishe rs are sensitive to  dis turbance and usually do not 
nest in areas near human activity (White, 1953; Cornwell, 1963). Kingfishe rs typic ally 
breed in the first season after they are born (Bent, 1940).  Fle dging s uccess depends on 
food availabilit y, storms, floods , predation,  and t he int egrity of the n est burrow but can be 
as high a s 97 percent (M. J. H amas, pers. comm.).  Dispersal of y oung oc curs within a 
month of fledging ( Whit e, 1953).  No data concer ning annual s urvivor ship r ates were f ound. 

Similar species (from general references) 

��	 The gr een kingfishe r (Chloroceryle americana ) is smaller (22 cm) than the 
belt ed kingfishe r and is only common in t he low er Rio Grande Valle y.  It also 
is found in sout heastern Ar izona and along t he Texas coast, usually during 
fall and wint er. 

��	 The r inged kingfishe r (Ceryle torquata) is larger (41 cm) and resides in the 
low er Rio Grande Valle y in T exas and Mexico. 

General references 

Bent (1940); Fry (1980); Nat ional G eogr aphic Soci ety (1987); Prose (1985); White 
(1953). 
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Belted Kingfisher ( Ceryle alcyon ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) 

Locat ion or 
subspecies Reference 

Note 
No. 

Body  Weight 
(g)

A B 

A B 

A B 

at hat ching 

at fledging 

at fledging 

148 ± 20.8 SD 

136 ± 15.6 SE 

158 ± 11.5 SE 

10 - 12 

148 ± 13.3 SE 

169 ± 11.9 SE 

125 - 215 Pennsy lvani a 

Pennsy lvani a 

Ohio 

Minnesot a 

Pennsy lvani a 

Ohio 

Powdermill N ature  Center 
 (unpubl .) 

Brooks & Davis, 1987 

Brooks & Davis, 1987 

Hamas, 1981 

Brooks & Davis, 1987 

Brooks & Davis, 1987 

1 

Nest ling 
Grow th Rate 
(g/day) 

5 to 6 Pennsy lvani a, Ohio/str eams Brooks & Davis, 1987 2 

Metabol ic  Rate 
(kcal /kg-day ) 

A B basal 

A B f ree-living 

132 

327 (154 - 693) 

est imated 

est imated 

3 

4 

Food Ingest ion 
Rate (g/g-d ay) 

A B 

nest lings 

0.50 

1.0 - 1.75 

nor thcent ral lower  Michi gan 

Nova Scot ia 

Alexander , 1977 

Whit e, 1936 

5 

Water 
Ingest ion Rat e 
(g/g-d ay) 

A B 0.11 est imated 6 

Inhal ation 
Rate (m /d ay)3 

A B 0.094 est imated 7 

Surface Area 
(cm )2 

A B 280 est imated 8 
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Belted Kingfisher ( Ceryle alcyon ) 

Dietar y Compos itio n Spr ing Summer Fall Winter Locat ion/Habi tat (m easur e) Reference No. 
Note 

trout  17* lower Mi chi gan/lake Alexander , 1977 
non- trout  fish  29 
crustacea 5 (% wet wei ght ; stomach 
insect s  19 content s) 
amphibians  27 
bi rds and m ammals 1 *data from spr ing and f all 
unident ified 2 also 

trout 30 Michi gan/trout st reams Salyer & Lagler , 1946 
other gam e & pan f ish 
(e.g., perch, 
cent rarchi ds) 

13 
(% wet volume; stomach 
content s) 

fora ge fis h (e.g., 
minnow, st ickleback, 
scu lpin s) 

15 

unident ifie d f ish 1 
cray fish 41 
insect s < 1 

salmon f ry 11 Nova Scot ia/rip arian  White, 1936 
salmon (1-yr-old) 42 streams 
salmon (2-yr-old) 1 (% of  total  number of prey ; 
trout 15 fecal pel lets) 
st icklebacks 30 
killifis h < 1 
sucker s < 1 

cray fish 13 southwest  Ohio/cr eek Davis, 1982 
cypr inid s 76 
(minnows) (13) (% of  total  number of prey 
(stoner ollers) (38) brought  to  nest lings) 
(unident ifie d) (26) 

other  fish 10 
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Belted Kingfisher ( Ceryle alcyon ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory S ize 
(km shorel ine) 

early s umme r 
breeding pai rs: 2.19 ± 0.56 SE Pennsy lvani a/str eams Brooks & Davis, 1987 

1.03 ± 0.28 SE Ohio/str eams Brooks & Davis, 1987 

late  sum mer 
nonbreedi ng 
individual s: 

1.03 ± 0.22 SE 

0.39 ± 0.093 SE 

southwest  Ohio/str eams 

southwest  Ohio/str eams 

Davis, 1980 

Davis, 1980 

Populat ion A B sum mer 0.11 - 0.19 Pennsy lvani a/str eams Brooks & Davis, 1987 
Densi ty 
(pair/km shore) A B sum mer 0.6 Nova Scot ia/str eams White, 1936 

Clutch Si ze 5.8 ± 0.7 SE Pennsy lvani a/str eams Brooks & Davis, 1987 

6.8 ± 0.4 SE Ohio/str eams Brooks & Davis, 1987 

Clutches/Year 1 Pennsy lvani a, Ohio/str eams Brooks & Davis, 1987 9 

1 Minnesot a/lake Hamas, 1975 

Days 
Incubat ion 

22 Minnesot a/lake Hamas, 1975 

Age at 
Fledging 

28 days NS/NS Bent, 1940 

Number 4.5 ± 1.9 SE Pennsy lvani a/str eams Brooks & Davis, 1987 
Fledge per 
Act ive Nest 5.3 ± 2.2 SE Ohio/str eams Brooks & Davis, 1987 

Age at Sexual 
Maturity 

1 year thr oughout  range Bent , 1940 
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Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Mating Apr il Apr il to May early Jul y Minnesot a Hamas, 1975 

Hatching May June late  Jul y Minnesot a Hamas, 1975 
early June Nova Scot ia Whit e, 1936 

Molt fall August October NS Bent, 1940 
spr ing Februar y Apr il NS Bent, 1940 

Migrat ion mid-O ctober Maine Bent , 1940 
fall  depar tures mid-November NY, SD, WI, NE Bent , 1940 

mid-December Massachuset ts,  New Jersey Bent , 1940 

spr ing ar rivals late Februar y PA, RI, MO Bent , 1940 
mid-March NY, CT, IL, WI Bent , 1940 
early Apr il Maine, Nova Scot ia Bent , 1940 

1 Cited in Dunning (1984) . 
2	 Brooks and Davis (1987)  repor ted f ledging weights of 149 and 169 g f or tw o populat ions.  Given a hat ching weight of about 10 g  and 28 day s 

requi red to fl edge, on average, chicks m ust gai n 5 to 6 g per day .  Hamas (1981)  found gai ns of approxi mately 8.5 g per day unt il  day 18, and a 
loss of approxi mately 4.5 g per day unt il fl edging. 

3 Est imated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f rom Powder mill N ature  Center ( unpubl .).
 
4 Est imated using equat ion 3-37 (Nagy, 1987) and body weights f rom Powder mill N ature  Center ( unpubl .).
 
5 Est imated by author .
 
6 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Powder mill N ature  Center ( unpubl .).
 
7 Est imated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Powder mill N ature  Center ( unpubl .).
 
8 Est imated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Powder mill N ature
 

Center  (unpubl .). 
9 They are known t o renest up t o thr ee times i f clutches are l ost ear ly (B ent, 1940). 

Belted Kingfisher ( Ceryle alcyon ) 
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2.1.14. Marsh Wren (wrens) 

Order Passeriformes , Family Troglody tidae.  Wrens are small insectivorous birds 
that live in a variety of habitats thr oughout the Unit ed States.  They have long,  slende r bills 
adapted for  gleaning in sects from the gr ound and v egetation.  Mos t species are migr atory, 
although s ome popula tions are year-r ound r esident s. 

Selected species 

The marsh wren ( Cis tothorus palu stris ) is a common bird inhabiting f reshwater 
cattail marshes and salt marshes.  Marsh wrens breed throughout most of the nor ther n half 
of the United States and in coastal areas as far south as Florida ; they wint er in t he 
southern United States and into Mexico, particularly in coastal areas.  Marsh wrens eat 
mostly insects, and occas ionally snails , which t hey gle an fr om the sur face of vegetat ion. 
This species was formerly known as the long-billed m arsh wren ( Telmatodytes palustris ). 

Body size .  Although w rens are small (13 cm bill tip t o tail tip;  about 10 g body 
weight ), males tend t o be about 10 pe rcent h eavier than females (see table). Body weight 
varies seasonally; in Georgia, where marsh wrens are resident thr oughout the year, they 
tend to be heavier in the spr ing and s ummer than in the fall and winter (Kale, 1965). 

Habitat .  Marsh w rens inhabit fresh water and saltwater marshes, usually nest ing in 
associat ion w ith  bulrushe s, cattails, and sedges or on occas ion in m angr oves (Welter, 
1935; Bent, 1948; Kale, 1965; Verner, 1965).  Sta nding water from several centimeters to 
nearly a meter is typical of the areas selected (Bent, 1948).  Permanent water is necessary 
to provide a food supply of in sects necessary to maintain the birds and as a defense 
agains t pr edation (Verner and Engelsen, 1970).  Deeper water and denser vegetat ion a re 
associated with reduced predat ion r ates (Leonard and Picman, 1987). 

Food habi ts .  Marsh wrens consume aquatic invertebrates, other insects, and 
spide rs, which t hey gle an fr om the water surface, on stems and leaves of emergent 
vegetat ion,  and t he marsh floor  (Kale, 1965; Welter, 1935).  They sometimes also feed by 
flycatc hing ( Welter, 1935).  The insect orders most comm only taken inc lude Coleopt era 
(both adults and larvae), Diptera (adults and larvae), Hemiptera (juveniles and adults), 
Lepidopt era (lar vae most comm only fed to nestlings ); and Odon ata (newly emerged) (Bent, 
1948; Kale, 1964).  When fee ding t he young,  at first the pa rent s bring m osquito adult s and 
larvae, m idge s, larval tipulids , and othe r small insects (Welter, 1935).  As the y oung 
mature, the parents br ing la rger  insects such as gr ound beetles, div ing b eetles, long-
horned beetles, cater pilla rs,  dragonflie s, and sawflies to the nest lings (Welter, 1935).  In a 
popula tion in G eorgia , spide rs (usually 1 to 3 mm in size , sometimes 12 to 15 mm), small 
crabs (5 to 7 mm), small snails (1 to 3 mm), and insect eggs also were consumed and fed 
to nestlings (Kale, 1965).  Thus, organisms that are aquatic for all or part of their lives are 
an impor tant component of the die t of marsh wren adult s and n estlings . 

Migr ation.  Marsh wrens are year-r ound r esident s in s ome southe rn and c oastal 
mar itim e regions where marshes do not freeze.  Most migr atory wrens br eed thr oughout 
the northern half of the United States thr ough southe rn Canada and wint er in Mexico and 

2-183 Marsh Wren 



the southern half of the United States (Bent, 1948; Verner, 1965; American Ornt hologi sts' 
Union, 1983; Nat ional G eogr aphic Soci ety, 1987). 

Breeding activities and social organization.  Many popula tions of marsh wren are 
polygynous , with some males mating w ith two, occas ionally three, females in a season, 
while the remaining m ales h ave one mate or remain bachelors.  For example, Leonard and 
Picman (1987) f ound 5 to 11 pe rcent ba chelor  males, 41 to 48 pe rcent monoga mous males, 
37 to 43 percent bigamous males, and 5 to 12 percent trigamous males in two marshes in 
Manitoba, Canada.  Similarly, Verner and Engelsen (1970) f ound 1 6 percent ba chelor s, 57 
percent monoga mous , and 25 percent biga mous males in eastern Was hington state.  In 
contrast, Kale (1965) f ound m ost males to  be monoga mous thr ough 4 years of study in 
Georgia. 

Males arrive at the br eeding m arshes be fore the females to esta blish t erritories that 
include both n est sites and fora ging a reas (Kale, 1965; Verner, 1965; Welter, 1935).  Males 
build several nests in their territories thr oughout the br eeding season (Kale, 1965; Verner, 
1965).  The female usually only adds lining material to a nest of her c hoic e, although s ome 
may help construct the bree ding n est (Kale, 1965).  Bree ding n ests are oblong in s hape, 
with a side opening,  and are woven  of cattails, reeds, and grasses and lashed to sta nding 
vegetat ion, gene rally 30 cm to 1 m abov e standing water or high tide (Bent, 1948; Verner, 
1965).  Incubat ion l asts approximately 2 weeks, as does the nest ling pe riod ( Kale, 1965; 
Verner, 1965).  After fle dging, one or both pa rent s continue to feed the y oung f or about 12 
days (Verner, 1965).  Many popula tions typic ally rear two  broods pe r year, although s ome 
may rear three (Kale, 1965; Verner, 1965).  In the more m onoga mous popula tions , bot h 
parent s regula rly feed y oung, but in t he more polygynous one s, the females may provide 
most of the food,  with males assist ing only towar d the end of the nestling pe riod ( Leona rd 
and Picman, 1988; Verner, 1965). 

Home range and r esour ces.  Marshes smaller than 0.40 ha usually are not used by 
breeding m arsh wrens (Bent, 1948).  Average male territory size for a given year and 
loc ation c an range fr om 0.006 to 0.17 ha, depe nding on t he habi tat and c onditions of the 
year (see table).  Also, there is a trend in polygynous popula tions for  polygynous males to 
defend la rger territories than monoga mous males or  males that end up a s bachelor s 
(Verner and Engelson, 1970; Verner, 1964; Kale, 1965). 

Popul ation dens ity .  Because the species is polygynous , there may be more females 
than males inhabiting br eeding m arshes.  Popula tion densit y var ies with the suit abilit y and 
patchiness of the habitat.  Densities as high a s 120 adult birds pe r hectare have been 
recorded (Kale, 1965). 

Popul ation dyna mics .  Clutch size and number of clutches per year vary with 
latitude and climate (see table).  In some popula tions , marsh wrens commonly destroy 
eggs and kill t he nestlings of othe r pair s of their  own s pecies and othe r marsh-nesting 
passerines (Orians and Wilson, 1964; Picman, 1977; Welter, 1935).  Fle dging s uccess 
depends str ongly on n est locat ion;  nests over deeper water are less v ulne rable to 
predation ( Leona rd and P icman, 1987).  Of nests lost to all causes, Leonard and Picman 
(1987) found 4 4 percent due to mammalian predators, 27 percent due to other wrens, 11 
percent due to weather, 8 percent due to nest aba ndonm ent, and 1 3 percent unknown.  The 
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annual m ortalit y of adult s is low er than that of fir st-year birds.  Both sexes of this species 
usually commence bree ding in t he first year f ollowing h atching ( Kale, 1965). 

Similar species 

��	 The sedge wren ( Cistothorus platensis , former ly known a s the shor t-bille d 
marsh wren) nests locally in wet meadows or sha llow sedge marshes and 
hayfields in the northeastern United States, winter ing prim arily in t he 
southeastern United States.  It is s lightly smaller (11 cm) than the marsh 
wren. 

Note:  None of the othe r wren species inhabit marshes, although all f orage 
by gle aning in sects from vegetat ion and othe r sur faces.  Wrens that inhabit 
mois t woodlands and open a reas are listed below. 

��	 The house wren ( Troglodytes aedon ) (12 cm) breeds thr oughout most of the 
United States, into southern Canada.  It inhabit s open habi tats with brush 
and s hrubs and is found in or char ds, farmyards, and urban gardens and 
parks. 

��	 The winter wren ( Troglodytes troglodytes ) (10 cm) breeds in southern 
Canada, where it nests in dense brush, especially a long mois t conif erous 
woodlands .  It wint ers prim arily in t he sout heastern United States, where it 
inhabit s many types of woodlands . 

��	 The Carolina wren ( Thryothorus ludov icianus ) (14 cm) is nonmigr atory and 
can be found in both s ummer and winter in the eastern United States as far 
north as northern Delaware and as far west as Oklahoma.  It inhabit s mois t 
woodlands and swamps and w ooded suburban a reas. 

��	 Bewick's wren ( Thryomanes bewickii ) (13 cm) is more common in western 
States than the hous e wren and is de clining east of the Mississ ippi.  It is 
found in brushland,  str eam edges, and open w oods . 

General references 

Kale (1965); Gutzw ille r and Ande rson (1987); Leonard and Picman (1987); Verner 
(1965), National G eogr aphic Soci ety (1987). 
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Marsh Wren ( Cistothorus palustris) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) 

Locat ion or 
subspecies Reference 

Note 
No. 

Body  Weight F breedi ng 10.6 ± 0.99 SD 9.0 - 13.5 New Yor k Tint le (unpubl .) 1 
(g) M breedi ng 11.9 ± 0.72 SD 10.5 - 13.5 

A F 9.4 ± 1.1 SD Georgi a Kale, 1965 2 
A M 10.6 ± 0.7 SD 
J B 9.4 ± 1.6 SD 

nest ling: New Yor k, Minnesot a/fresh Welter, 1935 3 
day 1 1.1  marshes 
day 3 2.1 
day 5 4.7 
day 7 6.8 
day 9 10.0 
day 11 10.6 
day 13 11.3 

at fledging 8.84 ± 0.70 SD Georgi a Kale, 1965 

Egg Weight  (g) 1.14 ± 0.10 SD Georgi a Kale, 1965 

Metabol ic  Rate A B basal 91.2 Georgia (capt ive) Kale, 1965 4 
(lO /kg-day) 2 A B near 113 5 

basal 6 
A B l ight 
act ivity 

169 

Metabol ic  Rate A B basal 444 Georgia (capt ive) Kale, 1965 7 
(kcal /kg-day ) A B near 

basal 
557 ± 115 SD Kale, 1965 8 

A B l ight 788 ± 115 SD Kale, 1965 9 
activity 

A B free-livin g 
880 ± 90 SD Kale, 1965 10 

1,209 (571 - 2,563) est imated 11 
A F f ree-living 
A M free-
livin g 

1,174 (554 - 2,486) 
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Spring Sum mer Fall Reference 

Marsh Wren ( Cistothorus palustris) 

Age/Sex/ Range or Locat ion or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Food Ingest ion 
Rate

A B f ree-living 1,155 ± 130 SD 
 kca l/kg-day 

Georgia (capt ive) Kale, 1965 12 

A B f ree-living 0.67 g/g-day Georgia (capt ive) est imated f rom Kal e, 1965 13 

A F f ree-living 
A M free-
livin g 

0.99 g/g-day 
0.96 g/g-day 

est imated 14 

Water A F 0.28 est imated 15 
Ingest ion Rat e A M 0.26 
(g/g-d ay) 

Surface Area 
(cm ) 2 

A F 
A M 

45 
48 

est imated 16 

Note 
Dietar y Compos itio n Winter Locat ion/Habi tat (m easur e) No. 

Hymenopter a 17.3 12.4 Georgia/sal t marsh Kale, 1965 17 
Homopter a 13.0 40.1 
Coleopter a 11.6 12.6 (% wet vol ume; 
Lepidopter a 14.6 2.9 stomach content s) 
Dipter a 8.9 7.7 
Hemipter a 5.4 10.0 
Orthopter a 5.6 0.8 
spi ders 15.1 6.2 
other ar thr opods 
(crabs, amphipods) 1.8 0.9 

mollu scs ( snai ls) 3.5 4.0 
other  (insect eggs, 
undet ermin ed, etc. ) 4.5 3.3 

2-187 
M

arsh W
ren 



Marsh Wren ( Cistothorus palustris) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range ion/Habi tat Locat Reference 

Note 
No. 

Territory 
Size (ha) 

A M spr ing 

A M spr ing 

A M spr ing 

0.0060 ± 0.0014 SD 
0.0156 ± 0.0050 SD 

0.17 ± 0.021 SE 

0.07 ± 0.06 SD 

0.0085 ± 0.0042 SD 

0.0242 - 0.360 

Georgia/sal t mars h 1, 1958 
Georgia/sal t mars h 2, 1958 

west  Washington/ fresh 

Mani toba/fresh cat tail marsh 

Georgia/sal t mars h 2, 1959 

mixed-species m arsh 

Kale, 1965 

Verner, 1965 

Leonar d & Picman, 1986 

Populat ion 
Densi ty

spr ing: 
 pairs/ha 

males/ha 

males/ha 

48.3 ± 5.3 SD 

8.5 

3.7 ± 0.5 SD 

16.9

45.1 - 56.2 

3.4 - 4.3 

Georgia/sal t mars h (4 years) 

west  Washington/ fresh 

Mani toba/fresh m ixed

 mixed-species m arsh 
(2 areas) 

species m arsh (3 years) 

Kale, 1965 

Verner, 1965 

Leonar d & Picman, 1987 

Clutch Si ze 4.5 

6.0 ± 0.19 SD 

5.8 ± 0.8 SD 

3 - 5 

4 - 8 

Georgia/sal t marsh 

east  Washington/ fresh 

Mani toba/fresh cat tail marsh 

pond- margin marsh 

Kale, 1965 

Verner, 1965 

Leonar d & Picman, 1987 

Clutches/Year 1 - 2 

2 

2 - 3 

0 - 3 

0 - 2 

0 - 3 

Georgia/sal t marsh 

east  Washington/ fresh 

west  Washington/ fresh 

pond- margin marsh 

mixed-species m arsh 

Kale, 1965 

Verner, 1965 

Verner, 1965 

Days 
Incubat ion 

13.1 

15.1 

12 - 14 

13 - 16 

Georgia/sal t marsh 

west  Washington/ fresh 
marsh 

Kale, 1965 

Verner, 1965 
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Begi n Peak Locat ion 

Marsh Wren ( Cistothorus palustris) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range ion/Habi tat Locat Reference 

Note 
No. 

Age at B 12 - 13 10 - 15 Georgia/sal t marsh Kale, 1965 
Fledging B 14 11 - 16 Washington/ fresh m arshes Verner , 1965 

Number 3.4 ± 3.4 SD Mani toba/fresh m ixed m arsh Leonar d & Picman, 1987 
Fledge per 
Act ive Nest 

Number 4.5 ± 1.3 SD Mani toba/fresh m ixed- Leonar d & Picman, 1987 
Fledge per  species m arsh 
Successful 5.1 ± 1.2 SD Mani toba/fresh cat tail marsh Leonar d & Picman, 1987 
Nest 

Age at Sexual B 1 year Mani toba/fresh m arsh Leonar d & Picman, 1987 
Maturity B 1 year Washington/ fresh m arsh Verner , 1971 

Annual A B 32 Georgia/sal t marsh Kale, 1965 
Mortality J B 70 
Rates (percen t) 

Seasonal Note 
Act ivi ty End Reference No. 

Mating/Lay ing Apr il 
mid-Apr il 
late March 
late May 

May - June 
Apr il - May 

mid-A ugust 
early Jul y 
mid-J uly 
early August 

Georgia 
eastern Washington 
(Turnbul l) 
western Washington ( Seattle) 
New Yor k 

Kale, 1965 
Verner, 1965 
Verner, 1965 
Welter, 1935 

Hatching early May mid-J uly eastern Washington Verner, 1965 
mid-Apr il early August (Turnbul l) Verner, 1965 

western Washington ( Seattle) 

Migrat ion fall September late October New Yor k, Minnesot a Welter, 1935 

spr ing Apr il May 
mid-March 
(nonm igratory) 

June New Yor k, Minnesot a 
eastern Washington 
(Turnbul l) 
western Washington ( Seattle) 

Welter, 1935 
Verner, 1965 
Verner, 1965 
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Marsh Wren ( Cistothorus palustris) 

1 As ci ted in Dunning (1984) .
 
2 Col lect ion dates not speci fied.  Resident populat ion; presum ably averaged f rom bi rds capt ured throughout  the year.
 
3 Est imated f rom Welter's (1935) grow th  curve based on 50 nest lings.
 
4 Measur ed by oxy gen respi romet ry; low est value of  metabol ism  of post absorpt ive wrens rest ing i n th e dark (but not at night ) at temp eratures
 

within th e thermoneut ral zone. 
5 Measur ed by oxy gen respi romet ry;  bi rds not post absorpt ive, but  rest ing i n a dark box at  temp eratures w ithin th e thermoneut ral zone. 
6 Measur ed by oxy gen respi romet ry;  bi rds som ewhat act ive in th eir cage. 
7 Est imated f rom oxy gen consumpt ion,  for  condi tions, see note 3. 
8 Est imated f rom oxy gen consumpt ion,  for  condi tions, see note 4. 
9 Est imated f rom oxy gen consumpt ion,  for  condi tions, see note 5. 

10 Est imate d from measur ed dai ly f ood i ntake, excretor y lo sses, assi milati on, and respi ration f or act ive bi rds in smal l cages ( 173 weekl y 
determin ations t otal).  Because of  the birds' high act ivity l evels, Kal e (1965) consi dered t he measur e represent ative of  free-l ivi ng bi rds. 

11 Est imate d using al lometric  equat ion 3-36 (Nagy, 1987) and body weights f rom Kal e (1965). 
12 Measur ed dai ly f ood i ntake of bi rds in cages and measur ed calor ic  content of diet provi ded.  Because of  the bi rds' high act iv ity l evels, Kal e (1965) 

consi dered t he measur e represent ative of  free-livi ng bi rds. 
13 Est imate d from Kal e's (1965) measur ed dai ly f ood i ntake (see note 11) assum ing 5.62 kcal /gram (dry  weight ) insects, a 70 per c ent assi milati on 

efficiency , and a 67 percent  water  content  for in sects. 
14	 Est imate d from free-livi ng m etabol ic rate  est imated f rom Nagy 's (1987) equat ion 3-36 (see note 10) assum ing t he same par ameters  descr ibed in 

note 12.  These predi cted food ingest ion r ates (>0.95 g/g-day ) for fr ee-livi ng bi rds exceed t he value est imated f or Kale's (1965) caged bi rds (0.67 
g/g-day ); however , the latter  does not  include m etabol ic re qui rements of searching f or f ood,  reproduct ion, or unusual  thermoreg ulator y demands. 

15 Est imate d using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Kal e (1965).
 
16 Est imate d using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Kal e (1965).
 
17 Summer col umn re present s com bin ation of spr ing and sum mer data; wi nter col umn re present s com bin ation of  fall  and w inter dat a.
 

2-190 
M

arsh W
ren 



References (including Appendix) 

Amer ican Ornithologi sts' Union. (1983) Check-list of North American birds. Lawrence, KS: 
Allen Press, Inc. 

Bent, A. C. (1948) Life histories of North American nuthatches, wrens, thrashers, and their 
allie s. Washington, DC: U. S. Gover nment Pr inting Office; Smiths onian Ins t. U.S. Nat. 
Mus., Bull. 195. 

Calder, W. A.; Braun, E. J. (1983) Sca ling of os motic regula tion in mammals and birds. Am. 
J. Physiol. 244: R601-R606. 

Dunning,  J. B., Jr. (1984) Body weight s of 686 species of North American birds. Western 
Bird Banding A ssociation, Monogr aph No.  1. Cave Creek, AZ: E ldon Publishing. 

Gutzwille r, K. J.; Anderson,  S. H. (1987) Habitat suita bilit y inde x models : marsh wren.  U.S. 
Fish Wildl.  Serv.  Biol. Rep. 82(10.139). 

Kale, H. W., II (1964) Food of the long-billed m arsh wren, Telmatodytes palustris griseus , in 
the salt marshes of Sapelo Island,  Georgia . Oriole 29: 47-61. 

Kale, H. W., II. (1965) Ec ology and bioene rgetics of the long-billed m arsh wren 
Telmatoidytes palustris griseus (Brewster) in Georgia salt marshes. P ubl. Nu ttall 
Ornith. Club No.  5. 

Leonard, M. L.; Picman, J. (1986) Why are nest ing m arsh wrens and y ellow -headed 
blackbirds spatially segregated? Auk 103: 135-140. 

Leonard, M. L.; Picman, J. (1987) Nest ing m ortalit y and habi tat select ion by marsh wrens. 
Auk 104: 491-495. 

Leonard, M. L.; Picman, J. (1988) Mate choice by marsh wrens: the influence of male and 
territory quality. Anim. Behav. 36: 517-528. 

Meeh, K. (1879) Oberflachenmess ungen de s mensclichen Korpe rs.  Z. Biol.  15: 426-458. 

Nagy, K. A. (1987) Field meta bolic r ate and f ood r equir ement sca ling in mammals and 
birds . Ecol. Monogr . 57: 111-128. 

National G eogr aphic Soci ety. (1987) Field guide to the birds of Nor th Amer ica. Washington, 
DC: National G eogr aphic Society. 

Orians, G. H.; Wilson, M. F. (1964) Interspecific territories of birds. Ec ology 45: 736-745. 

Picman, J. (1977) Intraspecific nest destruct ion in t he long-billed m arsh wren, 
Telmatodytes palustris plustris . Can. J. Zool.  55: 1997-2003. 

2-191 Marsh Wren 



Rubne r, M. (1883) Uber den Einfluss der Korpergrosse auf Stoff- und Kr aftweschsel. Z. 
Biol.  19: 535-562. 

Verner, J. (1964) Ev olution of poly gamy in the long-billed m arsh wren. Evolution 1 8: 
252-261. 

Verner, J. (1965) Bree ding biology of the long-billed m arsh wren.  Condor  67: 6-30. 

Verner, J. (1971) Survival and dispersal of male long-billed m arsh wrens.  Bird-Banding 4 2: 
92-98. 

Verner, J.; Engelsen, G. H. (1970) Territories, mult iple nest building,  and poly gamy in the 
long-billed m arsh wren. Auk 87: 557-567. 

Walsbe rg, G. E.;  King,  J. R. (1978) The relat ionship of the external surface area of birds to 
skin surface area and body mass. J. Exp. Biol.  76: 185-189. 

Welter, W. A. (1935) The natural history of the long-billed m arsh wren. W ilson Bull.  47: 3-34. 

2-192 Marsh Wren 



2.1.15. American Robin (thrushes) 

Order Passeriformes , Family Muscicapidae , Subf amily Turdina e.  Thrushes are 
common, medium-sized birds that eat worms, insects, and fruit.  They live in a variety of 
habitats, inc luding woodlands , swamps, s uburbs , and pa rks.  Most thrushes build n ests of 
mud and vegetat ion on t he ground or in t he cr otches of tr ees or shrubs; bluebirds n est in 
holes in trees and posts or in nest boxes.  This gr oup f orage s prim arily on t he ground a nd 
in low vegetat ion by probing and gle aning.  Some thrushes are neot ropic al migr ants while 
others reside year-r ound in Nor th Amer ica.  Thrushes range in size fr om the eastern and 
western bluebirds (18 cm from bill tip t o tail tip) to the Amer ican robin (25 cm).  Male and 
female plum ages are simila r in m ost thrushes, although in s ome species, such as the 
bluebirds , the males are more brightly color ed. 

Selected species 

The Amer ican robin ( Turdus migratorius ) occurs thr oughout most of the continent al 
United States and Canada dur ing t he br eeding season and winters in the southern half of 
the United States and in Mexico and Central America.  The bree ding r ange of the r obin ha s 
expanded in recent times with the increas ing a rea covered  by la wns and othe r open 
habitats (Howell, 1942; Martin et al., 1951; James and S huga rt, 1974). 

Body size .  The sexes are similar in size and appearance.  Their size varies s lightly 
geographically; the smallest r obins are found in t he eastern United States and a long t he 
Pacific coast, and the largest ones occur in the Rocky Mount ains , nor ther n Great Plains, 
and northern deserts (Aldrich and James, 1991). d The size of robins tends to  inc rease with 
latitude in eastern North America but does not in western North America (Aldrich and 
James, 1991).  Fle dglings attain a dult size at approx imately 6 weeks of age (Howell, 1942). 

Habitat .  Access to fresh water, protected nest ing s ites, and pr oduc tive foraging 
areas are important re quir ements for bree ding robins (Speirs, 1953).  Breeding habi tats 
include mois t for ests, swamps, open w oodlands , orchar ds, parks, and la wns.  Robins 
forage on t he ground in open a reas, along habi tat edges, or the edges of streams; they 
also forage abov e ground in s hrubs and w ithin t he low er branches of tr ees (Paszkowski, 
1982; Malmborg and W illson, 1988).  Nests in w ooded a reas are usually near some type of 
opening s uch as the for est edge or a treefall gap (Y oung, 1955; Knupp e t. al., 1977).  During 
the nonbr eeding season, r obins pr efer moist w oods or  fruit -bear ing t rees and shrubs 
(Robbins et al., 1983).  In the fall, flocks of migratory r obins are o ften found along f orest 
edges or  clear ings where fr uit s are most plentiful ( Baird, 1980). 

Food habi ts .  Robins forage by hopping along t he ground in search of gr ound-
dwelling inv ertebr ates and by searc hing f or fr uit and foliage -dwelling in sects in shrubs and 
low tree br anches (Malmborg and Willson, 1988; Paszkowski, 1982).  In the months 
preceding and during t he br eeding season, r obins feed ma inly (gr eater than 90 percent 
volume) on invertebrates and on some fruits; dur ing t he remainde r of the year, their diet 

dBased  on lin ear measurem ents of mu seum stu dy ski ns. 
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consists primarily (over 80 to 99 percent by volume) of fruits (Martin et al., 1951; Gochfeld 
and Burger, 1984; Wheelwr ight , 1986). Robins eat a wide variety of both plant and animal 
foods ; in a compila tion of die t records coll ected thr oughout the Unit ed States and southern 
Canada, Wheelwr ight (1986) found t hat r obins consum ed fr uit s fr om 51 gene ra and 
invertebrates from 107 fam ilie s.  Commonly eaten fruits inc lude plum s, dogwood,  summac, 
hackberries, blackberries, cherries, greenbriers, raspberries, and junipe r (Martin e t al., 
1951; Wheelwr ight , 1986); common invertebrates inc lude b eetles, cater pilla rs, moths, 
grasshoppe rs, spide rs, millipede s, and e arthworms (Martin e t al., 1951; Wheelwr ight , 1986; 
Paszkowski, 1982).  Wheelwr ight (1986) has com pile d seasonal changes in the pr opor tion 
of plants and invertebrates consumed by r obins in t hree di fferent sect ions of the Unit ed 
States (see table).  Wheelwr ight (1986) also has summarized the average occurrence of 
fruit s of var ious plant families in the stomachs of r obins by month f or th ese sect ions . 
Martin et al. (1951) have summarized the occurrence of fruits of various plant families in 
more specific areas of the United States (see Appe ndix ). 

Wheelwr ight (1986) found no di fferences between the sexes in the pr opor tion or 
types of invertebrates and fruits eaten.  Very y oung robins (up t o at l east 35 days of age) 
feed almost entirely on insects and other invertebrates (Howell, 1940).  Older juveniles tend 
to eat a highe r propor tion of fr uit and easy-to-capture prey than adults (Gochfeld and 
Burger, 1984; Wheelwr ight , 1986).  In a given area, r obins o ften show f ood pr eferences:  a 
popula tion in c entral  New York seemed to prefer northern arroww ood and spic e bush f ruit s 
over most othe r plant s (Wheelwr ight , 1988); in Illinois , a group ate predominantly frost 
grapes and V irginia creeper  in t he late summer and fall (Malmborg and W illson, 1988). 

During seasons when fruits dominate the diet, r obins may need to consume 
quantities in excess of their body weight to meet their meta bolic ne eds each day (see 
table ).  Robins as well a s othe r fr ui t-eating birds exhibit a low dig estive efficiency for fruits; 
Karasov and Levey (1990) estimated the meta bolizable ener gy co efficient (MEC) (i.e., the 
propor tion of food e nergy that actually is assimilated) for r obins eating a mixed fr uit die t to 
be only 55 pe rcent,  perhaps b ecause of the low retent ion t ime of the dig ested matter in the 
gut (Levey and Karasov, 1992).  The short retent ion t ime might actually be an adaptat ion t o 
eating f ruit b ecause large quantities of fruit must be processed to obtain an adequate 
protein intake.  In contrast, when eat ing in sects, r obins (as well as other bird species) 
exhibit a highe r dig estive efficiency of approximately 70 percent (Levey and Karasov, 
1989).  Moreover, the energy content of insects tends to be highe r than that of most fr uit s, 
particularly on a wet-we ight ba sis (see Chapter 4).  Thus, dur ing t he spr ing w hen r obins 
are consuming in sects, they s hould consum e a smalle r amount rela tive to their  body 
weight than when eating f ruit s (Chapt er 4 provide s approa ches that can  be us ed to 
estimate insect inge stion r ates for r obins ). 

Mol t.  Postjuv enile and pos tbreeding ( preba sic) molt s oc cur fr om l ate July to 
Octobe r (Wheelwr ight , 1986; Sharp, 1990).  Dur ing this molt , robins are consuming la rgely 
fruits and other plant materials, which contain limited proteins.  This may contribute to 
larger fr uit consumption r ates at this time.  Dur ing t he pr ebreeding ( prealtern ate) molt, 
robins are feeding prim arily on in sects and other invertebrates (letter 
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from N.T. Wheelr ight , Department of Biology , Bowdoin College , Bruns wick,  ME, to Sue 
Norton, March 18, 1992). 

Migr ation.  Most robins nesting in t he nor ther n Unit ed States and Canada winter in 
the Gulf Coast States and the Car olina s (Speirs, 1953; Dorst, 1962, as cited in Henny, 
1972).  Winter ing robins are most abundant b etween 30 and 35 degrees N latitude (Speirs, 
1953). Robin flo cks migrate dur ing t he day (Robbins et al., 1983); most northern r obins 
leave their bree ding grounds fr om Sep tember to November and return between February 
and April (Howell, 1942; Y oung, 1951; Fulle r, 1977). 

Breeding activities and social organization .  The onset of the bree ding season is 
later at highe r latitude s (approx imately 3 days for each a dditional degr ee in t he east) and 
altitude s, but mating and egg la ying gene rally oc cur  in Apr il or Ma y (James and S huga rt, 
1974; Knupp e t al., 1977).  Males arrive on the bree ding grounds be fore females to 
establish t erritories; females pair with esta blished m ales,  usually for the dur ation of the 
breeding season (Y oung, 1951).  The female primarily builds the n est out of mud, dried 
grass, weedy stems, and other materials, construct ing it on horizont al limbs , tree-branch 
crotches, within s hrubs , or on a ny one of a numbe r of man -made structures with hor izont al 
surfaces (Howell, 1942; Klimstra and Stie glitz, 1957).  First clutches usually contain three 
or four eggs; later clutches tend to contain fewer eggs (Y oung, 1955).  The female does all 
of the incuba ting,  which continue s for 10 to 14 d ays f ollowing t he laying of the second e gg 
(Klimstra and Stie glitz, 1957; Young, 1955).  Both males and females feed the nest lings 
(Young, 1955). Following f ledging,  the brood o ften divides, with the male and female each 
feeding half of the fledglings for anothe r 2 weeks (Weatherhead and McRae, 1990). 
Females may start another br ood be fore the current one is independent , leaving t he male 
to feed all of the fle dglings (Young, 1955).  After reac hing independenc e, juv enile s often 
form foraging flo cks in areas of high food availabilit y (Hir th et al., 1969). 

Early in t he br eeding season, r obins o ften roost communally.  Males can cont inue to 
use these roosts thr oughout the br eeding season, whereas females stop once they begin 
incuba ting eggs (How ell, 1940; Pitts, 1984).  As fall approaches and their diet turns more 
towar d f ruit s, robins in m any ar eas begin t o roos t communally again and may join othe r 
species, such as common grackles and European star lings , in la rge r oosts (Morrison and 
Caccamise, 1990). 

Home range and r esour ces.  During t he br eeding season, male r obins establis h 
breeding t erritories, which t he female helps to defend against other r obins .  Nonetheless, 
the territories of different pairs often overlap where neither pair can esta blish dominanc e 
(Young, 1951).  Most fora ging during t he br eeding season is confined to the territory, but 
adults sometimes leave to forage in more productive areas that are shared with other 
individuals (How ell, 1942; Young, 1951; Pitts, 1984).  In some prime nest ing a reas (e.g., 
dense coniferous forest), where r obin densitie s are high,  territories are small and t he birds 
might o ften forage elsewhere (Howell, 1942).  A dult r obins o ften return to the same territory 
in succee ding years (Y oung, 1951).  Dur ing t he nonbr eeding roos ting pe riod,  robins are 
likely to return to the same fora ging s ites for many weeks and to join roo sts wit hin 1 to 3 
km of these fora ging a reas (Morrison and Caccamise, 1990). 
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Popul ation dens ity .  Nesting popula tion densit y var ies with  habi tat quality.  Densely 
forested areas that provide well-protected nest sites have been f ound t o suppor t high 
densitie s of ne sting robins ; however, the relatively small territories f ound in t hese areas 
might not be us ed as much for foraging a s thos e cont aining open a reas (Howell, 1942).  In 
the nonbr eeding season, r obins often join single - or  mixed-species r oosts that can inc lude 
tens of thousands of birds (Morrison and Caccamise, 1990).  Winter ing robins are most 
common in pine or oa k pine communitie s of the sout heastern and southcentral Unit ed 
States, and decrease in a bundanc e in drie r, less forested areas westward (Speirs, 1953). 

Popul ation dyna mics .  Robins first attempt to breed the year after they hatch 
(Henny, 1972) and w ill r aise multiple broods in a season (Howell, 1942).  Predat ion is often 
a major  sour ce of mortalit y for  both eggs and ne stlings (Knupp e t al., 1977; Klimstra and 
Stieglitz, 1957).  Approximately half of the a dult birds surviv e from year to year (Farner, 
1949; Henny, 1972); the average longe vity of a r obin t hat survi ves to its first January is 
from 1.3 to 1.4 years (Farner, 1949). 

Similar species (from general references) 

��	 The wood t hrush ( Hylo cich la mustelin a), which is smalle r than the r obin ( 18 
cm), co-occurs with the r obin in s ome woodland habi tats but is only pr esent 
in the eastern United States.  This species nests primarily in the interiors of 
mature forests and has been decreas ing in abundanc e over the p ast decade 
as forested habitats in North America become increas ingly fragmented 
(Robbins et al., 1989; Terborgh, 1989).  This species is also primarily a 
summer resident, winter ing in Florida and t he neot ropic s. 

��	 The hermit thrush ( Catharus guttatus ) is found in conif erous and m ixed 
woodlands at nor ther ly la titude s or high e levat ions and wint ers prim arily in 
the southern half of the United States.  This species is also s ignific antly 
smaller (15 cm) than the r obin. 

��	 Swainson's thrush ( Catharus ustulatus ) is present in the western and 
northeastern United States dur ing t he su mmer months, winter ing in t he 
neot ropic s.  It is also smalle r than the r obin (16 cm). 

��	 The varied thrush ( Ixoreus naevius ) occurs in moist coniferous forests of the 
Pacific Northwest.  This bird is similar in size (21 cm) to the robin. 

General references 

Howell (1942); Y oung (1955); Nat ional G eogr aphic Soci ety (1987); Robbins et al. 
(1983); Sharp (1990). 
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American Robin ( Turdus migratorius ) 

Age/Sex/ Range or Locat ion or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Body  Weight 
(g) 

A B al l seas. 

A M nonbreed. 
A F nonbreed. 

77.3 ± 0.36 SE 

86.2 ± 6.1 SD 
83.6 ± 6.4 SD 

63.5 - 103 Pennsy lvani a 

New Yor k 

Clench & Leber man, 1978 

Wheelwr ight , 1986 

1 

A M breedi ng 
A F breedi ng 

77.4 
80.6 

New Yor k Wheelwri ght , 1986 

nest lings: 
at ha tching 
day 2 
day 4 
day 6 
day 8 
day 10 
day 14 

5.5 
12.6 
24.3 
39.4 
50.9 
55.2 
55.0 

4.1 - 6.7 
8.4 - 17.5 
17.9 - 32.3 
32.5 - 45.9 
42.0 - 59.3 
49.0 - 63.2 
51.8 - 58.2 

New York/fo rest Howell, 1942 

Egg Weight (g) 6.26 4.6 - 8.4 New York Howell, 1942 

Metabol ic  Rate  A B basal 259 est imated 2 
(kcal /kg-day ) 

- B existence 344 Kansas Hazelto n et a l., 1984 3 
(est imate) 

A B f ree-living 713 (336 - 1,513) est imated 4 

Food Ingest ion  A B f ree-living 1,070 ± 220 SD 760 - 1,330 Kansas Hazelton et  al., 1984 5 
Rate (kcal/kg
day) 

Food Ingest ion  B B f ree-living 0.89 ± 0.73 SD Californi a Skorupa & Hot hem, 1985 6 
Rate (g/g-d ay) 

- B fre e-livin g 1.52 ± 0.25 SD 1.22 - 1.96 Kansas Hazelto n et a l., 1984 7 

Water  A B 0.14 est imated 8 
Ingest ion 
Rate (g/g-d ay) 
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Spring 

American Robin ( Turdus migratorius ) 

Age/Sex/ Range or Locat ion or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) subspecies Reference No. 

Surface Area
(cm )2 

A B 

A B 

198 

182 

Walsberg & King, 1978 

est imated 

9 

10 

Dietar y Compos itio n Summer Fall Winter  (measur e) 
Locat ion/Habi tat 

Reference No. 
Note 

nest lin gs /fledg lin gs: south cen tra l New Howell, 1942 
earthworms 15.0 York/ for est 
sowbugs 1.7 
spi ders 2.3 (% wet wei ght ; stomach 
millip edes 3.1 conten ts ) 
shor t-horned grass

hopper s 4.9 (age of  robins r anged f rom 3 
beetles 11.6 to 35 day s after hatching; 
lepidopteran l arvae 24.7 presence of grass i s li kely to 
ants 3.2 be accidental  - carried along 
unident ifie d ani mal 5.2 wit h prey ) 
grass ( all  parts) 19.5 
mulb erries 3.2 
honey suckle seeds 2.4 
unident ifie d plant s 4.2 

adul ts: eastern Uni ted States Wheelwri ght , 1986 11 
frui t 7 68 92 83  (% vol ume; 
invertebrates 93 32 8 17  stomach content s) 

adul ts: cent ral Uni ted States Wheelwri ght , 1986 11 
frui t 8 41 76 73  (% vol ume; 
invertebrates 92 59 24 27  stomach content s) 

adul ts: western Uni ted States Wheelwri ght , 1986 11 
fru it 17 29 63 70  (% vo lume; 
invertebrates 83 71 37 30  stomach content s) 
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American Robin ( Turdus migratorius ) 

Populat ion 
Dynamics 

Age/Sex 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory sprin g 
Size (ha)  A B 0.42 0.12 - 0.84 Tennessee/campus Pitts,  1984 

A B 0.11 New York/d ense coni fers Howell, 1942 12 
A B 0.21  /unspeci fied fore st 

Foragi ng summer, 
Home Range adul ts 
(ha) feeding: 

nest lings 0.15 ± 0.021 SE Ontario/deciduous f orest Weather head & McRae, 1990 
fledgl ings 0.81 ± 0.13 SE 

Populat ion spr ing 
Densi ty  A B 1.98 ± 0.48 SD 1.39 - 2.54 Tennessee/campus Pitts,  1984 
(pairs/h a) 

A B 8.6 New York/d ense coni fers Howell, 1942 
A B 4.9  /unspeci fied fore st 

Clutch Si ze 3.17 1 - 5 Illi nois/suburban Klim stra & St iegl itz,  1957 
3.45 ± 0.59 SD 1 - 5 Wisconsi n/park Young, 1955 

Clutches/Year 2 1 - 3 New York/fo rest Howell, 1942 

Days 
Incubat ion 

12.5 ± 0.14 SE 10 - 14 Wisconsi n/park Young, 1955 13 

Age at  B 13.4 ± 0.13 SE Wisconsi n/park Young, 1955 
Fledging 
(days) 

Number 5.6 Wisconsi n/park Young, 1955 
Fledge per 3.9 New York/fo rest Howell, 1942 
Breeding Pai r 1.5 ± 0.45 SE Ontario/deciduous f orest Weather head & McRae, 1990 

Number five areas 2.9 2.4 - 3.4 Wisconsi n/park Young, 1955 
Fledge per  (over 5 areas) 
Successful 2.5 ± 0.15 SD Maine/for est Knupp et  al., 1977 
Nest 
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American Robin ( Turdus migratorius ) 
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Populat ion Age/Sex Note 
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No. 

Age at B 1 year NS Henny , 1972 
Sexual 
Maturity 

Annual A B 51 ± 0.5 SE North Amer ica Henny , 1972 
Mort ality  Rates J B 78 - 82 
(percent ) 

Longevi ty after  Jan. 1 of 1.3 - 1. 4 up t o 9 North  Amer ica Farner , 1949 
(years) first y ear 

Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Mating/Lay ing early Apr il mid-A pr il late  Apr il Illi noi s Klim stra & St iegl itz,  1957 
late  April mid-J uly south cen tra l New Yo rk Howell, 1942 
early May l ate May early Jul y n Maine Knupp et  al., 1977 

Hatching early May west : California, New James & Shugar t, 1974 
Mexico 

early May east : VA, WV, DC, NY James & Shugar t, 1974 
mid-May nor theast : VT, NH, CT James & Shugar t, 1974 
mid-Apr il Kentucky James & Shugar t, 1974 
early June Colorado James & Shugar t, 1974 

Molt fall Jul y & August North  Amer ica Wheelwr ight , 1986 

Migrat ion fall mid-Sept . mid-O ctober ear ly November migrati ng t hrough Ful ler,  1977 
early November M inneso ta Howell, 1942 

leaving New Yor k 
sprin g Februa ry March Howell, 1942 

mid-March mid-A pr il arriving New Yor k Young, 1951 
arriving W isconsi n 

1 As ci ted in Dunning (1984) . 


2 Est imated using equat ion 3-27 (Lasiewski and Dawson, 1967) and body weights f rom Clench and Leber man (1978).
 
3 Hazelton et al . (1984) est imate using Kendeigh's (1969) equat ions f or a 55-g bi rd.
 
4 Est imated using equat ion 3-36 (Nagy, 1987) and body weights f rom Clench and Leber man (1978).
 



American Robin ( Turdus migratorius ) 

5	 Est imated kcal consumed i n feeding t rials.  Diet consi sted of pai red of feri ngs of  frui t (to t est preferences) over a 2-day per iod, 12 trials  per pairin g. 
Frui t in cluded st rawb erries (2.29 kcal /g), cher ries (4.34 kcal /g), green grapes ( 2.59 kcal /g), and purple grapes ( 5.85 kcal /g).  Mean we ight of  the 
bi rds = 55 g. 

6 Based on gi zzard  content s of  robins caught  fora ging i n viney ards; diet 85 percent  (wet weight ) grapes, 11.5 percent  invertebrates, and 4.5 percent 
other plant s.  Mean weight of  the bi rds = 82.3 g. 

7 Based on same study descr ibed in note 5 and est imated w eights of  frui ts  consumed. 
8 Est imated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Clench and Leber man (1978). 
9 Beak sur face area 3.1 cm 2; leg sur face area 14.0 cm 2 . 

10	 Est imate d using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as ci ted in Wals berg and King, 1978) and body weights f rom Clench  and Leber man 
(1978). 

11	 The U.S. Biological Survey and U.S. Fish and W ildlif e Service recor ds on w hic h this  study  is  based have several  limit ations:  more bi rds were 
col lected i n agr icul tural and suburban t han nat ural  areas; seasons and t ime of day of col lect ion wer e conveni ent  to th e col lectors; quickl y 
digested foods such as ear thwor ms and other so ft-bodied i nsects are under represent ed. 

12	 Birds nest ing i n high densi ties in dense coni ferous f orest probabl y fora ged elsewher e more  of  the time th an did bi rds wi th la rger territorie s in 
less dense f orests. 

13 Also i ncluded dat a from How ell (1942) (Ithaca, New Yor k) in  calcul ations. 
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2.2. MAMMALS 

Table 2-2 lists the mammalian species described in this sect ion.  For  range maps, 

refer to the general references identified in the individual s pecies profile s.  The remainde r 

of this sect ion is organized by species in t he orde r presented in Table 2-2.  The availa bilit y 

of infor mation in t he published lit erature var ies sub stantially am ong s pecies, as is reflected 

in the profiles.  Some of the selected species inc lude two  or  more subspe cies; th ese are 

indi cated in the profiles when reported by the investigators. Body lengths of the mammals 

are reported for the length of the outstretched animal from the tip of the nose to the base 

of the tail.  The tail measurements do not inc lude the hair s at the tip, but only the tail 

vertebrae.  Body weight is repor ted as fresh wet we ight with  pelage , unl ess otherwise 

noted. 
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Table 2-2.  Mammals Inc luded in t he Handbook 

Order 
Subfam ily Commo n name Scie nt ific  name Sect ion 

Sori cidae 

Canida e 

Procyonida e 

Mustel idae 
Muste lin ae 
Lutrina e 

Phocid ae 

Criceti dae 
Sigmodont inae 
Arvico lin ae 

Leporid ae 

l 

shor t-tai led shrew Blari na brevicau da 

red fox Vulp es vu lpes 2.2.2 

racc oon Procyon l otor 

min k Mustela viso n 
river  ot ter Lut ra canadensi s 

harbor  seal Phoca vitu ina 

deer mous e Peromyscus m anicu latus 
prairie vo le Microtus ochroga ster 
meadow vole Microtus penns ylvanic us 
muskrat Ondatra zi bethic us 

eastern cotto ntail Sylvila gus flor idanus 

2.2.1 

2.2.3 

2.2.4 
2.2.5 

2.2.6 

2.2.7 
2.2.8 
2.2.9 
2.2.10 

2.2.11 
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2.2.1. Short-Tailed Shrew (shrews) 

Order Insectivora , Family Soricid ae.  Shrews are small insectivorous mammals that 
inhabit most regions of the Unit ed States.  They have high metabolic r ates and can eat 
approximately their body weight in food each day.  Most species are primarily vermivorous 
and insectivorous, but some also eat small birds and mammals. 

Selected species 

The northern short-tailed shrew ( Blarina brevicauda) range s thr oughout the nor th-
central and northeastern United States and into southern Canada (George et al., 1986).  It 
eats insects, worms, snails, and other invertebrates and also may eat mice, voles, frogs, 
and other vertebrates ( Robinson and Brodie , 1982).  Because they prey on other 
vertebrates, shrews can concentrate DDT (and presumably other bioaccumulative 
chemicals) to levels 10 times highe r than either Peromyscus and Clethrionomys (Dimond 
and Sherburne, 1969).  Shrews are an important com ponent of the die t of many owls 
(Palmer and Fowler, 1975; Burt and Grossenheider, 1980) and are also prey for other 
raptors, fox, weasels, and other carnivorous mammals (Buckner, 1966). 

Body size .  Short-tailed shrews are 8 to 10 cm in length with a 1.9 to 3.0 cm tail 
(Burt and Grossenheider, 1980).  The short-tailed shrew is the largest member of the 
genus , with some weighing ov er 22 g (George et al., 1986; see table).  Some studies have 
found lit tle or no sexual dimorphism in size (Choate, 1972), w hile othe r repor ts show that 
males are slightly la rger than females (George et al., 1986; G uilda y, 1957). 

Metabolism .  Short-tailed shrews are active for a bout 16 pe rcent of each 24-hour 
period ( Martins en, 1969), in per iods of ar ound 4 .5 minu tes at a time (Buckner, 1964).  The 
shrew's meta bolis m is inv ersely propor tional t o the ambient temperature, wit hin t he range 
of 0 to 25 ��C (Randolph, 1973).  Sleeping metabolis m is half that associated with normal, 
exploring activity (Ra ndolph, 1973).  Randolph (1973) developed a regr ession equa tion f or 
metabolis m (cc O 2/g-hour ) during (1) interrupted sleep: e 

(Winter) Y = 4.754 - 0.0869 (X - 16.4305) 

(Summer) Y = 5.3448 - 0.1732 (X - 16.2310) 


and (2) normal ex ploring activity: 

(Winter) Y = 6.5425 - 0.0516 (X - 12.0600) 
(Summer) Y = 7.949 - 0.2364 (X - 16.9554) where X= ambient temperature 

in ��C. 

Randolph (1973) also deve loped a regr ession equa tion f or  overall metabolis m (cal/animal
hour ) for shr ews spe nding equal a mount s of time sleeping and e xploring (cal/animal- hour ) 
as a func tion of ambient temperature: 

eRandolph's (1973) equat ions could be si mplifie d to matc h that of  Deavers and Hudson (1981; 
next page)  in fo rm; however,  we report  the equat ions as R andolph report ed them. 
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(Winter) Y = 583.83 - 7.53 (X - 13.68)
 
(Summer) Y = 544.86 - 20.37 (X - 16.33), where X= ambient temperature in ��C.
 

Deavers and Hudson (1981) found a line ar inc rease in standard (near basal) 
metabolis m with  decreasing temperature that is similar to that for interrupted sleep 
described above (Y = standard meta bolis m in c c O2/g-hour ): 

Y = 8.84 - 0.22 (X) where X= ambient temperature. 

Deavers and Hudson (1981) found t hat within t he thermoneut ral zone , the standard 
metabolic r ate of the short-tailed shrew is approximately 190 percent the meta bolic rate 
predicted from body weight . 

Habitat .  Short-tailed shrews inhabit a wide vari ety of habitats and are common in 
areas with a bundant veg etative cover ( Mille r and Getz, 1977).  Short-tailed shrews need 
cool,  mois t habi tats because of their high metabolic and water-loss rates (Ra ndolph, 1973). 

Food habi ts .  The short-tailed shrew is primarily carnivorous.  Stomach analyses 
indi cate that insects, earthworms, s lugs , and s nails can make up most of the shrew's f ood, 
while plant s, fungi,  millipede s, centipede s, arachnids , and small mammals also are 
consumed (Hamilton, 1941; Whitaker and Ferraro, 1963).  Small mammals are consumed 
more when invertebrates are less available (Allen, 1938; Platt and Blakeley, 1973, cited in 
George et al., 1986).  Shrews are able to prey on small vertebrates because they produce a 
poison secret ion in t heir saliv ary glands that is transmi tted dur ing biting (Pearson, 1942, 
cited in Eadie, 1952).  The short-tailed shrew stores f ood,  especially in t he autumn and 
winter (Hamilton, 1930; Martin, 1984). Robinson and Brodie (1982) found t hat shor t-tailed 
shrews cached most (86.6 percent) of the prey captured; only 9.4 pe rcent was consumed 
immediately.  Short-tailed shrews consume approximately 40 percent more f ood in wint er 
than in summer (Ra ndolph, 1973).  The shrew must consume water to compensate for its 
high evaporative water loss, despite the fact that it obtains water from both f ood a nd 
metabolic oxida tion (Che w, 1951).  Deavers and Hudson (1981) indi cated that the short-
tailed shrew's evaporative water loss increases with increas ing a mbient temperature even 
within it s thermoneut ral zone .  Shor t-tailed shrews' digestive efficiency is a bout 90 pe rcent 
(Randolph, 1973). 

Temperature regulation and molt .  The short-tailed shrew does not unde rgo t orpor 
but uses nonshiv ering t hermogene sis (NST) to compen sate for heat loss dur ing cold 
stress in winter (Zegers and Merritt, 1987).  The short-tailed shrew ex hibit s three molt s. 
Two are seasonal molts, the first in October/November replaces summer with winter 
pelage and occurs in first- and second-year shrews.  The spr ing molt can  occur any time 
from February to October.  The third molt occurs in postjuveniles that have reached a dult 
size (Findle y and Jone s, 1956). 

Breeding activities and social organization .  The short-tailed shrew probably breeds 
all y ear, including limit ed breeding in wint er even in the northern port ions of it s range 
(Blus , 1971).  In Illinois , males were found t o be most active from January to July, females 
from March to September (Getz, 1989).  There are two peak bree ding pe riods , in 
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the spr ing and in l ate summer or early fall (Blair, 1940).  The home ranges of short-tailed 
shrews in summer overlap both wit hin and b etween sexes (Blair, 1940), alt hough females 
with young do e xhibit some territorialit y (Platt, 1976).  Nomadic shrews are either y oung of 
the year or a dult s moving t o areas with more a bundant pr ey (Platt, 1976). 

Home range and r esour ces.  Short-tailed shrews inhabit r ound, unde rgr ound n ests 
and m aint ain unde rgr ound run aways, usually in the top 10 cm of s oil, but so metimes as 
deep as 50 cm (Hamilton, 1931; and Jameson, 1943, cited in George et al., 1986).  Winter, 
nonbr eeding hom e range s can vary fr om 0.03 to 0.07 ha at high pr ey densitie s to 1 to 2.2 
ha during low pr ey densitie s with a minimum of territory ov erlap.  In t he su mmer, ranges of 
opposit e sex animals overlap, but same sex individuals do not ; females with y oung exclude 
all others from their area (Platt, 1976). 

Popul ation dens ity .  Popula tion densitie s vary by habi tat and season (Getz, 1989; 
Jackson, 1961; Platt, 1968).  In east-central Illinois , popula tion densit y was highe r in 
bluegr ass than in ta llgr ass or alfalfa (Getz, 1989).  In all three of these habitats, the short-
tailed s hrew exhibit ed annual abundanc e cycles, with peak densities ra nging f rom 2.5 to 45 
shrews per hectare, depe nding on t he habi tat (Getz, 1989).  The peaks occurred from July 
to October (12.9/ha average for all three habitats), apparently just f ollowing pe ak 
precipit ation l evels (Getz, 1989). 

Popul ation dyna mics .  Winter mortality up to 90 percent has been reported for the 
short-tailed shrew (Barbehenn, 1958; Gottschang, 1965; Jackson, 1961, cited in George et 
al., 1986); however, Buckner (1966) suggests that mortality rates in winter may be closer to 
70 percent, which is similar to the average monthly mortality rate he f ound f or subadult 
animals.  Several litters, avera ging four  to five pups , are bor n each year (George et al., 
1986). 

Similar species (from general references) 

��	 The masked shrew ( Sorex cinereus ) (length 5 .1 to 6.4 cm; weight 3 to 6 g) is 
smaller than the short-tailed shrew and is the most common shrew in moist 
forests, open c ount ry, and brush of the nor ther n Unit ed States and 
thr oughout Canada and A laska.  It feeds primarily on insects. 

��	 Merriam's shrew ( Sorex merriami ) (5.7 to 6.4 cm) is f ound in a rid areas and 
sagebrush  or bunchgr ass of the western United States and is smaller than 
the short-tailed shrew. 

��	 The smokey shrew ( Sorex fumeus ) (6.4 to 7.6 cm; 6 to 9 g), smaller than the 
short-tailed, prefers birch and hemlock forests with a thick leaf m old on t he 
ground t o bur row in.  It u ses burrows made by small mammals or nests in 
stumps,  logs , and among r ocks.  Range is limited to the northeast Unit ed 
States and east of the Great Lakes in Canada. 

��	 The southeastern shrew ( Sorex longiro stris ) (5.1 to 6.4 cm; 3 to 6 g) prefers 
moist areas. Found m ostly in open f ields and woodlot s, its range is limit ed 
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to the southeastern United States.  It nests in dry grass or leaves in a 
shallow depr ession. 

��	 The long -tailed shrew ( Sorex dispar ) (7.0 cm; 5 to 6 g) inhabit s cool,  mois t, 
rocky areas in dec iduous or de ciduou s-coniferous forests of the northeast, 
extending south t o the Nor th Carolina and T ennessee border. 

��	 The vagrant shrew ( Sorex vagrans ) (5.9 to 7.3 cm; 7 ±  g) inhabit s marshy 
wetlands and forest streams.  Its range is confined to the western Unit ed 
States, exc luding m ost of California and N evada.  In a ddition t o insects, it 
also eats plant material. 

��	 The Pacific shrew ( Sorex pacificus ) (8.9 cm) is s lightly la rger than the shor t-
tailed s hrew.  It is limit ed to redwood and s pruce for ests, marshes, and 
swamps of the northern California and southern Ore gon c oasts. 

��	 The dwarf shrew ( Sorex nanus ) (6.4 cm) is rare thr oughout it s limit ed range 
in the western United States. 

��	 The least shrew ( Cryptotis parv a) (5.6 to 6.4 cm; 4 to 7 g) is easily 
dis tinguished f rom othe r shr ews by its c inna mon color .  It inhabit s gr assland 
and marsh; its range is similar to the short-tailed shrew but does not extend 
as far north. 

��	 The desert shrew ( Notiosorex crawfordi ) (Gray shrew) (5.1 to 6.6 cm) is 
rarely seen and is f ound only in t he ar id conditions , chaparral slope s, alluvia l 
fans, and a round low d esert shrubs of the extreme southwest.  It nests 
beneath plants, boards, or debris. 

General references 

Burt and Grossenheider (1980); George et al. (1986). 
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Short-Tailed Shrew ( Blarina brevicauda ) 

Age/Sex/ Range Note 
Factor s Cond. /Seas. Mean or  (95% CI) Locat ion Reference No. 

Body  Weight 
(g) 

A B 

M sum mer 
F sum mer 
M fall 
M fall 

15.0 ± 0.78 SD 

19.21 ± 0.42 SD 
17.40 ± 0.48 SD 
16.87 ± 0.21 SD 
15.58 ± 0.23 SD 

17.0 - 22.0 
14.0 - 21.0 
13.0 - 22.0 
12.5 - 22.5 

New Hampshi re 

w Pennsy lvani a 

Schlesinger & Pot ter,  1974 

Guild ay, 1957 

neonat e 0.67 - 1.29 Maryla nd/ lab Blu s, 1971 

Metabol ic basal 82 80 - 84 Pennsy lvani a/lab Pearson, 1947 1 
Rate average dai ly 125 106 - 150 
(lO /kg-day)2 

average dai ly 127 ± 15.3 SD 94 - 218 NS/lab Morrison, 1948 2 

+ 20��C 126.5 Ontar io,  CAN/lab Randolph, 1973 
- 20��C 207.1 

Metabol ic  Rate basal 390 Pennsy lvani a/lab Pearson, 1947 3 
(kcal /kg-day ) average dai ly 600 

average dai ly 680 Wisconsi n/lab Morrison et  al., 1957 4 

Food Ingest ion A B: 22 - 23��C 7.95 ±0.17 g/d SD Ohio/lab Barrett  & Stuek, 1976 5 
Rate 0.49 g/g-day 

0.62 g/g-day 
A B: 25 ��C Wiscons in/la b Morris on et a l., 1957 6 

Water A B 0.223 Illi nois/ lab Chew, 1951 
Ingest ion 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay)3 

A B 0.026 est imated 7 

Surface Area 
(cm )2 

A B 

A B 

54 

84 

Pennsy lvani a/lab Pearson, 1947 

est imated 

8 

9 
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Short-Tailed Shrew ( Blarina brevicauda ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

earthworms 31.4 New Yor k/NS Whitaker & Fer raro,  1963 
slugs & snai ls 27.1 
misc. ani mals 8.1 (% vol ume;  stomach 
Endegon ( fungi ) 7.7 content s) 
beet les 5.9 
vegetat ion 5.4 (June t hrough October 
lepidopteran 4.3 col lect ions com bin ed) 
larv ae 

chi lopoda 1.8 
other 8.6 

insect s 77.6 eastern Uni ted States Hamilt on, 1941 
anne lid s 41.8 (pr imarily  New York)/NS 
vegetabl e matter 17.1 
cent ipedes 7.4 (% frequency of 
arachnids 6.1 occur rence; stomach 
snai ls 5.4 content s) 
smal l mammals 5.2 (all seasons com bin ed) 
crustacea 3.7 
undet ermin ed 2.4 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Home Range A F sum mer < 0.1 - 0.36 s Michi gan/blu egrass Blai r, 1940 
Size (ha) A M sum mer < 0.1 - 1.8 

B B al l 0.39 ± 0.036 SD s Mani toba/tamarack bog Buckner , 1966 

B B w inter  (a) 0.03 - 0.07 c New Yor k/old fi eld Platt,  1976 10 
B B w inter  (b) 0.10 - 0.22 
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Short-Tailed Shrew ( Blarina brevicauda ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Populat ion 
Densi ty (N/h a) 

winter 
spr ing 
sum mer 

2.3 
5.9 
11.4 

ec Illi nois/al falfa Getz, 1989 

fall 10.0 
1.6 - 121 Wisconsi n/beech-maple Jackson, 1961;  Willia ms, 

1936 
11 

B B 0.06 - 0.16 Mani toba, Canada/ 
tamar ack bog 

Buckner , 1966 

Li tter 5.4 2 - 8 Indiana/NS French, 1984 
Size 

4.7 ± 0.2 SE 1 - 8 Maryland/ lab Blu s, 1971 

Li tters 
/Year 

several NS/NS George et al., 1986 

Days 
Gestat ion 

21 - 22 Maryla nd/ lab Blu s, 1971 12 

Age at 25 - 30 Maryla nd/ lab Blu s, 1971 
Weaning 
(days) 

Age at M > 65 days Maryla nd/ lab Blu s, 1971 
Sexual 
Maturity M > 83 days NS/NS Pearson, 1944 11 

F < 1 year Indiana/NS French, 1984 

Annual 
Mortality 

B B 93 % MD, PA, NY, MA/NS Pearson, 1945 

Longevi ty M 4.6 months Maryla nd/ lab Blu s, 1971 13 
F 4.4 months 

B  20 months < c New Yor k/woods,  field Dapson, 1968 
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Short-Tailed Shrew ( Blarina brevicauda ) 

Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Mating late  Februar y Apr il - May mid-S eptember Indiana French, 1984 

Partur ition May - June c New Yor k Dapson, 1968 

Molt fall October November NS Findley & Jones, 1956 11 
spr ing Februar y Jul y NS Findley & Jones, 1956 11 

1 Ambie nt  temp eratures 25 t o 30��C; mean weight of shr ews = 21.2 g. 
2 Ambie nt  temp eratures 15 t o 25��C; mean weight of shr ews = 21 g. 
3	 Calcul ated f rom oxy gen consumpt ion r ate; m ean weight of shr ews = 21.2 g.  Basal  metabol ism is  186 percent higher  than predi cted f rom 

equat ions 3-42 or 3-43,  in  agreement  with th e finding of Deavers and Hudson (1981) .  Average dai ly meta bol ism w as est imated ove r 24-hour 
per iod at 25 t o 30��C and i s 146 percent higher  than the free-livi ng m etabol ic rate  predi cted on t he basis of equat ion 3-47 (Nagy, 1987). 

4 Calcul ated f rom average food consumpt ion r ate (li ver; 1.22 kcal /g wet weight ) at 25��C.  This value i s 167 percent higher  than the free-living 
metabol ic rate  predi cted on t he basis of equat ion 3-47 (Nagy, 1987). 

5 Diet  of  mealworm s est imated t o provi de 2.33 kcal /g li ve weight .  Assi milati on ef ficiency  for  shr ews consum ing meal worm s = 89.5  ± 1.9 SD. 
6 Diet  of beef  liver; mean weight of shr ews = 21 g. 
7 Est imated using equat ion 3-20 (Stahl , 1967) and adul t male  sum mer body weights f rom Gui lday (1957). 
8 Est imate for 21.2-g shr ew. 
9 Est imated using equat ion 3-22 (Stahl , 1967) and adul t male  sum mer body weights f rom Gui lday (1957). 

10 (a) At high prey densi ty; (b)  at low prey densi ty.
 
11 Cited in George et al . (1986).
 
12 From pai ring t o partur iti on.
 
13 Mean longevi ty of ani mals t hat sur vived t o weaning.
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2.2.2. Red Fox (foxes and coyotes) 

Order Carniv ora, Family Canida e.  Unlik e the more social wol ves, foxes and coyotes 
tend t o hunt alone , although c oyo tes may hunt la rger  prey in pair s.  Foxes and coyotes are 
prim arily car nivorous , preying pr edominantly on small mammals, but they also may eat 
insects, fruits, berries, seeds, and nuts.  Foxes are f ound t hroughout most of the Unit ed 
States and Canada, inc luding t he arctic, as are coyo tes with the except ion of the 
southeastern United States.  Foxes and coyotes are active primarily at night . 

Selected species 

Red foxes ( Vulpes vulpes ) are present thr oughout the Unit ed States and Canada 
except in the southeast, extreme southwest, and parts of the central states.  Red fox prey 
extensively on mice and voles but also feed on other small mammals, insects, hares, game 
birds , poult ry, and o ccas ionally seeds, berries, and fruits (Palmer and Fowler, 1975). 
Twelve subspe cies are recognized in Nor th Amer ica (Ables, 1974). 

Body size . The dog- sized r ed fox ha s a body about 56 to 63 cm in length,  with a 35 
to 41 cm tail (Burt and Grossenheider, 1980).  They we igh f rom 3 to 7 kg, with the males 
usually out weighing t he females by a bout 1 kg (Voigt , 1987; see table). 

Habitat.  As the most widely distributed carnivore in the world, the red fox can live 
in habitats ra nging f rom arctic ar eas to temperate deserts (V oigt , 1987).  Red foxes ut ilize 
many types of habitat--cr opland,  rolling f armland, brush,  pastures, hardw ood stands, and 
coniferous forests (MacGregor, 1942; Eadie, 1943; Cook and Ha milton, 1944; Ables, 1974). 
They prefer areas with broken and diverse upland habi tats such as occur in most 
agricultural areas (Ables, 1974; Samuel and Nelson, 1982; V oigt , 1987).  They are rare or 
absent fr om continuous stands of pine for ests in the southeast, moist conifer forests a long 
the Pacific coast, and semiarid grasslands and deserts (Ables, 1974). 

Food habi ts .  The red fox feeds on both animal and plant material, mostly small 
mammals, birds, insects, and fruit (Korschgen, 1959; Samuel and Nelson, 1982).  Meadow 
vole s are a major  food in m ost ar eas of North America; other common prey inc lude mice 
and rabbits (Korschgen, 1959; V oigt , 1987).  Game birds (e.g., r ing- necked pheasant and 
ruffed grouse) and waterfowl are seasonally important prey in some areas (Pils and Martin, 
1978; Sargeant, 1972; V oigt and Broadfoot , 1983).  Plant material is most common in red 
fox diets in summer and fall when fruits, berries, and nuts become available (J ohnson, 
1970; Major and Sherburne, 1987).  Red foxes often cache f ood in a hole for future us e 
(Samuel and Nelson, 1982).  They also are noted scavengers on carcasses or other refuse 
(Voigt , 1987).  Most activity is nocturnal and at tw ilight (No wak and Paradiso, 1983). 

Temperature regulation and molt .  In winter, foxes do not unde rgo hibe rnation or 
torpor; instead, they are active year-r ound.  They unde rgo one molt pe r year, which usually 
begins in A pr il and is finished by June .  The wint er coat is regrown by Octobe r or 
November in northern latitudes (V oigt , 1987). 
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Breeding activities and social organization .  Breeding oc curs ear lier in t he sout h 
than in the red fox's northern ranges (Samuel and Nelson, 1982) (see table).  A mated pair 
maint ains a territory thr oughout the year, with the male cont ributing m ore to  its defense 
than the female (Preston, 1975).  Pups are born and reared in an unde rgr ound den,  and t he 
male assists the female in rear ing young, bringing food t o the den f or the pups (Samuel 
and Nelson, 1982).  Pups first emerge from the den when 4 to 5 weeks old (Samuel and 
Nelson, 1982).  Once considered solitary, red foxes now are reported to ex hibit more 
comple x social  habit s (MacDonald and Voigt , 1985).  A fox family, the basic social unit , 
generally consists of a mated pair or one male and several related females (Mac Donald, 
1980; Voigt , 1987).  The additiona l females are usually nonbr eeders that o ften help the 
breeding female (V oigt , 1987). 

Home range and r esour ces.  The hom e range s of individuals fr om the same family 
overlap conside rably , cons tituting a family territory (Sargeant, 1972; V oigt and Ma cDonald, 
1984).  Territories of ne ighboring r ed fox familie s are la rgely nonov erlapping a nd 
contiguous , usually resulting in all pa rts of a land scape be ing oc cupied by fo xes.  Territory 
sizes range from less than 50 to over 3,000 ha (see table).  Territories in urban areas tend 
to be smaller than those in rural areas (Ables, 1969).  Adults visit most parts of their 
territory on a regula r basis;  however, they tend to concentrate their activities near to their 
dens , preferred hunting a reas, abundant food supplie s, and r esting a reas (Ables, 1974; 
Keenan, 1981).  Territory bounda ries o ften conform to physical landscape features such as 
well-traveled roads and streams (Ables, 1974).  Territory defense is primarily by 
nonaggr essive mechanisms involv ing urine scent-mark ing and a voidanc e behavior s. 
Scent mark ing oc curs thr oughout the territory; there is lit tle pa trolling of territory 
bounda ries. Each fox or family usually has a main unde rgr ound den and one or  more othe r 
bur rows within t he hom e range (No wak and Paradiso, 1983).  Most dens are aba ndone d 
bur rows of othe r species (e. g., woodchu cks, badgers) (Samuel and Nelson, 1982).  T unnels 
are up to 10 m in length and lead to a chamber 1 to 3 m below the surface (Nowak and 
Paradiso, 1983).  Pup-rear ing dens are the focal  point of fox activity dur ing s pr ing and e arly 
summer.  Foxes have some rest sites and usually forage away from the den (V oigt , 1987). 

Popul ation dens ity.  One red fox family per 100 to 1,000 ha is typical (V oigt , 1987; 
see table).  Red foxes have larger home ranges where popula tion densitie s are low and in 
poor er habi tats (Voigt , 1987).  Most y oung f oxes, especially males, disperse before the age 
of 1 (Voigt , 1987), usually dur ing S eptember to March, with peaks in dispersal in October 
and November (P hillips et al., 1972; Storm et al., 1976). 

Popul ation dyna mics .  Foxes usually pr oduc e pups their first year, except in 
extremely high densit y areas and in some years in northern port ions of their range where 
they may delay bree ding until t he next season (Allen, 1984; Harris, 1979; Storm et al., 1976; 
Voigt and Ma cDonald, 1984).  Litter size generally averages four to six pups (see table). 
The pups l eave the den a bout 1 mont h after birth, and they are weaned by a bout 8 to 10 
weeks of age (Ables, 1974).  Red foxes incur high m ortalit y rates as a result of s hooting, 
trapping, di sease, and accidents (e.g., roadkills) (Storm et al., 1976).  Two factors that tend 
to limit red f ox abundanc e are competition w ith  othe r canids , especially coyo tes, and 
seasonal limits on f ood availabilit y (Voigt , 1987).  Fecundit y is highe r in areas of high 
mortalit y and low popula tion densitie s (Voigt , 1987). 
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Similar species (from general references) 

��	 The arctic fox ( Alopex lagopus ) is smalle r than the red f ox (body lengt h 
approximately 51 cm; we ight 3.2 to 6.7 kg) and is r estricted in its distr ibution 
to the arctic, found in t he Unit ed States only in A laska.  This species 
primarily scavenges for f ood but also eats lemm ings , hares,  birds , and eggs 
as well as berries in season. 

��	 The swift fox ( Vulpes velox ) is smalle r than the red f ox (body length 3 8 to 51 
cm; weight 1.8 to 2.7 kg) and inhabit s the d eserts and plains of the southwest 
and central United States.  It dens in gr ound bur rows and feeds on small 
mammals and insects. 

��	 The kit fox ( Vulpes macrotis ) is similar in size to the swift fox and is 
considered by some to be the same species, alt hough it ha s not iceably 
larger ears.  It inhabit s the sout hwestern United States and prefers open, 
level, sandy areas and low desert vegetat ion.  It feeds on small mammals and 
insects. 

��	 The gray fox ( Urocyon cinereoargenteus ) is simila r in size (body length 5 3 to 
74 cm; weight 3.2 to 5.8 kg) to the red f ox and r anges ov er most of the Unit ed 
States except the northwest and northern prairies, inhabiting c haparral, ope n 
forests, and rimrock re gions . Secretive and nocturnal, gray foxes w ill clim b 
trees to evade enemies.  They feed primarily on small mammals but also eat 
insects, fruits, acorns, birds, and eggs. 

��	 The coyote ( Canis latrans ) is much  larger (body length 8 1 to 94 cm; weight 9 
to 22 kg) than the red f ox and is found t hroughout most of the Unit ed States 
(except poss ibly eastern), western Canada, and Alaska.  It inhabit s pr airies, 
open woodlands , brushy and boulde r-strewn areas, and dens in the gr ound. 
Coyotes share some fee ding habit s with the red f ox but also scavenge and 
hunt la rger  prey in pair s. 

General references 

Ables (1974); Burt and Grossenheider (1980); Palmer and Fowler (1975); V oigt 
(1987). 
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Red Fox ( Vulpes vulpes ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body We ight 
(kg) 

A M sp rin g 
A F spr ing 

5.25 ± 0.18 SE 
4.13 ± 0.11 SE 

4.54 - 7.04 
3.27 - 4.72 

Illin ois Storm  et al., 1976 

A M fall 
A F fall 

4.82 ± 0.081 SE 
3.94 ± 0.079 SE 

4.13 - 5.68 
2.95 - 4.59 

Iowa Stor m et al., 1976 

neonat e B 
at weaning B 

0.102 ± 0.12 SD 
0.70 

0.071 - 0.109 Wisconsi n 
North  Dakot a 

Stor m & Ables, 1966 
Sargeant, 1978 

Pup Growth 
Rate (g/day) 

bi rth to 
weaning 

15.9 North  Dakot a/lab Sargeant , 1978 

Metabol ic  Rate 
(kcal /kg-day ) 

J sum mer 

A M basal 
A F basal 

193 ± 56 SD 

47.9 
51.1 

Ohio/lab Vogtsberger & Bar rett,  1973 

est imated 1 

A M free-living 
A F free-livin g 

161

168

 (68 - 383) 

 (71 - 400) 

est imated 2 

Food Ingest ion 
Rate (g/g-d ay) 

J  5-8 wks 
J  9-12 wks 
J 13-24 wks 

0.16 
0.12 
0.11 

North  Dakot a/lab Sargeant , 1978 

A bef ore 
whe lp 
F after w help 

0.075 

0.14 

North Dakot a/capt ive Sargeant, 1978 3 

A 
nonbreedi ng 

0.069 North Dakot a/capt ive Sargeant, 1978 

Water A M 0.084 est imated 4 
Ingest ion A F 0.086 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay) 3 

A M 
A F 

2.0 
1.7 

est imated 5 
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Summer Fall Winter Reference 

Red Fox ( Vulpes vulpes ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Surface Area 
(cm ) 2 

A M 
A F 

3,220 
2,760 

est imated 6 

Dietar y Locat ion/Habi tat Note 
Compos itio n Spr ing  (measur e) No. 

rabbi ts 44.4 Nebraska/statew ide Powel l & Case, 1982 
smal l mammals 33.0 
pheasant  8.4 (% wet vol ume;  stomach 
other bi rds 11.2 content s) 
misc.  2.0 
not accounted f or  1.0 

mammals 92.2 37.1 61.7 65.0 Illi nois/ farm  and woods Knabl e, 1974 
birds 2.4 43.2 0.2 8.6 
arthr opods 0.2 11.6 4.2 <0.1 
plant s 4.6 6.3 31.1 26.1 (% wet wei ght ; stomach 
unspeci fied/oth er 0.6 1.8 2.8 0.3 content s) 

rabbi ts 24.8 10.7 36.5 38.7 Missour i Korschgen, 1959 
mice/rats 24.2 6.2 21.3 22.5 
other  mammals 4.0 1.4 8.1 8.2 (% wet vol ume;  stomach 
poul try 21.0 45.0 16.3 11.6 content s) 
carrion 12.9 13.0 6.5 7.4 
livestock 9.8 0.3 2.0 5.4 
bi rds 0.6 1.2 1.1 3.8 
invertebrates trace 15.3 1.6 trace 
plant  foods 2.7 6.9 6.6 2.1 

mammals 81.4 Maryland/Appalachi an Hockman & Chapm an, 1983 
birds 4.8 Prov ince (fall &  winter) 
arthr opods 2.8 
plant s 7.0 (% wet wei ght ; stomach 
unspeci fied/oth er 4.0 content s) 
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Red Fox ( Vulpes vulpes ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Territory  size 
(ha) 

A B sum mer 
A M sum mer 
A F sum mer 

1,611 
1,967 
1,137 

277 - 3,420 
514 - 3,420 
277 - 1,870 

nw Br itis h Col umbia/ 
alpine and subal pine 

Jones & Theber ge, 1982 

A F spr ing 

A M al l year 
A F al l year 

699 ± 137 SD 

717 
96 

596 - 855 

57 - 170 

ec Minnesot a/woods,  fields, 

Wisconsi n/di verse 
swam p 

Sargeant , 1972 

Ables, 1969 

Populat ion 
Densi ty (N/h a)

B B spr ing 

B B spr ing 

0.001 

0.01 

Canada/nor thern boreal 
 for ests/arct ic t undr a 

s Ontari o, Canada/ souther n 
habi tats 

Voigt,  1987 

Voigt,  1987 

B B 0.046 - 0.077 "good f ox range" i n 
North  Amer ica 

Ables, 1974 

Li tter 
Size

5.5 

6.8 
6.7 
4.2 
4.1 

2 - 9 
3 - 12 

s Wisconsi n/farm, mars h, 
 pasture 

Illi nois/ farm  and woods 
Iowa/farm and woods 
upper  Michi gan/NS 
North  Dakot a/prairie 
potholes 

Pils  & Martin,  1978 

Stor m et al., 1976 
Stor m et al., 1976 
Switzenber g, 1950 
Al len, 1984 

7 

8 
7 
8 
7 

Li tters/Y ear 1 NS/NS Samuel & Nel son, 1982 

Days 
Gestat ion 

51 - 54 New Yor k/NS Sheldon, 1949 9 

Age at 
Weaning 

8 - 10 weeks NS/NS Ables, 1974 

Age at F 10 months Illi nois,  Iowa/farm woods Stor m et al., 1976 
Sexual 
Maturity 
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Populat ion Age/Sex/ Note 
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No. 

Annual B B 79.4 s Wisconsi n/var ious Pils  & Martin,  1978 
Mortality 
Rates (percen t) J M 83 Illin ois/Iowa/ Storm  et al., 1976 

J F 81 farms and woods 
A F 74 
A B 77 

Longevi ty < 1.5 yrs up t o 6 yrs NS/NS Stor m et al., 1976 

Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Matin g early Dec. late  Janua ry late  Februa ry Iowa Storm et a l., 1976 
late  December Jan.  - Feb. March New Yor k Layne & McKeon, 1956; 9 

Sheldon, 1949 
late  Januar y early Februar y souther n Ontari o, Canada Voigt,  1987 
Februar y March nor thern Ontari o, Canada Voigt,  1987 

Partur ition March souther n CAN Voigt,  1987 
late Marc h, Apr il e North Dakot a Sargeant, 1972 

Molt Apr il June NS/NS Voigt , 1987 

Disperal late March Illin ois, Iowa Storm et a l., 1976 
September 

1 Est imated using ext rapolat ion equat ion 3-45 (Boddington, 1978) and body weights f rom Stor m et al . (1976) (Illin ois). 
2 Est imated using ext rapolat ion equat ion 3-47 (Nagy, 1987) and body weights f rom Stor m et al . (1976) (Illin ois). 
3 Food consumpt ion of an adul t pair for  11 days pr ior to  whelping ( i.e., partur iti on) and of  the adul t female for th e first  4 weeks af ter wh elping.
 
4 Est imated using ext rapolat ion equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Stor m et al . (1976) (Illin ois).
 
5 Est imated using ext rapolat ion equat ion 3-20 (Stahl , 1967) and body weights f rom Stor m et al . (1976) (Illin ois).
 
6 Est imated using ext rapolat ion equat ion 3-22 (Stahl , 1967) and body weights f rom Stor m et al . (1976) (Illin ois).
 
7 Litter  size determin ed from embr yo  count .  Using placent al scars gener ally  overest imates l itter  size, and count ing l ive pups o ften underest imates
 

litter  size (Alle n, 1983; Lindst rom, 1981).
 
8 Method of det ermini ng l itter  size not speci fied. 
9 Cited in Samuel and Nel son (1982). 

Red Fox ( Vulpes vulpes ) 
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2.2.3. Raccoon (raccoons, coatis, ringtails) 

Order Carniv ora, Family Procyonida e.  Procyonids are mediu m-sized omnivor es 
that range thr oughout much  of Nor th Amer ica.  Raccoons , coatis, and ringt ails feed on 
insects, small mammals, birds, lizards, and f ruit s.  Ringt ails are much smalle r and m ore 
slende r than raccoons and consum e a highe r propor tion of anim al matter (Kaufmann, 
1982).  Coatis are s lightly smalle r than racoons and a re limit ed in t heir  dis tr ibution in t he 
United States to just north of the Mexican border. 

Selected species 

The raccoon ( Procyon lotor ) is the most abundant and wide spread mediu m-sized 
omnivor e in t he Nor th Amer ica.  They are found t hroughout Me xico,  Central Amer ica, the 
United States, except at the highe r elevat ions of the Ro cky Mount ains , and into southe rn 
Canada (Kaufmann, 1982).  Dur ing t he last 50 years, racc oon popula tions in t he Unit ed 
States have increased greatly (Sanderson, 1987).  In s uburban a reas, they frequently raid 
garbage cans and dumps .  Raccoons are pr eyed on by bobcats, coyotes, foxes, and great 
horned owls (Kaufmann, 1982).  Twenty-five subspecies are rec ognized in t he Unit ed 
States and Canada; however, most researchers do not identify the subspecies st udie d 
because different subspecies inhabit essentially nonov erlapping geogr aphic range s. 

Body size .  Raccoons measure from 46 to 71 cm with a 20 to 30 cm tail. Body 
weight s vary by loc ation,  age, and sex from 3 to 9 kg (Kaufmann, 1982; Sanderson, 1987). 
The largest racc oons recorded are fr om Idaho and ne arby states, w hile the smallest reside 
in t he Florida K eys (Lotze and Anderson, 1979).  Juveniles do not reach a dult size until a t 
least the end of their sec ond year (Stuewer, 1943b).  In the autumn, fat reserves acc ount 
for 20 to 30 pe rcent or  more of the raccoon' s weight (W hitne y and Unde rwood, 1952, cited 
in Kaufmann, 1982).  In Minne sota,  Mech et al. (1968) found t hat juv enile s gained w eight 
almost linearly until mid-November, after which they began to lose we ight until A pr il. 
Weight los s in adult s and year lings can r each 50 percent dur ing t he 4 months of wint er 
dormancy (e.g., 4.3-kg loss for a 9.1-kg racc oon) (T hor kelson and M axwell, 1974; Mech et 
al., 1968).  In Alabama, where racc oons are active all year, winter we ight lo sses are less, 16 
to 17 percent on average (J ohnson, 1970). 

Habitat .  Raccoons are found ne ar virtually every aquatic habitat, particularly in 
hardwood swamps, mangroves, f loodplain f orests, and freshwater and saltwater marshes 
(Kaufmann, 1982).  They are also common in s uburban r esidential a reas and cultivated and 
abandoned f armlands (Kau fmann, 1982) and may forage in farmyards (Greenw ood, 1982). 
Stuewer (1943a) stated that a permanent water s upply , tree dens , and available food a re 
essential.  Racc oons us e sur face waters for both drink ing and f oraging (Stuewer, 1943a). 

Food habi ts .  The raccoon is an  omnivorous and oppor tunis tic feeder.  Alt hough 
primarily active from sunset to sunrise (Kaufmann, 1982; Stuewer, 1943a), racc oons will 
change their activity per iod t o accommodate the availa bilit y of food and water (Sanderson, 
1987).  For example, salt marsh racc oons may become active dur ing t he day to take 
advantage of low tide (Ivey, 1948, cited in Sanderson, 1987).  Racc oons feed primarily on 
fleshy fruits, nuts, acorns, and corn (Kaufmann, 1982) but also eat grains, insects, frogs, 
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crayfish, eggs, and virtually any animal and vegetable matter (Palmer and Fowler, 1975). 
The propor tion of di fferent foods in t heir  die t depends on lo cation and season, alt hough 
plant s are usually a more impor tant component of the die t.  They may focus on a preferred 
food,  such as turtle eggs , when  it is available (Stuewer, 1943a).  They also w ill feed on 
garbage and c arr ion.  Typic ally , it is only in t he spr ing and e arly su mmer that racc oons eat 
more animal than plant material.  Their late summer and fall diets consist primarily of 
fruit s.  In wint er, acorns tend t o be the most impor tant food,  although r accoons will take 
any corn  or  fruit s that are still available (Kaufmann, 1982; Stuewer, 1943a). 

Temperature regulation and molt .  From the central United States into Canada, 
raccoons unde rgo a wint er dor mancy lasting up t o 4 months (Stuewer, 1943a).  It is not a 
true hibe rnation, ho wever, and they can be easily awakened (Kaufmann, 1982).  Animals in 
the south are active year-r ound ( Goldm an, 1950).  Snow cover, more than low 
temperatures, tr igge rs wint er dor mancy (Stuewer, 1943a; Mech et al., 1966; Kaufmann, 
1982).  The racc oon' s annual molt begins ear ly in s pr ing and l asts a bout 3 months 
(Kaufmann, 1982). 

Breeding activities and social organization. Although solit ary, adult raccoons come 
toge ther for a shor t time during t he mating pe riod ( Kaufmann, 1982), which be gins ear lier 
(Janua ry to  March) in t heir  nor ther n range than  in t heir southe rn range (March to June ) 
(Johnson, 1970; Sanderson, 1987).  Male and female home ranges overlap freely and each 
male may mate with several females dur ing t he br eeding season (Mech et al., 1966; 
Johnson, 1970; Kaufmann, 1982; Stuewer, 1943a).  The most common gr oup of raccoons is 
a mother and he r young of that year.  Fur ther  nor th in t heir range , a family will den toge ther 
for the winter and break up the f ollowing s pr ing ( Kaufmann, 1982).  Males are territorial 
toward one another but not toward females; females are not territorial (Fritzell, 1978). 

Home range and r esour ces.  The size of a raccoon' s hom e range depends on it s sex 
and age, habitat, f ood sour ces, and the season (Sanderson, 1987).  Values from a few 
hectares to more than a few thousand hectares have been reported, alt hough hom e range s 
of a few hundr ed hectares appear to be most common (see Appe ndix ).  In gene ral, hom e 
ranges of males are larger than those of females, the home range of females with y oung is 
restricted, and winter ranges are smaller than ranges at other times of the year for both 
sexes (Sanderson, 1987).  Dur ing t he wint er, raccoons commonly den in hollow tr ees; they 
also use the burrows of other animals such as foxes, gr oundhogs , skunk s, and badge rs. 
These sites are used for slee ping during w armer  periods .  After winter ing in one den,  the 
female w ill choos e a new den in which t o bear her young ( Kaufmann, 1982).  Schneider et 
al. (1971) found t hat onc e the cubs l eave the den, the family w ill not us e it again t hat year. 

Popul ation dens ity .  Popula tion densit y depends on t he qualit y and quantit y of food 
resources and den sites.  Values between 0.005 and 1.5 racc oons pe r hectare have been 
repor ted, although 0 .1 to 0.2 pe r hectare is more common (see Appe ndix ).  Popula tions 
exceeding one raccoon pe r hectare have been reported in residential areas (Hoffman and 
Gottschang, 1977).  Alt hough r accoons may prefer tree dens over gr ound dens , particula rly 
for raising young (Stuewer, 1943a), Butterfield (1954) f ound high r accoon densitie s in a n 
area with few tree dens but numerous gr ound dens . 
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Popul ation dyna mics. Males generally are not sexually mature by the time of the 
first regula r breeding season f ollowing t heir  bir th,  but they may mature later that summer 
or  fall ( Johnson, 1970; Sanderson, 1951).  Females may become pregnant in their first year 
(Johnson, 1970).  In a review of several studies, Kaufmann (1982) f ound t hat up t o 60 
percent of both wild and c aptive females mate and produce litters in their first year.  In 
Illinois and Mis souri, Fritzell e t al. (1985) found pr egnanc y rates of year lings fr om 38 to 77 
percent.  After their first year, almost all females breed a nnually (Fritzell e t al., 1985). 
Females pr oduc e only one li tter each year, and the female a lone cares for the young 
(Sanderson, 1987; Stuewer, 1943a, 1943b).  With some except ions (Bis sonn ette and Csech, 
1937), larger litter sizes usually occur in the racc oon' s nor ther n range (Lotze and 
Anderson, 1979).  Some juveniles of both sexes disperse from the areas where they were 
born during t he fall or  wint er of their first year, while othe rs stay and raise y oung w ithin 
their parents' home range (Stuewer, 1943a).  The highest mortality rates occur wit hin t he 
first 2 years; the age structure of popula tions in A labama suggests that mortality is highe r 
for subadult s than for  juv enile s (Johnson, 1970). 

Similar species (from general references) 

��	 The coati ( Nasua nasua ) is slightly smalle r than the raccoon ( 4 to 6 kg) but 
with a much  longe r tail (51 to 64 cm).  Ra nging t hroughout Cent ral Amer ica 
from Panama to Mexico (Kaufmann, 1982), the coati is rare in the Unit ed 
States where it inhabit s open f orests of the southwest, near the Mexican 
border.  It forages primarily for grubs and tubers but also feeds on fruits, 
nut s, bird eggs , lizards, scor pions , and t arantula s.  Coatis r oll a rthr opods on 
the ground t o remove wings and scales. 

��	 The r ingt ail (Bassariscus astutus ) is smaller (36 to 41 cm; 0.9 to 1.13 kg) than 
the raccoon,  with a tail equal t o its body length.  It range s thr oughout the 
southwestern United States into northern California and Ore gon, inhabiting 
chaparral, rocky ridges, and cliffs near water. Ringt ails are omnivorous lik e 
the raccoon but consum e a highe r propor tion of anim al matter, fee ding 
mainly on small mammals, insects, birds, and lizards as well a s fr uit s.  They 
den in caves or crevices a long cli ffs, hollow trees, unde r ro cks, and in 
unus ed buildings .  Although ringt ails so metimes live in c olonie s, mated pairs 
are more common.  Mor e noc turnal than the raccoon,  the r ingt ail is only 
active at dawn and dusk (Kaufmann, 1982). 

General references 

Burt and Grossenheider (1980); Goldman (1950); J ohnson (1970); Kaufmann (1982); 
Palmer and Fowler (1975); Sanderson (1987). 
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Raccoon ( Procyon lotor ) 

Age/Sex/ Range Note 
Factor s Cond. /Seas. Mean or  (95% CI) Locat ion Reference No. 

Body  Weight A M 7.6 7.0 - 8.3 wc Illi noi s Sander son, 1984 
(kg) A F parous 6.4 5.6 - 7.1 

A F nu llip arous 6.0 5.1 - 7.1 
J M 5.1 4.6 - 5.7 
J F 4.8 4.2 - 5.3 

A M 6.76 Missour i Nagel , 1943 
A F 5.74 

A M 4.31 up t o 8.8 Alabama Johnson, 1970 
A F 3.67 up t o 5.9 

neonat e 0.075 w New Yor k/capt ive Hamilt on, 1936 

Pup Growth bi rth to 7 days 17 w New Yor k Hamilt on, 1936 
Rate (g/day)  8 to 19 days 21 

20 to 30 days 11 
31 to 40 days 12 
41 to 50 days 23 

bi rth to 6 wks 17.8 NS/lab Montgomer y, 1969 
6 to 9 wks 3.9 
10 to 16 wks 29.5 

Metabol ic Winter 9.36 ± 1.68 SD Washington, DC/Nat ional Mugaas et  al., 1984 
Rate 15-35��C Zoo 
(lO /kg-day)2 

Metabol ic  Rate J B 304 Ohio/lab Teubner & Bar rett,  1983 
(kcal /kg-day ) 

A M basal 44.8 est imated 1 
A F basal 46.8 

A M free-living 183 (83 - 400) est imated 2 
A F f ree-living 187 (85 - 408) 

Food Ingest ion 3 
Rate (g/g-d ay) 
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Raccoon ( Procyon lotor ) 

Age/Sex/ Range Note 
Factor s Cond. /Seas. Mean or  (95% CI) Locat ion Reference No. 

Water A M 0.082 est imated 4 
Ingest ion Rat e A F 0.083 
(g/g-d ay) 

Inhal ation 
Rate (m /d ay) 3 

A M 
A F 

2.47 
2.17 

est imated 5 

Surface Area 
(cm ) 2 

A M 
A F 

3,796 
3,414 

est imated 6 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

crayfish 37 8 3 9 aryland/forestedM

& 

Llewellyn 1952 ,hler

U 

snails 5 5 3 6 ottomlandb 
insect s 40 39 18 21 
reptiles/amphibians 6 5 3 7 %  wet  volume;  digestive( 
fish 3 2 trace 2 )tract 
rodent s 7 2 trace 8 
corn 0 1 2 91 
Smilax 0 trace trace 6 
acor ns 0 trace 5 71 
pokeber ry 0 trace 17 2 
wild  cherry 0 17 2 0 
blackber ries 0 16 trace 0 
grapes 0 trace 23 8 
persi mmo n 0 0 11 7 

2-237 
R

accoon 



Raccoon ( Procyon lotor ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

frogs 8.1 trace 0 0 Tennessee/NS Tabatabai & Kennedy , 1988 
fish 1.2 0 0 0 
bi rds trace 0 trace 8.4 (% wet vol ume;  digest ive 
mammals 1.7 0 1.4 0 tract) 
other /unspeci fied 7.8 6.7 1.8 7.2 
persimmon 0 35.8 57.3 27.4 
cor n 57.6 0 10.0 25.9 
grapes 0 trace 10.2 0 
pokeber ry 0 20.5 4.5 0 
acor ns 0 0 5.4 4.2 
sugar hackber ry 0 0 5.5 18.4 
cher ry 0 29.5 0 0 
insect s 22.0 3.5 2.4 trace 
cray fish 1.6 4.0 1.5 1.4 

Mollu sca 44 sw Washington/ tidewater Tyson, 1950 
(mussels and oysters) mudf lats 
Crustacea ( shr imp & 
crabs) 

25 
(% wet vol ume;  stomach 

Pisces (goby 
& cabezon) 

9 content s) 

Annel ida 20 
(marine worm s) 
Echiur ida (worm) 1 

frui ts 37.9 New Yor k/NS Hamilt on, 1951 7 
insect s 8.2 
mammals 14.3 (% wet vol ume;  stomach 
grains ( e.g. cor n) 14.7 content s) 
earthworms  7.2 
amphibians  4.4 
vegetat ion  6.1 
rept iles  3.0 
mollu scs  1.9 
bi rds  1.5 
carrion  1.5 
unspeci fied  0.2 
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Raccoon ( Procyon lotor ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Home A M spr ./sum. 2,560 670 - 4,946 North Dakot a/prairie Fritze ll, 1978 8 
Range A F spr ./sum. 806 229 - 1,632 potholes 
Size 
(ha) A M May - Dec 204 18.2 - 814 Michi gan/rip arian Stuewer, 1943a 

A F May - Dec 108 5.3 - 376 

A M al l year 65 ± 18 SE Georgia/coastal  isla nd Lot ze, 1979 9 
A F al l year 39 ± 16 SE 

Populat ion NS 1.46 Ohio/ resident ial  woods Hoffman & Got tschang, 1977 
Dens ity (N/h a) 

spr ing 0.17 Lake Er ie, Ohio/ Urban, 1970 10 
Sandusky Bay, ma rsh 

spr ing 0.022 Wisconsi n/marsh Dorney, 1954 

Li tte r 1 to  3 yrs 3.4 n Illin ois/NS Fritzell e t al., 1985 
Size 4 yrs + 3.8 

2.43 Alabama/bot toml ands, Johnson, 1970 
marsh 

Li tters 
/Year 

1 most of  range/NS Sander son, 1987 

Days 63 North Amer ica/NS Hamilt on, 1936; Sander son, 
Gestat ion 1987; Stuew er, 1943b 

Age at 84 63 - 112 NS/lab Montgomer y, 1969 
Weaning 
(days) 

Age at M 15 months Alabama/NS Johnson, 1970 
Sexual 
Maturity F 1 year IL, MO/NS Fritzell e t al., 1985 

Annual A B 56 Missour i/NS Sander son, 1951 11 
Mortality 
Rates A B 38 sw Iowa /agr icul tura l Clark  et al., 1989 
(percent ) J B 42 
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Populat ion Age/Sex/ Note 
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No. 

Longevi ty A B 3.1 years Alabama/NS Johnson, 1970 
A B 1.8 years Missour i/NS Sander son, 1951 11 

Seasonal Note 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Mating Februar y March August sw Georgia, nw Flor ida McKeever , 1958 
Januar y Februar y March n Uni ted States Johnson, 1970 

Partur ition Apr il early Apr il May Michi gan Stuew er, 1943b 
Apr il May October sw Georgia, nw Flor ida McKeever , 1958 

Molt sum mer nor thern l atit udes Goldman, 1950 

Torpor late March/Apr il ec Minnesot a Whit ney & Under wood, 1952 12 
November 

1 Est imated using equat ion 3-43 (Boddington, 1978) and body weights f rom Nagel  (1943). 
2 Est imated using equat ion 3-45 (Nagy, 1987) and body weights f rom Nagel  (1943). 
3 See Chapt ers  3 and 4 f or met hods f or calcul ating food ingest ion r ates f rom free-livi ng m etabol ic rate  and diet .
 
4 Est imated using equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Nagel  (1943).
 
5 Est imated using equat ion 3-20 (Stahl , 1967) and body weights f rom Nagel  (1943).
 
6 Est imated using equat ion 3-22 (Stahl , 1967) and body weights f rom Nagel  (1943).
 
7 Col lect ions f rom Apr il thr ough October .
 
8 Measur ed f rom Apr il thr ough Jul y.
 
9 Based on r adiot racking.
 

10 Average of  thr ee methods of est imating densi ty.
 
11 Hunted populat ion.
 
12 Cited in Schnei der et al . (1971).
 

Raccoon ( Procyon lotor ) 
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2.2.4. Mink (mink, weasels, ermine) 

Order Carniv ora, Family Mustelidae .  Although v aried in size , most members of this 
family have long,  slende r bodie s and shor t legs .  Throughout the family, the male is usually 
larger than the female.  The more terrestrial species feed primarily on small mammals and 
birds .  Mustelids that liv e around l akes and streams feed on aquatic prey such as fish, 
frogs, and invertebrates (Burt and Grossenheider, 1980). 

Selected species 

The mink ( Mustela vison ) is the most abundant and wide spread car nivorous 
mammal in North America. Mink are dis tr ibut ed thr oughout Nor th Amer ica, except in the 
extreme north of Canada, Mexico, and arid areas of the southwestern United States.  It is 
common t hroughout it s range but o ften overlooked because of its solitary nature and 
nocturnal activity. Mink are pa rticula rly sensitive to PCBs and s imila r chemicals, and ha ve 
been found t o accumulate PCBs in subcutaneous fat to 38 to 200 times dietary 
conc entrations , depending on t he PCB congene r (Hornsha w et al., 1983). 

Body size . Body size var ies gr eatly thr oughout the species' range , with males 
weighing m arkedly more than females (in some popula tions , almost twice as much, see 
table).  Males measure from 33 to 43 cm with a 18 to 23 cm tail.  Females measure from 30 
to 36 cm with a 13 to 20 cm tail (Burt and Grossenheider, 1980).  Farm-raised mink tend to 
be larger than wild mink (l etter from R.J. Aulerich, Department of Animal Science, Mic higa n 
State University, East Lans ing, MI,  to Susan  Nor ton,  Janua ry 7, 1992). 

Metabolism .  Harper et al. (1978) evaluated the energy re quir ements of growing 
farm-raised male mink during a 21-day per iod w hen about 20 pe rcent of their total  grow th 
would oc cur.  They expr essed f ood in take on the basis of meta bolic body size (MBS ) 
instead of body weight (BW) where MBS = BW (kg)0.73 .  Metabolizable ener gy (ME) 
requir ements were 147.8 ± 6.06 (kcal/kg MBS-day).  Acc ounting f or assimilat ion efficiency, 
this corresponded t o a gros s ener gy (GE) intake of approximately 203 (kcal/kg MBS-day). 

Iversen (1972) f ound t hat b asal meta bolic r ate for mink and other muste lids 
weighing 1 kg  or  more could be expr essed by the equat ion: 

BMR = 84.6Wt0.78 (±0.15), 

where BMR = b asal meta bolic r ate in kcal/day and Wt = body weight in kilogr ams.  This 
model reflects the f inding t hat the la rger mustelids h ave a s lightly (10 to 15 percent) highe r 
basal meta bolic r ate than expected for mammals in general. f Free-liv ing metabolic rates 
would be exp ected to be three to five times highe r (see table). 

Habitat .  Mink are found associated with aquatic habitats of all k inds , including 
waterways such as rivers, streams, lakes, and ditches, as well as swamps, marshes, and 

fMustel id  species m uch smal ler than 1 kg (i .e., the sto at and weasel) have m uch highe r basal 
metabo lic  rates than pred ic ted for  mammals in  genera l. 
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backwater areas (Linscombe et al., 1982). Mink pr efer irre gula r shor eline s to more open, 
exposed banks (Allen, 1986).  They also tend to use brushy or w ooded c over adj acent to 
the water, where cover for prey is a bundant and w here downf all and debris provide de n 
sites (Allen, 1986). 

Food habi ts .  Mink are pr edominantly noc turnal  hunt ers, although t hey are 
sometimes active dur ing t he day.  Shor eline s and emergent vegetat ion a re the mink 's 
principal hunting a reas (Ar nold, 1986, cited in Eagle and Whitman, 1987). Mink are 
oppor tunis tic feeders, tak ing w hatever prey is a bundant (Hamilton, 1936, 1940; Err ington, 
1954; Sargeant et al., 1973).  Mammals are the mink's most important prey year-r ound in 
many parts of their range (Eagle and Whitman, 1987), but mink also hunt aqua tic pr ey such 
as fish, amphibians , and c rustaceans and other terrestrial prey such as bird, reptiles, and 
insects, depe nding on t he season (Linscombe et al., 1982).  In marsh habitats in summer, 
muskrats can be an important f ood sour ce depending on t heir  popula tion densit y and 
vulne rabilit y (e.g., health) (Hamilton, 1940; Sealander, 1943; Err ington, 1954). Mink die t 
also can depend on marsh water level; Pr oulx et al. (1987) found t hat with  high water 
levels, mink captured predominantly crayfish and meadow voles, but dur ing pe riods of low 
water, the mink preyed on aquatic birds and muskrats deeper in the marsh.  Similarly, 
Err ington (1939) found t hat mink pr edation on m uskr ats in the prairie pot hole region c an 
increase dramatically in times of dr ought as the muskrat bur rows be come more expos ed. 
Also  in this region, duc klings and molting adult du cks that frequent shorelines are 
particula rly vulne rable to mink pr edation ( Arnold and Fritzell, 1987; Sargeant et al., 1973). 
In winter, mink often s upplement their diet with fish (Eagle and Whitman, 1987).  Females 
tend t o be limit ed to smalle r prey than males, who a re able to  hunt la rger  prey such as 
rabbits and muskrats more successf ully (Bir ks and Duns tone , 1985; Sealander, 1943). 

Temperature regulation and molt .  In wint er, mink do not unde rgo hibe rnation or 
torpor; instead, they are active year-r ound.  Mink repl ace their summer coat in mid to late 
fall w ith a da rker more dens e coat and molt again in t he spr ing (Eagle and Whitman, 1987; 
Linscombe et al., 1982). 

Breeding activities and social organization .  Mating oc curs in l ate winter to early 
spr ing (Eagle and Whitman, 1987).  Variat ion in t he length of mating season with different 
subspecies reflects adaptat ions to  di fferent climates (Linscombe et al., 1982).  Ovulat ion is 
induc ed by mating,  and impla ntation is de layed (Eagle and Whitman, 1987).  Parturition 
generally occurs in the late spr ing,  and t he mink kits are altr icial ( helpl ess) at birth 
(Linscombe et al., 1982). Mink are gene rally solit ary, with females only associat ing w ith 
their young of the year.  Female home ranges generally do not overlap with the home 
ranges of other females, nor do the home ranges of males overlap with each other (Eagle 
and Whitman, 1987).  The home range of a male may overlap the home range of several 
females, however, particularly dur ing t he br eeding season (Eagle and Whitman, 1987). 

Home range and r esour ces.  The home range of mink encompasses both their 
foraging a reas around waterways and their dens.  When de nning,  mink us e bank bur rows 
of other animals, particularly muskrats, as well as cavities in tree roots, rock or brush 
pile s, logj ams, and beaver lodge s (Melquis t et al., 1981; Birks and Linn, 1982; Eagle and 
Whitman, 1987). Individual mink may use several different dens wit hin t heir  hom e range , 
males more so than females (Birks and Linn, 1982).  Melquis t et al. (1981) found t hat de n 
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sites in Idaho were 5 to 100 m from the water, and they never observed mink more than 200 
m from water.  The shape of mink home ranges depends on habitat type; riverine home 
ranges are basically linear, whereas those in marsh habitats tend to be more circular (Birks 
and Linn, 1982; Eagle and Whitman, 1987).  Home range size depends mostly on food 
abundanc e, but also  on t he age and sex of the mink, season, and social sta bilit y (Ar nold, 
1986; Birks and Linn, 1982; Eagle and Whitman, 1987; Linn and Bir ks, 1981; Mitchell, 1961). 
In wint er, mink spend m ore time ne ar dens and us e a smalle r por tion of their  hom e range 
than in summer (Gerell, 1970, cited in Linscombe et al., 1982).  A dult male hom e range s are 
generally la rger than adult female home ranges (Eagle and Whitman, 1987), particularly 
during t he mating season when males may range over 1,000 ha (Arnold, 1986). 

Popul ation dens ity .  Popula tion densit y depends on available cover and prey. 
Popula tion densitie s typic ally range fr om 0.01 to 0.10 mink pe r hectare (see table).  In 
river ine envir onm ents,  it can  be more meaningful t o measure densities in terms of number 
of mink pe r unit length of shor eline covered rather than  in t erms of numbe r per hectare. 

Popul ation dyna mics .  Mink r each sexual maturity at 10 months to a year and may 
reproduce for 7 years, poss ibly more (Ende rs, 1952; Ewer, 1973).  Female mink can 
reproduce once per year and usually give birth to their first litters at the age of 1 year 
(Eagle and Whitman, 1987).  Females often live to the age of 7 years in captivity (Enders, 
1952). 

Similar species (from general references) 

The long -tailed weasel ( Mustela frenata ) is smaller (males 23 to 27 cm, 200 to 
340 g; females 20 to 23 cm, 85 to 200 g) than the mink.  It is considered 
beneficial in agriculture because it k ills small rodent s, but it doe s not ha rm 
poult ry.  Although it doe s not range as far  nor th as the mink , the long -tailed 
weasel does inhabit pa rts of the sout hwest. 

��	 

The least weasel ( Mustela nivalis ) is smaller than the mink (males 15 to 17 
cm, 39 to 63 g; females 14 to 15 cm, 38 to 40 g) and inhabit s meadows, fields, 
and wooded a reas.  The least weasel feeds extensively on mice and insects. 
Its habitat is limited to the north central United States and Canada. 

��	 

The ermine ( Mustela erminea ), or shorttail weasel, is smaller (males 15 to 17 
cm, 71 to 170 g; females 13 to 19 cm, 28 to 85 g) than the mink.  The ermine 
inhabit s woody ar eas near water and feeds primarily on small mammals. 
The ermine's range is limited to the northern and western United States and 
Canada. 

��	 

The black-footed ferret ( Mustela nigripes ) is larger (36 to 46 cm; up to 1.1 kg) 
than the mink and inhabit s western prairies in the United States, alt hough it 
now is an endangered species.  It feeds on prairie dogs and othe r small 
animals. 

��	 
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General references 

Burt and Grossenheider (1980); Eagle and Whitman (1987); Hall (1981); Linscombe 
et al. (1982); Palmer and Fowler (1975). 

2-250 Mink 



Mink ( Mustela vison ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) 

Locat ion erence Ref 
Note 
No. 

Weight A M < 2,300 western races Harding, 1934 1 
(g) A M < 1,400 eastern races Harding, 1934 1 

A M spr ing 1,734 ± 350 SD Michi gan (farm-r aised) Hornshaw et  al., 1983 
A F spr ing 974 ± 202 SD 

A M summer 1,040 Montana Mitc hell, 1961 
J M sum mer 777 
A M fall 1,233 
J M fall 952 

A F summer 550 Montana Mitc hell, 1961 
J F sum mer 533 
A F fall 586 
J F fall 582 

neonat e 6 - 10 NS Eagle & W hitma n, 1987 
neona te 8.3 ± 1.54 SD Mich igan (farm-ra ised) Hornshaw et a l., 1983 

Pup Growt h 0-30 days; M 7.0 NS/(farm-r aised) Wehr et al . (unpubl ished) 2 
Rate (g/day) 31-90 d;  M 21 

91-120 d;  M 15 
121-150 d;  M 9.0 
151-180 d;  M 4.3 

0-30 days; F 6.5 
31-90 d;  F 13 
91-120 d;  F 6.7 
121-150 d;  F 1.7 
151-180 d;  F 0.6 
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Reference 

Mink ( Mustela vison ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) 

Locat ion erence Ref 
Note 
No. 

Metabol ic  Rate 
(kcal /kg-day ) 

A F basal 
A M basal 

A F ranch cage 

A F f ree-living 
A M free-living 

96 
84 

258 

258 
236 

(110 - 507) 
(121 - 550) 

(farm-r aised) 

est imated 

Farrell  & Wood, 1968b 

est imated 

3 

4 

Food Ingest ion 
Rate (g/g-d ay) 

A M sum mer 

A M winter 
A F w inter 

A M yr-r ound 

0.13 

0.12 ± 0.0048 SE 
0.16 ± 0.0075 SE 

0.22 

(capt ive) 

Michi gan (farm-r aised) 

Arnold & Fr itze ll, 1987 

Bleavins & Aul erich, 1981 

est imated 

5 

6 

7 

Water 
Ingest ion 
Rate (g/g-d ay) 

A F 
A M 
A F 

0.11 
0.099 
0.028 (farm-r aised) 

est imated 

Farrell  & Wood, 1968c 

8 

9 

Inhal ation 
Rate (m /d ay) 3 

A F 
A M 

0.33 
0.55 

est imated 10 

Surface Area 
(cm ) 2 

A F 
A M 

743 
1,120 

est imated 11 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
No. 
Note 

ducks 
other bi rds 
eggs 
muskrat s 
ground squi rrels 
other  mammals 
insect s 

5.2 
18.8 

3.3 
42.0 
14.2 
15.5 

1.0 

32.5 
21.6 
14.5 

2.1 
0.5 

25.3 
3.5 

Manito ba, Can/aspen 
parklands of prai rie 
potholes 

(% dry weight  in  scats; 
male mink onl y) 

Arnold & Fr itzell, 1987 
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Mink ( Mustela vison ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

(habi tat/season) (str eam; year-round) (river; year-round) Michi gan/str eam, river Alexander , 1977 
trout 52 56 
non- trout  fish 6 26 (% wet weight ; stomach 
unident ifie d f ish 3 3 content s) 
crustaceans 11 4 
amphibians 2 3 
birds/ mamma ls 5 6 
vegetat ion 17 1 
unident ified 4 1 

(sex of  mink) (M) (F) Michigan/NS Sealander , 1943 12 
muskrat 43 14 
cot tontai l 16 12 (% vol ume;  stomach 
small  mamma ls 5 17 contents) 
larg e bi rds 18 11 
smal l bi rds trace 
snakes 2 2 
frogs 10 37 
fis h 5 4 
cray fish 1 3 

frogs 24.9 Missour i/statewi de Korschgen, 1958 
mice & r ats 23.9 
fish 19.9 
rabbi ts 10.2 (% dry vol ume;  stomach 
cray fish  9.3 content s) 
bi rds  5.6 
fox squi rrels  2.2 
muskrat s  1.3 
other  2.7 
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Mink ( Mustela vison ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Home Range 
Size

A M 

A F 
A F 

770 ha 

259 - 380 ha 

7.8 ha
20.4 ha

North Dakot a/prairie 
 potholes 

Mani toba, Canada/ prairie 

 heavy vegetat ion 
 sparse vegetat ion 

potholes 
Montana/ riv erine: 

Eagle (unpubl ished) 

Arnold & Fr itze ll, 1987 

Mitchell, 1961 

13 

A M 
J M 
A F 

2.63 km 
1.23 km 
1.85 km 

1.8 - 5.0 km 
1.1 - 1.4 km 
1.0 - 2.8 km 

Sweden /stre am Gerell, 1970 1 

Populat ion 0.03 - 0.085 N/ha Montana/ river Mitc hell, 1961 
Densi ty 

A F w inter 0.006 N/ha Michi gan/river Marshall, 1936 14 
A F w inter 0.6 N/km river 

Li tte r 4.2 Mich igan/(farm-ra ised) Hornshaw et a l., 1983 
Size 4  2 - 8 Montana/ riv er Mitchell, 1961 

4 - 10 North Amer ica/NS Hall & Kel son, 1959 

Li tters 
/Year 

1 North  Amer ica/NS Hall & Kel son, 1959 

Days 39 - 76 North Amer ica/NS Hall & Kel son, 1959 
Gestat ion 51 40 - 75 Uni ted States/ (farm-r aised) Ender s, 1952 

Age at eat meat 37 days Louisiana/NS Svi lha, 1931 14 
Weaning fu lly 

homeot hermic 7 weeks NS/NS Kost ron & Kukla, 1970 14 

Age at B 10 months Uni ted States/ (farm-r aised) Ender s, 1952 
Sexual B 1 year NS/NS Ewer,  1973 15 
Maturity 

Longevi ty maximum  10 years NS/zoo Eisenber g, 1981 
F 7 maximum  11 years NS/(farm-r aised) Ender s, 1952 
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Mating 

Partur ition 

Molt 

Mink ( Mustela vison ) 

2-255 
M

ink 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Apr il Alaska Bur ns, 1964 14 
March Montana Mitc hell, 1961 
fall Flor ida, Cypress Swam p Humphrey & Zinn, 1982 

Apr il June most areas (except south) Eagle & W hitma n, 1987 

mid- to late fall NS Eagle & W hitma n, 1987 

1 Cited in Linscom be et al . (1982).
 
2 Cited in NRC (1982).
 
3 Est imated using Iversen' s (1972) model and sum mer body weights f rom Mitc hel l (1961); equat ion 3-43 (Boddington, 1978) and body weights f rom
 

Mitc hel l (1961) yield sl ight ly lower  est imates (see text ). 
4 Est imated using equat ion 3-47 (Nagy 1987) and body weights f rom Mitc hel l (1961). 
5 Arnold and Fr itzell ( 1987) est imated t hat mink r equi re 180 g of prey per day by assum ing a m ale body  mass of 1,420 g and usi ng th e model of 

Cowan et al . (1957) der ived f rom measures of prey  requi rements f or capt ive mink. 
6 Diet  of  whole chicken (20 percent ), com mercial mi nk cereal  (17 percent ), ocean f ish scraps (13 percent ), and beef par ts, cooke d eggs, and 

powder ed milk.  Moisture  content of  feed = 66.2 percent . 
7 Est imated using equat ion 3-47 (Nagy, 1987), sum mer body weights f rom Mitc hel l (1961), and dietar y composi tion of Alexander  (1977).  See 

Chapt er 4, Figure 4-7 f or th e calcul ations. 
8 Est imated using equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Mitc hel l (1961). 
9 Diet  contained 65 percent wat er. 

10 Est imate d using equat ion 3-20 (Stahl , 1967) and body weights f rom Mitc hel l (1961).
 
11 Est imate d using equat ion 3-22 (Stahl , 1967) and body weights f rom Mitc hel l (1961).
 
12 Col lected f rom fur  buyers.
 
13 Cited in Al len (1986).
 
14 Cited in Eagle and W hitma n (1987).
 
15 Cited in Eisenber g (1981).
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2.2.5. River Otter 

Order Carniv ora, Family Mustelidae .  Mustelids have long,  slende r bodie s, shor t 
legs, and anal scent glands.  Thr oughout the family, the male is usually larger than the 
female.  The more terrestrial species of this family occupy var ious habi tats and feed 
primarily on small mammals and birds.  Muste lids that liv e around l akes and streams feed 
primarily on aquatic species such as fish, frogs, and invertebrates (Palmer and Fowler, 
1975; Burt and Grossenheider, 1980). 

Selected species 

The northern river otter ( Lutra canadensis ) historically lived in or near lakes, 
marshes, streams, and seashores thr oughout much  of the Nor th Amer ican continent (Hall, 
1981).  Currently, many popula tions along t he coastal United States and Canada are stable 
or inc reasing, but this species is rare or extirpated thr oughout much  of the mid western 
United States (Towe ill and T abor , 1982).  The river otter dens in banks and hollow logs . 
Individuals range ov er large ar eas daily, fee ding prim arily on f ish.  Although o tters have 
few natural predators, w hile on land,  they may be taken by coyotes, fox, or dogs (Melquis t 
and Hornocker, 1983).  Otters clean themselves frequently by r ubbing and rolling in a ny dr y 
surface (Towe ill and T abor , 1982).  Otters appear to unde rgo br adycardia w hile subm erged 
and can stay unde rwater for up to 4 minutes (Me lquis t and Dronk ert, 1987).  Because of its 
pis civor ous die t and high t rophic l evel, the river otter is a noteworthy indi cator of 
bioaccumulative pollution in aqua tic eco systems (Me lquis t and Dronk ert, 1987). 

Body size .  River otters measure 66 to 76 cm with a 30 to 43 cm tail.  Sexual 
dimorphism in size is seen am ong all subspe cies (Harris, 1968; van Zyll de J ong, 1972, 
cited  in T oweill and T abor , 1982), and adult males (5 to 10 kg) ou tweigh females (4 to 7 kg) 
by approximately 17 percent (Me lquis t and Horno cker, 1983; see Table). Full adult weight 
generally is not attained until sexual maturity after 2 years of age (Me lquis t and Horno cker, 
1983).  Along t he Pacific Coast, there is some evidence that size decreases from north to 
south ( Toweill and T abor , 1982). 

Metabolism. Iversen (1972) f ound t hat b asal meta bolic r ate of otters and other 
mustelids weighing 1 kg  or  more could be expr essed by the equat ion: 

BMR = 84.6Wt0.78 (±0.15), 

where BMR = b asal meta bolic r ate in kcal/day and Wt = body weight in kilogr ams.  Free-
living metabolic r ates w ould be exp ected to be three to five times highe r (see table). 

Habitat. Almost exclusively aquatic, the river otter is f ound in f resh water, estuarine, 
and some marine environments all the way from coastal areas to mountain lakes (Toweill 
and Tabor, 1982).  They are f ound prim arily in food- rich co astal areas, such as the lower 
por tions of str eams and rivers, estuaries, nonpollut ed waterways, the lakes and tr ibut aries 
that feed rivers, and areas show ing lit tle hum an impact (Mowbray et al., 1979; Tabor and 
Wight , 1977). 
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Food habi ts. Otters usually are active in the eve ning and f rom da wn to midmorning, 
although t hey can  be active any time of day (Me lquis t and Horno cker, 1983).  The bulk of 
the river otter's diet is fish; however, otters are oppor tunis tic and will feed on a variety of 
prey depending on availabilit y and ease of capture.  River otters take different fish species 
accor ding t o their availabilit y and how well t he fish can escape capture (Loranger, 1981). 
Depending on availabilit y, otters also may consume crustaceans (especially crayfish), 
aquatic insects (e.g., stonefly nymphs, aquatic beetles), am phibians , insects, birds (e.g., 
ducks), mammals (e.g., y oung beavers), and turtles (Burt and Grossenheider, 1980; Lagler 
and Ostenson, 1942; Liers, 1951b; Me lquis t and Horno cker, 1983; Palmer and Fowler, 1975; 
Toweill and T abor , 1982).  Gilbe rt and Na ncekivell (1982) observed that otters consume 
more waterfowl in the northerly latitudes than in the south, probably because of the ease of 
captur ing t he waterfowl dur ing t heir molt in t he nor th. Otters probe the bottoms of ponds 
or streams for invertebrates and may ingest mud or other debris in the process (Liers, 
1951b).  Otters in captivity re quir ed 700-900 g of f ood daily (Harris, 1968, cited in Toweill 
and Tabor, 1982). 

Temperature regulation and molt. Seasonal patterns in otters are not well 
unde rstood. Otters are active thr oughout the year (Towe ill and T abor , 1982), with the most 
intense activity levels dur ing t he wint er (Larsen, 1983; Melquis t and Horno cker, 1983). 
They unde rgo a gr adual molt in s pr ing and f all (Melquis t and Dronk ert, 1987). 

Breeding activities and social organization .  Adult males are usually solit ary; an 
adult female and two or three pups make up a typical family gr oup ( Melquis t and Dronk ert, 
1987).  River otters breed in late winter or early spr ing ov er a period of 3 months or  more. 
Birth of a litter f ollow s mating by about 1 year; however, implantat ion is de layed for 
approximately 10 months, and active gestat ion l asts only 2 months (Pearson and Enders, 
1944, cited in Towe ill and T abor , 1982; Melquis t and Dronk ert, 1987).  Newborn otters are 
born blind but fully furred and depend on t heir mother for milk until 3 to 5 months of age 
(Johnstone, 1978; Liers, 1951b).  Family gr oups dispe rse about 3 months after the pups are 
weaned (Me lquis t and Horno cker, 1983). 

Home range and resources. The river otter's home range encompasses the area 
needed for foraging and r eproduc tion ( Melquis t and Dronk ert, 1987).  The shape of the 
home range varies by habitat type; for example, near rivers or coastal areas, it may be a 
long s tr ip along t he shor eline (measured in kilometers), but in marshes or areas with many 
small streams, the home range may resemble a polygon (measured in hectares; Me lquis t 
and Dronkert, 1987).  All parts of a home range are not used equally; instead, several 
activity centers may be interconnected by a stream or coast (Me lquis t and Horno cker, 
1983). Food ha s the gr eatest influence on habitat use, but adequate shelter in the form of 
tempor ary dens and r esting s ites also plays a role (Anderson and W oolf , 1987a; Melquis t 
and Hornocker, 1983).  River otters use dens dug by othe r anim als or na tural s helters such 
as hollow logs , logj ams, or drift pile s (Toweill and T abor , 1982; Melquis t and Dronk ert, 
1987).  Beaver bank dens and lodge s account ed for 38 pe rcent of resting s ites used by 
radio-tracked otters in Idaho (Me lquis t and Horno cker, 1983).  River otters appear to prefer 
flowing water habitats (e.g., streams) over more stat iona ry water (e.g., lakes, ponds ) (Idaho 
study ; Melquis t and Horno cker, 1983). 
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River otters maintain distinct territories wit hin t heir  hom e range s: females maintain 
a feeding a rea for their familie s, males for  breeding purpo ses (Towe ill and T abor , 1982). 
Individuals tend t o avoid conf rontation t hrough m utual avoidanc e (Melquis t and Horno cker, 
1983).  Home ranges are most restricted for lactat ing females (Me lquis t and Dronk ert, 
1987).  Adult and subadult males h ave larger, more variable home ranges than females. 

Popul ation dens ity.  River otter popula tions show var iable spacing in r elation t o 
prey density and habitat (Hornocker et al., 1983).  This characteristic, a long w ith their 
secretive habits and use of several den sites, makes it difficult to estimate river otter 
popula tions (Melquis t and Dronk ert, 1987).  Popula tion densit y of o tters often is expressed 
in terms of number per kilometer of waterway or coast line b ecause of their dependence on 
aquatic habitats.  Densities between one otter every kilometer to one otter every 10 km of 
river  or  shor eline are typic al (see table). 

Popul ation pa rameters. Otters generally are not sexually mature until 2 years of 
age (Liers, 1951b; Hamilton and Eadie, 1964; Tabor and W ight , 1977; Lauhac hinda , 1978). 
Adult females appear to reproduce yearly in Ore gon ( based on a pregnancy rate of almost 
100 percent; Tabor and W ight , 1977), but Lauhac hinda (1978) conc luded t hat they br eed 
every other year in Alabama and Georgia.  Litters usually consist of two to three pups , 
although li tters as large as six pups oc cur (see table).  As adults, river otter mortality rates 
are low, between 15 and 30 percent per year (Lauhac hinda , 1978; Tabor and W ight , 1977). 

Similar species (from general references) 

The sea otter ( Enhydr a lutris ) (76 to 91 cm body and 2 8 to 33 cm tail;  weight 
13 to 38 kg) inhabit s kelp beds and r ocky shores from the Aleutian Islands to 
California.  Its diet includes fish, abalones, sea urc hins , and othe r mar ine 
animals. 

��	 

General references 

Burt and Grossenheider (1980); Me lquis t and Dronk ert (1987); Palmer and Fowler 
(1975); Towe ill and T abor (1982). 
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River Otter ( Lutra canadensis ) 

Range or 
Age/Sex/ (95% CI of Note 

Factor s Cond. /Seas. Mean mean) Locat ion erence Ref No. 

Weight 
(kg) 

A B 

A M 
A F 
Y M 
Y F 

8.13 ± 1.15 SD 
6.73 ± 1.00 SD 
6.36 ± 0.98 SD 
5.83 ± 1.82 SD 

5.0 - 15 

5.84 - 10.4 
4.74 - 8.72 
4.41 - 8.31 
3.75 - 7.01 

thr oughout  range 

Alabama, Georgi a 

Melquist & Dronker t, 1987 

Lauhachinda, 1978 

1 

A M 
A F 
Y M 
Y F 

9.20 ± 0.6 SE 
7.90 ± 0.2 SE 
7.90 ± 0.4 SE 
7.20 ± 0.1 SE 

wc Id aho Melquist & Hornocker , 1983 

neonat e 
neonat e 

0.132 
0.140 to 0.145 

New Yor k 
Alabama,  Georgi a 

Hamilt on & Eadie, 1964 
Hill &  Lauhach inda, 1981 

Pup Growth 
Rate (g/d ay) 

10 to 20 days 26.7 NS Liers,  1951a 2 

Metabol ic  Rate A F basal 44.8 est imated 3 
(kcal /kg-day ) A M basal 42.6 

A F f ree-living 183 (83 - 400) est imated 4 
A M free-living 178 (81 - 391) 

Food Ingest ion 5 
Rate (g/g-d ay) 

Water A F 0.082 est imated 6 
Ingest ion A M 0.080 
Rate (g/g-d ay) 

Inhal ation 
Rate (m /d ay) 3 

A F 
A M 

2.5 
2.9 

est imated 7 

Surface Area 
(cm ) 2 

A F 
A M 

3,785 
4,280 

est imated 8 
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River Otter ( Lutra canadensis ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

fish 100 93 97 99 wc Idaho/mountain st reams Melquist & Hornocker , 1983 
(sucker )  (52)  (47)  (17)  (30) and lakes 
(scul pin s)  (40)  (31)  (38)  (42) 
(squawf ish)  ( 5)  ( 4)  ( 1)  ( 6) (percen t fre quency of 
(perch)  (22)  ( 3)  ( 7)  ( 9) occur rence i n scats) 
(whi tefi sh)  (21)  (10)  (24)  (66) 

invertebrates  2 7 10 12 (most of  the fish wer e longer 
bi rds <1 12 1 <1 than 30 cm ) 
mamma ls  1 4 3  1 
rept iles  0 1 0  0 

invertebrates 41.6 44.2 33.3 26.3 nw Montana/ Greer, 1955 
(aquat ic insects) 19.6 19.2 10.7 4.0 lakes and st reams 
(fr water  shr imp) 14.3 8.9 10.7 4.0 

fishes 91.4 92.9 100 100 (percent  frequency of 
(trout ) 23.7 9.8 33.3 29.3 occur rence i n scats) 
(scul pin) 20.5 20.9 21.3 25.3 
(sunf ish) 47.1 72.8 60.0 33.3 

frog 19.6 19.2 10.7 9.1 
salamander 0.3 0.7 1.3 -
snake 0.2 0.7 - -
bi rds 6.7 4.1 1.3 1 
mamma ls 8.1 5.3 2.7 4.0 

fish 97 69 98 99 nw Illi nois/ Mississippi River Ander son & Wool f, 1987b 
(sunf ish)  (31)  (31)  (80)  (52) 
(minnow/carp)  (52)  ( 0)  (17)  (44) (percent  frequency of 
(herring)  (49)  (38)  (10)  (40) occur rence i n scats) 
(bass)  (26)  ( 0)  ( 5)  (14) 

frogs 3 6 11 16 
cray fish 12 50 8 7 
dragonf ly nymphs 2 0 6 2 
bi rds 4 13 3 1 
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Age/Sex/ 
Cond. /Seas. Mean Locat ion/Habi tat 

River Otter ( Lutra canadensis ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

game & pan f ish 32 Michi gan/habi tat NS Lagler & O stenson, 1942 
fora ge f ish 17.6 
fish r emains 3.0 (% vol ume;  stomach 
amphibians 16.1 content s) 
other  invertebrates 25.8 

Populat ion 
Dynamics Range Reference 

Note 
No. 

Home Range 
Size (ha or km 

A B 400 - 1,900 ha Missour i/marsh, st reams Erickson et  al., 1984 9 

river) A B 2,900 - 5,700 ha Colorado ( fall- spr )/NS Mack, 1985 9 

A M 400 ha se Texas/coastal  marsh Foy, 1984 9 
A F 295 ha 

yearling M 43 ± 20 SD km 10 - 78 km wc Id aho/river drainage Melquist & Hornocker , 1983 
yearling F 32 ± 6.2 SD km 25 - 40 km (no t rends seen w ith 
adul t F 31 ± 9.2 SD km 23 - 50 km season) 
B B 28 ± 7.5 SD km 15 - 39 km 

Populat ion B B 0.26/km 0.17 - 0.37/km wc Idaho/river drainage Melquist & Hornocker , 1983 
Densi ty A F breedi ng 0.05/km 
(N/ha or N/km A M breedi ng 0.019/km 
shorel ine) yearling B 0.071/km 

B B 0.85/km se Alaska/coastal  - isla nd Wool ington, 1984 9 

B B 0.0094 - 0.014 /ha se Texas/coastal  marsh Foy, 1984 9 

A B 0.0025/ha Missour i/marsh, st reams Erickson et  al., 1984 9 
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River Otter ( Lutra canadensis ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Li tte r 
Size 

2.73 ± 0.77 SD 
2.68 ± 0.71 SD 
2.1 ± 0.7 SD 

1 - 4 
1 - 4 

Maryland/we tlands 
Alabama, Georgia/NS 
New Yor k/NS 

Mowb ray et a l., 1979 
Hill &  Lauhach inda, 1981 
Hamilt on & Eadie, 1964 

10 

1 yr old 
2 yr old 
3 yr old 
4 yr old 
5 to 12 yrs ol d 

0.53 ± 0.91 SD 
0.87 ± 0.96 SD 
1.60 ± 1.42 SD 
2.29 ± 1.25 SD 
2.67 ± 1.40 SD 

0 - 3 
0 - 3 
0 - 4 
1 - 5 
0 - 6 

Maine /NS Docktor et a l., 1987 11 

Li tters 
/Year 

1 NS Trippensee, 1953 

Days total 290 - 380 Wisconsi n/capt ive Liers, 1951b 12 
Gestat ion 

act ive 60-63 NS Lanci a & Hair, 1983 13 

Age at 
Weaning 

> 90 days NS Harris, 1968 

Age at  F 2 yrs New Yor k/NS Hamilt on & Eadie, 1964 
Sexual  M 2 yrs 
Maturity 

Annual birth - 1 yr 32 Oregon/NS Tabor & W ight , 1977 
Mortality 1 - 2 yrs 54 
Rates (percent ) 2 - 11 yrs 27 

A M 17.8 Alabama, Georgia/ river ine Lauhachinda, 1978 
A F 20.3 

Longevi ty A B  < 15 yrs Alabama, Georgia/ river ine Lauhachinda, 1978 

2-267 
R

iver O
tter 



River Otter ( Lutra canadensis ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Mating Januar y March to Apr il May Michi gan Hooper & Ost enson, 1949 14 
March Apr il New Yor k Hamilt on & Eadie, 1964 
winter late wi nter spr ing AL, FL,  GA Lauhachinda, 1978 

Partur ition mid-M arch mid-May Maryland, Chesapeake Bay Mowbray et  al., 1979 
late March early Apr il wc Idaho Melquist & Hornocker , 1983 
late  Januar y May Alabama Lauhachinda, 1978 

Dispersal Apr il to May wc Idaho Melquist & Hornocker , 1983 15 

1 Summary  of studies discussed by Hal l (1981) and Wool ington (1984) .
 
2 Cited in  Towe ill a nd Tabor ( 1982).
 
3 Est imated using equat ion 3-43 (Boddington, 1978) and adul t body weights f rom Lauhachinda (1978) .
 
4 Est imated using equat ion 3-47 (Nagy, 1987) and adul t body weights f rom Lauhachinda (1978) .
 
5 See Chapt ers  3 and 4 f or met hods of est imating food ingest ion r ates.
 
6 Est imated using equat ion 3-17 (Calder and Braun, 1983) and adul t body weights f rom Lauhachinda (1978) .
 
7 Est imated using equat ion 3-20 (Stahl , 1967) and adul t body weights f rom Lauhachinda (1978) .
 
8 Est imated using equat ion 3-22 (Stahl , 1967) and adul t body weights f rom Lauhachinda (1978) .
 
9 Cited in Melquist and Dronker t (1987).
 

10 Determin ed f rom implant ed embr yo  counts.
 
11 Determin ed f rom corpora l utea counts.
 
12 Total gestat ion per iod ( including prei mpla ntat ion).
 
13 Act ive gestat ion per iod (post impla ntat ion), ci ted in Melquist and Dronker t (1987).
 
14 Cited in  Towe ill a nd Tabor ( 1982). 
15 Dispersal at age 12 t o 13 months. 
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2.2.6. Harbor Seal (hair seals) 

Order Carniv ora, Family Phoc idae.  Seals, sea lions , and w alru ses are collectively 
referred t o as pinnipeds (Latin f or wing- foot ed).  Pinnipeds are divided into t hree families: 
otarids (sea lions and f ur seals); phocids (hair seals, also called true seals or earless 
seals); and walruses.  Most pinnipeds feed on marine species such as fish, s quid,  and 
other invertebrates (Burt and Grossenheider, 1980). Unlik e fur seals, which are protected 
from the cold m arine envir onm ent by a dens e layer of unde rfur , phocids rely only on a 
thic k blubbe r layer for insulat ion ( Pierot ti and P ierot ti, 1980).  Phocids inc lude both t he 
smallest (r ing seals) and the largest (elephant seals) of the pinnipeds .  The geogr aphic 
range of most phocid s pecies is fr om the arctic Atlantic and Pacific south to the coasts of 
Canada and Alaska, alt hough s ome do inhabit warmer water (Burt and Grossenheider, 
1980).  Most phocids , with the except ion of the elephant seal, do not ex hibit the la rge 
disparity in size between the sexes, which is characteristic of otarids (sea lions and f ur 
seals) (Burt and Grossenheider, 1980). 

Selected species 

In North America, harbor seals ( Phoca vitulina ) range from Alaska to Baja California, 
Mexico, along t he Pacific coast (subspecies ric hard si ; Hoover, 1988), and from 
Newfoundland t o eastern Long Island along t he Atlantic co ast (subspecies concolor ; Payne 
and Selzer, 1989).  They are one of the most comm only seen pinniped s pecies,  in pa rt due 
to their tendenc y to  inhabit co astal areas (Hoover, 1988).  Harbor seals can be f ound along 
the Pacific coast on a year-r ound ba sis (except dur ing s tormy pe riods in wint er), but 
Atlantic popula tions wint er offshore when coastal ice has formed in their usual haul-out 
areas (Boulv a and McLa ren, 1979).  The recent increases in harbor seal popula tions in Ne w 
England waters appear to be due to a southward dispersal of seals from rookeries in Maine 
following t he termina tion of a Massachusetts bount y on ha rbor seals (1962) and the 
passage of the Marine Mammal Protect ion A ct (1972) (Payne and Schneider, 1984). 

The spotted or largha seal ( Phoc a largha) is a closely related species that until 
recently was considered a subspecies of the harbor seal.  It is similar in size, appearance, 
and f eeding habit s to the Pacific harbor seal, but it tends to inhabit colde r waters a long t he 
Pacific coasts (Ashwell-Erickson and Elsner, 1981).  In North America, it se ldom ventures 
further south than the northern coast of Alaska (Ashwell-Erickson and Elsner, 1981).  The 
spotted seal re quir es ic e for  breeding haul-out s and gi ves birth a bout 2 months ear lier than 
the Pacific harbor seal (Ashwell-Erickson and Elsner, 1981; Boulv a and McLa ren, 1979). 
The harbor seal, in contrast, breeds on land ( Boulv a and McLa ren, 1979). 

Body size .  The length and w eight of ha rbor seals vary geographically, but sexually 
mature a dult s tend t o be about 1.5 m in length and w eigh f rom 65 to 90 kg (Ashwell-
Erickson and Elsner, 1981; Pitcher and Calkins, 1979).  Harbor seals ex hibit some sexual 
dimorphis m, the male being la rger (Pitcher and Calkins , 1979). Body length usually is us ed 
to measure size because we ight can vary sub stantially with factors such as season, food 
availabilit y, and molting (Ronald e t al., 1982).  Newborn pups are ar ound 8 0 cm long a nd 
weigh f rom 8.6 to almost 15 kg, with females often we ighing l ess than males (Newby, 1973; 
Pitcher and Calkins, 1979; Rosen, 1989).  Harbor seal pups are highly pr ecocial and a re 
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able to swim within hour s of bir th (Boulv a and McLa ren, 1979; Lawson and Re nouf , 1987). 
Seal milk consists of a bout half fat, and the pups more than  double their weight be fore they 
are weaned at approximately 30 days ( Bigg, 1969a, as cited in Pitcher and Calkins, 1979). 
Harbor seals cont inue to  grow with age for several years bey ond t he age of sexual maturity 
(Boulv a and McLa ren, 1979; Pitcher and Calkins, 1979). Body fat varies seasonally with 
food intake, w hile total  body weight and le an body mass increase with age (Ashwell-
Erickson and Elsner, 1981).  Harbor seals, unlik e many othe r pinnipeds , do not fast for 
extended per iods during t he molting pe riod or br eeding season ( Boulv a and McLa ren, 
1979; Pierotti and Pierotti, 1980). 

Habitat .  Harbor seals inhabit a vari ety of environments and are able to tolerate a 
wide range of temperatures and water sa linitie s (Boulv a and McLa ren, 1979; Hoover, 1988). 
In its eastern range, the harbor seal inhabit s inl ets, islets, reefs, and sa ndba rs (Boulv a and 
McLaren, 1979).  In western North America, the harbor seal inhabit s tidal mud f lats, sand 
bars, shoals, river deltas, estuaries, bays, coastal rocks, and offshore islets (J ohnson a nd 
Jeffries, 1977), even ra nging up r ivers into f resh water areas in search of f ood (Roffe and 
Mate, 1984).  Harbor seals also inhabit some fresh water lakes (Power and Gre goir e, 1978). 
Habitats used for haul-outs inc lude cobble and s and b eaches, tidal mud flats, offshore 
rocks and reefs, glacial and sea ice, and man-made objects such as piers and log boom s 
(Hoover, 1988). 

Food habi ts .  Harbor seals' diet varies seasonally and inc lude s bot tom-dwelling 
fishes (e. g., flounde r, sole , eelpout ), inv ertebr ates (e.g., octopus), and species that can be 
caught in pe riodic spawning aggr egations (e. g., herr ing, lanc e, squid) (Everitt et al., 1981; 
Lowry and Frost, 1981; Pitcher and Calkins, 1979; Roffe and Mate, 1984). g Harbor seals are 
oppor tunis tic, consuming di fferent prey in relat ion t o their availabilit y and ease of capture 
(Pitcher and Calkins, 1979; Pitcher, 1980; Shaffer, 1989).  They may move into rivers on a 
seasonal basis in pursuit of prey (e.g., eulac hon in t he Columbia Riv er during wint er; 
Brown et al., 1989).  They hunt alone or in small groups (Hoov er, 1988).  Fish species 
consumed range between 40 and 280 mm, with mean values of between 60 and 180 mm 
(Brown and Mate, 1983).  Recently weaned pups tend t o feed on prey that are more easily 
captured than fish, such as shrimp or other crustaceans (Hoover, 1988; Pitcher and 
Calkins, 1979).  Dur ing t he br eeding and molting seasons, when harbor seals spend more 
time on land,  adult s rely on t heir  blubbe r layer as an a dditional sour ce of ener gy (Ashwell-
Erickson and Elsner, 1981).  Dur ing this time, they may be more suscept ible to  lipophilic 
contaminants (e.g., PCBs) that may have accumulated in their blubbe r (Hoov er, 1988). 

g Studies of harbor seal diet of ten rel y on counts of  fish sagi ttal  otol iths found i n scats or stomach 
content s.  These otol iths can be i dent ifi ed to th e level of species, annul i on t he otol iths counted t o 
determ ine age, and fish  weight s and lengths  esti mated fro m otolith dimensions.  However,  parti al 
or  comple te d igesti on of otoliths, pa rti cul arly of  smal l fish species,  may resu lt in  signi fican t 
underest imates of  the proport ion of  these prey i n seal diets, part icularl y fr om scat analysis ( da 
Silva and Neilson,  1985; Harvey, 1989).  Studi es of sto mach co ntents o f stran ded seals also  may 
present a b iased pictu re of di etary co mposition due  to exten ded pe riods of  fasti ng prio r to 
stranding (Selzer et a l., 1986). 
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In gene ral,  food consumption by adult seals is highest in winter and lowest in the 
summer (Ashwell-Erickson and Elsner, 1981; Ashwell-Erickson et al., 1979). Innes et al. 
(1987) estimated allometric equat ions for maint enance food ing estion r ates (IR; wet-we ight 
biomass) with body weight (BW, kg) for  phocids : 

IRmaint (kg/day) = 0.079 BW(kg) 0.71 adult (N  = 11; r 2 = 0.84); 

IRmaint (kg/day) = 0.032 BW(kg) 1.00 juveniles (N = 19; r 2 = 0.68); and 

IRmaint (kg/day) = 0.068 BW(kg) 0.78 both adults and juveniles (N = 30; r 2 = 0.68). 

Allometric equat ions for food ing estion r ates of grow ing anim als (IR; wet-we ight 
biomass) with body weight (BW, kg) for  phocids also h ave been estimated (Innes et al., 
1987): 

IRgrow th(kg/day) = 0.0919 BW(kg) 0.84 adult (N  = 11; r 2 = 0.84); and 

IRgrow th(kg/day) = 0.0547 BW(kg) 0.84 juveniles (N = 19; r 2 = 0.68). 

Innes et al. (1987) f ound t hat growing juv enile phocid seals ingested 1.7 times more 
biomass per day than a similar-sized grow ing adult and 1 .4 times more than juve nile 
phocids that were not growing. 

Boulv a and McLa ren (1979) estimated a relat ionship b etween body weight and daily 
food ingestion f or  harbor seals from eastern Canada: 

IRfree-living (kg/day) = 0.089 BW(kg) 0.76 adults (N = 26). 

Perez (1990) estimated the average energy value of the harbor seal's diet to be 1.4 kcal/g 
wet we ight .  Ashw ell-Erickson and Elsner (1981) provide age-specific estimates of food 
inge stion r ates for the closely related spotted seal (see Appendix) and summarize st udie s 
in which food ing estion r ates for harbor and spotted seals have been estimated. 

Temperature regulation and molt.  Harbor seals can maintain their heat balance 
while diving in water as low as 13 ��C without inc reased muscle activity or meta bolic rate 
(Ronald e t al., 1982).  For seals in general, molt ing is simply pa rt of an  ongoing pelage 
cycle that is influenced by the seal's environment, phys iology , and beha vior  (Ling, 1974). 
Phocids get an entirely new coat with each a nnual molt (Ling, 1970), a process that takes 
about 5 weeks (Scheffer and S lipp, 1944, as cited in Ashwell-Erickson and Elsner, 1981). 
During t heir molt , they spend m ore time hauled and e xhibit a slow er meta bolic r ate (e.g., 83 
percent of premolt levels), which decreases their f ood r equir ements (Ashwell-Erickson and 
Elsner, 1981).  After molt ing, ha rbor seals increase their fat reserves (and weight) for the 
wint er and e arly spr ing; metabolic r ates also m ight be low ered during this time to cons erve 
energy (Renouf , 1989). 

Breeding activities and social organization .  The timing of reproduc tion in ha rbor 
seals varies with locat ion.  Ma ting and pupping a re init iated earlier in the year in more 
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southe rn latitude s, but within popula tions , breeding is synchr onized (Hoov er, 1988; Slater 
and Markowitz, 1983).  Harbor seals may form large bree ding aggr egations on land in a reas 
where food r esour ces are plentiful (Slater and Markowitz, 1983); however, pupping 
activities are not restricted to large, discrete rookeries (Pitcher and Calkins, 1979).  Mating 
occurs soon after wea ning,  which is 3 to 6 weeks after birth (Ashwell-Erickson and Elsner, 
1981).  It is likely that harbor seals are promisc uous (Pier ot ti and P ierot ti, 1980), although 
there is some evidenc e that they are mildly polygynous , with males defending t erritories at 
the haul-out sites ( Boulv a and McLa ren, 1979; Perry, 1989; Slater and Markowitz, 1983). 
Following mating, impla ntation is de layed for 1.5 to 3 months, dur ing which t ime the female 
molt s (Bigg, 1969a; Hoover, 1988; Pitcher and Calkins, 1979).  At other times of the year, 
harbor seals also can be f ound in groups of 30 to 80 in s ome haul-out ar eas (Hoover, 1988). 

Home range and r esour ces.  Harbor seals generally inhabit highly produc tive 
coastal areas, with upwe lling o cean currents that br ing nut rients to the sur face s uppor ting 
abundant mar ine lif e (e.g., the California current system, the Gulf of Alaska, and the Gulf of 
Maine; Ronald e t al., 1982).  Harbor seals also re quir e adequ ate places to haul out, and 
their  dis tr ibution is influenc ed by the availabilit y of suit able si tes (Boulv a and McLa ren, 
1979).  In general, seals stay near particular haul-out sites with only loc al movements 
(Brown and Mate, 1983; Pitcher and Calkins, 1979; Slater and Markowitz, 1983).  Haul-out 
patterns are determined by several factors, inc luding weather, tidal pattern, time of day, 
season, and human proximity (Slater and Markowitz, 1983).  Harbor seals are considered 
fairly sedentary, with  individuals showing year-r ound s ite fidelit y, although s ome seasonal 
movement associated with pupping and long-di stance movements are recorded (Pitcher 
and Calkins, 1979; Slater and Markowitz, 1983).  Data on likely daily or monthly fora ging 
distances are lack ing. 

Popul ation dens ity .  Harbor seals are f ound principally in c oastal areas wit hin 2 0 km 
of shore; they tend to concentrate in estuaries and protected waters (Hoover, 1988).  Their 
dis tr ibution is highly p atchy, and local popula tion densitie s in haul-out ar eas with favorable 
food r esour ces nearby can be quit e high ( Pitcher and Calkins , 1979). 

Popul ation dyna mics .  Females are sexually mature by 3 to 5 years of age, whereas 
males are sexually mature later, at 4 to 6 years of age ( Boulv a and McLa ren, 1979; Pitcher 
and Calkins, 1979).  Females only produc e one pup pe r year (Hoover, 1988).  Three major 
causes of prewea ning pup m ortalit y are stillbir th, desert ion by the mother, and s hark kills 
(Boulv a and McLa ren, 1979).  Mortality from birth to 4 years of age was estimated to be 74 
percent for females and 79 percent for males in one study, after which it remained at a bout 
10 percent per year (Pitcher and Calkins, 1979).  Life expectancy for harbor seals is a bout 
30 years (Newby, 1978). 

Similar species (from general references) 

��	 The r inge d seal (Phoca hispida ) is smalle r (1.4 m length;  weight to 90 kg) 
than the harbor seal and inhabit s colde r waters.  It feeds ma inly on m arine 
invertebrates. 
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��	 The harp seal ( Phoc a groenl andi cus ) (1.8 m; weight to 180 kg) inhabit s deep, 
icy water.  It ranges from the Arctic Atlantic south to Hudson Ba y; it is only 
rarely found f urthe r south.  It feeds on macr oplank ton and f ish. 

��	 The largha or spotted seal ( Phoc a largha) (1.5 m) is a closely related species 
that until recently was considered a subspecies of the harbor seal.  Its 
characteristics are compared with those of the harbor seal unde r Selected 
species. 

��	 The r ibbon seal (Phoca fasciata ) (1.6 m; males to 90 kg, females to 76 kg) 
lives near pack ice in the Ber ing Sea and feeds on bottom invertebrates, fish, 
and oc topus and squid. 

General references 

Ashwell-Erickson and Elsner (1981); Burt and Grossenheider (1980); Hoover (1988); 
Pitcher and Calkins (1979); Ronald e t al. (1982). 
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Harbor Seal ( Phoca vitulina ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

(95% CI of  mean) 
Range or 

Locat ion Reference 
Note 
No. 

Body  Weight A M (> 7 yrs) 84.6 ± 11.3 SD Gulf  of Alaska Pitcher & Cal kin s, 1979 
(kg) A F (> 7 yrs) 76.5 ± 17.7 SD 

J M 2 yrs  49 Aleut ian Ridge and Pr ibilof Ashw ell-Erickson & Elsner , 1 
J M 4 yrs  70 Islands, Ber ing Sea, Alaska  1981 
J M 6 yrs  84 
A M 8 yrs  95 
A M 12 yrs 110 
A M 16 yrs 120 
A M 24 yrs 124 

J F 2 yrs  40 
J F 4 yrs  56 
J F 6 yrs  67 
A F 8 yrs  76 
A F 12 yrs  90 
A F 16 yrs 101 
A F 24 yrs 112 

neonat e M 12.0 ± 0.51 SE Alaska Pitcher & Cal kin s, 1979 
neonat e F 11.5 ± 0.31 SE 

at weaning B 24.0 Briti sh Col umbia,  Canada Bigg, 1969a 2 

Pup Growth bi rth to Gulf  of St . Lawrence/ isla nd Rosen, 1989 
Rate (g/d ay) wean ing  marin e 

M 520 
F 790 

Metabo lic 
Rate 
(lO /kg-day)2 

J B  rest ing 
A F rest ing 

7.3 
6.6 

Califo rnia /lab Davis et a l., 1985 3 
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Harbor Seal ( Phoca vitulina ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

(95% CI of  mean) 
Range or 

Locat ion Reference 
Note 
No. 

Metabol ic  Rate 
(kcal /kg-day )

1 to 4 yrs old/ 

basal

A F basal 
A M basal 

A F f ree-living 
A M free-living 

57.5 

24.3 
22.4 

131 
129 

(57 - 300) 
(56 - 296) 

Bering Sea, Alaska Ashwel l-Erickson & Elsner , 

1981 

est imated 

est imated 

4 

5 

Food Ingest ion 
Rate (g/g-d ay) 

A B 

A B 
A F lact ./gest . 

J B 1st  year 

0.05 

0.06 to 0.08 
0.10

0.13 

e Canada/marine 

review of several studies 

Ber ing Sea (1 harbor  & 
1 spot ted seal )

Boulva and M cLaren, 1979 

Ashwel l-Erickson & Elsner , 

1981 

Ashw ell-Erickson & Elsner , 

1981 

Water 
Ingest ion 
Rate (g/g-d ay) 

A B 

A B 

0.0048 

0.064 

0.0028 - 0.0091 seawater  ingest ion (most 
water obtained f rom food) 

Depocas et  al., 1971 

est imated 6 

Inhal ation 
Rate (m /day) 3 

A M 
A F 

18.6 
17.2 

est imated 7 

Surface Area 
(cm ) 2 

A M 
A F 

19,620 
18,380 

est imated 8 
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Harbor Seal ( Phoca vitulina ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

walleye po llo ck 3.7  27.3  32.2  1.3 Wash ington/ Ever itt e t al., 1981 
Engl ish sol e  37.0  0.0  27.0  0 coastal  isla nd 
shi ner per ch  0.0  0.0  0.5  63.6 
Paci fic her ring  0  54.6  3.9  28.6 (% of  total  otol iths 
Paci fic cod  0  0  10.1  0 recovered f rom scat 
rex sol e  37  9.1  2.9  0 samples) 
Paci fic tomc od  3.7  0  4.7  0 
rockf ish  3.7  0  4.7  0 
Dover sol e  3.7  0  3.4  2.6 
Petrale sol e  7.4  0  1.8  0 
other  fish  3.8  9.0  8.8  3.9 

octopus 17.6 17.7 30.4 Kodiak I sland, Alaska/ Pitcher & Cal kin s, 1979 
salmon  5.4  0.0  0.0 coastal  mari ne 
capel in 20.3  4.8  5.4 
Paci fic cod  6.8  8.1 10.7 (% frequency of occur rence; 
walleye  pol lock 12.2  9.7 14.3 stom ach content s) 
Paci fic sandlance  4.1 21.0  0.0 

squid & octopus  20 Gul f of Alaska/ Pitcher, 1980 
shr imp,  crabs  3.7 coastal  mari ne 
herring  6.4 
salmonids  4.4 (% wet vol ume;  stomach 
osm erids  22.5 content s) 
cod,  tomc od,  26.0 

walleye,  pol lock all seasons com bin ed 
other  14.1 
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Harbor Seal ( Phoca vitulina ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Forag ing 
Radius ( km) 

A B 
A B 

5 km 
30 to 55 km 

unknown 
unknow n 

Califo rnia/Bay 
Washington/Col umbia  River 

Stewart e t al., 1989 
Beach et  al., 1985 

9 
10 

Populat ion 
Densi ty (N/h a) 

summer 0.0305 0.00394 - 0.0611 
highl y clumped 
dist rib. 

Maine/coastal  mari ne 
throughout  range and 
habi tats 

Richardson, 1981 
Pitcher and Cal kin s, 1979 

Li tter 
Size 

1 thr oughout  range and 
habi tats 

Hoover , 1988 

Li tters 
/Year 

1 throughout  range and 
habi tats 

Hoover , 1988 

Months 
Gestat ion 

10.5 to 11 NS/NS FAO Adv. Com m., 1976 11 

Age at 
Weaning 

B 
B 

30 days 
35 days 

e Canada/marine 
c Cal ifornia/coastal  mari ne 

Boulva & M cLaren, 1979 
Slater & M arkowitz,  1983 

Age at 
Sexual 
Maturity 
(years) 

F 
M 

F 
M 

5.5 ± 0.23 SE 

3 to 4 
6 

4 - 9 
5 - 7 

Gul f of Alaska/coastal 
marine 

e Canada/marine 

Pitcher & Cal kin s, 1979 

Boulva & M cLaren, 1979 

Annual 
Mortality 
Rates (percent ) 

A B 

bi rth to 4 yrs 
4 to 5 yrs ol d 
7 to 14 yrs ol d 
> 20 yrs ol d 

17.5 

77/4 yrs 
11/yr 
8 to  9/yr 
14/yr 

e Canada/marine 

Gul f of Alaska/coastal 
mari ne 

Boulva & M cLaren, 1979 

Pitcher & Cal kin s, 1979 

12 

Longevi ty A B 

A M 
A F 

< 30 

< 26 
< 31 

e Paci fic/NS 

Gulf  of Alaska/coastal 
mar ine 

Newby , 1978 

Pitcher & Cal kin s, 1979 
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Harbor Seal ( Phoca vitulina ) 
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Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Mating early Apr il 
Februar y 
Jul y 

July Nova Scot ia, Canada 
Mexico 
Ber ing Sea 

Boulva & M cLaren, 1979 
Bigg, 1969b 
Bigg, 1969b 

13 
13 

Partur ition mid-M ay 

late  Apr il 
early Februar y 
late  June 

May 
August 

mid-June 

early June 

late  June 

early May 

September 

June 
September 

Tugidak I sland, Alaska 

c Californi a 
Mexico 
Canada 

Washington 
Washington, Puget Sound 

Pitcher & Cal kin s, 1979 

Riedman, 1990 

Johnson & Jef fri es, 1983 

Molt early June 
late  June late  Jul y 

early September 
September /October 

Scot land 
Gul f of Alaska 

Thompson & Rot hery, 1987 
Pitcher & Cal kin s, 1979 

14 

1 Est imated f rom graph of growt h curve. 
2 Cited in Boulva and M cLaren (1979).  Weight doubled f rom bi rth. 
3 Juven ile is  a year lin g; we ight 33 kg. Adul t female weight 63 kg. 
4	 Est imated using equat ion 3-43 (Boddington, 1978) and body weights f rom Pi tcher and Cal kin s (1979).  Caution m ust be used, however , because 

pinnipeds wer e not  included i n th e data set  from whi ch the allometric m odel was der ived. 
5	 Est imated using equat ion 3-47 (Nagy, 1987) and body weights f rom Pi tcher and Cal kin s (1979).  Caution m ust be used, however , because 

pinnipeds w ere not  included i n th e data set  from whic h the allometric m odel  was der ived.  Mean values are som ewhat higher  than is  cons iste nt 
wi th f ood ingest ion r ate est imates and dat a from the spot ted seal  (see Appendix) . 

6 Est imated using equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Pi tcher and Cal kin s (1979).  Caution m ust be used , however , 
because pinnipeds w ere not  included i n th e data set  from whic h the allometric m odel  was der ived. 

7 Est imated using equat ion 3-20 (Stahl , 1967) and body weights f rom Pi tcher and Cal kin s (1979).  Caution m ust be used, however , because 
pinnipeds wer e not  included i n th e data set  from whi ch the allometric m odel was der ived. 

8 Est imated using equat ion 3-22 (Stahl , 1967) and body weights f rom Pi tcher and Cal kin s (1979). Caut ion m ust be used, however , because 
pinnipeds wer e not  included i n th e data set  from whi ch the allometric m odel was der ived. 

9 Satellite tele metry  of one seal .  Foraging r adius depends on dist ribut ion and abundance of prey . 
10 Sevent y-fi ve percent of 58 seals r adio- tagged i n th e Columbia  River  were relo cated at haul -out si tes 30 to 55 km away .  Cited in  Hoover  (1988). 
11 Cited in Ronal d et al . (1982). 
12 Post weaning m ort ality. 
13 Cited in Hoover  (1988). 
14 Nineteen t o 33 days to  com plete molt. 



References (including Appendix) 

Allen,  S. G.; Huber, H. R.; Ribic , C. A.; et al. (1989) Popula tion dyna mics of ha rbor seals in 
the Gulf of the Fa rallone s, California . Calif . Fish Game 75: 224-232. 

Angell-James, J. E.; Elsner, R.; de Burgh Daly, M. (1981) Lung infla tion: effects on heat 
rate, respirat ion,  and v agal afferent activity in seals. Am. J. Phys iol. 240: H190-H198. 

Ashwell-Erickson, S.; Elsner, R. (1981) The energy cost of free existence for Ber ing S ea 
harbor and spotted seals. In: Hood, D.  W.; Calder, J. A., eds. The Eastern Ber ing S ea 
shelf:  oceanogr aphy and r esour ces. v. 2. Was hington, DC: Depa rtment of 
Commerce; pp. 869-899. 

Ashw ell-Erickson,  S.; Elsner,  R.; Wartzol, D. (1979) Metabolis m and nut rition of Be ring S ea 
harbor and spotted seals. Proc. Alaska Sci. Conf . 29: 651-665. 

Beach, R.J.; Geiger, A.; Jeffries, S. J., et al. (1985) Marine mammals and their interact ions 
with fisher ies of the Columbia Riv er and adj acent waters, 1980-1982. Seattle, WA: 
Third Ann. Rept. to U.S. Dept. Commerce, NOAA, Natl. Mar. Fish. Serv. 

Bigg, M.  A. (1969a) The har bour seal in British Columbia . Fish. Re s. Board Can.; Bull. 172. 

Bigg, M.  A. (1969b) Cline s in t he pupping season of the har bour seal, Phoca vitulina . J. 
Fish. Res. Board Can. 26: 449-455. 

Boddington, M.  J. (1978) An absolute meta bolic scope for activity. J. Theor. Biol.  75: 443
449. 

Boulv a, J.;  McLaren, I.  A. (1979) Biology of the ha rbor seal, Phoca vitulina , in eastern 
Canada. Quebec,  Canada: Fish. Re s. Board Can. Bull. 200. 

Brown, R. F.; Mate, B. R. (1983) A bundanc e, movements, and fee ding habit s of ha rbor 
seals, Phoca vitulina , at Nearts and Tillamook Bays, Ore gon. U. S. Natl.  Mar. Fish. 
Serv.  Fish. Bull.  81: 291-301. 

Brown, R. F.; Jeffries, S. J.; Harvey, J. T. (1989) Seasonal a bundanc e and wint er feeding 
ecology of ha rbor seals in the Columbia Riv er (abstr act). In: 8th Bie nnial Conf erence 
on t he Biology of Ma rine Mammals; December 7-11, 1989; Pacific Grove, CA; p. 9. 

Bryden, M. M. (1972) Growth and development of marine mammals. In: Harrison, R. J., ed. 
Func tional a natomy of mar ine mammals. New York, NY: Academic Press; pp. 2-79. 

Burt, W. H.; Grossenheider, R. P. (1980) A field guide to the mammals of North America 
nor th of Mexico.  Bos ton, MA : Houghton Mif flin Co. 

Calder, W. A.; Braun, E. J. (1983) Sca ling of os motic regula tion in mammals and birds. Am. 
J. Physiol. 244: R601-R606. 

2-285 Harbor Seal 



Craig, A. B., Jr.; Pasche, A. (1980) Respiratory phys iology of freely diving ha rbor seals 
(Phoca vitulina ). Physiol. Zool.  53: 419-432. 

da Silva, J.; Neilson, J. D. (1985) Limitat ions of using otoliths recovered  in scats to 
estimate prey consumpt ion in seals. Can. J. Fish. Aquat. Sci. 42: 1439-1442. 

Davis,  R. W.; Willi ams, T. M.; Kooyman, G. L. (1985) Swimm ing metabolis m of year ling a nd 
adult ha rbor seals ( Phoca vitulina ). Physiol. Zool.  58: 590-596. 

Depocas, F.; Hart, J. S.; Fisher, H. D. (1971) Sea water drink ing and water flux in starved 
and in fed harbor seals, Phoca vitulina . Can. J. Physiol.  Pharmacol. 49: 53-62. 

Everitt, R. D.; Gearin, P. J.; Skidmore, J. S.; et al. (1981) Prey items of harbor seals and 
California sea lions in Puge t Sound,  Washington. Mur rele t 62: 83-86. 

Food and A gricultur e Organiza tion ( FAO) of the Unit ed Nations , A. C. on Marine Resour ces 
Research. (1976) Mammals in the seas. Ad Hoc Gr oup III on seals and marine otters, 
draft report. In: Symposium: Scientific consultat ion on m arine mammmals; A ugus t 
13 to September 9, 1976; Food and A gric. Advis.  Comm. Mar. Resour . Res., Mar. 
Mammal, Sci. Consult . Organ. of U.N. , Bergen,  Norway. 

Harkonen, T. J. (1988) Food-habi tat relat ionship of ha rbour seals and black cormorants in 
Skagerrak and Kattegat. J. Zool.  (London) 214: 673-681. 

Harvey, J. T. (1989) Assessment of errors associated with har bour seal (Phoca vitulina ) 
faecal sam pling.  J. Zool.  (Lond. ) 219: 101-111. 

Hoover, A. A. (1988) Harbor seal, Phoca vitulina . In: Lentfer, J. W., ed. Selected marine 
mammals of Alaska: species accounts with research and management 
recommenda tions . Washington, DC: Ma rine Mammal Commiss ion; pp. 125-157. 

Innes, S.; Lavigne , D. M.; Ear le, W. M.; et al. (1987) Feeding r ates of seals and whales. J. 
Anim. Ecol. 56: 115-130. 

Irving, L. (1972) Arctic life of birds and mammals inc luding m an. New York,  NY: 
Spr inge r-Verlag. 

Johnson, M. L. ; Jeffries, S. J. (1977) P opula tion evalua tion of the ha rbour seal (Phoc a 
vitu lin a ric hardii ) in the waters of the state of Was hington. U. S. Mar. Mammal 
Comm.; Rep. MMC-75/05. 

Johnson, M. L. ; Jeffries, S. J. (1983) P opula tion biology evalua tion of the ha rbor seal 
(Phoca vitulina richardii ) in the waters of the State of Was hington: 1976-1977. 
Tacoma, WA:  Univ ersity of Puge t Sound; MMC -76/25. 

Jones, R. E. (1981) Food habit s of smaller marine mammals from northern California. Proc. 
Calif. Acad. Sci. 42: 409-433. 

2-286 Harbor Seal 



Klinkha rt, E. G. (1967) Birth of a harbor seal pup.  J. Mammal. 48: 677. 

Lawson,  J. W.; Renouf , D. (1987) Bonding and weaning in ha rbor seals, Phoca vitulina . J. 
Mammal. 68: 445-449. 

Ling,  J. K. (1970) Pelage and molt ing in wild anim als with special r eference to aquatic 
forms. Q.  Rev. Bio.  45: 16-54. 

Ling,  J. K. (1974) The integument of marine mammals. In: Harrison, R. J., ed. Func tiona l 
anatomy of marine mammals: v. 2. New York, NY: Academic Press; pp. 1-44. 

Lowry, L. F.; Frost, K. J. (1981) Fee ding and t rophic rela tionships of phocid seals and 
walruses in the Eastern Ber ing Sea. In: Hood, D.  W.; Calder, J. A., eds. The Eastern 
Bering Sea shelf: ocea nogr aphy and r esour ces: v. 2. Was hington, DC: Depa rtment 
of Commerce; pp. 813-824. 

Nagy, K. A. (1987) Field meta bolic r ate and f ood r equir ement sca ling in mammals and 
birds . Ecol. Mono.  57: 111-128. 

Newby, T. C. (1973) Observat ions on t he br eeding beha vior of the ha rbor seal in the State 
of Washington.  J. Mammal. 54: 540-543. 

Newby, T. C. (1978) Pacific harbor seal. In: Haley, D., ed. Marine mammals of eastern north 
Pacific and arctic waters. Seattle, WA: Pacific Search Press; pp. 184-191. 

Payne, P. M.; Schneider, D. C. (1984) Yearly changes in a bundanc e of ha rbor seals, Phoc a 
vitulina , at a winter haul-out site in Massachusetts. Fish. Bull.  82: 440-442. 

Payne, P. M.; Selzer, L. A. (1989) The distr ibution,  abundanc e and s elected prey of the 
harbor seal, Phoca vitulina concolor , in southe rn New England. Ma r. Mammal. Sci. 
5: 173-192. 

Perez, M. A. (1990) Review of marine mammals popula tion and pr ey infor mation f or  Bering 
Sea ecosystem st udie s. Washington, DC: U. S. Dept . Commerce, Nat. Oceanic Atm. 
Admin. , Nat. Mar. Fish.  Serv.;  NOAA Tech.  Mem. NMFS F/NWC-186. 

Perry, E. (1989) Evidence for polygyny in ha rbour seals, Phoca vitulina . In: 8th Biennia l 
conf erence on t he biology of mar ine mammals; December; Pacific Grove, CA. 

Pierotti, R.; Pierotti, D. (1980) Effects of c old cli mate on the ev olution of pinniped br eeding 
systems. Ev olution 3 4: 494-507. 

Pitcher, K. W. (1977) P opula tion produc tivity and food habit s of ha rbor seals in the Prince 
Willia m Sound-Coppe r River Delta area, Alaska. Final r epor t to  U. S. Marine Mammal 
Commission No. MMC -75103. USDC NTIS. PB-226 935. 

Pitcher, K. W. (1980) Food of the ha rbor seal, Phoca vitulina richardsi , in t he Gulf of 
Alaska. U.S. Natl. Mar. Fish. Serv. Fish. Bull.  78: 544-549. 

2-287 Harbor Seal 



Pitcher, K. W.; Calkins, D. G. (1979) Biology of the ha rbor seal, Phoca vitulina richardsi , in 
the Gulf of Alaska. Final r epor t. Outer  Continent al Shelf Envir onm ental Assessment 
Program Research Unit 229, Cont ract No. 03-5-002-69. 

Pitcher, K. W.; McAllister, D. C. (1981) Movements and ha ulout beha vior of radio -tagged 
harbor seals, Phoca vitulina . Can. Field-Nat. 95:292-297. 

Power, G.; Gregoir e, J. (1978) Predat ion by fresh water seals on the fish comm unit y of 
lower Seal Lake, Quebec. J. Fish. Res. Board Can. 35: 844-850. 

Renouf , D. (1989) Weight inc reases in har bour seals in spite of reduced f ood in take and 
heightened thermal demands: adjustable meta bolis m? In: 8th Biennial Conf erence 
on t he Biology of Ma rine Mammals; December; Pacific Grove, CA. 

Richardson, D. T. (1973) Distr ibution and abundanc e of ha rbor  and gr ay seals in Acadia 
National P ark.  Final r epor t to  National P ark Service and Maine Depa rtment of Sea 
and Shore Fisheries. State of Maine Cont ract No. MM4AC009. 

Richardson, D. T. (1981) Fee ding habit s and popula tion s tudie s of Maine 's ha rbor  and gr ay 
seals. Natl. Geogr. Soc. Res. Rep. 13: 497-502. 

Riedman, M. (1990) The pinnipeds : seals, sea lions , and w alru ses. Berkeley, CA: University 
of California Press. 

Roffe, T. J.; Mate, B. R. (1984) A bunda nces and fee ding habit s of pinnipeds in t he Rogue 
River, Oregon.  J. Wildl. Manage . 48: 1262-1274. 

Ronald, K. ; Selle y, J.;  Healey, P. (1982) Seals. In: Chapman, J. A.; Feldhammer, G. A., eds. 
Wild mammals of North America. Baltimore, MD: J ohns Hopkins Univ ersity Press; 
pp. 769-827. 

Rosen, D. A. (1989) Neonatal growth rates and behav iour in t he Atlantic ha rbour seal, 
Phoca vitulina (abstract). In: 8th Bie nnial Conf erence on t he Biology of Ma rine 
Mammals; December 7-11, 1989; Pacific Grove, CA; p. 57. 

Scheffer, V. B.; S lipp,  J. W. (1944) The harbor seal in Was hington state. Am. Midl. Na t. 32: 
373-416. 

Schneider, D. C.; Payne, P. M. (1983) Factors affect ing haul-out of ha rbor seals at a site in 
southeastern Massachusetts. J. Mammal. 64: 518-520. 

Selzer, L. A.; Ear ly , G.; Fior elli,  P. M.; et al. (1986) Stranded animals as indi cators of prey 
utiliza tion by ha rbor seals, Phoca vitulina concolor , in southe rn New England. Fish. 
Bull.  84: 217-220. 

Shaffer, K. E. (1989) Seasonal and size variat ions in di ets of harbor seals, Phoca vitulina 
(abstract). In: 8th Bie nnial Conf erence on t he Biology of Ma rine Mammals; 
December 7-11, 1989; Pacific Grove, CA; p. 62. 

2-288 Harbor Seal 



Slater, L. M.; Markowitz, H. (1983) Spr ing popula tion t rends in Phoca vitulina richardi in t wo 
central California coastal areas. Calif. Fish Game 69: 217-226. 

Stahl, W. R. (1967) Sca ling of respir atory var iable s in mammals. J. A ppl.  Physiol.  22: 
453-460. 

Stewart, B. S.; Leatherw ood,  S.; Yochem, P.  K.; et al. (1989) Harbor seal track ing a nd 
telemetry by satellite. Mar. Mamm. Sci. 5: 361-375. 

Stutz, S. S. (1966) Moult and pelage p atterns in the Pacific harbor seal, Phoca vitulina 
[master's thesis]. Vancouver, Canada: Univ ersity of British Columbia . 

Thompson, P; Rothery, P. (1987) Age and sex differences in the tim ing of moult in t he 
common seal, Phoca vitulina . J. Zool.  (London) 212: 597-603. 

Wilson, S. C. (1978) Social orga nization and beha vior of ha rbor seals Phoca vitulina 
concolor  in Maine . Final r epor t to  Marine Mammal Commiss ion, Cont ract No. GPO 
PB 280-3188. NTIS PB 280 188. 

2-289 Harbor Seal 

bchenet
Page 2-290 was left blank.



2.2.7. Deer Mouse (deer and white-footed mice) 

Order Rodent ia, Family Murid ae (Genus Peromyscus) .h New world mice (family 
Muridae) are small, gr ound-dw elling rodent s that liv e in a la rge vari ety of habitats inc luding 
woodlands , prairies, ro cky habitats, t undr a, and d eserts.  All are nocturnal and are preyed 
on by owls, hawks, snakes, and carnivorous mammals.  Most species eat primarily seeds, 
but some also regula rly eat small invertebrates.  Many species store f ood.  The genus 
Peromyscus is the most widespread and geographically variable of North American 
rodent s (MacMillen and G arland, 1989). 

Selected species 

The deer mouse (Peromyscus maniculatus) is prim arily gr anivorous and ha s the 
widest geogra phic dis tr ibution of any Peromyscus species (Milla r, 1989; Brown and Zeng, 
1989).  It is resident and common in nearly every dry-land habitat wit hin it s range , including 
alpine tundr a, conif erous and de ciduous for est, and grasslands as well as deserts.  There 
are many recognized subspe cies or  races of the deer mouse associated with different 
loc ations or insula r habi tats, inc luding artemisiae, austerus, baird ii, b alaclavae, bla ndus , 
borealis, c arli, c ooledgei, g ambelii, g racilis, la becu la, maniculatus, or eas, nebrascensis, 
nubi terrae, rufi nus , and sono riensis (MacMillen and G arland, 1989; Milla r, 1982) 

Body size .  Deer mice range from 7.1 to 10.2 cm in length, with a 5.1 to 13 cm tail, 
and adult s weigh f rom 15 to 35 g (Bur t and G rossenheider, 1980; see table). Body size 
varies somewhat am ong popula tions and subspe cies thr oughout the species' range .  Body 
weight also var ies seasonally, be ing low er in autumn and wint er and a few grams highe r in 
spr ing and s ummer (Zegers and Merritt, 1988).  There may (Fleharty et al., 1973) or may not 
(Milla r and S chi eck, 1986) be seasonal differences in fat content. 

Habitat.  Deer mice inhabit ne arly all t ypes of dr y-land habi tats wit hin t heir range : 
short-grass prairies, grass-sage comm unitie s, co astal sage scrub, sand dunes, wet 
prairies,  upland m ixed and c edar for ests, dec iduous forests, ponde rosa pine for ests, other 
coniferous forests, mixed dec iduous-evergreen forests, junipe r/piñon f orests, and other 
habitats ( Holbrook , 1979; Kaufman and Kaufman, 1989; Ribble and Samson, 1987; Wolff 
and Hurlbutt, 1982).  Few studies have f ound m icr ohabi tat features that dist inguish t he 
deer mouse, and some studies have come to different conclus ions rega rding habit at 
structure preferences ( Ribble and Samson, 1987).  For example, Vickery (1981) f ound t hat 
deer mice appeared to prefer areas with moderate to heavy ground and mid -story cover to 
more open ground a reas, whereas others have f ound m ore de er mice in m ore open t han in 
more vegetated areas (see Kaufman and Kaufman, 1989). 

Food habi ts .  Deer mice are omnivorous and highly oppor tunis tic, which le ads to 
substantial re gional and seasonal variat ion in t heir  die t.  They eat principally seeds, 
arthr opods , some gr een vegetation,  root s, fr uit s, and fungi a s available (Johnson, 1961; 
Menhusen, 1963; Whitaker, 1966).  The nonseed plant materials provide a s ignific ant 

hPeromyscu s is  consid ered a m ember of the fam ily  Criceti dae by some mammalogi sts. 
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propor tion of the de er mous e's daily water re quir ements (Mac Millen and G arland, 1989). 
Food dig estibilit y and assimilat ion f or most of their  die t have been estimated to be as high 
as 88 percent (Montgom ery, 1989).  Deer mice may cache f ood during t he fall and wint er in 
the more northern parts of their range (Barry, 1976; Wolff, 1989).  They are nocturnal and 
emerge shortly after dark to forage for several hour s (Marten, 1973). 

Temperature regulation .  The deer mouse has a meta bolic r ate about 1.3 times 
highe r than the othe r species in t he genus (MacMillen and G arland, 1989; Morris and 
Kendeigh, 1981; see table).  Its meta bolic r ate is substantially highe r in wint er than  in 
summer (Morris and Kende igh, 1981; Stebbins , 1978; Zegers and Merritt, 1988).  Outside 
the thermoneut ral zone (25 to 35��C), metabolic r ate varies accor ding t o the following 
equation: 

VO2 = 0.116 - 0.003(Ta) + 0.0304 (V0.5) 

where V O2 = volume oxygen consumed (ml/g-min); T a = ambient temperature; and V = wind 
speed (Chappell and Holsclaw, 1984).  Deer mice can enter torpor ( body temperature, 19 to 
30��C) to reduce meta bolic d emands in the winter and also in response to brief food 
shortages (Tannenbaum and Pivorun, 1988, 1989).  The deer mouse uses nonshiv ering 
thermogenesis (NST) to quickly awaken from torpor and to maintain body temperature 
during t he wint er (Zegers and Me rritt, 1987).  The deer mouse may burrow in s oils to assist 
thermoregula tion; one study measured the burrow dimens ions to  be 24 cm de ep (range 13 
to 50 cm) and 132 cm long ( range 30 to 470 cm) (Rey nolds and W akkinen, 1987). 

Breeding activities and social organization.  The dur ation of the reproduc tive 
season varies with latitude and longitude accor ding t o the regr ession equa tion: 

Y = -33.0 + 2.79 X + 0.0748 Z - 0.0370 X2 

where Y = dur ation of the br eeding season in weeks, X = latitude, and Z = longitude (r = 
0.58; Milla r, 1989).  Lactat ing females have longe r gestat ion pe riods than  nonl actating 
females.  Newborn deer mice are highly altr icial ( Layne, 1968).  Several studies have 
indi cated that daily f ood consumption inc reases over 15 percent dur ing e arly pr egnanc y 
and m ore than  double s during l actat ion ( Glazier, 1979; Milla r, 1975, 1978, 1979, 1982, 1985; 
Milla r and Inne s, 1983; Stebbins , 1977).  Deer mice are promisc uous ; in one study , 19 to 43 
percent of litters resulted from mult iple in semina tions (Birds all and Na sh, 1973, as cited in 
Milla r, 1989). 

Home range and r esour ces.  Deer mice tend to occupy more than one nest site, 
most frequently in t ree hollow s up t o 8 m fr om the ground ( Wolf f and Du rr, 1986) but also 
among t ree root s and unde r ro cks and logs (W olf f and Hurlbut t, 1982; Wolff, 1989).  At low 
densitie s, hom e range s are maint ained by mutual avoidanc e, but at highe r densitie s, 
females may defend a core area or territory (Wolff, 1989).  The home range of female deer 
mice encompasses both their fora ging a reas and their nests.  Male home ranges are larger 
and overlap the home ranges of many females (Cranford, 1984; Taitt, 1981; Wolff, 1985a, 
1986; Wolff et al., 1983). 
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Popul ation dens ity .  Popula tion densit y var ies conside rably ov er sp ace and time 
and is often positively correlated with f ood abundanc e (Taitt, 1981; Wolff, 1989), moisture 
content of plants (Bowers and Smith, 1979), and vegetative cover (van Horne, 1982) as well 
as season ( Montgom ery, 1989; Taitt, 1985).  Interspecific competit ion a lso can  play a role in 
determ ining popula tion densitie s (Kau fman and Kaufman, 1989). 

Popul ation dyna mics .  Although labor atory and f ield s tudie s have demonstrated that 
females can produce their first litter by 3 months of age, females of the more northern 
popula tions do not mature unde r natural conditions until t he spr ing after the year of their 
birth.  First litters are consistently smaller than subsequent litters ( Milla r, 1989), and 
latitude and elevat ion e xplain a signific ant amount of the var iation in li tter size am ong P. 
maniculatus popula tions (Smith and McG innis , 1968, as cited in Milla r, 1989). Milla r (1989) 
estimated the relat ionship b etween litter size and latitude and longitude to  be 

Y = -1.62 + 0.0103X + 0.106Z + 0.0004X2 - 0.0005Z2 

where Y is the mean litter size; X, the latitude; and Z, the longitude .  The largest litters are 
produced in northwestern North America.  Pups wean wit hin about 3 weeks, and females 
may have up to four litters per year in the more southern parts of the species' range ( Milla r, 
1989).  Mortality rates are high,  and m ost de er mice liv e for l ess than 1 year ( Milla r and 
Innes, 1983). 

Similar species (from general references) 

��	 The cactus mouse ( Peromyscus eremicus ), almost the same size as the deer 
mous e (8.1 to 9.1 cm; 17 to 40 g) , is found only in low d eserts of the extreme 
southwest and Mexico.  It may feed on green vegetat ion, seeds, and berries 
and can climb trees for f ood. 

��	 The California mous e (Peromyscus californicus ) (9.6 to 11.7 cm; 42 to 50 g) 
is found in sout hwestern California and lives am ong oaks and dense 
chaparral.  It stores acorns in nests made of twigs and sticks. 

��	 The canyon mouse ( Peromyscus crinitus ) (7.6 to 8.6 cm) is limited to the 
western United States.  It lives in rocky canyons and on lava-covered s lope s, 
nesting a mong r ocks. 

��	 The oldfield mous e (Peromyscus poli onotus ), smaller than the deer mouse 
(4.1 to 6.1 cm), is limited to the extreme southeastern United States, where it 
inhabit s sandy b eaches and fields and feeds on seeds and berries.  Females 
may be territorial dur ing t he br eeding season. 

��	 The white-footed mouse ( Peromyscus leuc opus ) is approximately the same 
size as the deer mouse (9.1 to 10.7 cm; 14 to 31 g).  Its range extends north 
into Canada and west to Ar izona but doe s not extend as far north and west 
as the deer mouse's range.  Like the deer mouse, the white-footed mouse's 
diet consists ma inly of arthr opods , seeds, and other vegetat ion,  and it 
usually nests off the gr ound.  It is most abundant in habi tat that includes a 
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canopy , such as brushy fields and de ciduous woodlot s in nor ther n regions 
and riparian areas and ravines in prairie and semidesert re gions . 

��	 The cotton mouse ( Peromyscus gossypinus ) (9.1 to 11.7 cm; 28 to 51 g) is 
found in t he sout heastern United States where it inhabit s wooded a reas, 
swampland, stream banks, and field edges.  This tree climber nests in trees, 
unde r logs , and in buildings . 

��	 The brush mous e (Peromyscus boylii ) (9.7 to 10.7 cm; 22 to 36 g) is limited 
to chaparral and rocky areas of the arid and semiarid west and southwest 
United States.  A good climbe r, it li ves unde r ro cks and debris and in 
crevices.  It feeds on pine nut s, acorns, seeds, and berries. 

General references 

Burt and Grossenheider (1980); Kirkland and Lane (1989); Milla r (1985, 1989); 
Wolff (1989). 
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Deer Mouse ( Peromyscus maniculatus ) 

Factor s 
Age/Sex 
Cond. /Seas. Mean 

(95% CI of 
mean) 

Range or 

Locat ion (subspecies) Reference 
Note 
No. 

Body We ight A M 22 North  Amer ica Millar, 1989 
(g) A F 20 

A M 15.7 NS (austerus ) Fordham , 1971 1 
A F 14.8 

A M 22.3 NS (blandus ) Dewsbury et a l., 1980 1 
A F 21.1 

A B 19.6 ± 0.71 SE New Hampshi re Schlesinger & Pot ter,  1974 

A F nonbreed. 20.3 ± 0.42 SE NS (boreal is ) lab Millar &  Innes, 1983 
A F gestat . 31.5 ± 0.43 SE 
A F lactat . 24.5 ± 0.37 SE 

neona te 1.8 1.6 - 2.8 North  Amer ica Millar, 1989 
neona te 1.7 ± 0.02 SE Albe rta , Canada Millar, 1989 

at wean ing 8.8 7.7 - 11.2 North  Amer ica Millar, 1989 
at wean ing 9.3 ± 0.10 SE North west Te rritorie s, Canada Millar, 1979 

Pup Grow th 
Rate (g/d ay) 

B 0.38 ± 0.01 SE 0.30 - 0.95 Albe rta , Canada 
(nebrascensi s) 

Millar, 1985 

M 0.27 ± 0.06 SE Millar &  Innes, 1983 2 
F 0.22 ± 0.05 SE Alber ta, Canada (boreal is ) 

Metabo lic 
Rate 
(lO /kg-day) 2 

F rest ing 

M avg da ily : 

50 40 - 61 North  Amer ica MacMille n & Garland, 1989 

winter 138 ± 5.3 SE Alber ta, Canada l ab Stebbins et  al., 1980 3 
spr ing 102 ± 7.2 SE 
sum mer  75 ± 3.4 SE 
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Deer Mouse ( Peromyscus maniculatus ) 

Range or 
Age/Sex (95% CI of Note 

Factor s Cond. /Seas. Mean mean) Locat ion (subspecies) Reference No. 

Metabo lic  Rate M avg da ily : Alberta, Canada lab Stebbins et a l., 1980 3 
(kcal /kg-day )  winter 668 ± 25 SE 

spr ing 623 ± 35 SE 
sum mer 360 ± 17 SE 

B f ree-livi ng: Illi nois l ab Morris & Kendeigh, 1981 4 
winter 790 
sum mer 592 

A M free-living 547 (259 - 1,153) est imated 5 
A F f ree-living 574 (271 - 1,212) 

Food A F nonbreed. 0.19 Mani toba, Canada Millar, 1979 6 
Ingest ion  (maniculatus ) lab 7 
Rate A F nonbreed. 0.18 Alb erta, Canada Millar &  Innes, 1983 
(g/g-d ay)  (boreal is ) lab 6 

7 
A F lactat ing 0.45 Manito ba, Canada Millar, 1979 

(maniculatus ) lab 8 
A F lactat ing 0.38 Alberta, Canada 

(boreal is ) lab 
Millar &  Innes, 1983 

9 
A F nonbreed. 0.19 Virginia l ab Cronin & Bradl ey, 1988 
A M nonbreed. 0.22 

J M 0.21 ± 0.01 SE South Dakot a lab Nelson & Desjardins, 1987 

Water A B 0.19 (sonor iensi s) lab Ross, 1930 10 
Ingest ion A B 0.19 0.123 - 0.287 Illin ois ( bairdi i) lab Dice, 1922 11 
Rate (g/g-d ay) J M 0.34 ± 0.02 SE South Dakot a lab Nelson & Desjardins, 1987 12 

0.15 est imated 13 

Inhal ation 
Rate (m /d ay) 3 

A M 
A F 

0.025 
0.023 

est imated 14 

Surface Area 
(cm ) 2 

A M 
A F 

91 
86 

est imated 15 
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Deer Mouse ( Peromyscus maniculatus ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion (subspecies) /Habi tat 
Reference No. 

Note 

nuts/seeds  0 24 23 Virginia ( nubi terrae )/ Wolff e t al., 1985 
arthr opods 56 30 46 oak-maple-hickor y for est 
Lepidopt . larvae  4 trace  2 
Lepidopt . adul ts  3 26  7 (% frequency of occur rence; 
green veg.  5 12 18 stom ach content s) 
fungus  7 trace  1 
fruit 25 4 1 
unknown  1  4  3 

Lepidopt . larvae 20.6 34.5 16.7  4.8 Indiana/several habi tats Whit aker, 1966 
cor n  4.1  4.2  3.2  8.7 
misc. veg. 15.8  3.1  8.0 13.4 
wheat seeds  6.5  1.6  3.2 23.7 (% vol ume;  stomach 
unident . seeds  5.4  5  8.8  8.3 content s) 
green veg.  7.6  0  4.3  3.7 
Echinochloa 

seeds 0  1.2  6.4  0 
Coleopter a 3.9  5.3  5.1  1.4 
soy beans 13.4  3.1  6.9 10.7 
Hemipter a 1.3  2.7  4.2  0.9 

beet les 14.6 23.8  9.4  4.9 Colorado/shor t grass prai rie Flake, 1973 
grasshopper s  6.4  4.2  6.4  2.5 
leafhopper s 13.3  1.8  1.9  2.5 (% vol ume by a r anki ng 
Lepidopterans 21.7 12.7  1.5  1.8 method; stomach content s) 
spi ders  2.6  2.7  2.5  0.3 
seeds 22.5 25.9 56.8 65.4 
forbs  4.7 10.0  5.6  4.3 
grasses & 
sedges  4.0  2.6  2.8  4.8 

shrubs  3.8  1.4  0.8  2.6 
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Deer Mouse ( Peromyscus maniculatus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion (subspecies) /Habi tat Reference 

Note 
No. 

Home Range A M sum mer 0.039 ±0.0054 SD Utah/subal pin e meadow Cranf ord,  1984 
Size (ha) A F sum mer 0.027 ±0.0047 SD  snow free 

A M winter 0.019 ±0.0065 SD Utah/subal pin e meadow Cranf ord,  1984 
A F winter 0.014 ±0.0050 SD  snowbound 

B M 0.058 ± 0.006 SE 0.054 - 0.065 Virginia/mi xed deciduous Wolff,  1985a 
B F 0.061 ± 0.005 SE 0.054 - 0.072 for est 

A M 0.10 ± 0.0063 SE Bow ers  & Smith, 1979 
A F 0.075 ±0.0063 SE Oregon/ponder osa pines 

A M 0.128 ± 0.012 SE Bow ers  & Smith, 1979 
A F 0.094 ±0.0013 SE Idaho/(artemi siaesarcobat us ) 

deser t 

Populat ion 
Densi ty 

B B  0.19 Ar izona/desert Bro wn & Zeng, 1989 

(N/ha) A B sum mer  2.8 Colorado/subal pin e meadows Vaughn, 1974 

B B sum mer 12.8 - 22.4 Utah/subal pin e meadow Cranf ord,  1984 
B B w inter 3.4 - 8.4 

A B 12.7 - 45.5 Briti sh Col umbia, 
Canada/burnt 

Sul livan, 1979 

B B 12 ± 6.7 SD 3.9 - 28  slash 
Montana/under story  near  river 

Metzgar, 1979 

Li tte r 3.4 Virginia  (nubi terrae )/NS Wolff,  1985b 
Size 4.4 3.0 - 6.4 average f or North Amer ica/NS Millar, 1989 

5.1 ± 0.14 SE 1 - 8 Alberta, Canada 
(nebrascensi s)/NS 

Millar, 1985 

Li tters/Y ear 2.4 average f or North Amer ica/NS Millar, 1989 
1.9 ± 0.1 SE Albe rta , Canada Millar &  Innes, 1983 

(boreal is )/var ious alpine 
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Deer Mouse ( Peromyscus maniculatus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion (subspecies) /Habi tat Reference 

Note 
No. 

Days 
Gestat ion 

F non- lact . 
F lactat ing 

23.6 
26.9 

average f or Uni ted States/NS Millar, 1989 

F non- lact . 
F lactat ing 

22.4 ± 0.1 SE 
24.1 ± 0.3 SE 

22 - 23 
22 - 27 

Kansas/NS Svendsen, 1964 16 

F non- lact . 
F lactat ing 

25.5 ± 0.3 SE 
29.5 ± 1.4 SE 

23 - 26 
24 - 35

Alber ta, Canada 
( nebrascensi s)/lab 

Millar, 1985 

Age at B 20.2 16 - 25 average f or North Amer ica/NS Millar, 1989 
Weaning B 24.9 Alberta, Canada Millar &  Innes, 1983 
(days)  (boreal is )/var ious alpine 

B 17.5 Colorado/NS Halfpenny , 1980 16 

Age at M 35 days Albe rta , Canada Millar, 1985 
Sexual F 60 days  (nebrascensi s)/lab 
Maturity 

Mort ality 
Rates 

A F winter 
A M winter 
J F w inter 
J M winter 

100%/winter 
33%/winter
56%/winter 
70%/winter 

Alb erta, Canada (boreal is) / 
 various alpine 

Millar &  Innes, 1983 

A B sum mer 
J B sum mer 

20%/2 weeks 
19%/2 weeks

Alber ta, Canada (boreal is )/ 
 various alpine 

Millar &  Innes, 1983 

Longevi ty B B < 1 yr Alber ta, Canada (boreal is )/ 
various alpine 

Miller &  Innes, 1983 

Seasonal 
Act ivi ty Begi n Peak End Locat ion (subspecies) Reference No. 

Note 

Mating Apr il 
November 
March 
May 

August 
Apr il 
October 
August 

Massachuset ts 
Texas 
Virginia ( nubi terrae ) 
Californi a 

Drickamer , 1978 
Blai r, 1958 
Wolff,  1985b 
Dunm ire, 1960 

16 
16 
16 
16 

Dispersal spr ing 
(males) 

Vancouver , Canada Fairbairn, 1977 
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Deer Mouse ( Peromyscus maniculatus ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion (subspecies) Reference No. 

Note 

Torpor winter nor thern par ts of  range Tannenbaum & Pivorun, 1989 

1 Cited in Montgomer y (1989).
 
2 Growth r ate of "newl y emerged" pups, soon af ter l eaving t he nest .
 
3 Temper atur es dur ing w inter averaged -17. 7��C (-6 to -22��C); dur ing spr ing averaged 14. 5��C (8 to  22��C); dur ing sum mer 20.6��C (14 to 32��C).
 
4 Est imated by authors f rom laborator y-der ived model assum ing no r eproduct ion,  molt,  or weight change and assum ing sum mer temp eratures
 

averaged 17. 5��C above ground and 20. 2��C in bur rows  and w inter  temp eratures averaged - 3��C above ground and 10. 7��C in  burro ws. 
5 Est imated using equat ion 3-48 (Nagy, 1987) and body weights f rom Millar ( 1989). 
6 Diet  of  rat  chow wi th  3 percent wat er content and 4.5 kcal /g dry weight . 
7 Diet  of Pur ina lab chow no. 5001; composi tion not speci fied. 
8 Diet  of  lab chow; composi tion not speci fied. 
9 Diet  of  lab chow wi th  8 to 10 percent wat er content . 

10 Mean var ied by subspecies; sonor iensi s, eremicus, gambe lii , and fratercul us tested.  Dr y diet prepared i n lab, probabl y less t han 10 percent  water 
content ; air temp erature 21 t o 24��C. 

11 Dry air at 32 to 34��C; diet of wheat and peanuts, about 10 percent wat er content . 
12 Temperature 20 ��C ± 2��C; diet of  lab chow wi th  8 to 10 percent wat er content . 
13 Est imate d using equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Millar ( 1989). 
14 Est imate d using equat ion 3-20 (Stahl , 1967) and body weights f rom Millar ( 1989). 
15 Est imate d using equat ion 3-22 (Stahl , 1967) and body weights f rom Millar ( 1989). 
16 Cited in  Millar ( 1989). 
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2.2.8. Prairie Vole (voles) 

Order Rodent ia Family Murid ae (subfamily Arvic olin ae).  New world voles are small, 
herbivorous rodents that reside in all areas of the United States where good gr ass cover 
exists.  Their presence is characterized by narrow runways thr ough matted grasses. 
Microtus species are adapted to  unde rgr ound,  terr estrial, and sometimes semiam phibious 
habitats (J ohnson and Johnson, 1982).  They are active by day and night and feed ma inly 
on shoots, grasses, and bark (J ohnson and Johnson, 1982).  Voles are prey for snakes, 
raptors, and mammalian predators such as short-tailed shrews, badgers, racc oons , 
coyotes, and foxes (Eadie, 1952; J ohnson and Johnson, 1982; Martin, 1956). 

Selected species 

The prairie vole ( Microtus ochrogaster ) represents the gr ound-bur rowing members 
of this group.  This vole is found in t he nor th and c entral  plains of the Unit ed States and in 
southern Canada, usually in dry places such as prairies and a long f encer ows and 
railroads.  Its range has expanded eastward to West Virginia as a result of clear-cutting of 
forests (Jones et al., 1983).  Voles are active by day or night (Johnson and Johnson, 1982). 
Although pr airie and meadow voles usually occupy different habitats, where they coexist 
their  popula tion densitie s tend t o be nega tively correl ated (Klatt, 1985; Krebs, 1977). 

Body size .  The prairie vole measures from 8.9 to 13 cm in length and has a 3.0- to 
4.1-cm tail (Burt and Grossenheider, 1980).  After reac hing sexual maturity, voles cont inue 
to grow for several months (J ohnson and Johnson, 1982).  Adult s weigh f rom 30 to 45 g 
(see table).  Prairie voles maintain a relatively constant pr opor tion of their  body weight as 
fat (15 to 16 percent on a dry-we ight ba sis) thr oughout the year (Fleharty et al., 1973). 

Habitat .  The pr airie vole inhabit s a wide vari ety of prairie plant comm unitie s and 
moisture regimes, inc luding ripa rian, shor t-gr ass, or tall-grass comm unitie s (Kau fman and 
Fleharty, 1974).  Prairie voles prefer areas of dense vegetat ion,  such as gr ass, alfalfa, or 
clov er (Carr oll and Getz, 1976); their presence in a habitat depends on suitable cover for 
runways (Kaufman and Fleharty, 1974).  They w ill tole rate sparser plant cover than the 
meadow vole because the prairie vole usually nests in burrows at least 50 mm 
unde rgr ound or in gr ass nests unde r logs or boa rds (Kl att and Getz, 1987). 

Food H abi ts .  Meadow vole s, as othe r vole s, are la rgely he rbivorous , consuming 
primarily green succulent vegetat ion but also r oot s, bark, seeds, f ungi,  arthr opods , and 
animal matter (J ohnson and Johnson, 1982; Lom olino, 1984; Sta lling, 1990).  Voles have 
masticatory and digestive systems that a llow them to  dig est fibrous grasses such as 
cereals (Johnson and Johnson, 1982).  Diet varies by season and habitat accor ding t o plant 
availabilit y, although meadow and other voles show a preference for y oung,  tende r 
vegetat ion ( Johnson and Johnson, 1982; Martin, 1956).  Voles can damage pastures, 
grasslands, crops such as hay and grain, and fruit trees (by eat ing ba rk and root s) 
(Johnson and Johnson, 1982). 
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Temperature regulation and molt .  Unlik e some othe r mammals, prairie voles do not 
hibe rnate or ex hibit tor por  (Johnson and Johnson, 1982).  They overwinter wit hout using 
their  lipid r eserves, f inding food t o meet their meta bolic requir ements year-r ound (Fleha rty 
et al., 1973).  Prairie voles use burrows, runways, nests, and snow cover to help maintain 
their  body temperature.  They also modify when they are active to av oid excessively hot or 
cold temperatures (J ohnson and Johnson, 1982).  Voles unde rgo t hree molt s (juv enile , 
subadult , and adult ), and molting may occur at any time dur ing t he year (Jameson, 1947, as 
cited  in Stalling, 1990).  The subadult-to-adult molt oc curs b etween 8 and 12 weeks of age 
(Martin, 1956). 

Breeding activities and social organization .  Prairie vole s are monoga mous ; a 
mated pair occupies the same home range (Thomas and Birney, 1979).  Repr oduc tion 
occurs thr oughout the year, and gestat ion l asts approximately 3 wk (Martin, 1956; Keller, 
1985; Nadeau, 1985).  Both sexes care for the y oung;  paternal activities inc lude r unw ay 
cons truction,  food caching, grooming,  retr ieving,  and brooding t he young ( Thomas and 
Birney, 1979).  The y oung a re weaned by a bout 3 weeks of age (Thomas and Birney, 1979). 
Reproductive activity peaks from May to October, c oinciding w ith  high mois ture availabilit y 
(Martin, 1956; Keller, 1985). Monoga mous family units apparently defend territories against 
othe r family groups (Ostfeld et al., 1988; J ohnson and Johnson, 1982; Thomas and Birney, 
1979). 

Home range and r esour ces.  Prairie voles excavate unde rgr ound n ests that are 
used as nur ser ies, resting a reas, and as shelter from severe weather (Klatt and Getz, 
1987).  They spend very little time away from this nest (Barbour, 1963).  In thick vegetat ion, 
prairie vole s move about in s ur face runways, and the number of runways is pr opor tional t o 
popula tion densit y (Carr oll and Getz, 1976).  Female home range size decreases with 
inc reasing pr airie vole densit y accor ding t o the following r egression equa tion (Gaines and 
Johnson, 1982): 

Y= ��0.23X + 20.16	 where Y= home range length in meters and X= m inimum 
numbe r aliv e per 0.8 ha grid. 

Abramsky and Tracy (1980) f ound a simila r correla tion using bot h sexes accor ding t o the 
equation: 

Y= ��0.20X + 27.12 	 where Y= home range length in meters and X=number of 
individuals pe r hectare. 

Popul ation dyna mics .  Female prairie voles can reach sexual maturity in a bout 35 d, 
males in 42 to 45 d (Gier and Cooksey, 1967, as cited in Sta lling, 1990).  Martin (1956) f ound 
in Kansas that females mature wit hin about 6 wk in t he su mmer, but may re quir e 15 wk or 
more to mature if born in the fall.  Male prairie voles tend to disperse from their natal site; 
approximately twice as many females as males mature near their birthplace ( Boons tra et 
al., 1987).  Popula tions tend t o fluc tuate with available moisture (Gier, 1967, as cited in 
Stalling, 1990).  Mortality rates in prairie vole postnest ling juv enile s and young adult s are 
simila r and highe r than adult mortalit y rates; nest lings h ave the lowest mortality rate 
(Golley, 1961).  Average life expectancy in the field is a bout 1 yr (Martin, 1956). 
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Similar species (from general references) 

The pine vole ( Microtus pine torum ) (7 to 11 cm), despite its name, usually 
inhabit s deciduous for est floor s, among a thic k layer of duff, where it t unnels 
thr ough loos e soil ne ar the sur face.  It is f ound in t he eastern half of the 
United States, except Florida ; in t he south, it inhabit s pine for ests.  In 
addition t o feeding on ba rk,  it bur rows for  bulbs , tube rs, and c orms. 

��	 

See also similar species listed for the meadow vole in this chapter.�� 

General references 

Burt and Grossenheider (1980); J ohnson and Johnson (1982); Sta lling (1990); 
Tamarin (1985). 
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Prairie Vole ( Microtus ochrogaster ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight 
(g) 

A B 

A B sum mer 
A B f all 
A B w inter 
A B spr ing 

41.6 

41.9 
44.2 
39.0 
41.3 

ne Colorado 

ne Colorado 

Abr amsky & Tracy , 1980 

Abr amsky & Tracy , 1980 

A M 
A F 

31.3 ± 0.35 SE 
33.3 ± 0.30 SE 

s Indiana Myers  & Krebs, 1971 

neonat e B 2.8 ± 0.4 SD ne Kansas Martin,  1956 

Metabol ic  Rate A winter 51.8 ± 8.2 SD NS/lab Wunder et  al., 1977 
(lO /kg-d)2 

A sum mer 41.8 ± 4.8 SD 

Metabol ic  Rate A B basal 177 est imated 1 
(kcal /kg-d) 

A B f ree-living 399 (190 - 833) est imated 2 

Food Ingest ion A B at 21��C 0.13 - 0.14 Illi nois/ lab Dice, 1922 3 
Rate (g/g-d ) A B at 28 ��C 0.09 - 0.10 

Water A B 0.37 NS/lab Chew, 1951 4 
Ingest ion Rat e 
(g/g-d) A B 0.29 ± 0.02 SE Kansas/ lab Dupre, 1983 5 

A B 0.21 0.15 to 0.26 Illi nois/ lab Dice, 1922 6 

A B 0.14 est imated 7 

Inhal ation 
Rate (m /d )3 

A B 0.043 est imated 8 

Surface Area 
(cm )2 

A B 139 est imated 9 
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Age/Sex/ 
Cond. /Seas. Mean Locat ion/Habi tat Reference 

Prairie Vole ( Microtus ochrogaster ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

Sporobolus as per 19.5 Kansas/ forb  and grass f ield Fleharty & Olson, 1969 
Kochi a sco paria 22.5 
Bouteloua gracilis 6.5 (% vol ume;  stomach 
Bromus japonicus 8.5 content s) 
Rumex cr ispus 9.2 
Tritic um aest ivum 
Carex sp. 
other 
(grasses) 
(forb s) 

3.4 
2.0 

28.3 
(53.5) 
(46.5) 

(Items less t han 2% of 
volume w ere com bin ed as 
"other ") 

Festuca arundinacea 20.5 25.0 10.6 28.9 Missour i/old fie ld Cook et a l., 1982 
Dactylis glomerata 6.7 1.7 1.1 4.2 
Phleum pratense 8.3 2.0 2.1 5.3 (mean number of  food 
Tridens f lavus 17.1 11.1 1.9 11.0 items;  stomach content s) 
Setaria vi ridis 6.7 6.2 1.7 6.2 
Taraxacum of ficinal e 
Lamium am plexicaul e 
Bromus tectorum 
Setaria fa beri 
Capsel la bursa past . 
Trifol ium stoloni fera 

5.8 
3.9 
2.8 
5.6 
2.7 

4.8 
2.9 
4.7 
3.9 
1.2 

3.9 
5.2 
2.5 
0.7 
0.5 

1.5 
3.4 
4.8 

21.0 
0.6 

(Plant par ts consumed:  leaf, 
stem , and seeds of Festuca 
and Bromus ; leaf and stem 
of Tridens and Setaria 
faberi ; leaf and seeds of 

arthr opods 2.4 0.8 0.5 1.4 Dactylis and Seteria vi ridis; 

animal materi al 0.2 0.3 0.0 0.1 and leaves onl y of al l other 

other 0 0.2 0.2 0.0 plant species) 
3.9 1.4 1.5 0.9 

Populat ion Note 
Dynamics Range No. 

Home A B al l yr 0.098 ± 0.012 SE Illin ois/bluegrass Jike et a l., 1988 
Range 
Size (ha) A M al l yr 0.037 ± 0.0029 SE Kansas/NS Swihart & Slade, 1989 

A F al l yr 0.024 ± 0.0018 SE 

A M 0.011 ne Col orado/shor t-gr ass Abr amsky & Tracy , 1980 
A F 0.0073  prai rie 
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Prairie Vole ( Microtus ochrogaster ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Populat ion 
Dens ity 
(N/ha) 

summer 
winte r 

spr ing 
sum mer 

25 - 35 
12 

78 - 118 
81 - 104 

w Nebraska/xer ic  prai rie 

Illi nois/al falf a field 

Meserve, 1971 

Carroll  & Getz, 1976 

sum mer 
winter 
spr ing 
fall 

168 - 234 
160 - 197 
203 - 247 
94 - 123 

ne Kansas/grassland Martin, 1956 

Li tter 3.18 ± 0.24 SD ne Kansas/grassland Martin, 1956 10 
Size 3.4 1 - 7 Kansas/NS Jameson, 1947 11 

4.25 Illin ois/NS Cole & Batzli, 1978 12 

Li tters/Y ear several NS/NS Johnson & Johnson, 1982 

Days 21 ne Kansas/grassland Martin, 1956 
Gestat ion 21 NS/NS Kel ler,  1985 

Pup Growth days 1 to 10 0.6 ne Kansas/grassland Martin, 1956 
Rate (g/d) days 11 t o 30 1.0 

> 30 d unt il 0.5 
growt h stops  (highl y var iable) 

Age at 
Weaning 

21 days NS/lab Thomas & Bi rney, 1979 

Age at F 35 days NS/NS Gier & Cooksey , 1967 13 
Sexual M 42 to 45 d 
Maturity 

Annual 
Mortality

B 93 % ne Colorado/shor t-gr ass 
 prai rie 

Abr amsky & Tracy , 1980 

Longevi ty B 1 yr up t o 1.8 yr ne Kansas/grassland Martin, 1956 
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Prairie Vole ( Microtus ochrogaster ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Mating May to Oct NS Keller,  1985; Martin,  1956 

Partur ition May to Oct NS Keller,  1985; Martin,  1956 

Molt any time NS Jameson, 1947 13 

1 Est imated using equat ion 3-43 (Boddington, 1978) and body weights ( summer) fr om Abr amsky and Tracy  (1980). 
2 Est imated using equat ion 3-48 (Nagy, 1987) and body weights ( summer) fr om Abr amsky and Tracy  (1980). 
3 Est imated f rom ingest ion r ate for  diet of oat s (74 to 78 percent of  total wei ght of diet ) and dr y grass, assum ing 31 t o 34 g body we ight. Diet was  low 

in water (pr obabl y less t han 10 percent ). 
4 Measur ed water drunk f rom water  bot tles; diet consi sted of  rolle d oat s with  sunf lower  seeds;  temp erature 28��C. 
5 Measur ed wat er drunk; diet of dr y food. 
6 Temperature  21��C; dr y air. 
7 Est imated using equat ion 3-17 (Calder and Braun, 1983) and body weights ( summer) fr om Abr amsky and Tracy  (1980). 
8 Est imated using equat ion 3-20 (Stahl , 1967) and body weights ( summer) fr om Abr amsky and Tracy  (1980). 
9 Est imated using equat ion 3-22 (Stahl , 1967) and body weights ( summer) fr om Abr amsky and Tracy  (1980). 

10 Determin ed from pup count , whi ch may underest imate l itter  size at bi rth.
 
11 Cited in Kel ler (1985); embr yo  or pup count .
 
12 Cited in Kel ler (1985); embr yo  or placent al scar count .
 
13 Cited in Stal ling (1990).
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2.2.9. Meadow Vole (voles) 

Order Rodent ia Family Murid ae (subfamily Arvic olin ae).  New world voles are small, 
herbivorous rodents that reside in all areas of Canada and the United States where there is 
good gr ass cover.  Their presence is characterized by narrow runways thr ough matted 
grasses. Microtus species are adapted to  unde rgr ound,  terr estrial, and sometimes 
semiam phibious habi tats (J ohnson and Johnson, 1982).  They are active by day and night , 
feeding m ainly on shoot s, grasses, and bark.  Voles are prey for hawks and owls as well as 
several mammalian predators such as short-tailed shrews, badgers, and foxes (J ohnson 
and Johnson, 1982; Eadie, 1952). 

Selected species 

The meadow vole ( Microtus penns ylvanicus ) makes its burrows a long s urface 
runways in grasses or other herbaceous vegetat ion.  It is the most widely dis tr ibut ed small 
grazing he rbivor e in Nor th Amer ica and is found ov er most of the nor ther n half of the 
United States.  Meadow voles have been used in bioassays to indi cate the presence of 
toxins in t heir foods (Kendall and S herwood, 1975, cited in Reich, 1981; Sc hillinge r and 
Elliot , 1966).  Alt hough prim arily terr estrial, the meadow vole also is a str ong s wimmer 
(Johnson and Johnson, 1982). 

Body size .  The meadow vole measures 8.9 to 13 cm in length (head and body) and 
has a 3.6- to 6.6-cm tail.  They we igh b etween 20 and 40 g depe nding on a ge, sex, and 
loc ation (see table).  Mature males are approximately 20 percent heavier than females 
(Boons tra and Rodd, 1983).  Meadow voles lose we ight during t he wint er, reaching a low 
around Februa ry, then regain w eight during s pr ing and s ummer, reaching a high a round 
Augus t in m any popula tions (see table; Iverson and Turner, 1974). 

Habitat .  The meadow vole inhabit s gr assy fields, marshes, and bogs (Getz, 1961a). 
Compared with the prairie vole, the meadow vole prefers fields with more grass, more 
cover, and fewer w oody plant s (Getz, 1985; Zimmerman, 1965).  The meadow vole also 
tends to  inhabit mois t to wet habitats, whereas the prairie vole is relatively uncommon in 
sites with sta nding water (Getz, 1985). 

Food habi ts .  Meadow voles consume green succulent vegetat ion,  sedge s, seeds, 
root s, bark, fungi, in sects, and animal matter (see table).  They are agricultural pests in 
some areas, fee ding on p asture, hay, and grain (J ohnson and Johnson, 1982; Burt and 
Grossenheider, 1980).  At high popula tion densitie s, the meadow vole ha s been known t o 
girdle trees, which can damage orchards (Byers, 1979, cited in Reich, 1981).  In seasonal 
habitats, meadow voles favor green vegetat ion w hen it is available and consum e othe r 
foods more when  green vegetation is l ess available (J ohnson and Johnson, 1982; Riewe, 
1973; Getz, 1985).  Alt hough Zi mmerman (1965) f ound s ome evidenc e of food s election, he 
found t hat meadow voles generally ate the most common plants in their habitat.  Meadow 
vole s living on pr airies consum e more seeds and fewer dicots and m onocot s than vole s in 
a bluegr ass habitat ( Lindroth and Ba tzli, 1984).  The meadow vole's large cecum a llow s it to 
have a high dig estive efficiency of 86 to 90 percent (Golley, 1960). Coprophagy (eating of 
feces) has been observed in this species (Ouellete and Heis inge r, 1980). 
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Temperature regulation and molt . In winter, Microtus species do not unde rgo 
hibe rnation or  tor por ; instead, they are active year r ound (Didow and H ayward, 1969; 
Johnson and Johnson, 1982).  Behaviors that help meadow voles to maintain their body 
temperature inc lude the us e of bur rows, r unways, nests, and snow cover for insulat ion. 
They also can change when they are active; when temperatures exceed 20 ��C, meadow 
voles are most active at night (Getz, 1961b; J ohnson and Johnson, 1982).  In winter, 
meadow voles increase their brown fat content (a major site of thermoregulatory heat 
produc tion) .  Mature individuals average 0.5 percent brown fat in summer, increas ing t o 1.7 
percent in early winter; juveniles average 1.0 percent in the summer, increas ing t o 2.3 
percent in t he wint er (Didow and H ayward, 1969).  Voles unde rgo t hree molt s:  juv enile , 
pos tjuv enile , and adult .  The timing v aries by species (Johnson and Johnson, 1982).  Adult 
Arvic olin ae also  unde rgo wint er and s ummer molts (J ohnson and Johnson, 1982). 

Breeding activities and social organization .  Meadow vole s are polygynous 
(McShea, 1989).  Males form a hierarchy in which the most dominant male voles breed 
(Boons tra and Rodd, 1983).  Voles produce litters thr oughout the br eeding season, the 
number of litters per season increases with decreas ing la titude (Johnson and Johnson, 
1982). 

Home range and r esour ces.  The area encompassed by a meadow vole's home 
range depends on season, habitat, popula tion densit y, and t he age and sex of the animal. 
Summer ranges tend to be larger than winter ranges, and ranges in marshes tend to be 
larger than ranges in meadows (Getz, 1961c; Reich, 1981).  Home range size also dec line s 
with  inc reasing popula tion densit y (Getz, 1961c; Tamarin, 1977a).  Female meadow voles 
defend territories against other females, whereas male home ranges are larger and overlap 
with home ranges of both sexes (Madison, 1980; Ostfeld et al., 1988; Wolff, 1985).  Meadow 
vole s build run ways in grasses and vegetat ion a t the ground' s sur face and use the 
runways for fora ging about 45 pe rcent of the time,  depending on weather and other factors 
(Gauthier and Bide r, 1987).  The meadow vole ex hibit s daytime activity where dense cover 
is available and becomes more crepuscular with less cover (Graham, 1968, cited in Reich, 
1981).  All Microtus species appa rently do s ome bur rowing, excavat ing unde rgr ound n ests 
that are us ed as nur ser ies, resting a reas, and as shelter from severe weather (J ohnson a nd 
Johnson, 1982).  Nests are built with the us e of de ad grass in patches of dense, live grass; 
widened spaces, called forms, are used off main runways (Ambrose, 1973). 

Popul ation dens ity .  Meadow vole popula tion densitie s fluc tuate widely from season 
to season and year to year, sometimes cras hing t o near zero before recover ing in a few 
years to densities of several hundr ed per hectare ( Boons tra and Rodd, 1983; Lindroth a nd 
Batzli, 1984; Getz et al., 1987; Myers and Krebs, 1971; Taitt and Krebs, 1985).  Krebs and 
Myers (1974) noted popula tion cycles of 2 to 5 yr, whereas Tamarin (1977b) reported 3- to 
4-year popula tion cycles in southeastern Massachusetts.  However, Getz et al. (1987) f ound 
no indi cation of multiannual abundanc e cycles in their three habitat study (i.e., bluegr ass, 
tallgr ass prairie, and alfalfa) in east central Illinois .  Meadow vole s avoid shor t-tailed 
shrews ( Fulk , 1972), and the vole popula tion densit y decreases as the number of short-
tailed shrews in the area increases (Eadie, 1952). 
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Popul ation dyna mics .  Voles reach sexual maturity usually wit hin several weeks 
after birth, with females matur ing be fore males,  but still continue to  grow for several 
months (Johnson and Johnson, 1982). Innes (1978) reported that litter size is independent 
of latitude or elevat ion.  Ho wever, summer litters were, on average, 14 percent larger than 
litters pr oduc ed during othe r seasons, and larger females produced larger litters (Keller 
and Krebs, 1970).  Y oung f rom the spr ing and e arly su mmer litters reached a dult weight in 
about 12 wk (Brown, 1973).  Mortality rates are highest in postnest ling juv enile s and young 
adults and lowest in nest lings (ages 1 to 10 d) (Golle y, 1961).  Dispers ing meadow vole s 
(predominantly young m ales) tend to we igh l ess than resident meadow voles ( Boons tra et 
al., 1987; Myers and Krebs, 1971; Boons tra and Rodd, 1983; Brochu et al., 1988). 

Similar species (from general references) 

��	 The California vole ( Microtus californi cus ) is larger than the meadow vole (12 
to 14 cm he ad and body ) and is found t hroughout California and southe rn 
Oregon.  It inhabit s fresh water and saltwater marshy areas, wet meadows, 
and grassy hillside s fr om the seashore to the mountains and feeds on green 
vegetat ion. 

��	 Townsend's vole ( Microtus townsendi i) usually is found ne ar water in moist 
fields, sedges, tules, and meadows (from tidewater to a lpine meadows).  Its 
range is limited to extreme northwestern California, western Ore gon a nd 
Washington,  and southe rn British Columbia (inhabit s several islands off the 
coast of Was hington and British Columbia ).  It is easily dis tinguished by it s 
large size (12 to 16 cm) and black-brown c olor . 

��	 The montane vole ( Microtus mont anus ) (mount ain vole ) is slightly la rger (10 
to 14 cm) than the meadow vole and is f ound in v alleys of the m ount ainous 
Great Basin area of the western and northwestern United States. 

��	 The long -tailed vole ( Microtus longi caudus ) (tail 5 to 9 cm) is s lightly la rger 
(11 to 14 cm) than the meadow vole.  It is f ound in t he western United States 
and Canada to Alaska and lives a long s treambanks, in m ount ain m eadow s, 
sometimes in dry situat ions , and in brushy ar eas dur ing wint er.  In addition 
to grasses and bark, it feeds on bulbs .  It nests above gr ound in wint er and 
burrows in summer. 

��	 The creeping vole ( Microtus or egoni ) (Oregon vole ) (10 to 11 cm) is an 
inhabit ant of western Ore gon and W ashington and extreme northwest 
California .  Seldom abov e ground, it spends most of it s time bur rowing 
thr ough f orest floor duf f or gr ass roots.  It lives in forests, brush, and grassy 
areas. 

��	 The sagebrush vole ( Lagurus curtatus ) (9.7 to 11 cm) lives in loos e soil a nd 
arid conditions and feeds on green vegetat ion,  especially sagebrush.  It also 
bur rows ar ound s agebrush; a vole found living in s agebrush  is almost 
certainly this species. 
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General references 

Burt and Grossenheider (1980); Reich (1981); J ohnson and Johnson (1982); Tamarin 
(1985). 
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Meadow Vole ( Microtus pennsylvanicus ) 

Range or 
Age/Sex/ (95% CI of Note 

Factor s Cond. /Seas. Mean mean) Locat ion Reference No. 

Body We ight 
(g) 

A M summer 
A F sum mer 
A M spr ing 
A F spr ing 
A M & F 
spr ing 
sum mer 
fall 
winter 

A M avg. al l yr 
A F avg. al l yr 

40.0 ± 8.3 SE 
33.4 ± 8.2 SE 
52.4 
43.5 

26.0 
24.3 
17.0 
17.5 
35.5 ± 0.1 SE 
39.0 ± 0.3 SE 

Quebec, Canada 

Ontar io,  Canada 

Manito ba, Canada 

south Indiana 

Brochu et a l., 1988 

Boonst ra & Rodd, 1983 

Ande rson et a l., 1984 

Myers  & Krebs, 1971 

neonat e M & F 
neona te M & F 

2.1 
2.3 ± 0.1 SD 

1.6 - 3.0 not speci fied Hamilt on, 1941 
Innes & M illar, 1981 

1 
2 

Pup Growth bi rth - 21 day s 0.95 south M ichi gan/old fi eld Gol ley,  1961 
Rate (g/d) 22 - 33 days 0.81 

34 - 54 days 0.45 
55 - 103 days 0.19 

Body Fa t (g ) summe r: 
J F 0.37 ± 0.04 SE 

Albe rta , Canada Millar, 1987 

A F gestat ing 
A F lactat ing 

1.20 ± 0.15 SE 
0.60 ± 0.09 SE 

Metabol ic basal 60.0 lab Wiegert, 1961 3 
Rate average dai ly 82.8 ± 12 SD 43.2 - 146 lab Morrison, 1948 4 
(lO /kg-d)2 

Metabol ic  Rate A M basal 166 est imated 5 
(kcal /kg-d) A F basal 

A B avg. dai ly 
A M free-living 
A F f ree-living 

175 
395 
357 
485 

(170 - 747) 
(231 - 1,020) 

lab 25-30��C Pearson, 1947 
est imated 6 
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Meadow Vole ( Microtus pennsylvanicus ) 

Range or 
Age/Sex/ (95% CI of Note 

Factor s Cond. /Seas. Mean mean) Locat ion Reference No. 

Food Ingest ion 
Rate  (g/g-d) 0.30 - 0.35 Russi a Ognev, 1950 7 

(cal /g-d) A M shor t-day 370 ± 20 SE NS Dark et al., 1983 8 
A M long-day 410 ± 10 SE 

Water A B 0.21 ± 0.02 SE NS Ernst , 1968 9 
Ingest ion 
Rate (g/g-d ) A B 0.14 est imated 10 

Inhal ation 
Rate (m /d ) 3 

A M 
A F 

0.052 
0.044 

est imated 11 

Surface Area 
(cm ) 2 

A M 
A F 

161 
143 

est imated 12 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

dicot shoot s 41 60 66 12 Illin ois/bluegrass Lindroth & Ba tzli, 1984 
monocot 50 26 9 40 
shoot s 

seeds 1 9 1 13 (% vol ume;  stomach 
root s 0 1 12 34 content s) 
fungi 6 4 10 0 
insect s 2 0 2 1 

dicot shoot s 53 65 41 41 Illi nois/ tallgr ass prai rie Lindroth & Bat zli, 1984 
monocot 23 29 12 5 
shoot s (% vol ume;  stomach 

seeds 7 1 16 36 content s) 
root s 4 0 6 17 
fungi 12 1 20 0 
insect s 1 4 5 1 
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Meadow Vole ( Microtus pennsylvanicus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Home Range 
Size (ha) 

A M sum mer 
A F sum mer 

0.019 ± 0.011 SD 
0.0069 ±0.0039 SD 

Virginia/old fi eld Madison, 1980 

A B sum mer 
A B w inter 

0.014 
0.0002 

Montana/al luvial bench Douglass, 1976 

A M sum mer 
A F sum mer 

0.083 ± 0.037 SD 
0.037 ± 0.020 SD 

Massachuset ts/gr assy 
meadow 

Ostfeld  et al., 1988 

Populat ion 
Dens ity 
(N/ha) 

A B 
A B 
A B 

96 - 549 
2 - 28 
25 - 163 

Ontario, Canada/ grassland 
Illin ois/bluegrass 
Indiana/grassland 

Boonst ra & Rodd, 1983 
Lindroth & Ba tzli, 1984 
Myers  & Krebs, 1971 

fall 
winter 
spr ing 
sum mer 

28 - 51 
20 - 51 
22 - 53 
38 - 64 

Michi gan/grass-sedge 
marsh 

Getz, 1961a 

Li tter 3.82 1 - 11 Mani toba, Canada/ NS Iverson & Turner , 1976 13 
Size 4.46 1 - 9 Indiana/NS Corthum , 1967 13 

6.05 1 - 8 Pennsy lvani a/NS Goin, 1943 13 

Li tters/Y ear several NS/NS Bailey,  1924 14 

Days 
Gestat ion 

21.0 ± 0.2 SD NS/NS Kenney et a l., 1977 2 

Age at 
Weaning (d) 

21 s Michi gan/NS Gol ley,  1961 

Age at F at least 3 wk NS/NS Johnson & Johnson, 1982 
Sexual M at least 6-8 w k 
Maturity 

Mort ality 
Rates 

nest lings 
juveni les 
young adul ts 
adul ts 
old adul ts 

(0-10 g)  50% 
(11-20 g)  61% 
(21-30 g)  58% 
(31-50 g)  53% 
(>50 g)  100% 

south M ichi gan/old fi eld Gol ley,  1961 
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Seasonal 
Act ivi ty Begi n Peak Locat ion Reference 

Mating 

Dispersal 

Meadow Vole ( Microtus pennsylvanicus ) 
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Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Longevi ty 2-3 mo 
< 24 mo 

NS 
NS 

Beer & MacLeod, 1961 
Johnson & Johnson, 1982 

9 

Note 
End No. 

early Apr il 
Oct. - Nov. 
Apr il - June 

mid-O ctober Mani toba, Canada 
Michi gan (fall-wi nter peak) 
Michi gan (spr ing-sum mer 

peak) 

Mihok, 1984 
Getz, 1960 
Getz, 1960 

15 
15 

fall/winte r Indiana/gr assland Myers  & Krebs, 1971 

sum mer (femal es) Massachuset ts/c oastal  field Tamarin,  1977b 
winter  (males) 

1 Cited in Reich (1981) and Johnson and Johnson (1982) . 
2 Cited in Nadeau (1985). 
3 Body  weight 35.6 g;  temp erature not speci fied; ci ted in Deavers and Hudson (1981) .
 
4 Temper ature  15 to 25��C; weight 26.2 t o 32 g.
 
5 Est imated using equat ion 3-43 (Boddington, 1978) and body weights f rom Ander son et al . (1984).
 
6 Est imated using equat ion 3-48 (Nagy, 1987) and body weights f rom Ander son et al . (1984).
 
7 Cited in Johnson and Johnson (1982) .
 
8 Shor t-day photoper iod = 10 h of  light , 14 of dar k; l ong-day photoper iod = 14 h of  light , 10 of dar k.
 
9 Cited in Reich (1981).
 

10 Est imate d using equat ions 3-17 ( Calder and Braun, 1983) and 3-18 and body weights f rom Ander son et al . (1984).
 
11 Est imate d using equat ion 3-20 (Stahl , 1967) and body weights f rom Ander son et al . (1984).
 
12 Est imate d using equat ion 3-22 (Stahl , 1967) and body weights f rom Ander son et al . (1984).
 
13 Cited in Kel ler (1985).
 
14 Cited in Johnson and Johnson (1982) .
 
15 Cited in Getz (1961b).
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2.2.10. Muskrat (water rats and muskrats) 

Order Rodent ia Family Murid ae.  Water rats and muskrats are the most aquatic of 
this family of rodents, with most of their lives spent in or near bogs , marshes, l akes or 
streams.  These two rodents feed mostly on aquatic vegetat ion.  Only one species exi sts in 
each genus (Burt and Grossenheider, 1980). 

Selected species 

The muskrat ( Ondatra zibethicus ) is indigenous and c ommon t hroughout most of 
the United States (except in the extreme southeast, central Texas, and most of California) 
and Canada (except in the extreme north) (Burt and Grossenheider, 1980).  Muskrats feed 
primarily on aquatic plants.  They are prey for hawks, minks, otters, racc oons , owls , red 
fox,  dogs , snapping t urtle s, and water snakes (Bednarik, 1956; Err ington, 1939a; Wilson, 
1985), and are more v ulne rable to  predation during t imes of dr ought when  low water levels 
leave their dens or lodge s more expos ed (Err ington, 1939a).  Many vertebrates use 
muskrat homes for shelter or to f ind food (Kivia t, 1978).  The muskrat is one of the most 
valuable fur anim als in Nor th Amer ica (Dozier, 1953; Perry, 1982).  Inc luding t he 
Newfoundland m uskrat, former ly Ondatra obscurus , 16 recognized subspe cies of  O. 
zibethicus exist in North America (Perry, 1982).  Of these, O. z. zibethicus (eastern Unit ed 
States, southeastern Canada), O. z. osoyoosensis (Rocky Mount ains , sout hwestern 
Canada), and O. z. riv aliciu s (southe rn Louisiana , coasts of Mississ ippi, western Alabama, 
and eastern Texas) are most often st udied. 

Body size .  The muskrat measures 25 to 36 cm (head and body) with a 20- to 25- cm 
tail (Burt and Grossenheider, 1980), and a dult weight s can range fr om 0.5 kg to  over 2 kg 
(see Appe ndix ).  Willne r et al. (1980) reported no sexual dimorphism, whereas Dozier 
(1950), Parker and Maxwell (1984), and others (see Appendix) reported that males are 
slightly h eavier than females.  Muskrats tend to be larger and heavier in northern latitudes 
(Perry, 1982), alt hough t he smallest muskrats are f ound in Idaho ( Reeves and W illi ams, 
1956).  Fat levels in a dult males inc rease from spr ing t hrough f all,  and subs equently 
decrease from winter to spr ing (Schacher and Pelton, 1975).  In nonpr egnant females, fat 
levels decrease from winter thr ough s ummer; in pregnant females, body fat increases from 
spr ing t o su mmer (Schacher and Pelton, 1975). 

Habitat .  Muskrats inhabit sal twater and brackish marshes and freshwater creeks, 
streams, lakes, marshes, and ponds (Dozie r, 1953; Johnson, 1925; Kiviat, 1978; O'Neil, 
1949).  Muskrats that live a long t he bank s or  shor es of waterways generally excavate dens 
in the banks, whereas muskrats liv ing in ponds with ample plant material construct lodge s 
(Johnson, 1925; Perry, 1982).  When available, bank dens seem preferred over constructed 
lodge s (Johnson, 1925). 

Food habi ts .  Muskrats are primarily herbivorous, but some popula tions are more 
omnivorous (Dozie r, 1953; Err ington, 1939b).  Muskrats usually feed at night , diving t o 
gnaw on aquatic vegetat ion growing ne ar their  hou ses (Dozier, 1953; J ohnson, 1925; Perry, 
1982).  The roots and basal port ions of aqua tic plant s make up most of the muskrat's diet, 
although shoot s, bulbs , tube rs, stems, and leaves also are eaten ( Dozier, 
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1950, 1953; Willne r et al., 1980; Svihla and S vihla , 1931).  Marsh grasses and sedges 
(Svihla and S vihla , 1931) and cattails (J ohnson, 1925; Willne r et al., 1975) seem to be 
impor tant muskrat foods ; in Maryland, gr een alga e is also  impor tant (W illne r et al., 1975). 
Although m uskr ats forage near their dens or lodge s, they show pr eferences for some plant 
species (e.g., cattails, bulrus hes) over others (Bellrose, 1950).  Muskrats are a major 
consumer of marsh grasses (Kiviat, 1978).  They also dig f or food on l ake and pond 
bottoms (Bailey, 1937; Dozier, 1953; Hanson et al., 1989).  Am ong t he anim als that 
muskrats consume are crayfish, fish, frogs, turtles, and y oung birds (Err ington, 1939b; 
Johnson, 1925; Willne r et al., 1980). Mollu scs are an important com ponent of the die t of 
some popula tions (Con vey et al., 1989; Neves and Odom, 1989; Parmalee, 1989; W illne r et 
al., 1980).  Young m uskr ats feed more on bank vegetat ion t han do adult s (Warwick, 1940, 
cited in Perry, 1982). 

Temperature regulation and molt .  Active year-r ound (Kivia t, 1978), muskrats 
usually begin t heir annual molt in t he summer, with fur reaching it s minimum densit y 
during Augus t (Willne r et al., 1980).  Muskrats use their dens or lodge s to  insula te 
themselves from summer heat and winter c old ( O'Neil, 1949; Willne r et al., 1980).  During 
extreme c old,  muskr ats may freeze to death if they are unable to plug t heir  den entrances 
(Err ington, 1939a). 

Breeding activities and social organization .  Muskrats are s olit ary or  form br eeding 
pair s that remain in a hom e range exclusiv e of othe r pair s (Err ington, 1963; Proulx and 
Gilbe rt, 1983).  They are territorial, particularly dur ing p eak reproductive activity, with their 
houses usually spaced at least 8 m apart (J ohnson, 1925; Sather, 1958; Tr ippe nsee, 1953). 
In southern parts of their range, muskrats breed thr oughout the year, with late fall and 
early spr ing p eaks (O'Neil, 1949; Sv ihla and S vihla , 1931; Wilson, 1955).  In northern 
latitude s, breeding oc curs only in t he spr ing and s ummer, with first litters born in late April 
or early May (Mathiak, 1966; Beer, 1950; Err ington, 1937b; Gashwiler, 1950).  Err ington 
(1937b) found t hat pos tpartum estrus occurs in the muskrat, and suggested that the period 
between litters is a bout 30 d.  Neon ates are almost hairless but by age 2 wk are covered 
with fur and able to swim (Err ington, 1963). 

Home range and r esour ces.  Muskrats have relatively small home ranges that vary 
in configur ation depending on t he aqua tic habi tat (Perry, 1982; W illne r et al., 1980).  They 
build t wo di fferent types of houses:  a main dwe lling and a feeding hous e (feeder) that is 
smalle r than the main hous e (Dozier, 1953; Johnson, 1925; Sather, 1958).  The feeder 
provides protect ion f rom the el ements and predators when fee ding in prim e foraging a reas, 
as well as access to oxygen dur ing f rozen conditions .  The hous e provide s a dr y nest and 
stable temperatures.  Muskrats usually forage wit hin 5 to 10 m of a hous e (Willne r et al., 
1980).  Using r adiot elemetry, MacArthur (1978) f ound m uskr ats wit hin 1 5 m of their  prim ary 
dwelling 5 0 percent of the time and only rarely more than 150 m.  Mathiak (1966) reported 
othe r exper iments showing t hat muskr ats remain close to their dwe llings . 

In the winter, muskrats build pushups , which a re cavities formed in 30 to 46 cm high 
piles of vegetat ion pushed up t hrough hole s in t he ic e of a marsh (Perry, 1982).  Muskrats 
use pushups as resting pl aces dur ing f rozen conditions to minimize their exposur e to cold 
water ( Fulle r, 1951).  In the summer, muskrats often change the use of their home range in 
response to water levels; dur ing drought s they will m ove if the area 
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around t he hous e drie s up,  which c an lead to  int ense aggr ession in t he more favorable 
habitat (Err ington, 1939a).  Usually only a minor propor tion of drough t-evicted muskrats 
can find ne w ho mes (Err ington, 1939a).  In the winter, dr ought s can result in severe 
mortalit y (Err ington, 1937a). 

Popul ation dens ity .  Bellrose and Brown (1941, cited in Perry, 1982) conc luded t hat 
cattail comm unitie s suppor t more muskrat hou ses than other plant types in the Illinois 
River valley.  Cattail comm unitie s also suppor t high densitie s of muskr ats in other areas 
(Err ington, 1963; Dozier, 1950).  In pond and l ake habitats, shore line length is a more 
important factor than overall habitat area in determ ining m uskrat densit y (Glass, 1952, 
cited in Perry, 1982).  Many investigators estimate muskrat densities by c ounting t he 
number of houses or push-ups and mult iplying by a factor ra nging f rom 2.8 (Lay, 1945, 
cited  in Boutin and Bir kenholz, 1987) to 5.0 (Dozier et al., 1948), although this method is 
questionable (Boutin and Bir kenholz, 1987). 

Popul ation dyna mics .  The age at first br eeding v aries but usually oc curs during t he 
first spr ing after birth (Err ington, 1963; Perry, 1982).  Southern popula tions produc e more 
litters but with fewer pups in each than do northern popula tions (Bo yce, 1977; Perry, 1982; 
see table).  Muskrats in lower quality habitats have both smaller litter sizes and fewer litters 
than muskrats in better quality areas (Neal, 1968).  They disperse in the spr ing t o esta blis h 
breeding t erritories or  to move into uninhabit ed areas (Err ington, 1963).  Muskrat 
popula tion cycles of 5, 6, and 10 y have been reported (Butler, 1962; W illne r et al., 1980); 
Perry (1982) summarized several studies that reported cycles ra nging f rom 10 to 14 yr  or 
more.  Butler (1962) f ound t hat muskr ats follow a 10-yr cycle in most parts of Canada. 

Similar species (from general references) 

The Florida water rat ( Neofib er alle ni ) is much smaller (20 to 22 cm) than the 
muskrat, with a r ounded t ail (11 to 17 cm) to dist inguish it furthe r.  The 
Florida water rat inhabit s bogs , marshes, weedy lake borders, and savanna 
streams, t hough it s range is limit ed to  Florida .  It feeds on aquatic plants and 
crayfish. 

��	 

General references 

Boutin and Bir kenholz (1987); Burt and Grossenheider (1980); Perry (1982); W illne r 
et al. (1980). 
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Muskrat ( Ondatra zibethicus ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight B M winter 1,480 1,400 - 1,520 New Yor k Dozier, 1950 
(g) B F winter 1,350 1,300 - 1,400 

B M winter 1,326 ± 45.9 SE e Tennessee Schacher & Pel ton, 1978 
B F w inter 1,221 ± 54.2 SE 

B M winter 1,180 730 - 1,550 Nebraska, nc Kansas Sather, 1958 
B F w inter 1,090 770 - 1,450 

A M spr ing 909 Idaho Reeves & W illia ms, 1956 
A F spr ing 837 

neonat e 21.3 16 - 28 Iowa Errington, 1939b 
neonat e 20 - 25 New Yor k Dean, 1957 

at weaning 200 112 - 184 Iowa Errington, 1939b 
at wean ing New Brunswick, Canada Parker & Maxwe ll, 1984 

Pup Growth 0 to 30 d 5.4 4.3 - 5.6 Iowa/marsh Erri ngton, 1939b 
Rate (g/d ) wean ing to  1st 

fall; M 7.5 New Brunswick, Canada/ Parker & Maxwe ll, 1980 
F 7.1  marsh 

Metabol ic float ing 21 ± 7.9 SE lab (water  temp erature 25 C) o Fish, 1982 
Rate swimmi ng 38 
(lO /kg-d)2 

Metabol ic  Rate float ing 101 lab (water  temp erature 25 C) o Fish, 1982 
(kcal /kg-d) swimmi ng 182 

A M basal 71.6 est imated 1 
A F basal 
A M free-living 213 (90 - 505) est imated 2 
A F f ree-living 216 (91 - 513) 
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Spring Sum mer Fall  (measur e) 
Locat ion/Habi tat 

Muskrat ( Ondatra zibethicus ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Food greens 0.34 Louisiana, capt ive Svihla  & Svi hla,  1931 3 
Ingest ion greens & cor n 0.26 (riv aliciu s) 
Rate (g/g-d ) 

Water A M 0.97 est imated 4 
Ingest ion A F 0.98 
Rate (g/g-d ) 

Inhal ation 
Rate (m /d ) 3 

A M 
A F 

0.61 
0.57 

est imated 5 

Surface Area 
(cm ) 2 

A M 
A F 

1,221 
1,159 

est imated 6 

Dietar y Note 
Compos itio n Winter Reference No. 

cattail 25 - 50 ne Un ited States/NS Martin  et al., 1951 
bul rush 10 - 25 
bur reed 5 - 10 (rough approxi mation of  % 
waterstarw ort 2  5 diet;  stomach conten ts ) 
pondweed 2 - 5 
arrowh ead 2 - 5 
cor n 2 - 5 

cat tail 59 Somerset Co. , MD/brackish Willn er et a l., 1975 
rush 17 marsh 
mille t 8 
algae 5 (% of diet ; stomach 
grass 4 content s) 
cor d grass 4 
seeds 2 
other 3 
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Age/Sex/ 
Cond. /Seas. Mean Locat ion/Habi tat 

Muskrat ( Ondatra zibethicus ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter  (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

green algae 77 Montgomery Co ., MD/ Willn er et a l., 1975 
3-squar e rush 8 freshw ater 
switch grass 8 
sof t ru sh 4 (% of diet ; stomach 
water willo w 2 conten ts ) 
grass 1 
(Graminae) 

other <1 

Populat ion Note 
Dynamics Range Reference No. 

Home Range sum mer 0.17 ± 0.0078 SD Ontari o, Canada/ marsh Proulx & G ilb ert, 1983 
Size (ha) early sum mer 0.048 ± 0.024 SD Ontari o, Canada/ bay Proulx & G ilb ert, 1983 

late  sum mer 0.11 ± 0.084 SD 

B M 0.17 Iowa/marsh Neal, 1968 
B F 0.17 

Populat ion A B spr ing 9.3 ± 1.3 SE/ha ne Iowa/open wat er ri ver ine Clay & Clark, 1985 
Dens ity A B summer 2.6 ± 0.3 SE/ha 

A B f all 6.3 ± 1.1 SE/ha 

B M 18.7/ha Virginia/fri nge m arsh Halbrook, 1990 
B M 2.1/ha Virg inia/ma rsh 

B B 28.3/ha 1 - 74 Louisiana/ Scirpus olne yi 
marsh 

O'Neil, 1949 

B B sum mer 23/km river Pennsy lvani a/river ine (little 
vegetat ion) 

Brooks & Dodge, 1986 

B B sum mer 48/km river Massachuset ts/w etland, 
river  (sedges) 

Brooks & Dodge, 1986 

Li tter 3.46 Louisiana/ marsh O'Neil, 1949 
Size 4.65 3 - 6 Virginia/ marsh Halbrook, 1990 

7.1 ± 0.2 SE Iowa/ri ver ine Clay & Clark, 1985 
7.3 1 - 12 Wisconsi n/marsh Mathi ak, 1966 
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Locat ion 

Muskrat ( Ondatra zibethicus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range Locat ion/Habi tat Reference 

Note 
No. 

Li tters/Y ear 1.7 Idaho/ marsh Reeves & W illia ms, 1956 
2.1 Maine/wildlif e refuge - NS Gashw iler,  1950 
5 - 6 < 7 - 8 Louisiana/NS O'Neil, 1949 

Days 29 - 30 > 22 - 23 nw Iowa/m arsh Errington, 1937b 
Gestat ion Maine/wildlif e refuge - NS Gashw iler,  1950 

Age at 
Weaning 

B 28 d 21 - 30 d Iowa/marsh Erri ngton, 1939b 

Age at 6 mo Louisiana/ marsh Svihla & Svi hla,  1931 
Sexual 
Maturity 

Annual adul t 87 ne Iowa/river ine Clay & Clark, 1985 
Mortality juven ile 90 
Rates juveni le 67 Missour i/NS Schw artz & Schwar tz, 1959 7 
(%) 

Longevi ty < 5 yr Ontario, Canada/ marsh Proulx & Gi lbert, 1983 

Seasonal 
Act ivi ty Begi n Peak End Reference No. 

Note 

Mating year-round winter souther n latit udes O'Neil, 1949; Svi hla  & Svi hla, 
1931 

spr ing-sum mer nor thern l atit udes Chamberlain,  1951; 
Gashw iler,  1950; Reeves & 
Willia ms, 1956 

Partur ition late Apr il June late  August Iowa Erri ngton, 1937b 
early May late August Maine Gashwi ler,  1950 
late May early Jul y mid-August Idaho Reeves & Willia ms, 1956 

Dispersal fall Ontario, Canada McDonnel l & Gi lbert, 1981 
spr ing Iowa Errington, 1963 
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Muskrat ( Ondatra zibethicus ) 

1 Est imated using equat ion 3-43 (Boddington, 1978) and body weights f rom Sat her (1958).
 
2 Est imated using equat ion 3-46 (Nagy, 1987) and body weights f rom Sat her (1958).
 
3 Based on wet weight of  food; greens i ncluded Panicu m hemitomum, P. virgatum , and Spartina patens .
 
4 Est imated using equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Sat her (1958).
 
5 Est imated using equat ion 3-20 (Stahl , 1967) and body weights f rom Sat her (1958).
 
6 Est imated using equat ion 3-22 (Stahl , 1967) and body weights f rom Sat her (1958).
 
7 Cited in Perry (1982.)
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2.2.11. Eastern Cottontail (rabbits) 

Order Lagomorpha Family Lepor idae.  Rabbit s and ha res are medium -sized gr azing 
herbivor es found t hroughout Nor th Amer ica.  Most species are noc turnal and c repus cula r. 
Many are social, travelling in small groups .  Rabbit s are pr ey for  large car nivorous birds 
and mammals.  Most species also are important game animals. 

Selected species 

The eastern cottontail ( Sylvila gus flo rid anus ) is the most widely distributed of the 
medium-sized rabbits (Chapman et al., 1982).  It is f ound ov er most of the eastern half of 
the United States and southern Canada and has been widely introduced into the western 
United States (Chapman et al., 1980).  North of Mexico, 14 subspecies are rec ognize d 
(Chapman et al., 1982).  The eastern cottontail feeds on green vegetat ion in s ummer and 
bark and twigs in winter.  The cottontail is active from early eve ning t o late mor ning and is 
preyed on by owls, hawks, and carnivorous mammals (Palmer and Fowler, 1975; Burt and 
Grossenheider, 1980). 

Body size .  The eastern cottontail measures 35 to 43 cm in length and we ighs 0.7 to 
1.8 kg (Lord, 1963; see table) with females s lightly la rger than the males (No wak and 
Paradiso, 1983; see table).  Cottontail body weight var ies seasonally, increas ing during 
spr ing and s ummer and dec lining during wint er in s ome ar eas; different patterns occur in 
other areas (Chapman et al., 1982; Pelton and Jenkins, 1970). 

Habitat .  The eastern cottontail is unique to the genus b ecause of the large variety 
of habitats that it occ upie s, including glade s and woodlands , deserts, swamps, prairies, 
hardwood f orests, rain forests, and boreal forests (Nowak and Paradiso, 1983).  Open 
grassy areas generally are used for fora ging a t night , wher eas dense, heavy cover typically 
is us ed for shelter  during t he day (Chapm an et al., 1982).  Dur ing wint er, cottont ails rely 
more on woody vegetation f or adequ ate cover (Allen, 1984). 

Food habi ts .  During t he growing season, cottontails eat herbaceous plants (e.g., 
grasses, clover, timoth, alfalfa).  Dur ing t he wint er in areas where herbaceous plants are 
not available , they consum e woody vine s, shr ubs , and t rees (e.g., birch, maple, a pple ) 
(Chapman et al., 1982).  In O hio, bluegr ass and other grasses made up a large port ion of 
the eastern cottontail's diet, except dur ing snow cover (Chapm an et al., 1982).  Dur ing t he 
wint er in Conn ecticut, the princ iple die t of eastern and New E ngland c ottont ails cons ists of 
bark and t wigs , shr ubs and vine s, berries, and willow (Dalke and S ime, 1941).  In 
agricultural areas, corn, soybeans, wheat, and other crops may comprise a large port ion of 
their diet (Chapman et al., 1982).  Y ounge r rabbit s pr efer the more succulent weedy forbs 
that cont ain m ore dige stible ener gy and prot ein (Chapm an et al., 1982). Coprophagy 
(inge stion of feces) has been reported in S. floridanus (Kirkpatrick, 1956). 

Temperature regulation and molt .  Eastern cottontails do not unde rgo hibe rnation or 
torpor; they are active all year, show ing p eaks of daily activity at dawn and dusk (Chapman 
et al., 1980).  Adult s molt gr adually ov er about 9 mo  of the year, with two peak molting 
periods (Spinne r, 1940).  In Connecticut, the spr ing p eak occurs in May and 
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June and the fall peak occurs in September and October (S pinne r, 1940).  In Texas, spring 
and fall molts peak in April and October, respectively (Bothma and Teer, 1982). 

Breeding activities and social organization .  Breeding activity be gins l ater at highe r 
elevat ions and a t highe r latitude s (Con away et al., 1974), by January in Alabama and by late 
March in southern Wisconsin (Chapman et al., 1980).  Several studies have shown that 
continued ha rsh wint er weather may delay the onset of the bree ding season (Hamilton, 
1940; Conaway and W ight , 1962; Wight and Con away, 1961).  Bree ding seasons are longe r 
in the southern states (Lord, 1960).  The onset of bree ding v aries between different 
popula tions and w ithin t he same popula tion f rom year to year (Chapman et al., 1980). 
Males may f ight to esta blish dominanc e hierarchie s for access to females (Chapman and 
Ceballos , 1990; Nowak and Paradiso, 1983).  Lagomorphs in general are induc ed ovula tors, 
and cottontails in particular demonstrate a synchr onized br eeding season, with conception 
immediately after the birth of a litter (Chapman et al., 1982). 

Home range and r esour ces.  Cot tont ails are found in a vari ety of habitats that 
contain weedy forbs and pere nnial gr asses; they prefer thick, short, w oody pe rennials that 
provide escape sites (Chapman and Ceba llos , 1990).  Cottontails usually do not defend 
territories; the home ranges of different age and sex gr oups tend t o overlap,  especially in 
fall and wint er when they look for ar eas offer ing a combina tion of food and c over 
(Chapman et al., 1980, 1982).  Home ranges are smaller when thick vegetat ion provide s 
abundant food and la rger  in habi tats with less f ood (Chapm an et al., 1982).  Home ranges 
also are smalle r during severe winter weather than at other times (Chapman et al., 1982). 
During t he br eeding season, females build e labor ate nests wit hin s lanting hole s in t he 
ground w here they giv e bir th to their altr icial ( helpl ess) y oung.  These burrows are 
vulne rable to flooding (Chapm an et al., 1982).  The size of male home ranges dur ing t he 
breeding season can be more than double that in wint er (Nowak and Paradiso, 1983; Trent 
and Rong stad, 1974). 

Popul ation dens ity .  Popula tion densit y depends on t he availabilit y of resour ces 
(e.g., food,  cover) in a n area, and t ends to cycle over a per iod of several years (Chapman 
and Ceballos , 1990).  Usual densities range from 1 to 5 animals per hectare, alt hough 
value s as high a s 14 per hectare have been reported (Chapman and Ceba llos , 1990; 
Chapman et al., 1982). 

Popul ation dyna mics .  The eastern cottontail ex hibit s the high est fec undit y of the 
genus; they often pr oduc e 25 to 35 young pe r year (Chapman and Ceba llos , 1990). 
Gestat ion l asts approximately 1 mo (Chapman et al., 1982).  Females may produce five to 
seven litters per year, and juve nile br eeding ha s been repor ted (Chapm an et al., 1982).  The 
first and last litters of the year are usually the smallest (Chapman et al., 1977).  Cottontails 
have more litters with fewer y oung each in the southern states (Lord, 1960).  Y oung l eave 
the nest when a bout age 14 to 16 d,  although t hey may not be f ully weaned until a few 
weeks later (Ecke, 1955).  Female cottontails are capable of bree ding by age 5 mo, and 
males as early as 3 mo (Bothma and Teer, 1977).  A dult mortalit y is high,  from 
approximately 65 to 75 percent per year in some places (Eberhardt et al., 1963).  Juve nile 
mortality is even highe r, between 85 and 90 percent in the same areas (Eberhardt et al., 
1963). 
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Similar species (from general references) 

The mountain cottontail ( Sylvila gus nuttallii ) (Nuttall's cottontail) is smaller 
(30 to 36 cm in length and 0.7 to 1.3 kg) than the eastern cottontail.  The only 
cottont ail t hrough m ost of it s range �� the western United States �� it lives in 
thickets and sagebrush, ar ound loos e rocks, cliffs, and m ount ains .  In the 
southwest, it lives in forests. 

��	 

The New England c ottont ail (Sylvilagus transitionalis ) is simila r in size to the 
eastern cottontail and inhabit s brushy ar eas, open forests, and mountain 
terrain in Ne w England, extending down t he Appala chians into t he southe rn 
United States.  In recent years, it has disappeared thr oughout much  of the 
northeastern United States, apparently because of competit ion w ith S. 
flor idanus . 

��	 

The desert cottontail ( Sylvilagus auduboni i) (Audubon' s cottont ail) (30 to 38 
cm in length and 0.6 to 1.2 kg) is common in valleys in the arid southwest, 
although it s range extends south to Mexico and north into the Rocky 
Mount ains .  It inhabit s open plains , foothills , and low vall eys and also areas 
of grass, sagebrush, pinyons and junipe rs.  It is most active from late 
after noon t hroughout the night . 

��	 

The brush r abbit  (Sylvilagus bachmani ) (28 to 33 cm; 0.6 to 0.8 kg) is usually 
seen ar ound thic k cover and r arely u ses a burrow.  It feeds on green 
vegetat ion, including la wns when  in suburban a reas.  The species is f ound 
along t he Pacific coast from the Columbia Riv er in t he nor th to the tip of Baja 
California in t he south. 

��	 

The marsh rabbit  (Sylvila gus palu stris ) is similar in size to the eastern 
cottontail and ranges from southeastern North Car olina to  Florida .  As the 
name im plie s, it inhabit s swamps and hummocks, as well as wet 
bottomlands.  Mostly nocturnal, it feeds on marsh vegetat ion,  rhizo mes, and 
bulbs . 

��	 

The swamp ra bbit  (Sylvilagus aquaticus ) is similar in size to the eastern 
cottont ail and is a good s wimmer f ound in swamps, marshes, and wet 
bottomlands.  It ranges primarily in the south, from Texas eastward.  It nests 
beneath logs or in t he bases of stumps, rarely us ing a bur row and may harm 
crops near swamps. 

��	 

The pygm y rabbit  (Sylvilagus idahoens is) is markedly smaller (22 to 28 cm;��	 
0.2 to 0.5 kg) than the eastern cottontail, lacks a conspic uous tail,  and is 
conside red by some to  be a dis tinc t genus ( Brachylagus ).  Its range is 
limited to several western states, where it inhabit s clumps of tall s agebrush. 
It is mostly nocturnal. 

The white-tailed jackra bbit  (Lepus townsendi i), larger (46 to 56 cm; 2.2 to 4.5 
kg) than the eastern cottontail, is limited to the northern United States 

��	 
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west of the Great Lakes, into southern Canada.  It inhabit s open, gr assy, or 
sagebrush plains and may damage hay crops and small trees. 

The black-tailed jackra bbit  (Lepus californi cus ) (43 to 53 cm; 1.3 to 3.1 kg) is 
the most common jackra bbit in t he gr asslands and open areas of the 
western United States, where it inhabit s open pr airies and d eserts with little 
vegetat ion.  It is mostly noc turnal. 

��	 

The snow shoe ha re (Lepus americanus ) (33 to 46 cm; 0.9 to 1.8 kg) inhabit s 
swamps, forests, and thickets in the northern United States and Canada. 
During s ummer, it feeds on succulent vegetat ion and during wint er on t wigs , 
buds , and ba rk.  Its hom e range is about 4 ha , but popula tions fluc tuate 
widely . 

��	 

General references 

Allen (1984); Burt and Grossenheider (1980); Chapman et al. (1980, 1982); Lord 
(1963); Nowak and Paradiso (1983); and Palmer and Fowler (1975). 
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Eastern Cottontail ( Sylvilagus floridanus ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion (subspecies) Reference No. 

Body  Weight A M 1,134 ± 122 SD 801 - 1,411 w Maryla nd,  West Vi rginia Chapm an & Morg an, 1973 
(g) A F 1,244 ± 165 SD 842 - 1,533 

A B inter w 1,176 793 - 1,671 Georgi a Pelton & Jenkins, 1970 
A B ing spr 1,286 898 - 1,630  all areas com bin ed 
A B mer sum 1,197 910 - 1,608 
A B all f 1,255 886 - 1,669 

Georgi a 
A B not breed. 1,229 ± 113 SD 1,093 - 1,461  mountai n Pelton & Jenkins, 1970 
A B not breed. 1,313 ± 141 SD 986 - 1,671  coastal 
A B not breed. 1,132 ± 136 SD 793 - 1,579  Piedmont 

A B 1,231 ± 164 700 - 1,800 Illi noi s Lord, 1963 

neona te 

age: 

42.2 36.0 - 49.0 Alabama Hill, 1972b 

10 d 58 Illi noi s Lord, 1963 
30 d  159 
50 d  401 

101 d  822 
149 d 1,106 

Growth  Rate day 0 - 30  3.2 Illi noi s Lord, 1963 
(g/d) day 11 - 30  3.7 

day 31 - 50  8.8 
day 51 - 100 11.3 
day 101 - 150  6.4 

Metabol ic  Rate A B basal  71 est imated 1 
(kcal /kg-d) 

A B f ree-living 203 (77 - 535) est imated 2 

Food Ingest ion 3 
Rate (g/g-d ) 

Water A B 0.097 est imated 4 
Ingest ion 
Rate (g/g-d ) 
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Spring Sum mer Fall Reference 

Eastern Cottontail ( Sylvilagus floridanus ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion (subspecies) Reference No. 

Inhal ation 
Rate (m /d )3 

A B 0.63 est imated 5 

Surface Area 
(cm )2 

A B 1,254 est imated 6 

Dietar y Locat ion (subspecies) / Note 
Compos itio n Winter Habi tat(measur e) No. 

trees 13 2 7 39 Connect icut  (mallaru s)/ Dalke & Si me, 1941 
shrubs & vines 4 2 27 40  various  (85% for mallaru s 
herbs 44 23 34 5  subspecies, 
grasses, sedges, (% frequence of occur rence;  remai nder  for  similar 

rushes 26 56 30 6 observat ions of  feeding on  species S. transi tional is) 
crops 13 17 2 10 plants) 

woody plant s 17 23 20 100 Maryla nd/ for est Spencer & Chapm an, 1986 
forb s 19 30 46 
grasses 64 47 34 (% frequency of occur rence; 

stomach content s) 

bluegrass 34 34 25 32 Ohio ( mearnsi )/NS Dusi , 1952 
orchard grass 4 1 - 1 
timothy  grass 5 12 7 1 (% frequency of occur rence; 
Nodding wi ld rye 5 11 8 4 scats) 
Canada goldenrod - - 3 -
red clover - - 6 - (in winter , woody  tissues 
unident ified 52 42 51 62 predom inated i n the 

unident ifie d categor y) 
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Eastern Cottontail ( Sylvilagus floridanus ) 

Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range 

Locat ion (subspecies) /Habi tat 
Reference 

Note 
No. 

Home Range A M winter  3.05 ± 0.72 SE Wisconsi n/woodlot Dixon et  al., 1981 
Size (ha) A F w inter  2.99 ± 0.28 SE 

A M winter  3.2 c Pennsy lvani a/mixed Al thof f and Stor m, 1989 
A M spr ing  7.2 
A M sum mer  7.8 
A M fall  3.1 

A F w inter  2.1 c Pennsy lvani a/mixed Al thof f and Stor m, 1989 
A F spr ing  2.8 
A F sum mer  2.4 
A F fall  1.5 

A M spr ing
A M 

 2.8 sw Wisconsi n/woodlot Trent & Rongst ad, 1974 

early sum mer  4.0 
late  summer  1.5 

A F spr ing  1.7 
A F sum mer  0.8 

Populat ion fall  1.1 ± 0.41 SD  0.41 to 2.08 c Michi gan/woods, Eberhardt et  al., 1963 
Densi ty  marsh, fie lds 
(N/ha) fall  3.0 - 5.9 Illi nois/old f ield Lord & Casteel , 1960 

winter  0.67 - 1.5 

sum mer 4.2 sw Wisconsi n/farm Trent & Rongst ad, 1974 
fall 10.1 
spr ing 3.7 

Li tter  3.5 ± 0.042 SE Alabama/across six habi tats Hill, 1972c 
Size  5.3 Illi nois/NS Lord, 1963 

6.0 Missour i/wildlife  area Conaway et a l., 1963 

Li tters/Y ear  4.6 w Maryla nd/NS Chapman et a l., 1977 
5 - 7 several  locat ions and Chapman et  al., 1980 7 

habi tats 

Days
Gestat ion 

28 25 - 35 several  locat ions and 
habi tats 

Chapman et  al., 1982 
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Reference 

Partur ition 

Molt fall 

spr ing 

Eastern Cottontail ( Sylvilagus floridanus ) 
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Populat ion 
Dynamics 

Age/Sex/ 
Cond. /Seas. Mean Range 

Locat ion (subspecies) /Habi tat 
Reference 

Note 
No. 

Age at 
Weaning 

20 - 25 days Illi nois/NS Ecke, 1955 

Age at F 3 - 6 months s Texas/grassland Lord, 1961, Negus, 1959b 8 
Sexual M 3 - 6 months Missour i/NS Conaw ay & Wight , 1963 
Maturity 

Annual B B 80 sw Wisconsi n/farm Trent & Rongst ad, 1974 
Mortality 
Rates (%) B B 65 ± 7 SD Illi nois/sanctuar y Lord, 1963 

Longevi ty B 1.25 Kentucky /NS Bruna, 1952 9 

Seasonal 
Act ivi ty Begi n Peak End Locat ion No. 

Note 

Mating mid-March 
year-round Januar y - Apr il 

mid-S eptember Connect icut 
s Texas 

Dalke, 1942 
Bot hma & Teer, 1977 

9 

Apr il May - Jul y August wc New Yor k Hamilt on, 1940 

August October December s Texas Bot hma & Teer, 1982 
September Sept. - Oct. November Connect icut Spinner , 1940 

Februar y Apr il July s Texas Bot hma & Teer, 1982 
March May - June August Connect icut Spinner , 1940 

1 Est imated using equat ion 3-43 (Boddington, 1978) and body weights f rom Lord (1963) .
 
2 Est imated using equat ion 3-46 (Nagy, 1987) and body weights f rom Lord (1963) .
 
3 See Chapt ers  3 and 4 f or  approaches t o est imating food ingest ion r ates.
 
4 Est imated using equat ion 3-17 (Calder and Braun, 1983) and body weights f rom Lord (1963) .
 
5 Est imated using equat ion 3-20 (Stahl , 1967) and body weights f rom Lord (1963) .
 
6 Est imated using equat ion 3-22 (Stahl , 1967) and body weights f rom Lord (1963) .
 
7 Summary  of several studies.
 
8 Cited in Conaw ay and Wight  (1963).
 
9 Cited in Chapm an et al . (1980).
 

10 Cited in Chapm an et al . (1982).
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2.3. REPTILES AND AMPHIBIANS 

Table 2-3 summarizes the species of reptiles and am phibians included in this 

sect ion.  For  range maps, r efer to the general references identified in the individual s pecies 

profile s.  The remainde r of this sect ion is organized by species in t he orde r presented in 

Table 2-3.  The availa bilit y of infor mation in t he published lit erature var ies sub stantially 

among s pecies, which is refl ected in the profiles.  The measures used to describe body 

length a re included in each species profile. Body weight is repor ted as fresh wet we ight 

(including t he shell f or turtles), unless otherwise noted. 

Unlik e birds and mammals for which a s ingle common n ame usually covers all 

subspe cies, many reptile and a mphibian subspe cies are recognized by di fferent common 

names.  For example, there are two subspecies of Rana clamitans :  the green frog and the 

bronze fr og (Sect ion 2 .3.7).  There are four  subspe cies of Terrapene carol ina:  eastern box 

turtle, three-toed box turtle, Florida box turtle , and Gulf Co ast box turtle (Sect ion 2 .3.3).  In 

this case, other species exist that are also known as box turtles: the ornate and desert box 

turtle s belong t o the species T. orna ta.  For  species that could be confus ed with  othe r 

species unless a subspecies common name is used, we selected the common name of the 

most widespread subspecies to use in the tables and titles of the species profile.  As with 

the othe r species in t he Handbook , however, the profile covers all subspecies for the 

selected species that were represented in the literature reviewed. 

In these profiles, we use the word hibe rnation f or the pe riod of dor mancy that 

reptile s and a mphibians unde rgo during wint er, when they change their meta bolis m to 

accommodate the low (often near free zing) temperatures and lack of f ood ( and ox ygen). 

Use of the word for this group is cont roversial,  however, because the word was deve lope d 

initially to d escribe mammalian winter dormancy.  Some investigators argue that a different 

word,  brum ation,  should be established t o describe the overwinter ing dor mancy and 

associated meta bolic change s for reptile s and a mphibians (Hut chison, 1979).  Others 

disagree, because s ignific ant phy siologic al change s also  occur  in r eptile s and a mphibians 

during wint er dor mancy.  They ar gue that, although t he phy siologic al change s are di fferent 

from those in mammals, the word hibe rnation is a gene ral t erm that doe s not specify what 
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Table 2-3.  Reptiles and Am phibians Included in t he Handbook 

Order Common name Scientific name Section 

Chelydrida e 

Emydida e 

Colubrida e 

Salamandridae 

Ranida e 

snapping t urtle 

paint ed turtle 
eastern box turtle a 

racer 
northern water snake a 

eastern newt 

green fr og a 

bullf rog 

Chelydra serpentina 2.3.1 

Chrysemys picta 2.3.2 
Terrapene caro lin a caro lin a2.3.3 

Colu ber c onstric tor 2.3.4 
Nerodi a sipedon s ipedon 2.3.5 

Notophtha lmus virid escens 2.3.6 

Rana clamitans clamitans 2.3.7 
Rana catesbeiana 2.3.8 

aAddi tional  subsp ecies also are i ncluded in  the p rofile. 

metabolic change s oc cur to allow ov erwint ering in a dor mant state (Gatten, 1987).  We 

have chosen this latter interpretat ion f or the Handbook . 

References 

Gatten, R. E., Jr. (1987) Cardiovascular and other phys iologic al correl ates of hibe rnation in 

aquatic and terrestrial turtles. Am. Zool.  27: 59-68. 

Hutchison, V. H. (1979) Thermore gula tion. In: Ha rless, M.; Morlock, H., eds. Turtles: 

perspectives and research. Toronto, Canada: J ohn Wile y and Sons ; pp. 207-227. 
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2.3.1. Snapping Turtle (snapping turtles) 

Order Testudine s, Family Chelydridae .  Snapping t urtle s are among t he largest of 
the freshwater turtles.  They are characterized by large heads with powerful hooked jaws. 
There are only two species of this family in Nor th Amer ica (the snapping t urtle , including 
both t he common and Florida snapping t urtle s, and t he alliga tor snapping t urtle ). 

Selected species 

The snapping t urtle ( Chelydra serpentina ) is prim arily aqua tic,  inhabiting f reshwater 
and brackish environments, alt hough t hey will t ravel overland (DeGraaf and Rudis , 1983; 
Ernst and Barbour, 1972; Smith, 1961).  There are two subspecies rec ognized in Nor th 
Amer ica that are prim arily dis tinguished by range : C. s. serpentin a (the common s napping 
turtle, which is the largest subspecies, primarily occupies the United States east of the 
Rockies, except for the southern port ions of T exas and Florida ), and C. s. osceola (the 
Florida snapping t urtle , found in t he Florida peninsula ) (Conant and Collins , 1991).  In this 
profile, studies refer to the serpent ina subspecies unless otherwise noted. 

Body size .  Adult snapping t urtle s are la rge, 20 to 37 cm in c arapace length, and 
males attain larger sizes than females ( Congdon e t al., 1986; Ernst and Barbour, 1972; 
Galbraith et al., 1988).  In a large oligot rophic l ake in Ontario Canada, a dult males averaged 
over 10 kg, whereas the females averaged 5.2 kg (Galbraith et al., 1988).  In other 
popula tions , the di fference in size between males and females often is less ( Congdon e t al., 
1986; Galbraith et al., 1988; Hammer, 1969).  They reach sexual maturity at approximately 
200 mm in carapace length (Mosimann and Bide r, 1960).  The c ool,  shor t activity season in 
more northern areas results in slower growth rates and longe r ti mes to reach sexual 
maturity (Bury, 1979). 

Habitat .  In the east, sna pping t urtle s are found in and ne ar permanent ponds , lakes, 
and marshes.  However, in the arid west, the species is primarily f ound in la rger rivers, 
because these are the only pe rmanent water bodie s (Toner, 1960, cited in Graves and 
Anderson, 1987).  They are most often f ound in t urbid waters with a slow current (Graves 
and Anderson, 1987).  They spend most of their time ly ing on t he bot tom of de ep pools or 
buried in t he mud in s hallow water with only their eyes and nostrils exposed.  Froese 
(1978) observed that y oung s napping t urtle s show a pr eference for areas with some 
obs tructions that may provide cover or f ood. 

Food habi ts .  Snapping t urtle s are omnivorous .  In early spr ing,  when  limit ed 
aquatic vegetat ion e xists in lakes and ponds , they may eat primarily animal matter; 
however, when aquatic vegetat ion be comes abundant , they be come more he rbivorous 
(Pell, 1941, cited in Graves and Anderson, 1987).  Y oung s napping t urtle s are prim arily 
carnivorous and prefer smaller streams where aquatic vegetat ion is l ess abundant (Lagle r, 
1943; Pell, 1941, cited in Graves and Anderson, 1987).  Sna pping t urtle s consum e a wide 
variety of animal material inc luding in sects, crustaceans, clams, snails, earthworms, 
leeches, t ubificid w orms, fresh water s ponge s, fish (adult s, fry, and eggs ), frogs and t oads, 
salamanders, snakes, small turtles, birds, small mammals, and carr ion and plant material 
including v arious alga e (Alexander, 1943; Graves and Anderson, 1987; Hammer, 1969; 
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Punzo, 1975). Budha batti and Moll (1988) observed no difference between the diets of 
males and females who fed at the surface, m idpelagic , and benthic l evels.  Bramble (1973) 
suggested that the pharyngeal mechanism of fee ding ( i.e., drawing water with f ood obj ects 
into the mouth) prevents sna pping t urtle s fr om ing esting food abov e the air-water 
interface. 

Temperature regulation and daily activities .  Snappers are most active at night . 
During t he day, they occas ionally l eave the water to bask on shore, but bask ing is probably 
restricted by intolerance to high temperatures and by ra pid los s of mois ture (Er nst and 
Barbour, 1972).  In a study in Ontario, Canada, Obbard and Brooks (1981) f ound t hat the 
turtles were active in the early mor ning and e arly evening and b asked in the after noon but 
were rarely active at night .  Active turtle s were found in de eper waters than inactive 
snappers (Obbard and Brooks, 1981). Cloacal temperatures of 18.7 to 32.6 ��C were 
repor ted for snapping t urtle s captured in t he water in Sarasota Count y, Florida , between 
May and O ctobe r (Punzo, 1975). 

Hibernation. Snapping t urtle s usually enter  hibe rnation by l ate October and emerge 
sometime between March and May, depe nding on la titude and temperature.  To hibe rnate, 
they bur row into t he debris or  mud bot tom of ponds or  lakes, settle beneath logs , or  retreat 
into m uskrat bur rows or lodge s.  Snapping t urtle s have been seen mov ing on or below the 
ice in midwint er.  Large congr egations sometimes hibe rnate together ( Budha batti and Moll, 
1988; Ernst and Barbour, 1972). 

Breeding activities and social organization .  Mating oc curs any time turtle s are 
active from spr ing t hrough f all, depending on la titude (Er nst and Ba rbour , 1972).  Some 
investigators believe that male sna pping t urtle s are territorial (Kivia t, 1980; Pell, 1941, cited 
in Galbraith et al., 1987), but Galbraith et al. (1987) doubt s that males d efend their home 
ranges against other males.  Sperm may remain viable in the female for several years 
(Smith, 1956).  Nest ing oc curs fr om l ate spr ing t o ear ly fall,  peaking in June (Er nst and 
Barbour, 1972).  Hammer (1969) observed that larger, olde r females nested earlier in the 
season than did smalle r, younge r ones.  Females often move up small streams to lay eggs 
(Ewert, 1976, cited in Graves and Anderson, 1987).  The nest site may be in the s oil of 
banks or in muskrat houses but more comm only is in t he open on sout h-facing slope s and 
may be several hundr ed meters from water (DeGraaf and Rudis , 1983).  The turtle digs a 4
to 7-in cavity on dry land, preferably in sand, loam, or vegetable debris.  The durat ion of 
incuba tion is inv ersely rel ated to s oil temperature (Ernst and Barbour, 1972; Yntema, 1978, 
cited in Graves and Anderson, 1987).  In more northerly popula tions , hatchlings may 
overwinter in the nest (DeGraaf and Rudis , 1983). 

Home range and r esour ces.  Most turtles stay primarily wit hin t he same marsh or in 
one general area from year to year ((Hammer, 1969; Obbard and Brooks, 1981).  The 
summer home range inc lude s a turtle 's aqua tic foraging a reas, but females may need to 
travel some distance outside of the fora ging hom e range to find a suit able n est site 
(DeGraaf and Rudis , 1983).  Obbard and Brooks (1980) f ound t hat females tagged at their 
nesting s ite moved an average of 5.5 km (± 1.8 SD) from the nest site afterwards. Lonk e 
and Obbard (1977) observed that 91.9 percent of the turtles in one popula tion r eturned to 
the same nest ing s ite a year after hav ing be en tagged t here.  Home range s ov erlap bot h 
between and wit hin sexes (Obbard and Brooks, 1981).  Y oung s napping t urtle s us e 
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different habitats than adults; they tend to remain in small streams until shortly before 
maturity, when they migrate to habitats preferred by a dult s (e.g., ponds , marshes, lakes) 
(Hammer, 1971; Minton, 1972, cited in Graves and Anderson, 1987). 

Popul ation dens ity .  The densit y of snapping t urtle s appe ars to  be positiv ely 
correlated with the productivity of the surface water body (e. g., densit y in a eutr ophic 
surface water body is highe r than  in an oligot rophic l ake) (Galbraith et al., 1988).  Specific 
habitat characteristics and intraspecific interact ions cont ribut e to the var iabilit y of 
obs erved  popula tion densitie s in s napping t urtle s (Fro ese and Burghardt, 1975). 

Popul ation dyna mics .  Females do not be gin la ying eggs until a ge 6 to 19 yr 
depending on la titude and w hen they r each an appropriate size (approximately 200 mm 
carapace) (Galbraith et al. 1989; Mosimann and Bide r, 1960).  Males mature a few years 
earlier than females (see table).  Females may lay one or two clutches per season ( Minton, 
1972, cited in Graves and Anderson, 1987). Clutch size increases with female body size ; 
Congdon e t al. (1987) calculated the relat ionship b etween clutch size (CS) and plastron 
length (PL in mm) for a popula tion in sout heastern Mic higan: 

CS = -21.227 + 0.242 PL, (r 2 = 0.409, n = 65). 

Clutch size has also been positively correlated with latitude (Petokas and Alexander, 1980). 
Hammer (1969) f ound t hat mammalian predators destroyed over 50 percent of the turtle 
nests in a South Dakota marsh, and in undis turbed n ests, hatc hling s uccess was less than 
20 percent.  Petokas and Alexander (1980) observed a 94 percent predat ion r ate of nests 
unde r study in nor ther n New York.  A dult mortalit y is low , corresponding w ith the long 
lives ex hibit ed by th ese turtles (see table). 

Similar species (from general references) 

��	 The alliga tor snapping t urtle ( Macroclemys temmincki ) is much larger (16 to 
68 kg; 38 to 66 cm carapace) than the common sna pping t urtle and is one of 
the largest turtles in the world.  Its range is from northern Florida to east-
central Texas and north in the Mississ ippi V alley. 

General references 

Conant and Collins (1991); DeGraaf and Rudis (1983); Ernst and Bar bour (1972); 
Graves and Anderson (1987). 
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Snapping Turtle ( Chelydra serpentina ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion Reference 

Note 
No. 

Body We ight A M summer 10.5  ± 2.85 SD Ontario , Canada/larg e Galbrai th  et al., 1988 
(kg) A F sum mer  5.24 ± 0.85 SD  ol igot rophic lake 

J B sum mer  1.15 ± 0.80 SD 

A M sum mer  5.52 ± 2.23 SD Ontario, Canada/ eutrophi c Galbrai th  et al., 1988 
A F sum mer  5.03 ± 1.12 SD  pond 
J B sum mer  1.40 ± 0.20 SD 

A M  4.16 ± 0.28 SE Michi gan Congdon et  al., 1986 
A F  3.16 ± 0.20 SE 
J B  0.80 ± 0.07 SE 

at hat ching  0.0057 NS Ernst & Barbour , 1972 
at hat ching

mm carapace: 

 0.0089 NS Ewert, 1979 

118  0.33 Massachuset ts Graham & Per kin s, 1976 
127  0.44 
134  0.53 
167  1.03 
192  1.51 
220  2,362 

Egg Weight 7 - 15 NS Ernst & Barbour , 1972 
(g) 11.1 nor thern New Yor k Petokas & Alexander , 1980 

9.6 South Car olina Congdon et  al., 1986 
9.3 5.7 - 13.8 New Jersey Hotalin g et a l., 1985 

Body Lengt h age in years Michigan Gibbons, 1968 
(mm carapace)  1  62 ± 4.5 SD  54 - 66 

2 102 ± 5.8 SD  83 - 108 
3 137 ± 9.4 SD 124 - 145 
4 168 ± 14.2 SD 146 - 184 
5 198 ± 13.7 SD 177 - 211 
6 222 ± 12.9 SD 204 - 238 
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 (measur e) Reference 
Locat ion/Habi tat 

Snapping Turtle ( Chelydra serpentina ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Metabol ic  Rate 
(lO /kg-d)2 

7.18 kg,  rest 

2 5��C 
2.54 Lynn & von Brand, 1945 1 

Metabol ic  Rate A F basal 3.2 est imated 2 
(kcal /kg-d) A M basal 3.0 

Food Ingest ion 
Rate (g/g-d ) 

B sum mer 0.01 - 0.016 New Yor k/capt ivi ty Kiviat , 1980 

Dietar y Compos itio n Spr ing Summer Fall Winter No. 
Note 

adul ts  & juveni les: locat ion not speci fied Smith, 1956 3 
plant s 35 - 70 
animals  6 - 35 (% of diet ; measur e NS) 

adul ts: Tennessee/embay ment Meyers-Schoene & W alton, 
fish 83.7 1990 
vegetat ion 13.6 (% wet vol ume;  gast ro
clam s 0.2 int est inal tract content s) 
mud & r ocks 2.5 

adul ts  & juveni les: Connect icut /lakes, ponds, Alexander , 1943 
(plants) (36.5)  streams, swamps 
algae 12.8 

(animals) (54.1) (% wet vol ume;  stomach 
cray fish 8.9 content s) 
fiddler crab 2.7 
sucker 3.2 
bu llh ead 6.3 
sunf ish 7.5 
unknown f ish 12.4 

(miscel laneous) (9.4) 
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Snapping Turtle ( Chelydra serpentina ) 

Populat ion Age/Sex/ Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Locat ion/Habi tat Reference No. 

Home Range
Size (ha) 

 A M summer 

A F sum mer 
A M sum mer 
A B sum mer 

0.7 ± 0.29 SD 

3.79 ± 1.46 SD 
3.21 ± 2.67 SD 
3.44 ± 2.18 SD 

0.24 - 1.3 

2.5 - 5.19 
0.95 - 8.38 

Ontar io, Canada/lake 

Ontari o, Canada/ lake 

Galbraith  et al., 1987 

Obbar d & Brooks, 1981 

A M 
A F nonbreed 

8.9 
7.2

New Yor k/fr esh t idal 
 wetland 

Kiviat,  1980 

Populat ion 
Densi ty
(N/ha)

 A M sum mer 
 B B sum mer 
B B sum mer 
B B sum mer 

A B sum mer 

1.5
2.3 ± 1.45 SD 
60.4 
29.3 ± 27.6 SD 

59 

1.0 - 4.9
40.3 - 95.0
4.4 - 65.9

Ontario, Canada/ 
 ol igot rophic lake 
 ol igot rophic wat ers 
 eutrophic pond 
 eutrophic ponds ( oth er 

Tennessee/pond 
studies) 

Galbrait h et  al., 1987 
Galbrait h et  al., 1988 
Galbrait h et  al., 1988 
Galbrait h et  al., 1988 

Froese & Burghar dt,  1975 

4 

5 

Clutch Si ze 49.0 31 - 87 South Dakot a/marsh Hammer,  1969 
27.9 ± 0.76 SE 12 - 41 se Michi gan/NS Congdon et  al., 1987 
16.6 ± 1.6 SD 14 - 20 Flor ida/NS Iverson, 1977 6 

Clutches/Yea 1 - 2 Indiana/NS Minton, 1972 7 
r > 1 NS/summarizi ng other Ernst & Barbour , 1972 

studies 

Days  105 90 - 119 Ontari o, Canada/ lake Obbar d & Brooks, 1981 
Incubat ion 67 - 73 se Wisconsi n/NS Ewert,  1979 

Age at Sexual  F nest ing  6 - 8 New York/NS Pell, 1941 8 
Maturity (yr) 

F nest ing  9 - 10 Iowa/NS Christi ansen & Burken, 1979 
M 5 



4 

F nest ing 17 - 19 at least 14 t o 15 Ontari o, Canada/ river ine, Galbrait h et  al., 1989 
mixed f orest 
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Reference 

Snapping Turtle ( Chelydra serpentina ) 
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Populat ion Age/Sex/ Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Locat ion/Habi tat Reference No. 

Length at  A B 200 mm carapace Quebec, Canada/ NS Mosi mann & Bider , 1960 
Sexual 
Maturity  A B 145 mm plast ron Tennessee/NS Whit e & Murphy , 1973 9 

Annual  A B  3 - 7 NS/NS Galbrait h & Brooks, 1987 10 
Mortality 
Rates (%) 

Longevi ty (yr)  at least 24 Michi gan/marsh Gibbons, 1987 

at least 19 South Car olin a/river Gibbons, 1987 

Seasonal 
Act ivi ty Begi n Peak End Locat ion No. 

Note 

Mating Apr il June November depends on l atit ude Ernst & Barbour , 1972 
early June mid-June end of June New Yor k Kiviat , 1980 
mid-June Flor ida Punzo, 1975 

Nest ing May June September depends on l atit ude Ernst & Barbour , 1972 
late May early to mi d-June late  June nor thern New Yor k Petokas & Alexander , 1980 
early June mid-June end of June South Dakot a Hammer,  1969 

Hatching August October depends on l atit ude Ernst & Barbour , 1972 
late  August September early October se Michi gan Congdon et  al., 1987 

Hiber nation October March- May depends on l atit ude Ernst & Barbour , 1972 
late  September mid-M arch Iowa Chr ist iansen & Burken, 1979 
mid-October early May Ontar io,  Canada Obbar d & Brooks, 1981 

1 Cited in Siever t et al . (1988). 
2 Est imated assum ing t emperature of 20 ��C, us ing equa tio n 3-50 (Robinson et a l., 1983) and body weights f rom Congdon et al . (1986), after 

subt ract ing 30 percent of body weight  to  elimin ate the weight of  the shel l (Hall, 1924).  More inform ation on est imating energy budget s for re pt iles 
is  provi ded in Congdon et al . (1982). 

3 Method of est imating percent diet not speci fied. 
4 Summary  of six f ield studies,  including t he author 's. 
5 Summary  of dat a from var ious authors f or  eleven eut rophic ponds. 
6 Cited in Petokas and Alexander  (1980). 
7 Cited in Graves and Ander son (1987). 



Snapping Turtle ( Chelydra serpentina ) 

8 
9 

10 

Cited in Galbrait h et al . (1989). 
Cited in Bur y (1979). 
Cited in Frazer et al . (1991). 
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2.3.2. Painted Turtle (pond and marsh turtles) 

Order Testudine s, Family Emydidae .  Pond and m arsh turtle s (i.e., slide rs, coot ers, 
red-bellied t urtle s, and paint ed turtl es) are small to medium-sized semiaquatic turtles well 
known f or  basking in t he sun.  Paint ed turtle s are the most wide spread  of th ese in North 
Amer ica, ranging a cross the continent . 

Selected species 

The painted turtle ( Chrysemys picta ) is la rgely aqua tic,  living in s hallo w-water 
habitats, and is am ong t he most conspicuous of the basking t urtle s.  There are four 
subspecies in the United States ( only one reaching slightly into Canada ), dis tinguished by 
color  var iations , body size , and r ange: C. p. picta (eastern painted turtle; 11.5 to 15.2 cm; 
range Nova Scotia to Alabama), C. p. marginata (midland paint ed turtle ; 11.5 to 14 cm; 
range southern Quebec and southern Ontario to Tennessee), C. p. dorsalis (southe rn 
paint ed turtle ; 10 to 12.5 cm; range southe rn Illinois to the Gulf ), and C. p. bellii (western 
painted turtle; the largest of the subspecies, 9 to 18 cm; range southwest Ontario and 
Missouri to the Pacific Northwest) ( Conant and Collins , 1991). C. p. dorsalis is the smallest 
subspecies and also one of the smallest emy did t urtle s in Nor th Amer ica (Moll, 1973). 
Hybridiza tion oc curs b etween subspecies in areas where their ranges overlap (e.g., bellii × 
marginata hybrids may occur in areas of Mic higan) (Snow , 1980). 

Body size . Painted turtles are medium-sized turtles (10 to 18 cm).  Males are 
smaller than females; a dult males average from 170 to 190 g, whereas a dult females 
average from 260 to 330 g in some popula tions (Congdon e t al., 1986; Ernst 1971b).  In 
general, the shell comprises approximately 30 percent of the total wet we ight of turtle s of 
this size (Hall, 1924).  Frazer et al. (1991) estimated a relat ionship b etween plastron length 
(PL in mm) and age (t in years) for a popula tion in Michigan in t he 1980's us ing v on 
Bertalanffy growth equat ions : 

PL = 111.8(1 - 0.792e-0.184t) for males, and 

PL = 152.2(1 - 0.852e-0.128t) for females. 

Congdon e t al. (1982) reported a relat ionship b etween plastron length (PL in mm) and body 
weight (Wt in gr ams) for painted turtles: 

log e(Wt) = -6978 + 2.645 log e(PL). 

Eggs weigh 4 to 6 g,  and neon ates retain a large yolk mass that they draw on for the first 
few months of life (Cagle, 1954). 

Habitat .  Painted turtle habitat re quir ements inc lude soft and muddy bot toms, 
basking s ites, and aquatic vegetat ion (Sexton, 1959).  Painted turtles prefer slow-moving 
shallow water such as ponds , marshes,  dit ches,  prairie sloughs , spr ing runs , canals, and 
occas ionally br ackish tidal marshes ( Conant and Collins , 1991).  They frequent areas with 
floa ting s ur face vegetat ion f or feeding and f or cover (Sexton, 1959).  These areas tend to 
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be warmer than more open water, which is important in the early fall as temperatures begin 
to drop (Sexton, 1959).  For winter hibe rnation or dor mancy,  paint ed turtle s seek deeper 
water (Sexton, 1959).  If outly ing m arsh ar eas are dry dur ing t he su mmer, the turtles may 
return to the more pe rmanent bodie s of water s oone r (McAuli ffe, 1978).  Painted turtles 
sometimes inhabit stagnant and pollut ed water (Smith, 1956). 

Food habi ts. Paint ed turtle s are omnivorous .  Depending on habi tat and on age, 
painted turtles may consume predominantly vegetat ion or pr edominantly anim al matter. 
Marchand (1942, cited in Mahm oud and Kli cka, 1979) f ound in one popula tion t hat juv enile s 
consumed approximately 85 percent animal matter and 15 percent plant matter, whereas 
the adult s were prim arily he rbivorous , consuming 8 8 percent plant matter and 12 percent 
insects and am phipods .  Knight and Gibbons (1968) found oligoc haets, cladocera, 
dragonfly ny mphs , lepidopt eran larvae, and te ndipedid la rvae and pupae to dominate the 
anim al component of the die t and fil amentous algae to dominate the plant com ponent of 
the die t in a popula tion living in a pollut ed river  in Michigan.  Adult paint ed turtle s in a 
Penns ylvania popula tion w ere found t o consum e only 40 pe rcent plant matter (Ernst and 
Barbour, 1972), whereas in a Mic higan m arsh and e lsewhere, painted turtles of all ages 
apparently consumed 95 to 100 percent plant matter (Cahn, 1937, cited in Smith, 1961; 
Gibbons , 1967).  Some carr ion a lso may be consumed ( Mount , 1975). 

Temperature regulation and daily activities. Paint ed turtle s are diurnal and usually 
spend t heir  night s sleeping subm erged (Ernst, 1971c).  Dur ing t he day, they forage in t he 
late mor ning and l ate after noon and b ask dur ing t he rest of the day (Ernst, 1971c).  Active 
feeding doe s not oc cur  until water temperatures approach 20 ��C, and these turtles are most 
active ar ound 2 0.7 to 22.4��C (Ernst, 1972; Ernst and Barbour, 1972; Hutc hinson, 1979). 
Basking is most frequent in t he spr ing,  summer, and fall, but occas ionally paint ed turtle s 
bask dur ing w arm spells in t he wint er (Ernst and Ba rbour , 1972).  Sexton (1959) divided the 
annua l activity cycle of painted turtles into five parts:  (1) the prevernal, which be gins with 
the final m elting of wint er ice and l asts until late March, or when the turtles be gin t o move 
in mass out of the hibe rnation ponds ; (2) the vernal, from late March to late May, when the 
submerged aquatic plants important to the turtles grow to the surface of the water (the 
initia tion of feeding and mating activities and the emergence of the hatc hling t urtle s fr om 
the nests of the prev ious year also occur dur ing this season); (3) the aestival, exte nding 
from June thr ough Augus t, when the turtle s forage , grow , nest, and return to their winter 
hibe rnation ponds ; (4) the autumnal, inc luding S eptember thr ough November or when a 
permanent ice cover forms; and (5) the winter season, which lasts w hile the water is 
permanently covered with ice. 

Hibernation. Most paint ed turtle s become dor mant during t he colde r months but 
will be come active dur ing w arm pe riods in t he wint er (Ernst and Ba rbour , 1972). C. picta 
usually hibe rnates in m uddy bot toms of ponds (DeGr aaf and Rudis , 1983).  Taylor and Nol 
(1989) found paint ed turtle s ov erwint ering in a n Ontar io pond in a reas with a mean water 
depth of 0.32 m (range 0.2 to 0.48 m), mean sediment depth of 0.79 m (0.5 to 0.95 m), and 
mean sediment temperature of 4.1 ��C (3 to 6��C).  During hibe rnation, paint ed turtle s shif t 
towar d more anaer obic metabolis m, suppor ted by gly coly sis of liv er and skeletal muscle 
glycogen (Seymour, 1982).  After emer ging f rom hibe rnation,  the turtle s conv ert the 
accumulated lactate to glucos e in t he liv er (using a erobic metaboli sm) (Seymour, 1982). 
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Breeding activities and social organization. Mating usually oc curs in s pr ing a nd 
summer but may cont inue into t he fall ( Ernst, 1971c; Gibbons , 1968a; Gist et al., 1990). 
Nesting oc curs so mewhat later (Cagle, 1954; Ernst and Barbour, 1972; Moll 1973).  Eggs 
are often laid in high bank s (DeGraaf and Rudis , 1983).  The species does not appear to be 
territorial and c an be found in la rge aggr egations , particula rly at favorite bask ing s ites 
(Ernst, 1971c). 

Home range and resources. In spr ing,  as the wint er ice melts, many paint ed turtle s 
move away from the ponds in which t hey hibe rnated to more sha llow ponds and m arshes 
with surface vegetat ion (Sexton, 1959).  Movements avera ging 6 0 to 140 meters 
characterized one popula tion in Michiga n (Sexton, 1959).  The summer home range 
include s the paint ed turtle 's foraging a reas and bask ing s ites.  Females f ind n esting s ites 
on dr y land out side of the foraging r ange; Congdon and Gatten (1989) f ound nests to 
average 60 meters from the edge of a fora ging m arsh.  Females init iate nest ing migr ations 
during da ylight hour s, and m ost finish t heir n ests before dark on the same day ( Congdon 
and Gatten, 1989).  In winter, painted turtles generally move back to the deeper ponds for 
hibe rnation ( DeGraaf and Rudis , 1983). 

Popul ation dens ity. Reported densities range from 11.1/ha in Saskatchewan 
(MacCulloch and Secoy, 1983) to 830/ha in Mic higan m arshes (Fraze r et al., 1991). 
Accurate censuses are difficult, however (Bayless, 1975), and the distr ibution of paint ed 
turtles in summer is highly clumped,  corresponding t o the p atches of float ing aqua tic 
vegetat ion (Sexton, 1959). 

Popul ation dyna mics. Sexual maturity is attained in a bout 2 to 7 years, depe nding 
on the sex and size of the turtle and grow ing season (Christiansen and Moll, 1973; Ernst 
and Barbour, 1972).  Males reach sexual maturity 1 to a few years earlier than females 
(Moll, 1973).  Once sexual maturity is reached, growth of painted turtles slows or 
essentially ceases (Ernst and Barbour, 1972).  Older, larger females tend to pr oduc e larger 
clut ch size s and la rger eggs than younge r, smaller females (Mitchell, 1985).  In more 
southe rly popula tions , paint ed turtle s produc e more clut ches annually with fewer eggs 
each than in more northerly popula tions (Moll, 1973; Snow, 1980; Schwarzkopf and Brooks, 
1986).  Predat ion c auses most nest losses, usually wit hin t he first 2 d ays after laying 
(Tinkle et al., 1981).  The durat ion of the incuba tion pe riod depends on soil temperature, 
and ha tchlings may overwinter in the nest in more northerly popula tions (Gibbons and 
Nelson, 1978). 

Similar species (from general references) 

Many species of pond and m arsh turtle s can  be found in s imila r habi tats; however, 
there are important dietary differences am ong s pecies that can affect exposure to 
environmental contaminants, as described below.  Size is listed accor ding t o carapace 
length,  which is longe r than  plastron length. 

cooters 

��	 The Florida coot er (Pseudemys floridana ) is larger (23 to 33 cm) than the 
painted turtle.  The floridana subspecies ranges from the coastal plain of 
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Virginia to eastern Texas and north in the Mississ ippi V alley to southe rn 
Illinois , while the peninsul aris subspecies is restricted to the Florida 
peninsula .  The Florida coot er reside s in pe rmanent bodie s of water.  In their 
first year, young coot ers feed on both aquatic plant and animal life; later they 
become totally he rbivorous . 

��	 The river cooter ( Pseudemys concinna ), composed of five subspecies, also 
is larger (23 to 33 cm) than the painted turtle.  It inhabit s co astal plains 
ranging f rom sout heastern Vir ginia to Geor gia , sout heast into Florida , west 
into Texas and New Mexico, and north in the Mississ ippi V alley to southe rn 
Illinois .  It is chie fly a resident of str eams and relatively large lakes.  In their 
first year, young r iver coot ers are omnivorous ; the adult s are almost entirely 
herbivorous . 

��	 The Texas river cooter ( Pseudemys texana ) (18 to 25.5 cm) prefers rivers but 
can be found in smaller creeks and ditches.  Its range is restricted to most of 
central and southeastern Texas. 

red-bellied t urtle s 

��	 The Florida red-bellied t urtle ( Pseudemys nelsoni ) is larger (20 to 31 cm) 
than the paint ed turtle and ha s a range in t he Florida peninsula and 
panhandle .  It can  be found b asking on logs ov er fresh to mode rately 
brackish water, and it prefers a bundant subm erged aqua tic vegetation, it s 
principal food. 

��	 The Alabama red-be llied t urtle ( Pseudemys alabamensis ) is larger (23 to 33 
cm) than the painted turtle and is f ound only in t he low er por tion of the 
Mobile Ba y dr ainage in A labama.  It prefers fresh to moderately brackish 
water with a bundant aqua tic vegetation, it s principal food. 

��	 The red-bellied t urtle ( Pseudemys rubriventris ) is much larger (25 to 32 cm) 
than the paint ed turtle and is found in t he mid- Atlantic states and eastern 
Massachusetts. 

slide rs 

��	 The pond slide r (Trachemys scripta ) is similar in size or a little larger (12 to 
20 cm) than the painted turtle and has three subspecies ra nging f rom 
southeastern Vir ginia to  nor ther n Florida and west to New Mexico.  During 
the first year,  pond slide rs are principally car nivorous , consuming aqua tic 
insects, crustaceans, m ollu scs, and ta dpole s.  As they mature, s lide rs 
become he rbivorous , consuming a wide vari ety of aquatic plants. 

��	 The big bend slide r (Trachemys gaigeae ) (12 to 20 cm) is similar to the pond 
slide r in size and habit s.  It is abundant loc ally in it s limit ed range along t he 
uppe r Rio Grande and s ome of it s tr ibut aries. 
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General references 

Behle r and King (1979); Conant and Collins (1991); Congdon e t al. (1986); Ernst and 
Barbour (1972); Moll (1973); Sexton (1959). 
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Painted Turtle ( Chrysemys picta ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion (subspecies) Reference No. 

Body  Weight  A F 266.5 ± 60.1 SD 83.5 - 450.3 Pennsy lvani a (picta x Ernst , 1971b 
(g)  A M 189.1 ± 52.3 SD 102.0 - 274.5 marginata) 

A F 
A M 
J B 

326.7 ± 4.95 SE 
176.9 ± 1.92 SE 
64.2 ± 1.59 SE 

Michi gan Congdon et  al., 1986 

at hat ching 3.7 ± 0.2 SD 3.5 - 3.9 cent ral Vi rginia ( picta ) Mitc hell, 1985 

at hat ching 4.1 ± 0.61 SD Iowa Ratterm an & Acker man, 
1989 

Body Lengt h  A F 157 ± 2.6 SE 136 - 185 Wisconsi n (bellii ) Moll, 1973 
(mm plast ron)  A M 132 ± 2.9 SE 96 - 155 

(mm plast ron)  A F 125.1 ± 0.64 SE Michi gan Congdon et  al., 1986 
A M 99.9 ± 0.48 SE 
J B 65.0 ± 0.65 SE 

(mm carapace)  A F 134.2 ± 0.81 SE Michi gan Congdon et  al., 1986 
A M 109.7 ± 0.54 SE 
J B 71.5 ± 0.69 SE 

Egg Weight  (g) ini tial mass 6.17 Georgia ( dorsal is ) Congdon & Gibbons, 
1985 

initial m ass 6.65 ± 0.67 SD Iowa Ratterm an & Acker man, 
final  mass 8.62 ± 1.06 SD 1989 

Growth  Rate J F - 1 yr 35 mm/yr Quebec, Canada ( marginata) Chr iste ns & Bider , 1986 
J F - 2 to 3 yr 19 - 20 mm/yr 
J F - 4 to 5 yr 12 mm/yr (measur ed using plast ron) 
J F - 6 to 7 yr 8 - 10 mm/yr 
A F - 8 to 12 yr 3 - 6 mm/yr 
A F - > 12 yr < 3 mm/yr 
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Painted Turtle ( Chrysemys picta ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion (subspecies) Reference 

Note 
No. 

Metabo lic  Rate 
(lO /kg-d)2 

adul ts ; 25��C 
l and,  rest 
water,  swim 

juv.; 25��C 
feeding 
1-day fast 
10-day fast 
19-day fast 

0.73 ± 0.44 SD 
0.22 ± 0.32 SD 
0.39 ± 0.68 SD 
5.06 ± 0.42 SE 
3.44 ± 0.29 SE 
1.98 ± 0.13 SE 
1.57 ± 0.19 SE 

North  Carolina 

NS (marginata) 

Stockard & G atten, 1983 

Sievert et al., 1988 

1 

2 

Metabol ic  Rate 
(kcal/d , 
averaged over 
1 year) 

J F - yr 1 
J F - yr 3 
J F - yr 5 
J F - yr 7 
A F - yr 9 
A F - yr  11 
A F - yr  13 

0.06 
0.30 
0.53 
0.77 
1.12 
1.23 
1.28 

Michigan ( marginata) Congdon et  al., 1982 3 

Food Ingest ion 
Rate (g/g-d ) 

4 

Water 
Ingest ion 
Rate (g/g-d) 

A B 

A B sum mer 0.02 

up t o 0.025 

0.016 - 0.022 

Wisconsi n (bellii ) (lab) 

Pennsy lvani a (lab) 

Trobec & Stanl ey, 1971 

Ernst , 1972 

5 

6 

Inhal ation 
Rate 
(m /kg-d)3 

A B rest ing 0.0025 ±0.0005 SE NS (lab) Mils om & Chan, 1986 

Dietar y Compos itio n Spr ing Summer Fall Winter (measur e) 
Locat ion/Habi tat 

Reference No. 
Note 

all ages: 
plant s > 95 

Michi gan/marsh 

(% wet weight ; stomach 
content s) 

Gibbons, 1967 
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Age/Sex 
Cond. /Seas. Mean Locat ion/Habi tat Reference 

Painted Turtle ( Chrysemys picta ) 

Dietar y Compos itio n Spr ing Summer Fall Winter (measur e) 
Locat ion/Habi tat 

Reference No. 
Note 

all ages: Michi gan/pol lute d r iver Knight & Gibbons, 1968 
plant s 31.6 38.7 
animals 77.3 72.3 (% wet wei ght ; stomach 
Oligochaet a - 30.0 content s) 
Cladocer a 1.5 48.5 
Odonat a nymphs 60.0 38.3 
Lepidoptera l arvae 1.0 50.0 
Tendipedidae l arva 30.8 7.7 
Tendipedidae pupae 36.7 10.0 

detritu s 7.8 1.9 

adul ts: 
snai ls 12.1 Pennsy lvani a (picta )/NS Ernst & Barbour , 1972 
amphipods 3.0 
cray fish 7.5 (% wet vol ume;  stomach 
insect s 11.5 content s) 
fish 13.0 
other ani mals 14.1 season not speci fied 
algae 14.7 
vascul ar plant s 24.1 
other plant s 0.8 

Populat ion Range or Note 
Dynamics (95% CI of  mean) No. 

Movement s A B spr ing 63 - 144 up t o 301 Michi gan (marginata)/NS Sexton, 1959 7 
(m) A B sum mer 86 - 91 up t o 300 

A B f all 88 - 130 up t o 336 

Populat ion B B sum mer 11.1 Saskatchewan, Canada MacCul loch & Secoy , 1983 
Densi ty  (bellii )/river 
(N/ha) B B 98 - 410 Michi gan (marginata)/ponds, 

marsh 
Sexton, 1959 

B B 590 240 - 941 Pennsy lvani a/pond,  marsh Ernst , 1971c 

B B 828 Michi gan/lake, marsh Frazer et al., 1991 
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Painted Turtle ( Chrysemys picta ) 

Populat ion Age/Sex Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Locat ion/Habi tat Reference No. 

Clutch Si ze 19.8 17 - 23 Saskatchewan, Canada 
(bellii )/creek 

MacCul loch & Secoy , 1983 

10.7 4 - 16 Wisconsi n (bellii )/NS Moll, 1973 

7.6 2 - 11 Michi gan (marginata)/NS Congdon & Tinkl e, 1982 

4.8 2 - 9 Tennessee ( dorsal is × 
marginata)/NS 

Moll, 1973 

Clutches/Year 1 - 2 2 Ontari o, Canada/ NS Schw arzkopf & Brooks, 
1986 

1 - 2 2 Michi gan (bellii × marginata) 
/NS 

Snow , 1980 

> 2 3 Illi nois ( bellii × marginata) 
/ket tle ponds 

Moll, 1973 

> 3 5 Tennessee, Louisiana Moll, 1973 
(dorsal is and d. × 
marginata)/NS 

Days 65 - 80 se Pennsy lvani a/NS Ernst , 1971c 
Incubat ion 60 - 65 se Wisconsi n/NS (natural ) Ewert,  1979 

72 - 99 nw Minnesot a/NS (natural ) Ewert,  1979 

Age at Sexual  F  5 - 6 New Mexico ( bellii )/NS Chris tiansen & Mo ll, 1973 
Maturity (yr)  M  3 

F  8 Wiscons in  (bellii )/NS Chris tiansen & Mo ll, 1973 
M  4 

F  6 Pennsylvan ia (picta )/NS Ernst & Barbour , 1972 
M  5 

F  4 - 5 Tennessee ( dorsal is x Moll, 1973 
M  2 - 3 marginata)/NS 
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Begi n Peak Locat ion (subspecies) Ref erence 

Painted Turtle ( Chrysemys picta ) 

Populat ion Age/Sex Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Locat ion/Habi tat Reference No. 

Length at  M 90 nor thern Michi gan Cagle, 1954 
Sexual  F 120 - 130 (marginata, dorsal is )/NS 
Maturity 
(mm plast ron)  M 70 souther n Illi nois ( marginata, Cagle, 1954 

F 120 - 125 dorsal is )/NS 

M 123  88 - 170 New Mexico ( bellii )/NS Chris tiansen & Mo ll, 1973 
F 150 132 - 205 

Annual  A F  0 - 14 Saskatchewan, Canada,  MI, Zwei fel, 1989 8 
Mortality  Rates  A M  2 - 46 NY, NE/NS 
(%) 

A B  4 - 6 Virg inia/NS Mitchell, 1988 8 
J B 54 

Longevi ty  M 
F 

up t o 31 yrs 
up t o 34 yrs 

Michigan/ marsh Frazer et al., 1991 

Seasonal Note 
Act ivi ty End No. 

Mating late  Apr il mid-J une se Pennsy lvani a Ernst , 1971c 
March Apr il - early May May Michi gan Gibbons, 1968a 

October Ohio Gist e t al., 1990 

Nest ing June Jul y se Pennsy lvani a Ernst , 1971c 
June Jul y Illi nois, Kansas Smith, 1956, 1961 
late  May June late  June se Mich igan (marginata) Tinkle et a l., 1981 

Hatching late  sum mer se Michi gan (marginata) Tinkle et a l., 1981 
September spr ing Illi nois ( marginata) Cahn, 1937 9 
August September Kansas ( bellii ) Smith,  1956 

Hiber nation late October late March se Michi gan (marginata) Congdon et  al., 1982 
late Oct ober Apr il Kansas ( bellii ) Smith,  1956 
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Painted Turtle ( Chrysemys picta ) 

1 Average mass of  test ani mals rest ing on l and and i n water  = 215 g (79 to 395 g) and of  test ani mals sw immi ng and measur ed for existence 
metabol ism  = 143 g (79 to 297 g). 

2 Average w eight of  juveni le turtl es = 7.7 g. 
3 Based on an annual energy budget est imated by  the authors assum ing t hat femal es lay one clutch of eggs per  year af ter th eir sevent h year. 
4 See Chapt ers  3 and 4 f or  approaches t o est imating food ingest ion r ates f rom metabol ic rate  and diet . 
5 Uptake of  water  by turtl es hel d in ta p water. 
6 Measur ed as evaporat ive water lo ss. 
7 Spr ing:  from hiber nation t o other ponds; sum mer:  back t o hiber nation ponds;  fall:  to  deep-water areas f or  hiber nation. 
8 Cited in  Frazer et a l., 1991. 
9 Cited in Smith, 1961. 
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2.3.3. Eastern Box Turtle (box turtles) 

Order Testudine s, Family Emydidae .  Box turtles are the most terrestrial of the 
Emydid t urtle s, having clo se-fitting s hells that h ave allowed them to adapt well to terrestrial 
lif e.  They are found t hroughout the eastern and central United States and into the 
southwest.  They are omnivorous. 

Selected species 

The eastern box turtle ( Terrapene caro lin a caro lin a) ranges from northeastern 
Massachusetts to Georgia, west to Mic higan, Illinois , and T ennessee (Conant and Collins , 
1991).  There are four subspecies of T. caro lin a, all found w ithin t he eastern United States: 
T. c. carolina (above), T. c. major (Gulf Coast box turtle; the largest subspecies, restricted 
to the Gulf Coast), T. c. tri ungui s (three-toed box turtle; Missouri to south-central Alabama 
and Texas), and T. c. baur i (Florida box turtle ; restricted to the Florida peninsula and keys) 
(Conant and Collins , 1991). 

Body size . The eastern box turtle is small, with a dult s ranging f rom 11.5 to 15.2 cm 
in length (plastron) and approximately 300 to over 400 g.  Hatc hlings weigh approx imately 8 
to 10 g.  Turtle s continue to  grow thr oughout their  lives; however, their growth rate slows 
after reac hing sexual maturity (Ernst and Barbour, 1972), and growth r ings are no longe r 
discernable after 18 to 20 years (Stickel, 1978). Body fat reserves in a Georgia popula tion 
averaged 0.058 to 0.060 g of fat per gram of lean dry we ight fr om spr ing t hrough f all 
(Brisbin, 1972). 

Habitat. Typical box turtle habitats inc lude open woodlands , thi ckets, and well-
drained but moist forested areas (Stickel, 1950), but occas ionally p astures and marshy 
meadow s are utilized ( Ernst and Ba rbour , 1972).  In areas with mixed w oodlands and 
grasslands, box turtles use grassland areas in times of moderate temperatures and peak 
mois ture conditions ; othe rwis e, they tend t o use the more mois t for ested habitats (Reagan, 
1974).  Many turtles are k ille d attempting t o cr oss roads, and f ragmentation of habi tat by 
roads can severely reduce popula tions (DeGr aaf and Rudis , 1983; Stickel, 1978). 

Food habi ts. Adult T. caro lin a are omnivorous (Ernst and Barbour, 1972).  When 
young,  they are prim arily car nivorous , but they be come more he rbivorous as they age and 
as growth slows (Ernst and Barbour, 1972).  They consume a wide variety of animal 
material, inc luding e arthworms, slugs , snails , insects and their larvae (particularly 
grasshoppe rs, moths, and b eetles), crayfish, frogs, toads, snakes, and carr ion;  they also 
consume vegetable matter, inc luding l eaves, grass, berries, fruits, and f ungi ( DeGraaf and 
Rudis , 1983).  A high propor tion of snails and slugs may comprise the animal matter in the 
diet (Barbour, 1950), and seeds can become an important com ponent of the plant materials 
in the late summer and fall (Klimstra and Newsome, 1960). 

Temperature regulation and daily activities. The species is diurnal and s pends the 
night resting in a scooped depr ession or  form that the turtle digs in t he soil w ith  its fr ont 
feet (Ernst and Barbour, 1972; Stickel, 1950). T. caro lin a are most active in temperate, 
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humid weather (Stickel, 1950).  In the summer, they av oid high temperatures dur ing midda y 
by resting unde r logs or  leaf litter, in mammal burrows, or by c ongr egating in mudhole s 
(Smith, 1961; Stickel, 1950).  In the hottest weather, they may enter shaded sha llow pools 
for  hour s or  days (Ernst and Barbour, 1972).  In the c oole r temperatures, they may restrict 
their foraging activities to midday (Stickel, 1950).  In the laboratory, locomot ion is maximal 
between 24 and 32 ��C (Adams et al., 1989).  In the field, their mean active body temperature 
is approximately 26 ��C (Brattstrom, 1965, cited in Hutc hinson, 1979). 

Hibernation.  In the northern parts of its range (northeastern Massachusetts, 
Michigan, Illinois ), the eastern box turtle enters hibe rnation in l ate October or November 
and emerges in April.  In Louisiana , Penn and P ottharst (1940, cited in Ernst and Bar bour , 
1972) found t hat T. c. major hibe rnated when temperatures fell below 65 ��F.  To hibe rnate, 
the box turtle bur rows into loos e soil and debris or  mud of ponds or  str eam bottoms. 
Congdon e t al. (1989) found a South Ca rolina popula tion of box turtle s to  occupy rela tively 
shallow bur rows (l ess than 4 cm) compared with those occ upied by box turtle s in colde r 
regions (up t o 46 cm). Dolbe er (1971) found hibe rnacula of box turtle s in T ennessee to be 
unde r 15.5 cm of l eaf litter and 5.8 cm of s oil on average.  In southern states, dur ing r ainy 
and w arm pe riods , box turtle s may become active again ( Dolbe er, 1971).  In Florida , the 
box turtle may be active all year (Ernst and Barbour, 1972). 

Breeding activities and social organization. Box turtles are solitary except briefly 
during t he mating season. Individuals r estrict their activities to a fora ging hom e range , but 
home ranges of different individuals can  overlap sub stantially (Stickel, 1950).  Mating 
usually oc curs in t he spr ing but may cont inue into f all,  and eggs are laid in l ate spr ing a nd 
summer (Ernst and Barbour, 1972).  The female digs a 3- to 4-inc h cavity in sandy or loamy 
soil in which s he deposit s her eggs and t hen covers the n est with s oil.  Nests tend to be 
constructed several hundr ed meters from the female's fora ging hom e range in t he warmer 
and drie r uplands (Stickel, 1989).  The durat ion of incuba tion depends on soil 
temperatures, and sometimes hatc hlings ov erwint er in t he nest.  The y oung a re 
semiaquatic but se ldom seen (Smith, 1956). 

Home range and resources. Measures of the fora ging hom e range for  box turtle s 
range fr om .5 ha to  jus t ov er 5 ha (Dolbe er, 1969; Schwartz et al., 1984).  A female may 
need to search for suitable nest site (e.g., s lightly el evated sandy soils) (Ernst and 
Barbour, 1972) outside of her fora ging hom e range (Stickel, 1950).  Winter hibe rnacula tend 
to be within t he foraging hom e range (Stickel, 1989). 

Popul ation dens ity. Popula tion densit y var ies with  habi tat quality, but st udie s 
linking densit y to  particula r habi tat characteristics are lack ing.  In s ome areas, popula tion 
densities have dec line d stea dily ov er the p ast several decades (Schwartz and Schwartz, 
1974; Stickel, 1978).  Some investigators attr ibut e the de cline to  inc reasing habit at 
fragmentation and ob stacles (e.g., highways) that prevent females from reac hing or 
retur ning f rom appropr iate nest ing a reas (Stickel, 1978; DeGraaf and Rudis , 1983). 

Popul ation dyna mics. Sexual maturity is attained at a bout 4 or  5 years (Ernst and 
Barbour, 1972) to 5 to 10 years of age ( Minton, 1972, cited in DeGraaf and Rudis , 1983). 
One to four clutches may be laid per year, depe nding on la titude (Oliv er, 1955, cited in 
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Moll, 1979; Smith, 1961). Clut ch size range s fr om three to eight eggs , averaging t hree to 
four in some areas ( Congdon and Gibbons , 1985; Ernst and Barbour, 1972; Smith, 1956). 
Juvenile s gene rally comprise a small propor tion of box turtle popula tions , for example, 18 
to 25 pe rcent in one popula tion in Mis sour i (Schwartz and Schwartz, 1974) and 10 percent 
in a study in Maryland (Stickel, 1950).  Some individual box turtle s may live over 100 years 
(Graham and Hut chinson, 1969, cited in DeGraaf and Rudis , 1983; Oliver, 1955, cited in 
Auffenberg and Iverson, 1979). 

Similar species (from general references) 

��	 The ornate box turtle ( Terrapene ornata ornata ) and the desert box turtle 
(Terrapene ornata luteola ) are similar in size and habits to the eastern box 
turtle.  They occur in the western, midwestern, and southern midwestern 
states.  Preferred habitats inc lude open pr airies, p astureland, open 
woodlands , and waterways in arid, sandy-s oil t errains .  The or nate box turtle 
and desert box turtle forage primarily on insects but also on berries and 
carr ion. 

General references 

Behle r and King (1979); Conant and Collins (1991); DeGraaf and Rudis (1983); Ernst 
and Ba rbour (1972); Stickel (1950). 
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Eastern Box Turtle ( Terrapene carolina ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion (subspecies) Reference 

Note 
No. 

Body  Weight
(g)

 A F fall 
 A M fall 

A F spr ing 
A M spr ing 

A F 

at hat ching 

2 months 
1.3 years 
3.3 years 

381 ± 29 SE 
398 ± 47 SE 

388 ± 29 SE 
369 ± 47 SE 

372 

8.8 

21 
40 
54 

8.4 

Georgia ( carol ina ), capt ive 

Georgia ( carol ina ) 

South Car olina 

Flori da (major) 

Tennessee 

Indiana ( carol ina ) 

Br isbin, 1972 

Bri sbi n, 1972 

Congdon & Gibbons, 1985 

Ewert,  1979 

Al lard,  1948 

Ewert,  1979 

1 

Body Fat
(g/g l ean dr y
weight )

 B fall 
 B spr ing 
 B sum mer 

0.058 ± 0.014 SE 
0.060 ± 0.016 SE 
0.059 ± 0.006 SE 

Georgia ( carol ina ), capt ive Br isbin, 1972 

Lengt h  A F 
A 
at hat ching 

129 mm plast ron 

28 mm carapace 
up t o 198 mm 
carapace 

South Car olina 
NS/NS 
NS/NS 

Congdon & Gibbons, 1985 
Oliver, 1955 
Oliver, 1955 

2 
2 

Egg Weight  (g) 9.02 ± 0.17 SE 
6 - 11 

South Car olina 
NS/NS 

Congdon & Gibbons, 1985 
Ernst & Barbour , 1972 

Metabol ic  Rate 
(kcal /kg-d) 

A F basal 5.4 est imated 3 

Food Ingest ion 
Rate (g/g-d ) 

4 
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Age/Sex/ Locat ion 
Cond. /Seas. Mean (subspecies) /Habi tat 

Eastern Box Turtle ( Terrapene carolina ) 

Dietar y Compos itio n Spr ing Summer Fall Winter Habi tat (measur e) 
Locat ion (subspecies) / 

Reference No. 
Note 

snai ls 60 Kentucky  (carol ina )/ Barbour , 1950 
cray fish 15  Cumberland Mountains 
plant s 12.5 
cr icket s 7.5 (% vol ume;  stomach 
unident ifie d seeds 5  content s) 

plan t matte r 35 39 20 Illin ois ( carol ina)/for est , Klim stra & Newsome, 1960 
insects ( adul ts) 18 12 12  prai rie 
insects ( larvae) 4 5 9 
seeds 8 16 33 (% wet vol ume;  digest ive 
Gastropoda 18 6 8  tract) 
Isopoda <1 5 3 
Diplopoda 3 2 5 
Decapoda 2 2 0 
Annel ida 1 1 4 
mamma ls 2 <1 2 
rept iles 1 3 1 
bi rds 3 1 <1 

Populat ion Range or Note 
Dynamics (95% CI of  mean) Reference No. 

Home Range  sum mer 0.46 Tennessee ( carol ina)/ Dolbeer, 1969 5 
Size (ha)  woodland 

B M 1.2 Maryla nd (carol ina)/ Stickel , 1989 5 
B F 1.1  bo tto mland  fore st 

B M 5.2 Missour i (triu nguis)/mixed Schwar tz et al., 1984 5 
B F 5.1  woods,  fields 

Populat ion 2.8 - 3.6 Tennessee/woodland Dolbeer , 1969 
Densi ty 
(N/ha) 17 - 35 Maryla nd ( triu nguis)/fore st Schwar tz et al., 1984 
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Begi n Peak Locat ion (subspecies) Ref erence 

Hatching 

Hiber nation 

Eastern Box Turtle ( Terrapene carolina ) 
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Populat ion Age/Sex/ Range or Locat ion Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) (subspecies) /Habi tat Reference No. 

Clutch Si ze 3.4 ± 0.3 SE South Car olin a/NS Congdon & Gibbons, 1985 
4 2 - 7 Washington, DC/NS Smith, 1956 

Clutches/Year 
1 

up t o 4 Flori da/NS 
Illi nois/NS 

Oliver, 1955 
Smith, 1961 

6 

Days 78 - 102 nor thw est Ewert, 1979 
Incubat ion 99 69 - 161 Minnesot a/(natural) Ewing, 1933 7 

Washington, DC/ (natural ) 

Age at Sexual  B 4 - 5 NS/NS Ernst & Barbour , 1972 
Maturity (yr) 

B 5 - 10 NS/NS Mint on, 1972 8 

Length at  B 100 - 130 NS/NS Oliver, 1955 2 
Sexual 
Maturity 
(mm carapace) 

Longevi ty (yr) 20 up t o 80 NS/NS Nichols, 1939a 8 
up t o 138 capt ivi ty Oliver, 1955 2 

Seasonal Note 
Act ivi ty End No. 

Mating spr ing nor thern r ange Ernst & Barbour , 1972 
June Jul y ne Carolin as, Washington, DeGraaf & Rudis, 1983; 

DC  Smith, 1956 

September October nor thern r ange Ernst & Barbour , 1972 
August September ne Carolin as DeGraaf & Rudis, 1983 

November Apr il nor thern r ange Ernst & Barbour , 1972 
October Apr il Missour i (triu nguis) Schw artz & Schwar tz, 1974 

1 Cited in Ernst and Barbour  (1972). 
2 Cited in Auf fenber g and Iverson (1979) . 
3	 Est imated assum ing t emperature of 20 ��C, us ing Equa tio n 3-50 (Robinson et a l., 1983) and body weights of Br isbin (1972) af ter  subt ract ing 

30 percent of  the body weight  to  elimin ate the weight of  the shel l (Hall, 1924). 
4 See Chapt ers  3 and 4 f or met hods of est imating ingest ion r ates f rom metabol ic rate  and diet . 



Eastern Box Turtle ( Terrapene carolina ) 

5 Foraging home r ange; nest si tes can be several hundred m eters  away from the foraging home r ange.
 
6 Cited in Moll ( 1979).
 
7 Cited in Ewert (1979).
 
8 Cited in DeGraaf and Rudis (1983) .
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2.3.4. Racer (and whipsnakes) 

Order Squamata , Family Colu brid ae.  All racer snakes ( Colu ber c onstric tor ) and 
whips nakes ( Mastic ophi s) belong t o the family Colu brid ae, along w ith 84 pe rcent of the 
snake species in North America. Colubrids vary widely in f orm and size and c an be found 
in numerous terrestrial and aquatic habitats.  The more terrestrial members of this family 
also  include some brown and ga rter snakes; lined s nakes; earth snakes; hognos e snakes; 
small woodland s nakes; green snakes; speckled racer and indigo s nakes; rat snakes; 
glossy snakes; pine , bull,  and gophe r sn akes; k ings nakes and milk snakes; scarlet, long-
nosed, and short-tailed snakes; gr ound s nakes; rear-fanged snakes; and crowned and 
black-headed snakes ( Conant and Collins , 1991). 

Selected species 

Racer snakes ( Colu ber c onstric tor ) are slender and fast mov ing and a re found in a 
wide variety of terrestrial habitats.  They are one of the most common large snakes in 
North America (Smith, 1961).  There are 11 subspecies in North America, limited to the 
United States and Mexico: C. c. constrictor (northern black racer; southern Maine to 
northeastern Alabama), C. c. flaviventris (eastern ye llowbelly racer; Montana, western 
North Dakota, and Iowa south to Texas), C. c. foxii (blue r acer; northwest O hio t o eastern 
Iowa and southeast Minne sota), C. c. anthicus (buttermilk racer; south Arkansas, 
Louisiana , and east Texas), C. c. etheridgei (tan racer; west-central Louisiana and adj acent 
Texas), C. c. helvig ularis (brownchin r acer; lower Chipola and A palachicola Riv er Vall eys in 
Florida panhandle and adj acent Georgia), C. c. latr unculus (blackmask racer; southeast 
Louisiana along east side of Mississ ippi Riv er to  nor ther n Mis sissippi) , C. c. mormon 
(western ye llow -bellied r acer; south British Colombia to  Baja California , east to southwest 
Montana, western Wyom ing,  and western Color ado) , C. c. oaxaca (Mexican racer; south 
Texas and Mexico), C. c. palu dico la (Everglades racer; southern Florida Everglades re gion 
and Cape Canaveral area), and C. c. priapus (southern black racer; southeastern states 
and north and west in Mississ ippi V alley). 

Body size .  Adult r acer snakes are usually 76 to 152 cm in total length ( Conant and 
Collins , 1991).  Brown and Parker (1984) deve loped a n empiric al rela tionship b etween 
snout-to-vent length (SVL) i and body weight for male and female racers of the mormon 
subspecies in northern Utah: 

weight (g) = -100.80 + 2.93 SVL (cm) females, j and 

weight (g) = -82.65 + 2.57 SVL (cm) males. 

The equa tions apply only ov er a limit ed range of body size s (40 to 70 cm) where the 
rela tionship is approx imately linear instead of ex ponential.  Ka ufman and G ibbons (1975) 

iMeasures o f SVL excl ude the ta il. Fitch ( 1963) esti mated that the tai l measures 28 p ercent o f the 
SVL of  young f emales a nd 31 perc ent  of  the SVL  of  young m ales. 

jFemales collected when  nonre produc tive. 
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determined a relat ionship b etween length and we ight for  bot h sexes of a South Car olina 
popula tion: 

weight (g) = 0 .0003 SVL (cm) 2.97 (± 0.15 2SE) both sexes. k 

Racers from popula tions in t he nor theastern United States tend to be the largest, w hile 
those from the far west and south Texas are the smallest (Fitch, 1963).  Just prior to egg-
laying,  the eggs can account for  over 40 percent of a gr avid female's body weight (Brown 
and Parker, 1984).  At hatc hing,  racers we igh about 8 or  9 g.  Weight gain during t he first 
year is ra pid,  with  bot h sexes increas ing t heir weight after hatc hing by approx imately 3.2 
times in the first year (Brown and Parker, 1984).  One-year- old females nearly double their 
weight during t heir second year (Brown and Parker, 1984).  By the time females are 3 years 
old ( when most r each sexual maturity), they are 1.3 times heavier than the males (Brown 
and Parker, 1984). 

Habitat .  Racers can be f ound in mois t or dr y areas, abandoned f ields , open 
woodlands , mount ain meadows, rocky w ooded hillside s, grassy-bordered streams, pine 
flatwoods , roadside s, and m arshes fr om sea level to 2,150 m in elevat ion ( Behle r and King, 
1979).  Racers are partially arboreal (Behler and King, 1979; DeGraaf and Rudis , 1983). C. 
c. constrictor seems to prefer forest edges and open grassy, shr ubby ar eas (Fitch, 1963, 
1982).  In autumn, most C. constrictor move into woodlands to find r ock crevi ces in which 
to overwinter (Fitch, 1982). 

Food habi ts .  Racers are fora ging gene rali sts that actively seek their prey.  Their 
varied diet includes small mammals (e.g., mice, voles), insects, am phibians (especially 
frogs), small birds, birds' eggs, snakes, and lizards (Brown and P arker, 1982; Fitch, 1963; 
Klimstra, 1959).  In early spr ing, C.c. flaviventris feeds primarily on mammals and from 
May to October feeds primarily on insects (Klimstra, 1959).  They often capture new prey 
before fully dig esting pr eviously captured pr ey (Fit ch, 1982).  Females, which are larger 
than males, tend t o consum e a highe r propor tion of vertebr ate prey than do the males 
(Fitch, 1982).  Males tend to spend more time clim bing a mong foliage in low shr ubs and 
trees and consum ing in sects (Fitch, 1982). 

Temperature regulation and daily activities . C. constrictor is diurnal and s pends a 
good por tion of the da ylight hour s foraging (Vermersch and Kuntz, 1986).  The species is 
fast mov ing and may be encountered in almost any terrestrial situat ion (Fit ch, 1982). 
Hammerson (1987) observed California racers to bask in the sun after emer ging f rom their 
night bur rows or  crevi ces until their internal body temperature reached almost 34 ��C, after 
which t hey would begin actively fora ging.  When temperatures are moderate, racers will 
spend m uch  of their time during t he day in t he open abov e ground;  at high temperatures, 
racers may retreat unde rgr ound ( Brown and P arker, 1982).  Alt hough r acers are good 
climbe rs, they spend m ost of their time on t he ground ( Behle r and King, 1979).  When 
searc hing f or food or being pur sued, the r acer snake w ill not he si tate to climb or swim 
(Smith, 1961). 

k95 percent co nfid ence i nterval for co nstant (intercept i n log -transfo rm regressi on)  = 0.00015 to 
0.00058. 
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Hibernation .  In fall, racers move to their hibe rnacula fairly dir ectly and begin 
hibe rnation soon t hereafter (Brown and Parker, 1982; Fitch, 1963).  Racers hibe rnate in 
congr egations of tens to  hundr eds of sn akes (Brown and Parker, 1984), sometimes with 
coppe rheads and r attlesnakes, often us ing de ep rock crevi ces or aba ndoned woodchuc k 
holes (Parker and Brown, 1973).  They are am ong t he ear liest snakes to emerge from 
hibe rnation ( DeGraaf and Rudis , 1983). 

Breeding activities and social organization .  The species br eeds in t he spr ing or 
early summer.  Racers defend home territories (DeGraaf and Rudis , 1983; Smith, 1956). 
Eggs are laid in the summer in rott ing wood,  stumps, decay ing v egetable matter, or loos e 
soil and h atch a bout 2 months l ater (Behler and King, 1979; DeGraaf and Rudis , 1983). 
More than one male may mate with one female in a bree ding season.  Eggs may double in 
size be fore ha tching by absor bing water from the surr ounding soil (Fit ch, 1963). 

Home range and r esour ces. C. c. constrictor appears to have a def init e hom e range 
(Smith, 1956) and re quir es large tr acts of mixed old f ields and woodlands (M.  Klemens, 
pers. comm., cited in DeGraaf and Rudis , 1983).  Fitch (1963) described four types of 
movement depe nding on t he season and activity:  (1) those in areas where hibe rnation 
occurs (e.g., rocky ledges), (2) seasonal migrat ion b etween hibe rnation and s ummer 
range s during s pr ing and f all, (3) daily activities wit hin a hom e range during t he active 
season, and (4) wander ing m ovements dur ing which t he racer shifts its activities. 

Popul ation dens ity .  Popula tion densitie s of b etween 0.3 and 7 active snakes per 
hectare have been recorded in different habitats and areas (Fitch, 1963; Turner, 1977). 
Data on popula tion densitie s are limit ed due to the dif ficult y in accurately censusing 
snakes. 

Popul ation dyna mics .  Male racers can reach sexual maturity by 13 to 14 months, 
whereas females tend not to mature until 2 or 3 years of age (Behler and King, 1979; Brown 
and Parker, 1984).  A dult females pr oduc e at most a single clut ch each year (some may 
reproduc e only in a ltern ate years) (Fitch, 1963).  In general, the number of eggs in a clutch 
is propor tional t o the size of the female and ranges from 4 to 30 eggs (Fitch, 1963). 
Incuba tion l asts approximately 40 days to 2 months, depe nding on temperature (Behler and 
King, 1979; Smith, 1956).  Juve nile sn akes suffer highe r mortalit y rates (e.g., 80 percent) 
than adult sn akes (e.g., 20 percent) (Brown and Parker, 1984). 

Similar species (from general references) 

��	 The eastern coachw hip ( Mastic ophi s flagellum flagellum ) (black phase) is 
simila r in size and r anges fr om Nor th Carolina and south Florida to Texas, 
Oklahoma, and Kansas. 

��	 The western coachw hip ( Mastic ophi s flagellum testaceus ) is simila r in size 
to the racer.  It ranges from western Nebraska south to Mexico. 

��	 The central Texas w hips nake (Mastic ophi s taeniatus girardi ), Schott's 
whips nake (Mastic ophi s taeniatus schotti ), and Ruthv en's whipsna ke 
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(Mastic ophi s taeniatus ruthveni ) are all similar in size to the racer and are 
restricted to southern Texas and northern Mexico. 

��	 The Sonor a whips nake (Mastic ophi s bilin eatus ) can be slightly la rger (76 to 
170 cm) than the racer and is f ound f rom Ar izona sout hwest to New Mexico 
and Mexico. 

��	 The striped racer ( Mastic ophi s lateralis ) is also similar in size to the racer 
snake.  It ranges from south-central Was hington sout heast in Great Basin to 
southern New Mexico and western and central Texas, south to west-central 
Mexico. 

��	 The desert striped w hips nake (Mastic ophi s taeniatus taeniatus ) is similar to 
the central Texas w hips nake.  It ranges from northern Texas and northern 
California to Washington state. 

General references 

Behle r and King (1979); Brown and Parker (1984); Conant and Collins (1991); 
DeGraaf and Rudis (1983); Fitch (1963). 
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Racer Snake ( Coluber constrictor ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion (subspecies) Reference 

Note 
No. 

Body  Weight
(g) 

 males: 
yrs/ mm SVL 

Utah (mormon ) Brown  & Parker , 1984 

<1 266 8.3 
1 420 27.0 
2 486 41.0 
3 520 49.1 
4 541 53.4 
5 564 60.4 
6 573 61.2 

femal es: 
yrs/ mm SVL 

Utah (mormon ) Brown  & Parker , 1984 

<1 272 8.8 
1 430 28.4 
2 524 51.6 
3 575 66.2 
4 599 71.4 
5 620 79.4 
6 632 84.0 

males: 
yrs/ mm SVL 

Kansas ( flavivent ris ) Fitch, 1963 

2 615 68.2 
3 706 102.1 
4 757 139.0 
5 806 152.4 
6 827 175.9 
7 845 181.2 
8 868 217.5 

2-411 
R

acer 



Racer Snake ( Coluber constrictor ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

Range or 
(95% CI of  mean) Locat ion (subspecies) Reference 

Note 
No. 

Body  Weight
(g) 
(cont inued)

 femal es: 
yrs/ mm SVL 
2 
3 
4 
5 
6 
7 

neonat e 
215 mm SVL 

644 
810 
866 
914 
965 
974 

83.5 
149.4 
212.3 
209.6 
245.9 
251.3 

4.16 2.4 - 5.8 

Kansas ( flavivent ris ) 

Kansas ( flavivent ris ) 

Fitch, 1963 

Fitch, 1963 

Egg Weight  (g) female si ze: 
892 mm SVL 
773 mm SVL 

size NS 

5.5 
4.9 

7.8 ± 0.17 SE 

4.4 - 6.0 
4.4 - 5.2 

5.9 - 10.8 

Kansas ( flavivent ris ) 

Utah (mormon ) 

Fitch, 1963 

Brown  & Parker , 1984 

Juveni le 
Grow th Rate 
(g/d ) 

both sexes; 
0 to  10 wks 

0.116 Kansas ( flavivent ris ) Fitch, 1963 1 

Body 
Temperatur e 
(��C) 

A B sum mer 

A B sum mer 

31.8 ± 0.20 SE 

26 - 27 (mode) 

18.6 - 37.7 

15.5 - 32.4 

Utah (mormon ) 

Kansas ( flavivent ris ) 

Brown,  1973 

Fitch, 1963 

2 

Metabol ic  Rate 
(kcal /kg-d) 

M basal 
F basal 

6.78 
6.19 

est imated 3 

Food Ingest ion 
Rate (g/g-d) 

B B: spr ing 
through f all 

0.02 Kansas ( flavivent ris ) Fitch, 1982 4 

2-412 
R

acer 



Reference 

Racer Snake ( Coluber constrictor ) 

Dietar y Compos itio n Spr ing Summer Fall Winter (measur e) 
Locat ion/Habi tat 

Reference No. 
Note 

insect s 20 40 64 s Illi nois/pastures,  meadow s Klim stra, 1959 5 
smal l mammals 62 27 21 
amphibians 5 13 3 (% vol ume;  digest ive t racts) 
rept iles 7 8 -
bi rds 4 6 8 
other 2 6 4 

smal l mammals 65.7 Kansas ( flavivent ris )/ Fitch, 1963 
orthopterans 14.3  locat ions t hroughout stat e 
lizards 9.2 
snakes 4.2 (% wet wei ght ; scats and 
misc.  insect s 1.9  stomach content s) 
bi rds 3.5 
frogs 1.2 

mice 15.4 Kansas ( flavivent ris )/ Fitch, 1963 
orthopterans 4.6  woodland, grassland 
lizards 61.5 
frogs 12.6 (% wet weight ; stomach 
snakes 5.1  content s) 
cricket s 0.8 

Populat ion Age/Sex/ Range or Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Habi tat No. 

Home Range A F sum mer  1.8 Kansas ( flavivent ris )/ Fitch, 1963 
Size (ha) A M sum mer  3.0  woodland, grassland 

Populat ion A B sum mer  7.0 Kansas ( flavivent ris )/ Fitch, 1963 
Densi ty  upland prai rie, weeds, 
(N/ha)  grasses 

B B  0.32 Utah (mormon )/deser t shr ub Brown  & Parker , 1984 

2-413 
R

acer 



Begi n Peak End Locat ion (subspecies) 

Racer Snake ( Coluber constrictor ) 

Populat ion Age/Sex/ Range or Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Habi tat Reference No. 

Clutch Si ze average  16.8  7 - 31 NS (cons tricto r)/NS Fitch, 1963 6 

average  12.6  7 - 21 NS (priapus)/NS Fitch, 1963 6 

average  5.28 ± 0.24 SE  4 - 8 Utah (mormon )/deser t shr ub Brown  & Parker , 1984 

Clutches/Year 0.5 up t o 1 Kansas ( flavivent ris )/ 
woodland, grassland 

Fitch, 1963 

Days  sum mer 51 43 - 63 Kansas ( flavivent ris )/lab Fitch, 1963 
Incubat ion 

sum mer 45 - 50 Utah (mormon )/deser t Brown  & Parker , 1984 

Age at Sexual  F 2 - 3 years Kansas ( flavivent ris )/ Fitch, 1963 
Maturity  M 13 - 14 months  woodland, grassland 

Annual  B 2 yrs 58 Kansas ( flavivent ris )/ Fitch, 1963 
Mort ality  Rates  B 3 - 6 yrs 25 - 30  woodland, grassland 
(%)  B 7 yrs 38 

Longevi ty
(yr)

 A B up t o 20 Utah (mormon )/col d deser t 
 sh rub 

Brown  & Parker , 1982 

Seasonal Note 
Act ivi ty Reference No. 

Mating Apr il May June Kansas ( flavivent ris ) Fitch, 1963 

May early June NS (cons tricto r) DeGraaf & Rudis, 1983 

Apr il May Texas ( flavivent ris ) Vermersch and Kunt z, 1986 

Nest ing June Ju ly Virginia, C arolin as Marto f et a l., 1980 

June early August Texas (flavivent ris ) Vermersch and Kunt z, 1986 

Hatching late  August 

mid-late  August 

early September Kansas ( flavivent ris ) 

Utah (mormon ) 

Fitch, 1963 

Brown  & Parker , 1982 
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Racer Snake ( Coluber constrictor ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion (subspecies) Reference No. 

Note 

Hiber nation late early Apr il Kansas ( flavivent ris ) Fitch, 1963 
November 

early May Utah (mormon ) Brown  & Parker , 1982 
early Oct ober 

1 Ten-week per iod f rom hat ching t o hiber nation. 
2 Act ive snakes under nat ural  condi tions; ci ted in Brown and Parker  (1982). 
3 Est imated assum ing t emperature of 20 ��C us ing Equa tio n 3-50 (Robinson et a l., 1983) and body weights of 3- year-old  snakes f rom Fi tch (1963).
 
4 Author est imated t hat the snakes eat approxi mately four  tim es their body weight over  the 213-day act ive season f rom spr ing t hr ough f all.
 
5 Size of snakes not speci fied; capt ured within th e range of C. c. flavivent ris and C. c. priapus .
 
6 Author sum marizi ng own wor k and unspeci fied other studies.
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2.3.5. Northern Water Snake (water snakes and salt marsh snakes) 

Order Squamata , Family Colu brid ae.  Water snakes and salt marsh snakes (genus 
Nerodia) belong t o the family Colu brid ae, along w ith 84 pe rcent of the sn ake species in 
Nor th Amer ica.  Colubrids vary widely in f orm and size and c an be found in num erous 
habitats, inc luding t errestrial, arboreal, aquatic, and burrow ing.  The more aqua tic types of 
snakes in this family inc lude water snakes, salt marsh snakes, swamp snakes, brown 
snakes, and garter and r ibbon s nakes (Conant and Collins , 1991). 

Selected species 

The northern water snake ( Nerodi a sipedon s ipedon ) is largely aquatic and riparian. 
It range s fr om Maine and southe rn Quebec to  Nor th Carolina .  It also  inhabit s the uplands 
of western North Car olina and adj acent port ions of Tenn essee and Vir ginia , and it s range 
extends west to eastern Color ado (Conant and Collins , 1991).  Three additional subspe cies 
are recognized, dis tinguished by range and habi tat:  N. s. pleu ralis (midland water snake; 
range s fr om Indiana to Oklahom a and t he Gulf of Me xico and south of the mount ains to the 
Carolina s, preferr ing fast-mov ing s treams), N. s. insularu m (Lake Erie water snake; 
inhabit s islands of Put-in-Ba y, Lake Erie), and N. s. willi amengelsi (Carolina salt marsh 
water snake; inhabit s the Outer  Bank islands and m ainland c oast of Pamlico and Core 
sounds , Nor th Carolina ) (Behle r and King, 1979; Conant and Collins , 1991). 

Body size .  The northern water snake is typically 61 to 107 cm in total length 
(Conant and Collins , 1991).  Island popula tions of the species tend t o be larger than 
mainland one s (King, 1986). King (1986) estimated the relat ionship b etween snout-to-vent 
length (SVL) l and body weight for L ake Erie water snakes ( N. s. insularu m): 

weight (g) = 0 .0005 SVL (cm) 3.07 all snakes; 

weight (g) = 0 .0009 SVL (cm) 2.88 females; and 

weight (g) = 0 .0008 SVL (cm) 2.98 males. 

Kaufman and G ibbons (1975) determined a relat ionship b etween length and we ight for  bot h 
sexes of a South Car olina popula tion: 

weight (g) = 0 .0004 SVL (cm) 3.15 (± 0.12 SE) all snakes 

(95% CI for intercept = 0.00015 to 0.0011).  Immediately after emergence from hibe rnation, 
females be gin t o gain w eight and continue gaining w eight until giving bir th in l ate summer. 
Weight los s associated with parturit ion in one popula tion r anged f rom 28.2 to 45.5 pe rcent 
of the female's we ight jus t prior  to parturition (King, 1986). 

lMeasures o f SVL excl ude the ta il. Kaufman and G ibbons  (1975) esti mated that the tai l represents 
21.8 percent (± 0.010 S E) of  the total  length of  a female and 25.7 percent (± 0.006 S E) of  the 
total le ngth of  a male. 
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Habitat .  The northern water snake prefers streams but can be f ound in l akes and 
ponds and ne arby r iparian ar eas (King, 1986; Smith, 1961).  In the Car olina s and V irginia , 
they can  be found f rom mount ain l akes and streams to large coastal estuaries (Martof et 
al., 1980).  They are absent from water bodie s with soft muddy bot toms which m ay 
int erfere with foraging ( Lagle r and S alyer, 1945).  In Lake Erie, N. s. insularu m occu rs in 
shor eline habi tats where rocks or vegetat ion provide refugia (King, 1986). 

Food habi ts .  Northern water snakes consume primarily fish and am phibians and,  to 
a lesser extent, insects and small mammals (Raney and Roecker, 1947; Smith, 1961).  Diet 
varies accor ding t o the age (and size ) of the sn ake and f ood availabilit y (DeGraaf and 
Rudis , 1983).  Young s nakes forage in sha llow riffles and cobble ba rs,  prim arily waiting f or 
prey to move within r ange (l etter from K.B. Jones, U.S. Environmental Protect ion A gency 
Envir onm ental  Monitoring Systems Laboratory, to Susan B. Norton, January 6, 1992). 
Tadpole s comprise a la rge propor tion of the die t of young s nakesm in some areas (Raney 
and Roecker, 1947).  A dult s are str ong s wimmers and can swim and dive for fish 
midstream, often captur ing la rge specimens (e. g., 20 to 23 cm brown t rout ; 19 cm bullhe ad; 
20+ cm lamprey) (Lagler and Salyer, 1945).  They also tend to consume bottom-dwe lling 
fish species (e.g., suckers) (Raney and Roecker, 1947).  In New York, Brown (1958) f ound 
that N. s. si pedon consum ed the most food b etween June and August; they consumed little 
during t he remaining months prior  to hibe rnation. 

Temperature regulation and daily activities .  The northern water snake is active 
both da y and night but is most active between 21 and 27 ��C (Brown, 1958; Smith, 1961). 
During t he day, they are found in a reas that provide bask ing s ites and are not f ound in 
heavily shaded areas (DeGraaf and Rudis , 1983; Lagler and Salyer, 1945).  They may 
become inactive and seek shelter, however, if temperatures exceed 27 ��C (Brown, 1958; 
Lagler and Salyer, 1945).  They become tor pid a t temperatures less than 10 ��C (Brown, 
1958). 

Hibernation .  In autumn, the N. sipedon leaves the aquatic habitats to overwinter in 
rock crevices or in banks nearby (DeGraaf and Rudis , 1983; Fitch, 1982). 

Breeding activities and social organization .  The northern water snake breeds 
prim arily in e arly spr ing,  and t he young a re born f rom l ate summer to fall (i.e., viviparous) 
(DeGraaf and Rudis , 1983).  The rate of deve lopm ent be fore ha tching is temperature 
dependent (Bauman and Metter, 1977). 

Home range and r esour ces.  The northern water snake usually stays in the same 
area of a stream, in the same pond, or in a n adj acent pond f or several years (Fraker, 1970). 
Snakes a long s treams have larger home ranges than snakes in ponds and l akes (Fraker, 
1970).  Fraker (1970) f ound t hat for  large ponds (e. g., 1,500 to 2,000 m 2), the home range of 
an individual s nake is essentially the entire pond.  In f ish h atcheries with smaller ponds , 
individual s nakes frequent more than one pond ( Fraker, 1970). 

mSnakes less than 36 cm  in length  for th is  example. 
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Popul ation dens ity .  Popula tion densit y estimates for water snakes usually are 
expressed relative to a length of shore line .  Values fr om 34 to 380 snakes per km of 
shor eline h ave been reported for streams and Lake Erie islands (see table). 

Popul ation dyna mics .  Northern water snakes reach sexual maturity at 2 or 3 years 
of age, with males generally matur ing e arlier and a t a smaller size than females (Feaver, 
1977, cited in King, 1986; King, 1986). Clut ch size s vary fr om 5 or  10 to 50 or  60 depending 
on loc ation and on female size (see table).  The pr opor tion of females bree ding in a giv en 
year increases with increas ing female size, as does clutch size and offspr ing w eight (King, 
1986). King determined the relat ionship of li tter size to female SVL for Lake Erie water 
snakes ( N. s. insularu m): 

litter size = -12.45 + 0.41 SVL (cm). 

Feaver (1977, cited in King, 1986) determined the relat ionship f or a Michigan popula tion: 

litter size = -23.55 + 0.55 SVL (cm). 

Females pr oduc e only one clut ch per year (Beatson, 1976).  Informat ion on annua l 
survivor ship of juv enile s or  adult s was not identified in the literature reviewed. 

Similar species (from general references) 

��	 The Mis sissippi gr een water snake ( Nerodia cyclopion ) can be slightly la rger 
(76 to 114 cm) than the northern water snake and is f ound in quie t waters of 
the Mis sissippi V alley. 

��	 The blotched water snake ( Nerodia erythrogaster transversa ) is larger than 
the northern water snake (76 to 122 cm) and is f ound in western Missouri and 
Kansas to northeastern Mexico. 

��	 The nor ther n coppe rbelly ( Nerodia erythrogaster neglecta ) is larger than the 
northern water snake (76 to 122 cm) and ranges from western Kentucky to 
southeastern Illinois and t o Michigan. 

��	 The redbelly water snake ( Nerodia erythrogaster erythrogaster ) of the 
midwestern United States is close in size to the water snake.  It is best suited 
to swampy areas and s luggish s treams. 

��	 The yellowbelly water snake ( Nerodia erythrogaster flavigaster ) is found in 
the low er Mississippi V alley and adj acent areas.  Like the redbelly, it is 
similar in size to the water snake and likely to be f ound in swampy areas and 
sluggish s treams. 

��	 The banded water snake ( Nerodia fasciata fasciata ) is simila r in size , and it s 
range includes the coastal plain, North Car olina to  Mississippi. 
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��	 The broad banded water snake ( Nerodia fasciata confluens ) (56 to 90 cm) 
occurs in t he Mis sissippi Riv er delt a region in m arshes, swamps, and 
shallow waters, inc luding br ackish waters a long t he Gulf Co ast. 

��	 The Florida water snake ( Nerodia fasciata pictiventris ) is simila r in size to the 
northern water snake and ranges from the extreme southeast of Georgia to 
the southe rn tip of Florida .  It li ves primarily in sha llow fresh water habitats. 

��	 Harter's water snake ( Nerodia harteri ) is relatively small (51 to 76 cm) and is 
found in c entral Texas. 

��	 The dia mondb ack water snake ( Nerodi rhombi fer r hombi fer ) can be slightly 
longe r (76 to 122 cm) than the northern water snake and is more thick- bodie d 
than most Nerodia.  Its range extends south from the Mississ ippi V alley int o 
Mexico. 

��	 The Gulf salt marsh snake ( Nerodia clarkii clarkii ) inhabit s the Gulf Coa st 
from west-central Florida to southe rn T exas.  It is a bundant in c oastal salt 
meadows, swamps, and marshes. 

��	 The Atlantic salt marsh snake ( Nerodia clarkii taeniata ) is restricted to 
Volusia Count y along t he Atlantic Co ast of north Florida . 

��	 The mangrove salt marsh snake ( Nerodia clarkii compressicauda ) is small 
(38 to 76 cm) and inhabit s the mangrov e swamps of Florida 's low er coasts. 

Dietary differences are evident am ong t hese species.  Mushinsky et al. (1982) f ound 
in Louisiana for ested wetlands that N. erythrogaster and N. fasciata change from a diet of 
fish to one dominated by frogs when they exceed an SVL of 50 cm. N. rhombi fer  and N. 
cyclopion , on t he othe r hand,  consum e prim arily fish thr oughout their  lives, alt hough t he 
species and size composition of their  die t change s as they grow la rger (Mushin sky et al., 
1982). As N. rh ombifer exceeds 80 cm SVL, it be gins to  prey upon la rger fish that oc cupy 
deeper open-water habitats. N. cyclopion eats a larger pr opor tion of centrarchid f ish as it s 
body size inc reases.  In a study of the diet of N. rhombi fer , Plummer and Goy (1984) f ound 
a rela tionship b etween the SVL of the snakes and the standard length (SL) of the fish prey 
(defined as 80 percent of total length): 

SLfish (cm) = -5.9 + 0.23 SVL snake (cm) for males, and 

SLfish (cm) = -3.6 + 0.17 SVL snake (cm) for females. 

The regr ession line s are not signific antly di fferent, however. 

General references 

Behle r and King (1979); Conant and Collins (1991); DeGraaf and Rudis (1983); King 
(1986). 
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Water Snake ( Nerodia sipedon ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion (subspecies) Reference No. 

Body  Weight 
(g) 

A B 

J B 1 y r 
J B 2 y r 
J M 3 yr 
A B 5 - 6 y r 

207 

7.0 ± 2.3 SD 
29.0 (N = 2) 
53.2 (N = 1) 
210.0 ± 65 SD 

up t o 480 

5.3 - 10.4 
25.2 - 32.7 

114 - 255 

Kansas 

New Yor k (sipedon ) 

Fitch, 1982 

Brown,  1958 

neonat e B 4.8 3.6 - 6.6 Ohio, Ont ario (insu laru m) King, 1986 

Lengt h 
(mm) 

A M 
A F 

620 SVL 
745 SVL 

Ohio, Ontari o (insu laru m) King, 1989 1 

J B 1 y r 
J B 2 y r 
J M 3 yr 
A B 5 - 6 y r 

285 total 
496 total 
607 total 
868 total 

New Yor k (sipedon ) Brown,  1958 2 

neonat e 181 SVL 125 - 210 SVL Ohio, Ontari o (insu laru m) King, 1986 1 

Juveni le J 1 yr 0.18 ± 0.08 SD 0.13 - 0.27 New Yor k (sipedon ) Brown,  1958 
Growth  Rate J 2 yr 0.42 0.40 - 0.45 
(g/d) J 3 yr 0.80 

Metabol ic  B rest ing: Oklahoma, Nerodi a Gratz & Hut chinson, 1977 
Rate  15��C 0.607 ± 0.035 SE 0.39 - 0.94 rhombi fera 
(lO /kg-d)2 2 5��C 3.29 ± 0.10 SE 2.81 - 4.44 (similar s pecies) 

35��C 7.33 ± 0.23 SE 5.70 - 9.99 

Food J B 1 y r 0.088 New Yor k (sipedon ) Brown,  1958 3 
Ingest ion Rat e J B 2 y r 0.043 
(g/g-d) J M 3 yr 0.043 

A B 5 - 6 y r 0.061 

Surface Area 
(cm )2 

155 mm SVL 131.16 Arkansas, Nerodi a 
r hombi fera (simila r 
species) 

Baeyens & Rount ree, 1983 
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Locat ion (subspecies) / 
Habi tat 

Water Snake ( Nerodia sipedon ) 

Dietar y Compos itio n Spr ing Summer Fall Winter Habi tat (measur e) 
Locat ion (subspecies) / 

Reference No. 
Note 

Esoc idae 7.0 Georgia/a quatic (N S) Camp et a l., 1980 
Catostom idae 22.5 
Percid ae 15.7 (% wet vol ume; 
Proteidae 51.9  stomach content s) 
Cypr inid ae 1.5 
Centrarc hidae 0.3 season not speci fied 
craw fish 1.5 

trout 64 n lower Mi chi gan/str eams Alexander , 1977 4 
non- trout  fish 7 
unident ifie d f ish 1 (% wet weight ; 
Crustacea 1  stomach content s) 
Amphibi a 14 
birds  & mamma ls 12 
unident ified 1 

minnows 9.1 n lower  Michi gan/lakes Brown, 1958 5 
darte rs 1.4 
Amphibi a 52.8 (% vol ume;  stomach 
scul pin (C ottidae) 2.2  content s) 
trout per ch 2.8 
(Percopsi s) 14.1 
game fishes ( Perca) 17.4 
burbot  (Lota) 0.3 
catfish ( Ictalur idae) 

Populat ion Age/Sex/ Note 
Dynamics Cond. /Seas. Mean Range Reference No. 

Populat ion  A B 138 22 - 381 Ohio, Ontario (insu laru m)/ King, 1986 
Densi ty  Lake Er ie isla nds 
(N/km shore)  B B mer sum 34 - 41 Kansas ( sipedon )/stream Beatson, 1976 
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Begi n Peak Locat ion (subspecies) 

Water Snake ( Nerodia sipedon ) 

Populat ion Age/Sex/ Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean Range Habi tat Reference No. 

Li tter  Size 11.8

20.8 ± 8.2 SD

22.9

33

 4 - 24 

 6 - 34 

 9 - 50 

 13 - 52 

Michi gan (sipedon )/ponds, 

Ohio, Ontari o (insu laru m)/ 

Ohio, Ontari o (insu laru m)/ 

Illi nois ( pleura lis )/NS 

marshes 

Lake Er ie isla nds 

Lake Er ie isla nds 

Feaver, 1977 

Camin & Ehr lic h, 1958 

King, 1986 

Smith, 1961 

6 

Li tters/Y ear 1 cent ral Missour i Bauman & Metter,  1977 
(sipedon )/fis h ha tchery 

1 Kansas ( sipedon )/stream Beatson, 1976 

Days Gestat ion 58 cent ral Missour i 
(sipedon )/fis h ha tchery 

Bauman & Metter,  1977 

Age at Sexual  F 34 mo Michi gan (sipedon )/ponds, Feaver, 1977 6 
Maturity (d )  M 23 - 24 mo  marshes 

F 3 yrs Ohio, Ont ario (insu laru m)/ King, 1986 
M 2 yrs  Lake Er ie isla nds 

Length at  F 476 - 649 Michi gan (sipedon )/ponds, Feaver, 1977 6 
Sexual  M 375 - 425  mars hes 
Maturity 
(mm SVL)  F 590 Ohio, Ontario  (insu laru m)/ King, 1986 

M 430  Lake Er ie isla nds 

Seasonal Note 
Act ivi ty End Reference No. 

Mating Apr il - May Kansas ( sipedon ) Smith,  1956 
May Michigan ( sipedon ) Feaver, 1977 6 

mid-May mid-J une cent ral Missour i (sipedon ) Bauman & Metter,  1977 
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Hibernation 

Water Snake ( Nerodia sipedon ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion (subspecies) Reference No. 

Note 

Partur ition late August September Illin ois ( sipedon ) Smith,  1961 
mid-August late September Ohio, Ont ario (insu laru m) King, 1986 

late  summer Virg inia, Ca rolin as (sipedon ) Martof e t al., 1980 

mid-October mid-A pr il Ohio, Ontario  (insu laru m) King, 1986 
November late March Michigan ( sipedon ) Feaver, 1977 6 

1 SVL = snou t-to-v ent length, wh ich excludes t he tail  beyond t he vent .
 
2 Total = t otal le ngth,  from nose t o ti p of  tail.
 
3 Snakes i n capt ivi ty; m ean temperatures = 23 ��C.  Snakes f ed f ish (one f ed f rogs) .
 
4 Col lected whenever  they wer e found;  thought  to  be act ive in area f rom May to  September .
 
5 Months of col lect ion and si ze of snakes not speci fied.
 
6 Cited in King (1986) .
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2.3.6. Eastern Newt (salamanders) 

Order Caudata , Family Salamandridae . Notophtha lmus , the genus comprising t he 
eastern newts, inhabit s eastern North America.  A different genus, Taricha , comprises the 
western newts a long t he Pacific coast of North America. Unlik e othe r sal amanders, the 
skin of newts is r ough textured, not slimy.  Eastern newts are primarily aquatic; western 
newts are terrestrial.  The life cycle of eastern newts is complex.  Females deposit their 
eggs into s hallow sur face waters.  After hatc hing,  the la rvae remain aquatic for 2 to several 
months be fore transforming into brightly color ed terr estrial forms, called efts (Healy, 1974). 
Postlarval migr ation of efts from ponds to  land may take place from July thr ough 
November, but tim ing v aries between popula tions (Hurlbe rt, 1970).  Efts live on land (forest 
floor ) for 3 to 7 years (Healy, 1974).  They then return to the water and assume a dult 
characteristics.  In cha nging f rom an eft to an a dult , the n ewt deve lops fins and t he skin 
change s to  permit aqua tic respir ation (Smith, 1961).  Occas ionally n ewts omit the 
terrestrial eft stage, especially in the species located in the southeast coastal plain ( Conant 
and Collins , 1991) and a long t he Massachusetts coast (Healy, 1974).  These aquatic 
juveniles have the same adaptat ions (i.e., smooth s kin and f lattened tail) as the aquatic 
adults but are not sexually mature (Healy, 1973). Under favorable c onditions , adult s are 
permanently aquatic; however, adults may migrate to land after bree ding due to  dry ponds , 
high water temperatures, and low oxygen tens ion (Hurlbe rt, 1969).  The life cycle of 
western newts does not inc lude the eft stage ( Conant and Collins , 1991). 

Selected species 

The eastern newt ( Notophtha lmus virid escens ) has both aquatic and terrestrial 
forms.  The aqua tic adult is usually yellowish-brown or oli ve-green to dark brown above, 
yellow below .  The land-dw elling eft is orange-red to re ddish-brown,  and it s skin cont ains 
tetr odotoxin,  a neurotoxin and pow erful emetic.  There are four subspecies of eastern 
newts: N. v. virid escens (red-spotted newt; ranges from Nova Scotia west to Great Lakes 
and south to the Gulf states), N. v. dorsalis (broken-striped newt; ranges a long t he coastal 
plain of the Ca rolin as), N. v. louisianensis (central newt; ranges from western Mic higan t o 
the Gulf), and N. v. piaropicola (peninsula n ewt; restricted to pe ninsula r Florida ) (Conant 
and Collins , 1991).  Neoteny n occurs comm only in t he peninsula and brok en-striped newts. 
In the central newt, neoteny is frequent in the southeastern coastal plain.  In the red-
spotted newt, neoteny is rare ( Conant and Collins , 1991). 

Body size .  Adult eastern newts usually are 6.5 to 10.0 cm in total length ( Conant 
and Collins , 1991).  In North Car olina , N. v. dorsalis efts ranged from 2.1 to 3.8 cm snout-to
vent length (SVL), which excludes the tail, and adults ranged from 2.0 to 4.4 cm SVL 
(Harris, 1989; Harris et al., 1988).  Healy (1973) f ound aqua tic juv enile s 1 year of age to 
range fr om 2.0 to 3.2 cm SVL.  A dult eastern newts we igh approx imately 2 to 3 g (G ill, 1979; 
Gillis and Br euer, 1984), whereas the efts generally we igh 1 to 1.5 g (Bur ton, 1977; Gillis 
and Breuer, 1984). 

nNeotenic newts are mature and capable of reproduction but retain the larval form, appearance, 
and habits (Conant and Co llin s, 1991). 
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Habitat .  Larval and adult eastern newts are f ound in ponds , especially thos e with 
abundant subm erged v egetation,  and in weedy areas of lakes, marshes, ditches, 
backwaters, and pools of shallow slo w-mov ing s treams or other unpollut ed shallow or 
semipermanent water.  Terrestrial efts inhabit mixed and de ciduous for ests (Bis hop, 1941, 
cited in Sousa, 1985) and are f ound in mois t areas, typically unde r damp l eaves, brush 
pile s, logs , and s tumps,  usually in wooded habi tats (DeGraaf and Rudis , 1983).  Adequate 
surface litter is important, especially dur ing dr y periods , because efts se ldom bur row 
(Healy, 1981, cited in Sousa, 1985). 

Food habi ts .  Adult eastern newts are oppor tunis tic pr edators that pr ey unde rwater 
on worms, insects and their larvae (e.g., mayfly, ca ddis fly, midge , and m osquito la rvae), 
small crustaceans and m ollu scs, s pide rs, amphibian eggs , and o ccas ionally small fish. 
Newts capture prey at the surface of the water and on the bottom of the pond,  as well a s in 
the water c olumn (Rie s and Bellis , 1966).  The shed skin (exuvia) is eaten and may 
comprise greater than 5 percent of the total we ight of food items of both the a dult and e ft 
diets (MacNamara, 1977).  Snails are an important f ood sour ce for the terr estrial eft 
(Burton, 1976).  Efts feed only during r ainy su mmer per iods (Behle r and King, 1979; Healy, 
1973).  Healy (1975) noted that in late August and September, efts often were f ound 
clustered ar ound decay ing m ushr oom s feeding on adult and la rval  dipt erans.  In a nor thern 
hardwood he mloc k for est in New York, MacNamara (1977) f ound t hat most pr ey of adult 
migrants and immature efts were from the uppe r li tter layer, s oil s ur face, or low vegetat ion. 

Temperature regulation and daily activities .  Adult n ewts are often seen fora ging in 
shallow water, and efts are often f ound in la rge numbe rs on t he for est floor after it rains 
(Behle r and King, 1979).  Efts may be f ound on t he open f orest floor even dur ing da ylight 
hour s (Conant and Collins , 1991), but they rarely emerge if the air temperature is below 
10��C (Healy, 1975). 

Hibernation.  Most adults remain active all winter unde rwater on pond bot toms or in 
streams (DeGraaf and Rudis , 1983).  Some adults overwinter on land (Hurlbert, 1970) and 
migrate to ponds during t he spr ing t o breed (Hurlbe rt, 1969).  If the water body freezes to 
the bottom, adults may be forced to hibe rnate on land or to migrate to another pool (Smith, 
1956).  Efts hibe rnate on land, burrow ing unde r logs and debris .  Hurlbe rt (1969) observed 
that efts migrated to ponds for the first time in t he spr ing and f all. 

Breeding activities and social organization .  In south-central New York, bree ding 
takes place in late winter or early spr ing, usually in l akes, ponds , and swamps (Hurlbert, 
1970).  Ovulat ion and egg deposition oc cur  over an extended per iod ( McLaughlin a nd 
Humphries, 1978).  Females overwinter ing on land c an store sperm for at l east 10 months 
(Massey, 1990).  Spaw ning unde rwater, the female deposits eggs s ingly on l eaves of 
subm erged plant s, hiding and w rapping each in vegetat ion ( Gibbons and Semlitsch, 1991; 
Smith 1956).  The time to hatc hing depends on temperature (DeGraaf and Rudis , 1983). 
Smith (1961) f ound t ypic al incuba tion pe riods to  be 14 to 21 d ays in Illinois , wher eas the 
incuba tion pe riod obs erved  by Behle r and King (1979) was 21 to 56 days. 

Growth and metamor phos is .  In late summer or early fall, the larvae transform into 
either aquatic juveniles or terrestrial efts (Behler and King, 1979).  Harris (1987) showed 

2-430 Eastern Newt 



that low larval density stimulated neoteny in larvae unde r exper imental conditions .  Larval 
growth rates were highe r in ponds with  low la rval  densitie s (Harris, 1987; Morin et al., 
1983).  Growth rates for aquatic juve nile s are high est in the spr ing; however, maximum 
seasonal growth for the terrestrial efts occurs between June and September when the 
temperature is optimal for active fora ging ( Healy, 1973). 

Home range and r esour ces.  For  adult n ewts, Be llis (1968) found t he mean distance 
between capture and recapture sites to be a bout 7 m,  indi cating small home ranges.  Harris 
(1981, cited in DeGraaf and Rudis , 1983) did not find a ny de fined hom e range or  any 
territoriality for males.  Most efts ar ound a pond in P enns ylvania remained w ithin 1 .5 m of 
the shor e (Bellis , 1968).  Healy (1975) estimated the home range for terrestrial efts in a 
Massachusetts w oodland t o be 270 m2 and located approximately 800 m from the ponds 
where the adults and larvae were located. 

Popul ation dens ity .  Popula tions of aqua tic adult s may reach high loc al densitie s, 
whereas terrestrial efts ex hibit low er popula tion densitie s.  Recorded  popula tion densitie s 
for terrestrial efts range from 34 per hectare (ra nging f rom 20 to 50 efts per hectare) in a 
Nor th Carolina mixed  deciduous for est (Shure et al., 1989) to 300 per hectare in a 
Massachusetts w oodland ( Healy, 1975).  Harris et al. (1988) observed a density of 1.4 a dult 
newts per m 2 (14,000 adult n ewts per hectare) in a sha llow pond in Nor th Carolina in t he 
winter, whereas the summer popula tion densit y was only 0.2 adult s per m2 (2,000 adult s 
per hectare). 

Popul ation dyna mics .  Many popula tions of the eastern newt reach sexual maturity 
when the eft stage returns to the water and changes to the a dult form (Healy, 1974). 
However, unde r certain conditions such as low la rval  densit y, most of the la rvae present 
have been shown to metamorphose directly into adults or even into sexually mature larvae 
(Harris, 1987).  In experimental ponds , densitie s of 22 la rvae per m 2 resulted in 
metamor phosis to eft by the majority, w hile a densit y of 5.5 la rvae per m 2 resulted in 
metamor phosis dir ectly to the a dult form or sexual maturat ion w ithout metamor phosis 
(Harris, 1987).  A dult densit y also  influe nces repr oduc tion.  Morin e t al. (1983) found t hat 
doubling adult densit y result ed in a reduc tion of offspr ing produc ed to  one-quarter that 
produced by adults at the lower density (i.e., from 36 offspr ing pe r female in tanks 
cont aining 1 .1 females per m 2 to 9.7 offspr ing pe r female in tanks conta ining 2 .2 females 
per m 2).  The adult lif e expectancy noted by G ill (1978b) was 2.1 bree ding seasons for 
males and 1 .7 breeding seasons for females.  Am phibian blood l eeches (ectoparasites) are 
likely to be a primary source of mortality for adults; they also prey directly on larvae (G ill, 
1978a). 

Similar species (from general references) 

��	 The black-spotted newt ( Notophtha lmus meridi onalis ) is simila r in size (7.5 
to 11.0 cm) to the eastern newt.  It has large black spots and is f ound in 
south Texas in ponds , lagoons , and swamps.  There is no eft stage. 

��	 The striped newt ( Notophtha lmus pe rstriatus ) is smaller (5.2 to 7.9 cm) than 
the eastern newt and ranges from southern Georgia to central Florida .  It is 
found in a lmost any body of shallow , standing water. 
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��	 The western newts ( Taricha ) are found along t he Pacific coast.  They do not 
unde rgo t he eft stage but rather transform into land-dwe lling adult s that 
return to the water at bree ding t ime. 

��	 Other small s alamande rs are simila r but vary by ha ving slim y skin a nd 
conspicuous co stal grooves. They differ in life history, however; in the family 
Plethudont idae, all are lungl ess and breathe thr ough thin,  mois t skin.  Many 
are completely terrestrial. 

General references 

Behle r and King (1979); Conant and Collins (1991); DeGraaf and Rudis (1983); 
Hurlbert (1969); Smith (1961). 
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Eastern Newt ( Notophthalmus viridescens ) 

Factor s 
Age/Sex/ 
Cond. /Seas. Mean 

(95% CI of  mean) 
Range or 

ion (subspecies) Locat Reference 
Note 
No. 

Body  Weight adul t: 
(g)  B 2.24 ± 0.71 SD 1.12 - 3.52 New York Gillis  & Breuer, 1984 

F preb reed 3.05 ± 0.06 SE Virginia Gill, 1979 
F post breed 2.49 ± 0.06 SE 
M prebreed 2.49 ± 0.03 SE 
M post breed 2.76 ± 0.03 SE 

B spr ing 1.71 ± 0.43 SD Massachuset ts Pitkin,  1983 
B sum mer 2.13 ± 0.44 SD 
B winter 1.94 ± 0.33 SD 
B fall 

larvae: 

1.63 ± 0.28 SD 

12.8 mm SVL 0.04 ± 0.025 SD South Car olina Taylor  et al., 1988 
21.9 mm SVL 

eft: 

0.54 ± 0.167 SD 

B 1.10 ± 0.40 SD 0.42 - 1.82 New York Gillis  & Breuer, 1984 

B 1.45 New Hampshi re 
(vi ridescens ) 

Burton, 1977 

B summer 1.23 0.63 - 2.17 
New Yor k 

Stefanski et a l., 1989 
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Eastern Newt ( Notophthalmus viridescens ) 

Range or 
Age/Sex/ (95% CI of  mean) Note 

Factor s Cond. /Seas. Mean ion (subspecies)Locat Reference No. 

Lengt h adul t: 
(mm SVL)  M 35.0 24 - 44 North Carolin a (dorsal is ) Harris  et al., 1988 

F 35.0 20 - 42 

B sum mer 

juven ile : 

38.9 33 - 48 New Yor k MacNamara, 1977 

B spr ing 

larvae: 

26.1 ± 0.35 SE 20 - 32 Massachuset ts (vi ridescens ) Healy, 1973 

B spr ing 12.3 s Illi noi s Brophy , 1980 
B fall 19.2 

eft: 
B (mm total) 50.4 ± 0.5 SE North Carolin a (dorsal is ) Harris  et al., 1988 

B spr ing 20.5 Massachuset ts (vi ridescens ) Healy, 1973 

B sum mer 32.7 18 - 41 New Yor k MacNamara, 1977 

Larval  Growth high densi ty: North Carolina Harris, 1987 
Rate (g/d)  -> efts 0.00310 high densi ty:  55,000/ha 

-> adul ts 0.00421 
-> neonat es 0.00536 

low densi ty: 
1 

-> efts 0.00635 low  densi ty:  220/ha 
-> adul ts 0.00685 
-> neonat es 0.00676 1 

Metabo lic efts  at 15��C: New York Stefanski et a l., 1989 
Rate  rest ing 1.47 
(lO /kg-d)2 act ive 4.27 
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Spring Sum mer 

Eastern Newt ( Notophthalmus viridescens ) 

Range or 
Age/Sex/ (95% CI of  mean) Note 

Factor s Cond. /Seas. Mean ion (subspecies) Locat Reference No. 

Metabol ic  Rate basal : 
(kcal /kg-d)  A M post breed 16.2 est imated 2a 

A F post breed 16.7 
larvae (12.8 mm) 43.5 est imated 2b 
eft (71.0 mm) 20.1 est imated 2c 

Food Ingest ion 3 
Rate (g/g-d ) 

Surface Area 
(cm ) 2 

A M 
A F 

17 
15 

est imated 4 

Locat ion (subspecies) / Note 
Dietar y Compos itio n Fall Winter Habi tat (measur e) Reference No. 

aquat ic adul ts: New Hampshi re Burton, 1977 
Epheme roptera 7.5 7.5  (vi ridescens )/smal l 
Odonat a 31.9 1.9  ol igot rophic lake 
Lepidopter a 13.7 0.9 
Dipter a 5.8 0.3 (% wet wei ght ; stomach 
other  insect s 9.9 0.6  and gut content s) 
Cladocerans 5.1 84.1 
Amphipoda 5.6 3.1 
Pelycepoda 6.2 1.5 
N. viridescens 

larv ae 11.4 0.0 
other 3.2 0.1 
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Eastern Newt ( Notophthalmus viridescens ) 

Dietar y Compos itio n Spr ing Summer Fall Winter Habi tat (measur e) 
Locat ion (subspecies) / 

Reference No. 
Note 

efts : New Yor k/leaf litter MacNamara, 1977 
Basom matophor a 5.5  sur face in for est 
Stylommatophor a 18.3 
Acar i 13.8 (% dry wei ght ; stomach 
Collembola 10.4  conten ts ) 
Thysanopter a 3.4 
Homoptera 4.7 
Coleoptera adult 2.3 
Coleoptera l arvae 3.5 
Lepidoptera l arvae 7.9 
Diptera adul t 9.7 
Diptera l arvae 10.6 
Hymenoptera adul t 5.8 

larvae: New Hampshi re Burton, 1977 
Zygoptera ( Odonat a) 0.8  (vi ridescens )/smal l 
Chironom idae 
(Diptera ) 

16.2  ol igot rophic lake 

Cladocer a 12.7 (% wet wei ght ; stomach 
Ostracoda 5.3  and gut content s) 
Hyallela  azteca 
(Amphipoda) 

55.1 

Sphaer ium sp. 
(Pelycepoda) 

9.4 

Planorbidae 
(Gastropoda) 

0.5 

Rhizopoda ( Protozo a) 0.01 
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Eastern Newt ( Notophthalmus viridescens ) 

Populat ion Age/Sex/ Range or Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Habi tat Reference No. 

Home Range eft: 
Size  B 

adul t: 

0.0087 ha 0.0028 - 0.0153 Massachuset ts 
(vi ridescens )/ 
oak/pine f orest 

Healy, 1975 

summer 6.86 m Pennsylvan ia 
(vi ridescens )/pond 

Bellis , 1968 5 

Populat ion A B ent ire l ake 130 - 173 New Hampshi re Burton, 1977 
Densi ty A B f ringe onl y 50 - 2,600  (vi ridescens )/smal l 
(N/ha)  ol igot rophic lake 

A winter 50,000 ± 9,000 SE North Carolin a (dorsal is )/ Harris  et al., 1988 
A sum mer 3,000 ± 1,000 SE  shal low pond 

eft spr ing 300 Massachuset ts Healy, 1975 
(vi ridescens )/ 
oak/pine f orest 

eft s ummer 34 20 - 50 North  Carolin a Shure et a l., 1989 
(vi ridescens )/mixed 
deciduous f orest 

larvae spr ing 21,000 0 - 350,000 South Car olin a/pond, 
wetland 

Taylor et  al., 1988 

larvae spr ing 65,000 ± 15,000 SE North Carolin a (dorsal is )/ Harris  et al., 1988 
summer 25,000 ± 5,000 SE  shal low pond 
fall 10,000 ± 3,000 SE 

Clutch Si ze 
(eggs) 

200 - 400 NS/NS Behler & King, 1979 

Days to  Hatching 14 - 21 Illi nois/NS Smith, 1961 

21 - 56 NS/NS Behler & King, 1979 
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Begi n Peak 

Eastern Newt ( Notophthalmus viridescens ) 

Populat ion Age/Sex/ Range or Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Habi tat Reference No. 

Age at 
Metamor phosi s 

larvae -> eft 2 - 3 mo 

6 mo 

Illi noi s 
(louisianensi s)/NS 

Massachuset ts 

Smith,  1961 

Healy, 1974 

eft ->  adult 1 - 3 yrs 

(vi ridescens )/inla nd 
ponds 

South Car olin a/ponds 
Gibbons & Sem lit sch, 
1991 

Age at Sexual 
Maturity

3 - 7 years ef t 5 - 6 yrs 4 - 8 Massachuset ts 

( vi ridescens )/inla nd 
ponds 

Healy, 1974 

no ef t stage 2 yrs  coastal ponds 

Annual A F 54.1 - 59.5 Virginia/ mountain ponds Gill, 1978a 
Mort ality  Rates A M 45.8 - 53.1 
(%) 

Longevi ty A F 1.7 Virginia/m ountain ponds Gill, 1978b 
(breeding A M 2.1 
seasons) 

Seasonal 
Act ivi ty End Locat ion erence Ref No. 

Note 

Mating/Lay ing Februar y  Apr il - May South Car olina Gibbons & Sem lit sch, 
March 1991 

April June North  Carolin a Harris  et al., 1988 

Hatching June Virginia Gill, 1978a 

late  April North  Carolin a Harris  et al., 1988 

spr ing NS Behler and King, 1979 
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Metamor phosi s 
to  eft 

Fall Migrat ion 
(of adul ts to 
hiber naculae) 

Spr ing Migrat ion 
(of adul ts to 
breeding ponds) 

Eastern Newt ( Notophthalmus viridescens ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion erenceRef No. 

Note 

June September South Car olina Gibbons & Sem lit sch, 
1991 

mid-August late November Virgini a Gill, 1978a 

mid-Jul y August  - Sept. early November New Yor k Hur lbert, 1970 

August  - Sept. November Virgini a Gill, 1978a 

late March late Apr il Virgini a Massey , 1990 

1 "Neonates" r efers to  newts that becom e sexual ly mature in th e larval  form (i.e.,  neoteny ). 
2	 Est imated assum ing t emperature of 20 ��C us ing Equa tio n 3-50 (Robinson et a l., 1983) and post breeding body weights f rom (a) Gill ( 1979); (b) 

Taylor et al . (1988); and (c) Gillis  and Breuer ( 1984).  The values f or th e larvae should be used wi th  caut ion because t hese ani mals are smal ler 
than any used t o develop t he allometric  equat ions. 

3 See Chapt ers  3 and 4 f or met hods of est imating food ingest ion r ates f rom metabol ic rate  and diet . 
4 Est imated using Equat ion 3-26 (Whitford  and Hut chinson, 1967) and post breeding body weights f rom Gill, 1979. 
5 Mean distance bet ween capt ure  and recapt ure  si tes, suggest ing smal l home r ange si ze. 
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2.3.7. Green Frog (true frog family) 

Order Anur a, Family Ranida e.  These are typical frogs with a dult s being t ruly 
amphibious , living a t the edge of water bodie s and e nter ing t he water to catch prey, flee 
dange r, and s pawn (Behle r and King, 1979).  This profile covers me dium -sized r anids .  The 
next profile (Sect ion 2 .3.8) covers la rge ranids . 

Selected species 

The green frog ( Rana clamitans ) is usually found ne ar shallow fresh water 
thr oughout much  of eastern North America.  Two subspecies are rec ognized: R. c. 
clamitans (the bronze fr og;  range s fr om the Ca rolina s to  nor ther n Florida , west to eastern 
Texas, and north a long t he Mis sissippi V alley to the mouth of the Ohio Riv er) and R. c. 
melanota (the green frog; ranges from southeastern Canada to North Car olina , west to 
Minne sota and O klahom a but rare in m uch  of Illinois and Indiana , int roduc ed into Britis h 
Columbia , Washington,  and Ut ah) (Conant and Collins , 1991). 

Body size .  The gr een fr og is a medium -sized r anid usually b etween 5.7 and 8.9 cm 
snout-to-vent length (SVL) ( Conant and Collins , 1991; Martof et al., 1980).  Its growing 
period is prim arily confined t o the pe riod b etween mid May and mid September (Martof, 
1956b).  Females are usually larger than males (Smith, 1961).  A dult s typic ally weigh 
between 30 and 70 g (Wells, 1978).  Hutc hinson e t al. (1968) developed a n allo metric 
equation r elating gr een fr og s ur face area (SA in cm) to body weight (Wt in gr ams): 

SA = 0.997 Wt0.712 . 

This equa tion a lso  is pr esented in Chapter 3 as Equat ion 3-25. 

Habitat .  Adult gr een fr ogs liv e at the mar gins of pe rmanent or semipermanent 
shallow water, spr ings , swamps, streams, ponds , and l akes (Wells, 1977).  Martof (1953b) 
found gr een fr ogs prim arily to  inhabi tat the banks of streams.  They also can be f ound 
among r otting debris of fallen t rees (Behler and King, 1979; Conant and Collins , 1991). 
Juveniles prefer shallower aquatic habitats with denser vegetat ion t han thos e preferred by 
adults (Martof, 1953b).  McA lpine and Dilwor th (1989) observed that green frogs inhabit ed 
aquatic habitats a bout two-thirds of the time and t errestrial habitats the rema ining t ime. 
Similarly, Martof (1953b) f ound t hat the gr een fr og r elies on t errestrial habitats for fee ding 
and aquatic habitats for refuge from desiccat ion, temperature extremes, and enemies. 
Ponds us ed by gr een fr ogs are usually more pe rmanent than thos e used by othe r anur an 
species (Pough and K amel, 1984). 

Food habi ts .  Adult R. clamitans are terrestrial feeders am ong shor eline vegetation. 
They consume insects, worms, small fish, crayfish, other crustaceans, newts, s pide rs, 
small f rogs , and mollu scs.  Stewart and Sa ndison (1973) found t hat terr estrial beetles often 
are their most impor tant food i tem but noted that any locally a bundant in sect a long t he 
shor eline may be consumed in large numbers.  There is a pr onounc ed reduc tion in food 
consumption during t he br eeding pe riod f or  both m ales and females (Mele, 1980).  During 
the br eeding season, males spend most of their energy defe nding br eeding t erritories, and 
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females expend their energy pr oducing eggs (Wells , 1977).  Fat reserves ac quir ed during 
the pr ebreeding pe riod c ompen sate for reduced f ood in take dur ing t he br eeding pe riod 
(Mele, 1980).  Jenssen and Klimstra (1966) f ound t hat gr een fr ogs consum e most of their 
food in t he spr ing and eat little dur ing t he wint er.  Food eaten in the spr ing,  summer, and 
fall consists mostly of terrestrial prey, whereas winter f ood is compos ed mostly of aqua tic 
prey (Jenssen and Klimstra, 1966).  Juveniles (sexually immature frogs) eat a bout half the 
volum e of food a s do adult s ov er the cour se of a year (Jenssen and Klimstra, 1966). 
Tadpole s are he rbivorous (DeGr aaf and Rudis , 1983).  Green frogs eat their cast skins 
following molting;  the cast ing of skin is frequent during mids ummer (Hamilton, 1948). 

Temperature regulation and daily activities .  Martof (1953b) f ound t hat the gr een 
frog's activity per iod v aries by fr og size , with  larger fr ogs being prim arily noc turnal, small 
frogs being diurnal,  and middl e-sized f rogs (5 to 7 cm SVL) being equally active dur ing da y 
and night . 

Hibernation .  Adult gr een fr ogs ov erwint er by hibe rnating unde rgr ound or 
unde rwater from fall to spr ing ( Ryan, 1953).  Martof (1956a) observed frogs hibe rnating in 
mud and debris at the bottom of streams approximately 1 m deep.  Jenssen and Klimstra 
(1966) noted that a dult s usually hibe rnate in restricted chambers wit hin r ock pile s or 
beneath plant debris, w hile juv enile s are more o ften found in lo cations with access to 
passing pr ey.  The fr ogs begin emerging w hen the mean daily temperature is a bout 4.4 ��C 
and the maximum temperature is a bout 15.6 ��C for 3 to 4 days (Martof, 1953b).  Juve nile 
frogs enter and e xit hibe rnation after a dult fr ogs (Martof, 1956a). 

Breeding activities and social organization .  Green fr ogs br eed fr om spr ing t hrough 
the summer, spawning a t night (Smith, 1961; Wells, 1976).  Female green frogs stay in 
nonbr eeding habi tat until it is time to spawn (Martof, 1956a).  In preparat ion f or  breeding, 
males esta blish t erritories ne ar shor e that serve as ar eas for sexual display and as 
defended oviposition s ites (Wells, 1977).  Males esta blish c alling s ites wit hin t heir 
territories where they attempt to attract females (Wells, 1977).  Females visit male 
territories to mate and lay their egg masses.  The masses are contained in films of jelly and 
are deposited in emergent, float ing, or  subm erged v egetation;  they h atch in a bout 3 to 6 
days (Behler and King, 1979; Martof, 1956a; Ryan, 1953).  A dult s are solit ary during non-
breeding pe riods (Smith, 1956). 

Tadpol e and metamor phos is .  In the southe rn part of their range , green fr og 
tadpole s metamor phose into frogs in the same season in which they hatched, w hile in t he 
northern part, 1 or 2 years pass before metamor phosis (Martof, 1956b).  Tadpole s that 
hatch from egg masses laid in the spr ing usually metamor phos e that fall,  while thos e 
hatching f rom su mmer-laid eggs typically overwinter as larvae and metamorphose the 
following s pr ing ( Pough and K amel, 1984).  Ryan (1953) f ound t hat most tadpole s are 2.6 to 
3.8 cm SVL at the time of transformation.  Thos e that transform in l ate June or early July 
grow rapidly , adding 1 .4 to 2.0 cm SVL  in t he first 2 months and 0 .4 to 0.7 cm SVL more 
before hibe rnation.  Tadpole s that transform at approx imately 3.1 cm SVL may reach 
between 5.0 and 5.8 cm SVL before hibe rnation ( Ryan, 1953).  Newly transformed frogs 
often move from lakes and ponds where they were tadpole s to shallow str eam banks, 
usually during pe riods of rain ( Martof, 1953b). 
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Home range and r esour ces.  The species'  hom e range include s it s foraging a nd 
refuge areas in and ar ound aqua tic envir onm ents.  During t he br eeding pe riod,  the male's 
hom e range also  include s it s br eeding t erritory (Wells , 1976).  Martof (1953b) f ound t hat 
roughly 80 pe rcent of adult fr ogs captured in t he spr ing and a gain in t he fall oc cupied t he 
same home ranges. 

Popul ation dens ity .  During t he br eeding season, green frog densities at bree ding 
ponds can exceed several hundr ed individuals pe r hectare (Wells, 1978).  A dult male fr ogs 
space their bree ding t erritories about 2 to 3 m apart (Martof, 1953a). 

Popul ation dyna mics .  Sexual maturity is attained in 1 or 2 years after 
metamor phosis ; individuals may reach maturity at the end of the first year but not attempt 
to breed until the next year (Martof, 1956a,b).  Most females lay one clutch per year, 
although s ome may lay two clutches, a bout 3 to 4 weeks apart (Wells, 1976).  In natural 
popula tions , green fr ogs can  liv e to approx imately 5 years of age (Martof, 1956b). 

Similar species (from general references) 

��	 The river frog ( Rana heckscheri ) is slightly la rger than the gr een fr og (8.0 to 
12.0 cm SVL) and is found in swamps from southeast North Car olina to 
central  Florida and southe rn Mississippi. 

��	 The leopard and pickerel frogs ( Rana pipi ens and its relatives, and Rana 
palu stris ) are medium sized and s trongly spo tted.  There are four leopard 
frogs whose ranges are mostly exclusive from each other, but overlap with 
the green frog.  The pickerel frog has a similar range with gaps in the uppe r 
midwest and the southeast. 

��	 The mink fr og (Rana septentrio nalis ) is only slightly smaller (4.0 to 7.0 cm) 
and is found on t he borde rs of ponds and l akes, especially near water lilie s. 
It range s fr om Minne sota to  New York,  nor th to  Labr ador . 

��	 The carpenter frog ( Rana virg atipes ) is about the same size as the green frog 
(4.1 to 6.7 cm) and is closely associated with spha gnum bogs and 
grasslands.  It has a coastal plain range from New Jersey to Georgia and 
Florida . 

The bullf rog and pig f rog are much  larger ranid s pecies and a re covered  in t he next profile 
(Sect ion 2 .3.8). 

General references 

Behle r and King (1979); Conant and Collins (1991); DeGraaf and Rudis (1983); Martof 
(1953a, b, 1956a, b); Smith (1956, 1961). 
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Green Frog ( Rana clamitans ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion (subspecies) Reference No. 

Body  Weight B B 49.1 ± 20.0 SD 25.5 - 103.5 New Brunsw ick, Canada McAlpine & Di lworth,  1989 
(g) 

A  breedi ng M 44.0 ± 10.0 SD 27.0 - 66.0 New Yor k (melanot a) Wells,  1978 

at 3 New Yor k Pough & Kam el, 1984 1 
metamor phosi s 

Lengt h A 54 - 102 NS Behler and King, 1979 
(mm SVL) A  M 79.8 ± 8.5 SD 103 maxi mum s Michi gan Martof , 1956b 

A F 80.3 ± 8.9 SD 105 maxi mum 
J B 32.6 28.4 - 36.3 s Michi gan Martof , 1956b 

Metabol ic basal : 
Rate A 8.08 est imated 2 
(kcal /kg-d) at 15.8 est imated 3 

metamor phosi s 

Food Ingest ion 4 
Rate (g/g-d ) 

Surface Area 
(cm ) 2 

A 
at 
metamor phosi s 

17 
2 

est imated 
est imated 

5 
6 

Locat ion 
(subspecies) /Habi tat Note 

Dietar y Compos itio n Spr ing Summer Fall Winter (measur e) Reference No. 

adul ts: New Yor k/lake Stewar t & Sandison, 1973 7 
plant  materi al 10.8 
Araneae 12.1 (% total  vol ume; 
Coleopter a 32.8  stomach content s) 
Hemipter a 12.9 
Hymenopter a 14.4 
Diptera 6.8 
Ephem eropter a 5.6 
Mollu sca 5.4 
Lepidopter a 2.5 
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Reference 

Green Frog ( Rana clamitans ) 

Locat ion 
(subspecies) /Habi tat Note 

Dietar y Compos itio n Spr ing Summer Fall Winter (measur e) Reference No. 

adul ts: s Illi nois/swamp, st ream Jenssen & Kl imstra, 1966 
mine ral - - - 2.6 
plant 5.7 8.3 4.2 0.5 (% wet vol ume;  stomach 
Pulmonat a 15.7 18.3 6.4 11.0  content s) 
Olig ochaeta 2.1 0.8 2.3 6.4 
Amphipoda 1.2 0.1 - 4.6 
Isopoda 5.6 1.4 - 4.6 
Decapoda - - 4.1 -
Ju lioform a 7.5 0.3 1.7 -
Araneida 2.8 3.4 6.6 7.4 
Odonat a 1.6 12.4 5.9 -
Orthopter a 0.9 3.0 1.5 -
Hemiptera 1.0 7.0 6.1 2.2 
Coleopter a 9.6 19.6 15.9 9.1 
Lepidopter a 25.4 7.0 25.1 -
Dipter a 6.0 5.2 4.5 10.3 
Hymenopter a 9.9 6.0 13.5 -
Salient ia - - 3.9 -

Populat ion Age/Sex/ Range or Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Habi tat No. 

Home Range A B 0.0065 ± 0.0036 SD 0.0020 - 0.020 ha s Michi gan (melanot a)/ Martof , 1953b 8 
Size nonbreedi ng ha  shal low wat er 

meters  shore lin e: New York  (melanot a)/ Wells,  1977 
A M  breedi ng 4.0 - 6.0  open nearshore areas 

of ponds 

A M  breedi ng 1.0 - 1.5
meters  shore lin e: 

 densel y vegetated 
New York  (melanot a)/ 

nearshore areas of 
ponds 

Wells,  1977 

Populat ion A M 476 New Yor k (melanot a)/ Wells,  1978 9 
Densi ty A F 567  artifi cial pond 
(N/ha) 
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Green Frog ( Rana clamitans ) 

Populat ion Age/Sex/ Range or Locat ion (subspecies) / Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Habi tat Reference No. 

Clutch Si ze 4,100 3,800 - 4,300 

1,000 - 7,000 

3,500 - 4,000 

s Michi gan (melanot a)/ 

New Yor k (melanot a)/ 

New Yor k (melanot a)/ 

pond 

shal low ponds 

sha llo w water 

Martof , 1956a 

Wells,  1976 

Wright , 1914 10 

Clutches/Year 1 - 2 New Yor k (melanot a)/ 
shal low ponds 

Wells,  1976 

Days 3 - 6 Connect icut  (melanot a)/ Babbi t, 1937 10 
Incubat ion (d)  sha llo w water 

3 - 5 New Yor k/ponds, pool s Ryan, 1953 

Age at 
Metamor phosi
s

early eggs 
late  eggs 

3 mo 
10 - 12 mo

1 - 2 yrs New England 

( melanot a)/ 
 sha llo w water 
Virginia, C arolin as/ 
 shal low ponds 

DeGraaf & Rudis, 1983 

Marto f et a l., 1980 

early eggs 
late  eggs 

2.5 - 3 mo 
11 - 12 mo

s Michi gan (melanot a)/ 
 shal low ponds 

Martof , 1956a, b 11 

Age at Sexual A M 1 - 2 s Michi gan (melanot a)/ Martof , 1956a, b 
Maturity (yr) A F 1 - 2  shal low ponds 

B 1

( 

ork

Y

New melanot a)/ Wells,  1977 
pond 
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Green Frog ( Rana clamitans ) 
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Seasonal 
Act ivi ty Begi n Peak End Locat ion (subspecies) Reference No. 

Note 

Mating/Lay ing May early June mid-August s Michi gan (melanot a) Martof,  1956a 
May September Illi nois ( melanot a) Smith,  1961 
early June mid-August New Yor k Wells,  1976 

Meta
mor phosi s 
eggs l aid  early early August late September s Michi gan (melanot a) Martof,  1956b 12 

August , September New Yor k Pough & Kam el, 1984 12 

eggs  laid late early June mid-Ju ly s Mich igan (melanot a) Martof,  1956b 13 
next spr ing New Yor k Pough & Kam el, 1984 13 

Hiber nation Oct. - Nov. March - Apr il s Michi gan (melanot a) Martof,  1956a 
Oct. late March New Yor k Ryan, 1953 

1 Weight at  metamor phosi s can var y by two to four  tim es bet ween the smal lest and l argest  individual s. 
2 Est imated assum ing t emperature of 20 ��C us ing Equa tio n 3-50 (Robinson et a l., 1983) and body weights f rom McAlpine and Di lworth (1989).
 
3 Est imated assum ing t emperature of 20 ��C us ing Equa tio n 3-50 (Robinson et a l., 1983) and body weights f rom Pough and Kam el (1984).
 
4 See Chapt ers  3 and 4 f or met hods of est imating food ingest ion r ates f rom metabol ic rate  and diet .
 
5 Est imated us ing Equa tio n 3-25 (Hutch inson et a l., 1968) and body weights f rom McAlpine and Di lworth (1989).
 
6 Est imated us ing Equa tio n 3-25 (Hutch inson et a l., 1968) and body weights f rom Pough and Kam el (1984).
 
7 Season not speci fied.
 
8 Daily act ivity ra nge of nonbreeding f rogs.
 
9 Frogs wer e initially  hand-capt ured and placed i n pond;  the number s given are f or t hose f rogs t hat stayed.
 

10 Cited in DeGraaf and Rudis (1983) .
 
11 Eggs l aid  before  June.
 
12 Metamor phosed i n th e same year eggs w ere laid.
 
13 Metamor phosed t he year  followi ng t he season t he eggs w ere laid.
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2.3.8. Bullfrog (true frog family) 

Order Anur a, Family Ranida e.  These are typical frogs with a dult s being t ruly 
amphibious .  They tend t o liv e at the edge of water bodie s and e nter the water to catch 
prey, flee dange r, and s pawn (Behle r and King, 1979).  This profile covers large ra nids . 
Medium -sized r anids are covered  in t he pr evious profile (Sect ion 2 .3.7). 

Selected species 

The bullf rog' s (Rana catesbeiana ) natural range includes the eastern and central 
United States and southeastern Canada; however, it has been introduced in many areas in 
the western United States and other parts of North America.  It is cont inuing t o expand it s 
range, apparently at the expense of several native species in many locat ions (Bur y and 
Whelan, 1984).  There are no subspecies for the bullf rog. 

Body size .  The bullf rog is the la rgest North American ra nid.  Adult s usually range 
between 9 and 15 cm in length from snout-to-vent length (SVL) and except ional individuals 
can reach one half k ilogr am or  more in w eight (Conant and Collins , 1991; Durham and 
Bennett, 1963).  Males are usually smaller than females (Smith, 1961).  Frogs ex hibit 
indeterminate growth, and bullf rogs continue to  inc rease in size for at least 6 years after 
metamor phosis (Durha m and Benn ett, 1963; Howard, 1981a).  Hutc hinson e t al. (1968) 
developed a n allo metric equat ion r elating bullf rog s ur face area (SA in cm) to body weight 
(Wt in grams): 

SA = 0.953 Wt0.725 . 

This equa tion a lso  is pr esented in Chapter 3 as Equat ion 3-24. 

Habitat .  Adult bullf rogs liv e at the edge s of ponds , lakes, and slow-mov ing s treams 
large enough t o avoid c rowding and w ith sufficient vegetation t o provide easily access ible 
cover (Behle r and King, 1979).  Small streams are used when better habitat is lacking 
(Conant and Collins , 1991). Bullf rogs requir e permanent bodie s of water, because the 
tadpole s gene rally requir e 1 or  more years to deve lop prior  to metamor phosis (How ard, 
1981b).  Small frogs favor areas of very sha llow water where short grasses or other 
vegetat ion or debris o ffer cover (Durham and Bennett, 1963).  Larger bullf rogs seem to 
avoid s uch ar eas (Durham and Bennett, 1963).  Ta dpole s tend t o congr egate around gr een 
plants (Jaeger and Hailman, 1976, cited in Bury and Whelan, 1984). 

Food habi ts .  Adult R. catesbeiana are indis cr imin ate and aggressive predators, 
feeding a t the edge of the water and am ong water weeds on any available small animals, 
including in sects, crayfish, other frogs and ta dpole s, minnow s, snails , young t urtle s, and 
occas ionally small birds, small mammals, and y oung s nakes (Behler and King, 1979; 
DeGraaf and Rudis , 1983; Korschgen and Baskett, 1963). Bullf rogs o ften focus on locally 
abundant foods (e. g., cicadas, meadow voles) (Korschgen and Baskett, 1963). 
Crustaceans and insects probably make up the bulk of the die t in m ost ar eas (Carpenter 
and Morrison, 1973; Fulk and Whi taker, 1968; Smith, 1961; Tyler and Hoestenbach, 1979). 
Bullf rog t adpole s consum e prim arily aqua tic plant material and some invertebrates, 
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but also scavenge dead fish and eat live or dead ta dpole s and eggs (Bur y and W helan, 
1984; Ehrlich, 1979). 

Temperature regulation and daily activities .  Bullf rogs forage by da y (Behle r and 
King, 1979).  They thermoregulate behaviorally by posit ioning t hemselves relative to the 
sun and by enter ing or  leaving t he water ( Lilly whit e, 1970).  In one study, body 
temperatures measured in bullf rogs during t heir  nor mal daily activities averaged 30 ��C and 
ranged from 26 to 33 ��C (Lilly whit e, 1970).  At night , their  body temperatures were f ound t o 
range between 14.4 and 24.9 ��C (Lilly whit e, 1970).  Tadpole s also sel ect relatively warm 
areas, 24 to 30 ��C (Bury and Whelan, 1984).  Despite this narrow range of temperatures in 
which bullf rogs nor mally maint ain t hemselves, they are not imm obilized by mode rately 
lower temperatures ( Lilly whit e, 1970).  The meta bolic r ate of bullf rogs inc reases with 
inc reasing body temperature.  Between 15 and 25 ��C, the Q 10 for  oxygen consumption is 
1.87; between 25 and 33 ��C, the Q10 is 2.41 (Burggren et al., 1983). 

Hibernation .  Most bullf rogs hibe rnate in mud and leaves unde r water be ginning in 
the fall, but some bullf rogs in t he southe rn states may be active year r ound (Bur y and 
Whelan, 1984).  They emerge sometime in the spr ing, usually when air temperatures are 
about 19 to 24 ��C and water temperatures are at least 13 to 14 ��C (Wright , 1914; Willis et al., 
1956). Bullf rogs emerge from hibe rnation l ater than other ra nid s pecies (Ryan, 1953). 

Breeding activities and social organization .  Bullf rogs spawn at night clos e to 
shorelines in areas sheltered by shrubs (Raney, 1940, cited in DeGraaf and Rudis , 1983). 
The timing and dur ation of the br eeding season varies depe nding on t he lo cation.  In t he 
southern states, the bree ding season extends from spr ing t o fall,  wher eas in the northern 
states, it is restricted to late spr ing and s ummer (Behler and King, 1979).  Males tend to be 
territorial  during t he br eeding season, defe nding t heir calling po sts and ov iposition s ites 
(i.e., submerged vegetat ion ne ar shor e) (Howard, 1978b; Ryan, 1980).  Female visits to the 
pond t end t o be brie f and spor adic (Emlen, 1976).  Some males mate with several females 
whereas others, usually y ounge r and smaller males, may not breed at all in a given year 
(DeGraaf and Rudis , 1983).  Females attach their eggs, contained in float ing film s of jelly , to 
submerged vegetat ion ( Behle r and King, 1979).  Adults are otherwise rather solitary 
occupying t heir  own pa rt of a str eam or pond (Smith, 1961). 

Tadpol e and metamor phos is .  Eggs hatch in 3 to 5 days (Clarkson and DeVos, 1986; 
Smith, 1956).  Temperatures above 32 ��C have been shown to cause a bnor malitie s in 
tadpole s and abov e 35.9��C to kill e mbryos (How ard, 1978a).  Tadpole grow th r ates increase 
with  inc reasing ox ygen l evels, f ood availabilit y, and water temperature (Bury and Whelan, 
1984).  Tadpole gill v entila tion a t 20��C can generate a branchial water flow of almost 0.3 
ml/g-min (Burggren and West, 1982).  Metamor phosis fr om a tadpole to a fr og c an occur as 
early as 4 to 6 months in the southern parts of its range; however, most ta dpole s 
metamorphose from 1 to 3 years after hatc hing, depending on la titude and temperature 
(DeGraaf and Rudis , 1983; Martof et al., 1980). 

Home range and r esour ces.  The species'  hom e range include s it s foraging a reas 
and r efuge s in and a round aqua tic envir onm ents.  Home range size de creases with 
inc reasing bullf rog densit y, and m ales tend t o use larger  hom e range s than females (Currie 
and Bellis , 1969). Bullf rogs tend t o stay in the same pools thr oughout the su mmer months 
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if the water level is stable (Raney, 1940, cited in DeGraaf and Rudis , 1983).  Dur ing t he 
breeding season, a dult males esta blish t erritories that they d efend against conspecific 
males (Emlen, 1968).  Dur ing t he non-br eeding season, Currie and Be llis (1969) found no 
evidence of territorial defense.  Males often do not return to the same pond t he following 
spr ing (Durha m and Benn ett, 1963). 

Popul ation dens ity .  During t he br eeding season, each bree ding m ale may defend a 
few meters of shore line (Cur rie and Bellis , 1969; Emlen, 1968).  The densities of females 
and non-br eeding m ales vary with time of da y and season and are difficult to estimate. 
Tadpole s can  be pr esent locally in extremely high densitie s (Cecil and J ust, 1979). 

Popul ation dyna mics .  Sexual maturity is attained in a bout 1 to 3 years after 
metamor phosis , depending on la titude (How ard, 1978a; Raney and Ingr am, 1941, cited in 
Bury and Whelan, 1984).  Only females that are at least 2 years past metamor phosis mate 
during t he ear ly br eeding season; males and females 1 year past metamorphosis may 
breed during t he later bree ding pe riods (How ard, 1978a, 1981b).  Also, some olde r females 
have been observed to mate and to lay a sec ond clut ch during t he later bree ding pe riod 
(Howard, 1978a).  W illis et al. (1956) estimated the m inimum br eeding length f or females in 
Missouri to be 123 to 125 mm SVL.  Mortality of ta dpole s is high ( Cecil and J ust, 1979), and 
adult fr ogs are unlik ely to  liv e beyond 5 to 8 years postmetamor phosis (How ard, 1978b).  In 
some areas, sna pping t urtle s may be res ponsible for a la rge component of adult bullf rog 
mortality (Howard, 1981a). 

Similar species (from general references) 

�� The pig f rog (Rana grylio ) is smalle r than the bullf rog (8 to 14 cm) and is 
found in south South Ca rolina to south Florida and south T exas. 

The remaining r anid s pecies are more simila r in size to the gr een (or  bronze ) frog.  See 
Sect ion 2 .3.7 for a descript ion of th ese frogs. 

General references 

Behle r and King (1979); Bury and Whelan (1984); Conant and Collins (1991); DeGraaf 
and Rudis (1983); Smith (1961). 
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Bullfrog ( Rana catesbeiana ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Body  Weight 
(g) 

B B 142.8 ± 77.4 SD 9.5 - 274.0 New Brunsw ick, Canada McAlpine & Di lworth,  1989 1 

A B 249 cent ral Arkansas McKamie & Heidt,  1974 

young t adpol e 2.0 ± 1.1 SD Kentucky Vipar ina & Just , 1975 
1-yr ta dpol e 35.7 ± 5.2 SD 

post -
emergence: 

1 mont h  18 13 - 42 Louisiana/ lab Modzelewski & Cul ley,  1974 2 
2 months  30 19 - 52 
3 months  42 27 - 77 
4 months  56 41 - 101 

total le ngth: 
at metamor ph. 9  (84 mm) east cent ral Illi noi s Durham & Bennet t, 1963 
1 yr B  91  (240 mm) 
2 yr B 210  (307 mm) 
3 yr B 240  (320 mm) 
4 yr B 260  (335 mm) 
5 yr B 290  (348 mm) 
6 yr B 360  (356 mm) 

Metabol ic  Rate tadpole, 25 ��C 2.6 ± 0.2 SE NS/lab Burggren et a l., 1983 3 
(lO /kg-d)2 

adul t rest ing, 
5��C 1.0 0.31 - 2.3 NS/NS Hutchinson et a l., 1968 4 

Metabol ic  Rate basal : est imated 5 
(kcal /kg-d) 2 mo (30 g)  9.1 

1 yr (91 g)  7.0 
B B (143 g)  6.3 
A B (249 g)  5.5 
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Spring (measur e) Reference 
Locat ion/Habi tat 

Bullfrog ( Rana catesbeiana ) 

Age/Sex/ Range or Note 
Factor s Cond. /Seas. Mean (95% CI of  mean) Locat ion Reference No. 

Food Ingest ion (13 - 42 g) 0.071 Louisiana (24 - 27 ��C) Modzelewski & Cul ley,  1974 
Rate (g/g-d) (18 - 52 g) 0.059 

(28 - 77 g) 0.040 
(40 - 100 g) 0.033 

Surface Area 2 mo (30 g)  11 est imated 6 
(cm )2 1 yr (91 g)  25 

B B (143 g)  35 
A B (249 g)  52 

Dietar y 
Compos itio n Summer Fall Winter No. 

Note 

adul ts: Kentucky /NS Bush, 1959 
Decapoda- Astacidae 47.7 
Lepidopter a 19.0 (% wet vol ume;  stomach 
Coleopter a 16.0  content s) 
(Lampr yidae) (5.8) 
(Chrysome lid ae) (5.8) 
(Carabi dae) (4.1) 
Pulmonat a-Zoni tidae 8.3 
Chi lipoda 7.7 
sand,  rock, gravel 1.2 

adul ts: New Yor k/mountain lake Stewar t & Sandison, 1973 
plant 19.7 
animal 65.2 (% vol ume;  stomach 
(Odonat a) (8.8)  content s) 
(Coleoptera) (15.8) 
(Hemiptera) (0.5) 
(Hymenoptera) (2.2) 
(Amphibia) (26.4) 
unaccounted 15.1 
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Locat ion/Habi tat Reference 

Bullfrog ( Rana catesbeiana ) 

Dietar y 
Compos itio n Spr ing Summer Fall Winter (measur e) 

Locat ion/Habi tat 
Reference No. 

Note 

adul ts: Missour i/bait mi nnow pond Corse & M etter,  1980 
frogs 35 33 39 
tadpoles 8 11 0 (number of  items found; 
shi ners 305 157 25  stomach content s) 
other  fish 7 2 5 
Gastropoda 55 70 26 
cray fish 22 162 18 
other crustacea 71 42 47 
Arachnida 3 23 3 
Coleoptera ( adul t) 31 33 15 
Diptera ( larvae) 2 7 0 
Hemipter a 41 43 16 

Populat ion Age/Sex/ Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) No. 

Home Range A M nonbreed 2.9 0.76 - 11.3 Ontar io,  Canada/pond Currie & Bellis , 1969 
Size (m radius) A F nonbreed 2.4 0.61 - 10.2 

A M territory 2.7 Michigan/pond Emlen, 1968 7 

Populat ion 
Densi ty 
(N/ha) 

B B (1960) 
B B (1961) 

tadpoles: 
November 
March 
May 

1,376 
892 

130,000 
69,000 
16,000 

Ontario, Canada/pond 

Kentucky /pond 

Currie & Bellis , 1969 

Ceci l & Just , 1979 

Clutch Si ze 
7,360 ± 741.7 SE 

10,000 - 20,000 Kansas/NS 
New Jersey /pond 

Smith, 1956 
Ryan, 1980 

Clutches/Year 93% of  F 
7% of  F 

1 
2 

Michi gan/pond Emlen, 1977 

Days to 2 - 4 Ariz ona, Cal ifornia/ river Clarkson & DeVos, 1986 
Hatching 4 - 5 Kansas/NS Smith, 1956 
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Begi n Peak 

Bullfrog ( Rana catesbeiana ) 

Populat ion Age/Sex/ Range or Note 
Dynamics Cond. /Seas. Mean (95% CI of  mean) Locat ion/Habi tat Reference No. 

Age at B 1 yr Carolin as, Virginia/N S Martof e t al., 1980 
Metamor- B 1 - 2 yr Michi gan/pond Collin s, 1979 
phosi s B 2 - 3 yr New Yor k/NS Ryan, 1953 

B 3 yr Nova Scot ia, Canada/NS Bleakney , 1952 8 

Age at Sexual 
Maturity 

M 
F 

1 yr  after metam. 
1 - 2 yr a fte r 
metam. 

Michi gan/pond Howar d, 1978a 

B 
1 - 2 yr after 
metam. 

New Yor k/NS Ryan, 1953 

Annual A M 1 - 2 yr 58 Michi gan/pond Howar d, 1984 
Mort ality  Rates A M 2 - 3 yr 58 
(%) A M 3 - 4 yr 48 

A M 4 - 5 yr 77 

Mort ality  Rates tadpoles ( to 85.5 82.4 - 88.2 Kentucky /shal low ponds Ceci l & Just , 1979 
(%) metamorph. ) 

Longevi ty 
(yr) 

A B up t o 5 - 8 Michigan/ponds Howar d, 1978b 

Seasonal 
Act ivi ty End Locat ion Reference No. 

Note 

Mating/Lay ing Februar y 
Apr il 
May 
late May 

May 
late June 
July 

October 
late  June 
August 
July 

souther n range i n N Amer ica 
California, Ar izona 
Missour i 
nor thern r ange i n N Amer ica 

Behler & King, 1979 
Clarkson & DeVos, 1986 
Willis  et al., 1956 
DeGraaf & Rudis, 1983; 
Behler & King, 1979 

Metamor- August (1st clutch) October California, Ar izona Clarkson & DeVos, 1986 
phosi s March (2nd clutch) Apr il California, Ar izona Clarkson & DeVos, 1986 

June late  June -Aug. early October Missouri Willis  et al., 1956 
Jul y Sept., October New Yor k Ryan, 1953 
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Bullfrog ( Rana catesbeiana ) 

Seasonal 
Act ivi ty Begi n Peak End Locat ion Reference No. 

Note 

Hiber nation late October late March east cent ral Illi noi s Durham & Bennet t, 1963 
mid-Oc tober March Missouri Willis  et al., 1956 

1 Mean snou t-to-v ent length  (SVL) of fro gs was 98 mm SVL and  the range was 45  to 128 mm SVL.
 
2 Age post metamorphosi s; maintain ed at a t emperature of 24 t o 27��C and f ed mosqui tofi sh, cr ickets, and ear thworm s.
 
3 Restrain ed, cannulated; weight 5.7 g.
 
4 Mean weight of  frogs was 74.8 g.
 
5 Est imated assum ing t emperature of 20 ��C us ing Equa tio n 3-50 (Robinson et a l., 1983).  Body weights ( 1) for  2-month post metamorphosi s fr og
 

from Modzelewski and Cul ley (1974); (2) for  a 1-year post metamorphosi s fr og f rom Dur ham and Bennet t (1963), Farrar and Dupre ( 1983); (3) for 
both j uveni les and adul ts  of both sexes,  McAlpine and Di lworth (1989); and (4) for  adul ts  of both sexes,  McKamie and Hei dt (1974). 

6 Est imated us ing Equa tio n 3-24 (Hutch inson et a l., 1968) and body weights as descr ibed in note 5. 
7 Based on average distance bet ween frogs. 
8 Cited in Bur y and Whelan (1984). 2-460 
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3. ALLOMETRIC EQUATIONS 

Values for key contact rate factors such as f ood and water inge stion r ates have 

been measured for few w ildlif e species.  In this sect ion,  we describe allometric equat ions 

that can be used to estimate several exposure factors on the basis of animal body weight 

using models de rived fr om taxonomic ally simila r species.  We empha size, however, that 

measured values from well-c onducted studies on the species of concern are likely to be 

more accurate and to have narrower confidence limits. 

Allometry is defined as the study of the relat ionships b etween the growth and size 

of one body pa rt to the grow th and size of the whole organis m; however, allometric 

rela tionships also exist between body size and othe r biologic al parameters (e.g., meta bolic 

rate).  The relat ionship b etween the phys iologic al and phy sical  parameters and body 

weight frequently can  be expr essed as: 

Y = a Wtb ± SE of Y, or [3-1] 

log Y = log a + b log W t ± SE of log Y [3-2] 

where Y is the biologic al char acteristic to be predicted, Wt is the animal's body weight 

(mass), a and b are empirically derived constants, and SE is the standard error of the mean 

value of the parameter. 

Equation 3-2 is the log t ransformation of Equa tion 3-1.  Equat ion 3-2 represents a 

straight line , with b equal t o the slope of the line and log a equal to the Y-intercept of the 

line .  Values for a and b usually are determined empirically from measured values using 

line ar regr ession a nalysis.  Once value s are d etermined for a and b, Equation 3-1 can be 

used to  predic t a value of Y fr om the body weight of the anim al.  The SE of Y is the 

standard error of the mean Y estimated for the mean of the Wt values; the SE of log Y is 

the standard error of the mean log Y estimated for the mean of the log W t value s. 
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Allometric equat ions can  be us ed to estimate parameter values for species for 

which measured values are not available.  The equat ions pr esented in this chapter, 

however, s hould not be us ed for taxonomic categories other than the category for which 

each was deve loped.  For example, equat ions developed f or  iguanid liza rds cannot be us ed 

for amphibians and should not be us ed for  othe r groups of reptile s without careful 

evalua tion of lik ely di fferences between the gr oups .  It also  is impor tant to r emember that 

the allometric equat ions pr esented in this chapter have been deve loped using mean values 

for a numbe r of species within a taxonomic category. Individual s pecies usually exhibit 

values somewhat different from those predicted by an allometric model based on several 

species.  Furthermore, different-sized individuals within a species and individuals at 

varying stages of maturat ion a re lik ely to exhibit a di fferent allometric relat ionship b etween 

body weight and t he dependent var iable .  For  furthe r dis cussion of within- species 

allometric equat ions rel ated to growth and repr oduc tion, see Reiss (1989). 

In the next five sect ions , we describe empirically derived allometric equat ions that 

relate f ood ing estion r ates (Sect ion 3 .1), water intake rates (Sect ion 3 .2), inhala tion r ates 

(Sect ion 3 .3), sur face area (Sect ion 3 .4), and metabolic r ate (Sect ion 3 .5) to body weight . 

As discussed above, most of the allometric models differ for birds, mammals, reptiles, and 

amphibians , and m any also vary within t hese tax onomic groups .  In Sect ion 3 .6, we provide 

a summary of operat ions involving loga rithms and pow ers and unit conv ersion factors for 

those persons who may want to modify allometric equat ions found in t he lit erature. 

Finally , in Sect ion 3 .7 we describe how to estimate 95-percent confidence intervals for food 

inge stion r ates and free-liv ing metabolic r ates predicted on the basis of allometric 

equations pr esented in this chapter.  We present most equat ions in t he unt rans formed 

form only .  For  equations for which a n investigator reported standard errors for the log 

transformation of the rela tionship,  we pr esent the equat ion bot h ways.  For those persons 

interested in estimat ing confidenc e int ervals for  othe r allo metric equat ions , Peters (1983) 

provides a simple review of how to estimate regress ion statistics for equat ions of the form 

of Equa tion 3-2.  Sect ion 3 .8 cont ains the r eferences for this chapter. 
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3.1. FOOD INGESTION RATES 

Food ing estion r ates vary with many factors, inc luding metabolic r ate, the energy 

devoted to  grow th and r eproduc tion,  and c omposition of the die t.  The meta bolic r ate of 

free-ra nging anim als is a func tion of several factors, inc luding a mbient temperature, 

activity levels, and body weight .  In birds and mammals, thermore gula tion c an 

considerably increase an animal's meta bolic requir ements dur ing t he wint er, whereas 

reproductive efforts can replace thermore gula tion a s the pr edominant extra meta bolic 

expenditur e in t he spr ing and s ummer.  Many reptile s and a mphibians , on t he othe r hand, 

drop their activity levels and meta bolic r ates in the winter. 

For homeotherms (i.e., animals that maintain a relatively constant body temperature 

such as most birds and mammals), meta bolic r ate generally decreases with increasing 

body mass (see Sect ion 3 .5).  The smallest birds and mammals must consume quantities 

of food equal t o their  body weight or  more daily ; in cont rast, the larger homeotherms may 

consum e only a small f raction of their  body weight in food daily .  Herbivor es tend t o 

consum e larger  quantitie s of food t han car nivor es because of the lower energy content of 

their food.  Ing estion r ates, expressed in unit s of food e nergy nor malized t o body size (e. g., 

kcal/kg-day), are not s ignific antly di fferent for herbivores and carnivores (Peters, 1983). 

Four -legged poikilothe rms (thos e anim als whos e usual body temperatures are the same as 

that of their envir onm ent, such as reptile s and a mphibians ) exhibit the same s lope of 

decreasing ing estion r ates per unit body weight with  inc reasing body size but show a low er 

int ercept (i.e.,  low er inge stion r ate for a given body weight ) than  hom eotherms (Nagy, 

1987). 

The rate of food consumption t hat an anim al must achi eve to meet its meta bolic 

needs can be calculated by div iding it s free-living ( or field) metabolic r ate (FMR) (see 

Sect ion 3 .5) by the meta bolizable ener gy in it s food ( Nagy, 1987).  Metabolizable ener gy 

(ME) is the gross energy (GE) in a unit of food consum ed minus the ener gy los t in feces 

and urine .  Assimila tion efficiency (AE) equals the ratio ME/GE, or the fract ion of GE that is 

metabolizable .  AE is rela tively con stant am ong di fferent gr oups of consum er species of 

mammals and birds that are all either carnivorous, insectivorous, herbivorous, or 
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granivorous (Hume, 1982; Peters, 1983; Nagy, 1987; Robbins , 1983).  Nagy (1987) 

calculated the mean ME (i.e., k ilojoule s of ME pe r gram of dr y matter) of var ious di ets for 

birds and mammals from average values of AE for birds and mammals and typical GE 

contents of those diets as reported by Golley (1961) and Robbins (1983).  These values are 

presented in Table 3-1.  (For more informat ion on ME and A E, see Sect ion 4 .1.2.)  Using t he 

values presented in Table 3-1, Nagy (1987) deve loped allo metric equat ions for food 

inge stion (FI) r ates as a funct ion of body weight (Wt) for  birds , mammals, and lizards using 

estimated FMRs and gene ral di etary composit ion.  In t he remainde r of this sect ion,  we 

present these equat ions for  birds (Sect ion 3 .1.1) and mammals (Sect ion 3 .1.2). Section 

3.1.3 summarizes Nagy's f ood ing estion allo metric equat ions for  iguanid liza rds.  We repor t 

this infor mation even t hough no iguanid liza rds were among our  selected species because 

it is the only infor mation of this type we identified f or any amphibian or  reptile . 

Nagy's (1987) estimates of FMR are based on doubly labele d water measurements 

of CO2 produc tion in f ree-living anim als.  When  perfor med corr ectly, this met hod is more 

accurate for estimat ing t he meta bolic r ate of free-liv ing anim als than  othe r methods 

commonly us ed (King, 1974).  Other allometric equat ions for food ing estion r ates that we 

identified in the open literature are based largely on captive animals wit hout corrections for 

the additional e nergy requir ements of free-liv ing anim als.  For  more accurate estimates of 

food ingestion r ates by type of diet, we recommend f ollowing t he proc edur es outlined in 

Sect ion 4 .1.2  instead of us ing t hese generic equat ions . 

3.1.1. Birds 

For birds, Nagy (1987) calculated FI rates (in grams dry matter per day) from ME and 

FMR and d eveloped t he following equa tions : 

FI (g/day) =  0.648 Wt 0.651 (g), or all birds [3-3] 

FI (kg/day) = 0.0582 Wt 0.651 (kg) 

FI (g/day) = 0.398 Wt 0.850 (g) passerines [3-4] 
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Table 3-1. Meta bolizable Energy (ME) of Various Di ets for Birds and Mammals 

Diet 
Metabolizable Energy 

a a(kJ/g)  (kcal/g) Animal Group 

insects 

fish 

vegetation 

seeds 

nectar 

omnivory 

18.7 = 4.47 

18.0 = 4.30 

18.7 = 4.47 

16.2 = 3.87 

10.3 = 2.26 

18.4 = 4.92 

20.6 = 4.92 

14 = 3.35 

mammals 

birds 

mammals 

birds 

mammals 

mammals 

hu mmingbir ds 

mammals and birds 

ag = gr ams dry  weight. 
Sour ce:  Nag y, 1987. 

FI (g/day) = 0.301 Wt 0.751 (g) non-passerines [3-5]
 

FI (g/day) = 0.495 Wt 0.704 (g) seabirds [3-6]
 

where Wt equals the body weight (wet) of the animal in grams (g) or k ilograms (kg) as 

indi cated. We provide the regress ion statistics for these equat ions (including sample size 

and regression co efficient) and informat ion required to estimate a 95-percent confidence 

interval for an FI rate predicted for a specified body weight in Sect ion 3.7.  More accurate 

estimates of f ood requir ements can be made from estimates of FMR (Sect ion 3.5), di etary 

composition, and AE for the species of inter est, as out lined in Sect ion 4.1.2. 

3.1.2. Mammals 

For placental mammals, Nagy (1987) calculated FI rates (in grams dry matter per 

day) from ME and FMR values and d eveloped the following equations: 
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FI (g/day) = 0.235 Wt 0.822 (g), or all mammals [3-7] 

FI (kg/day) = 0.0687 Wt 0.822 (kg) 

FI (g/day) = 0.621 Wt 0.564 (g) rodents [3-8] 

FI (g/day) = 0.577 Wt 0.727 (g) herbivores [3-9] 

We provide the regr ession statistics for these equat ions (including sample size and 

regr ession c oefficient) and informat ion r equir ed to estimate a 95-percent confidence 

interval for an FI rate predicted for a specified body weight in Sect ion 3 .7.  More accurate 

estimates of f ood r equir ements can be made from estimates of FMR (Sect ion 3 .5), dietary 

composition,  and AE for the species of int erest, as out lined in Sect ion 4 .1.2. 

Herbivor es tend t o consum e more food t han car nivor es or omnivor es on a dr y-

weight ba sis b ecause of the lower energy content of the herbivores' diets.  On an energy 

basis (e.g., kilocalories), the inge stion r ates of carnivores and herbivores are not 

signific antly di fferent (Farlow, 1976): 

FI (kjoule /day) = 971 Wt0.73 (kg) (r 2 = 0.942), or herbivores [3-10] 

FI (kcal/day) = 1.518 Wt 0.73 (g) 

FI (kjoule /day) = 975 Wt0.70 (kg) (r 2 = 0.968), or carnivores [3-11] 

FI (kcal/day) = 1.894 Wt 0.70 (g) 

3.1.3. Reptiles and Amphibians 

This sect ion s ummarizes f ood ing estion allo metric equat ions for  iguanid liza rds, 

which is the only infor mation of this type we identified f or any amphibian or  reptile .  Nagy 

(1987) calculated FI rates (in grams dry matter per day) from ME and FMR values on s pr ing 

and summer days and deve loped t he following equa tions : 
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FI (g/day) = 0.019 Wt 0.841 (g) herbivores [3-12] 

FI (g/day) = 0.013 Wt 0.773 (g) insectivores [3-13] 

Again, on a n ener gy ba sis, car nivor es and he rbivor es are not signific antly di fferent and can 

be represented by a s ingle rela tionship: 

FI (kjoule /day) = 0.224 Wt0.799 (g), or all iguanids [3-14] 

FI (kcal/day) = 0.054 Wt 0.799 (g) 

We provide the regr ession statistics for these equat ions (including sample size and 

regr ession c oefficient) and informat ion r equir ed to estimate a 95-percent confidence 

interval for an FI rate predicted for a specified body weight in Sect ion 3 .7.  More accurate 

estimates of f ood r equir ements for these and other gr oups of reptile s and a mphibians can 

be made from estimates of FMR (Sect ion 3 .5), dietary composit ion,  and AE for the species 

of interest, as out lined in Sect ion 4 .1.2. 

Allometric equat ions for  FI rates for other gr oups of reptile s and a mphibians were 

not found.  For othe r groups , we reco mmend estimat ing FI r ates from FMR and die t, as 

described in Sect ion 4 .1.2. 

3.2. WATER INTAKE RATES 

Daily water re quir ements depend on the rate at which animals lose water to the 

envir onm ent due to evapor ation and excret ion.  Los s rates depend on several factors, 

including body size , ambient temperature, and phys iologic al adaptations for cons erving 

water.  Drink ing water is only one way in which animals may meet their water 

requir ements.  All animals produce some water as a product of their meta bolis m.  The 

degree to which meta bolic water pr oduc tion and di etary water content can satisfy an 

animal's water re quir ements varies from species to species and with environmental 

conditions . Extensive literature describes the allometry of total water flux for var ious 
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groups of anim als.  A llo metric models to predict drink ing water intake, on the other hand, 

are limited. 

3.2.1. Birds 

Based on measured body weight s and drinking water values from Calder (1981) and 

Skadhauge (1975), Calder and Braun (1983) deve loped a n equa tion f or  drinking water 

inge stion ( WI) for  birds : 

WI (L/day) = 0.059 Wt 0.67 (kg) all birds [3-15] 

where Wt equals the average body weight in kilogr ams (kg) of the bird species.  This 

equation is b ased on data from 21 species of 11 to 3,150 g body weight .  Total water 

tur nov er should be propor tional t o meta bolic r ate (body weight to the 3/4 pow er, see 

Sect ion 3 .5.2.1).  The exponent for Equa tion 3-15 is not s ignific antly di fferent from 0.75 

(Calder and Braun, 1983).  A dditional sour ces of water not acc ount ed for  in this equa tion 

(metabolic water and water contained in f ood) also  help t o balanc e the anim als'  daily water 

losses.  For allometric equat ions for total water flux (inc luding water obtained from f ood) 

for birds, see Nagy and Peterson (1988). 

To estimate daily drink ing water intake as a pr opor tion of an anim al's body weight 

(e.g., as g/g-day), the WI rate estimated above is divided by the animal's body weight in k g: 

WI (g/g-day)	 = WI (kg/kg-day), or [3-16] 

= WI (L/day) / Wt (kg) 

In general, birds drink less water than do mammals of e quiv alent body weight s. 

Because of their relatively high metabolic r ates, the quantity of meta bolic water pr oduc ed 

by birds is greater in relat ionship t o body size than that produc ed by othe r vertebrates 

(Bartholomew and Cade, 1963).  In a ddition, birds are able to cons erve water by excreting 

nitrogen as uric acid instead of urea (as excreted by mammals); uric acid can be excreted 
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in a semi-s olid s uspension,  wher eas urea must be excreted in aqueous s olution.  On the 

othe r hand, birds exhibit a high r ate of water loss from the respiratory system and use 

panting and evaporative water loss to prevent overheat ing a t high a mbient temperatures. 

For example, Dawson (1954) f ound evaporative losses in two species of towhees to 

increase fourf old b etween 30 and 40 ��C. 

Although birds may satisfy some of their water needs by oxidative f ood metabolis m, 

it has not been demonstrated that any normally active bird can satisfy its water 

requir ements with meta bolic water a lone (Bartholo mew and Cade, 1963).  The balance 

must be obtained from water contained in f oods such as in sects or succulent plant 

material and from drink ing water. 

As would be exp ected, birds drink more water at warmer temperatures to make up 

for evaporative losses.  Seibert (1949) f ound t hat juncos (weighing 1 6 to 18 g) consum ed 

an average of 11 percent of their body weight in water daily at an ambient temperature of 

0��C, 16 percent at 23 ��C, and 21 percent at 37 ��C.  The white-throated sparrow increased 

water consumpt ion f rom 18 pe rcent of it s body weight at 0 ��C to 27 percent at 23 ��C and 44 

percent at 37 ��C. 

Water consumpt ion r ates per unit body weight also tend t o decrease with increasing 

body weight within a species.  For example, in white le ghorn chi ckens, water intake per 

gram of body weight is high est in the y oungest chicks (45 percent of the body weight at 1 

week when chicks average 62 g) and decreases with age thereafter (13 percent of the body 

weight at 16 weeks when chicks average 2.0 kg) until egg-lay ing,  when water consumption 

increases for the pr oduc tion of eggs (24 percent of the body weight for  laying hens ) 

(Medway and Kare, 1959). 

Some species obtain more of their daily water needs from their diet and therefore 

drink less water than others; therefore, measured water inge stion v alues fr om well-

condu cted st udie s should be us ed when available.  In the absence of measured values, 

Equation 3-15 should provide a reasonable central value .  Additional infor mation r equir ed 

to estimate a 95-percent confidence interval was not provided a long w ith this equa tion. 
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3.2.2. Mammals 

Based on measured body weight s and drinking water values from Calder (1981) and 

Skadhauge (1975), Calder and Braun (1983) deve loped a n allo metric equat ion f or  drinking 

water inge stion ( WI) for mammals: 

WI (L/day) = 0.099 Wt 0.90 (kg) all mammals [3-17] 

where Wt equals the average body weight in kilogr ams (kg).  A dditional sour ces of water 

not account ed for  in this equa tion ( i.e., meta bolic water and water contained in f ood) help 

to balance the animals' daily water losses.  The empirically determined ex ponent of 0.90 

does not suggest a simple phys iologic al explana tion.  If total water turnover (meta bolic 

water com bined w ith water obtained from f ood) is propor tional t o meta bolic r ate (body 

weight to the 3/4 pow er, see Sect ion 3 .5.2.1), then  drinking water inge stion would be 

expected to scale similarly, as was the case for birds (see Sect ion 3 .2.1).  For  allo metric 

equations rela ting body weight to total water flux (inc luding water obtained from f ood) for 

mammals, see Nagy and Peterson (1988). 

To nor malize drinking water intake to body weight (e. g., as g/g-da y; see Chapter 4, 

Equation 4-4), the WI rate estimated above is divided by the animal's body weight in k g: 

NWI (g/g-day) = WI (kg/kg-day), or [3-18] 

= WI (L/day) / Wt (kg) 

We present norma lized drinking water intakes in the species profiles. 

3.2.3. Reptiles and Amphibians 

Allometric equat ions rela ting body weight to  drinking water inge stion r ates were not 

identified f or reptile s and a mphibians .  The water balance of these gr oups is comple x, in 

part because they can absorb water thr ough t heir skin a s well a s drink water and extract 

water from their f ood (Duellm an and T rueb, 1986; Minnich, 1982).  The relative 
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cont ribution of th ese three routes of water intake depends on the species, habitat, 

temperature, and body sur face area.  In general, the skin of reptiles is less permeable than 

that of amphibians .  Aquatic turtle s (e.g., snapping t urtle , paint ed turtle ) also may inge st 

large amounts of water when fee ding on aqua tic plant s and anim als;  however, the 

magnitude of such  ing estion ha s not be en quantified ( Mahmoud and Kli cka, 1979).  For 

furthe r dis cussion of water balance for these gr oups , see Duellman and Trueb (1986), 

Feder and Burggren (1992), Minnic h (1982), and Nagy and Peterson (1988). 

3.3. INHALATION RATES 

Inhala tion r ate is one of the respiratory parameters needed to estimate potential 

exposur e of wildlif e to air borne con taminant s.  Inhala tion r ates vary with species, body 

size, body temperature, ambient temperature, and activity levels.  When inhala tion r ate is 

increased, either because of increased activity levels or to promote evaporative c ooling, 

exposure to airborne contaminants may be increased.  As discussed in Sect ion 4 .1.4, an 

inhala tion t oxicologis t should be consult ed when assess ing this pa thway because 

additional r espir atory pa rameters also must be considered (see U.S. EPA, 1990). 

3.3.1. Birds 

Lasiewski and Calder (1971) deve loped a n allo metric relat ionship f or  inhala tion r ate 

(IR) associated with standard meta bolis m (i.e.,  post-digestive, at rest) for non- passerine 

birds (N  = 6 species ranging in w eight fr om 43 to 88, 000 grams).  They exc lude d 

passerines, which have a somewhat highe r meta bolic r ate than non- passerines (see 

Sect ion 3 .5): 

IR (ml/min) = 284 Wt 0.77 (kg), or all non- passerines [3-19] 

IR (m3/day) = 0.4089 Wt 0.77 (kg), or 

IR (m3/day) = 0.002002 Wt 0.77 (g) 

As noted above, these inhala tion r ates were associated with standard meta bolic rates. 

Free-living metabolic r ates are likely to be highe r by a factor of at least 2 or 3 (see Section 
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3.5); therefore, IRs estimated from these equat ions should be adju sted accor dingly (e. g., 

multiplied by 2 or  3) although IRs might not be dir ectly pr opor tional t o meta bolic rate. 

3.3.2. Mammals 

Using measured values from several reports of respirat ion r ates in mammals 

(cover ing 691 data points), Stahl (1967) deve loped a n allo metric relat ionship f or  inhala tion 

rate with body size for mammals (N = 691, r = 0.98, SE Y = 45): 

IR (ml/min) = 379 Wt 0.80 (kg), or all mammals [3-20]
 

IR (m3/day) = 0.5458 Wt 0.80 (kg), or
 

IR (m3/day) = 0.002173 Wt 0.80 (g)
 

As for the equa tions giv en for  birds , these IRs were associated with standard meta bolic 

rates.  Field meta bolic r ates are likely to be highe r by a factor of at least 2 or 3 (see Section 

3.5); therefore, IRs determined from these equat ions should be adju sted accor dingly (e. g., 

multiplied by 2 or  3, although IRs may not be directly pr opor tional t o meta bolic rate). 

3.3.3. Reptiles and Amphibians 

In contrast to the fairly re gula r breathing p atterns of most birds and mammals, most 

reptiles breath air in distinct episodes.  They may take s ingle br eaths, or ex hibit an episode 

of several breaths, and then hold t heir  breath for vary ing lengths of time (Milsom and Chan, 

1986). Inhala tion r ate varies for reptiles and am phibians not only with  body size and 

activity level, as for birds and mammals, but also with body temperature.  Some gas 

exchange occurs normally thr ough t he int egum ent of both r eptile s and a mphibians 

(Duellman and Trueb, 1986; Lilly whit e and Made rson, 1982).  Moreover, for semiaquatic 

species, a signific ant propor tion of ga s exchange can occur unde rwater thr ough t he skin, 

reducing t he need to  inspir e air (Seymour, 1982).  For example, in a dult bullf rogs , gas 

exchange thr ough t he skin c an account for 18 pe rcent of total  oxygen  uptake (Burggren 

and West, 1982).  Given the complexity of the subject, we refer those interested in 
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inhala tion e xposur es for reptile s or  amphibians to more specific treatments of these t opic s 

(e.g., Duellman and Trueb, 1986; Feder and Burggren, 1992; Gans and Dawson, 1976; 

Jackson, 1979; Hutc hinson e t al., 1968; Lilly whit e and Made rson, 1982). 

3.4. SURFACE AREAS 

The degree to which an animal may absorb contaminants thr ough dir ect contact 

with its skin depends on many factors, inc luding t he sur face area of the skin available for 

contact.  Summar izing measured surface areas for more than 100 animals reported by 

Hemmingsen (1960), Schmidt-Nielsen (1970, 1972) determined that animals have surface 

areas that usually are approximately twice that of a sphere of the same we ight (assum ing a 

specific gr avity of 1 for  both t he sphe re and t he anim al).  The pe rmeabilit y of an anim al's 

skin to contaminants, however, depends on characteristics of the skin (e.g., presence of 

keratinize d scales) as well as the contaminant (e.g., molecule size, lipophilic ity).  This 

sect ion pr esents allometric equat ions for estimat ing s kin s ur face area; characteristics 

affecting s kin pe rmeabilit y are not dis cussed. 

3.4.1. Birds 

In s tudie s of avian thermal  biology , skin s ur face area is comm only estimated using 

Meeh's (1879, cited in Walsberg and King, 1978) formula with Rubne r's (1883, cited in 

Walsbe rg and King, 1978) constant of 10: 

SAskin (cm 2) =  10 Wt0.667 (g) all birds [3-21] 

where SA skin is the skin surface area beneath the feathers and Wt is body weight (Walsberg 

and King, 1978).  Alt hough Rubne r's con stant of 10 was derived or iginally fr om do mestic 

fowl, Drent and Stonehouse (1971) have verified the formula for birds in a variety of taxa 

and of weight s spanning t hree orde rs of magnitude .  For  passerines, beak surface area 

tends to  be about 1 pe rcent (range 0.7 pe rcent to 1.6 pe rcent of 10 p asserine species) of 

skin surface area, and leg surface area a bout 7 pe rcent (range 5.9 pe rcent to 
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7.9 percent of 10 passerine species) (Walsberg and King, 1978).  These ratios w ould be 

expected to vary for many non- passerines (e.g., herons, w oodc ock). 

3.4.2. Mammals 

Summar izing d ata from more than 100 mammals, Stahl (1967) deve loped a 

rela tionship b etween surface and body weight : 

SAskin (m2)=  0.11 Wt0.65 (kg), or all mammals [3-22]
 

SAskin (cm 2) =  12.3 Wt0.65 (g) 

This rela tionship is very simila r to that developed f or  birds (Equa tion 3-21). 

3.4.3. Reptiles and Amphibians 

Surface area has been f ound t o be a di fferent function of body weight for adult 

amphibians than for  birds or mammals (Hutc hinson e t al., 1968; Whitford and Hutc hinson, 

1967): 

SAskin (cm 2) =  1.131 Wt0.579 (g) all frogs [3-23] 

SAskin (cm 2) =  0.953 Wt0.725 (g) bullf rog [3-24] 

SAskin (cm 2) =  0.997 Wt0.712 (g) green frog [3-25] 

SAskin (cm 2) =  8.42 Wt0.694 (g) salamanders [3-26] 

Models by which t o estimate surface areas for turtles (exclusive of the shell and 

plastron) and snakes were not f ound.  The gene ral f ormula for the sur face area of a 

cylinde r can  be us ed to approx imate the surface area of a snake if the length and girth are 

known or estimated. 
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3.5. ALLOMETRIC EQUATIONS FOR METABOLIC RATE 

The allometric equat ions for estimat ing food ing estion r ates provided in Sect ion 3 .1 

were de rived  using v ery simple assumpt ions about the ener getic cont ent and dig estibilit y 

of the die t for the species included in t he regr ession equa tions .  Cons equently , the 

equations will provide only very r ough estimates of f ood ing estion r ates for any given 

species.  For a site-specific exposure assessment, it may be more appropriate to evaluate 

inge stion r ates for a diet that is likely to represent the species and study area.  The caloric 

content and percent water, fat, and protein of w ildlif e diets vary not only among s pecies, 

but also among individuals within t he same species depe nding on factors such as locat ion, 

time of year, age, and sex.  If one can estimate the energetic re quir ements of the animal in 

the field and its dietary composit ion f or a specified situation, one can estimate food 

inge stion r ates for that diet and situat ion.  In t he remainde r of this sect ion,  we dis cuss 

metabolic r ate and provide allometric equat ions to estimate field free-liv ing metabolic rates 

(FMRs) for wildlif e species.  Chapt er 4 describes how to use FMR estimates and 

infor mation about the ener gy cont ent of specific di ets to estimate f ood ing estion r ates. 

Several factors influence meta bolic r ates of free-ra nging anim als,  including body 

size, body temperature, and type and level of activity.  For homeotherms, meta bolic ener gy 

must be expended to keep core body temperature wit hin r elatively na rrow limit s.  At 

moderate ambient temperatures, homeotherms lose heat to the surr ounding e nvir onm ent 

as rapidly as they gain it and t herefore ne ed not expend extra meta bolic ener gy to maint ain 

core body temperature.  That range of ambient temperatures over which an animal's 

metabolic r ate is at a m inimum and con stant level is called the thermoneutral zone.  Below 

the thermoneut ral zone , the organis m lo ses heat to the environment and must increase its 

metabolic activity to compensate.  Above the thermoneutral zone, the organis m gains he at 

from its environment and must increase its meta bolic r ate to use evaporat ion t o cool it s 

body . 

Thermoneutral zones vary somewhat am ong s pecies depending upon t he insula ting 

prope rtie s and color of the fur  or feathers, surface-to-volume ratios, and other factors.  The 

degree to which meta bolic r ate increases with changes in ambient temperature outside of 
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the thermoneut ral zone is r eferred to as the temperature coefficient (TC).  Temperature 

coefficients also vary with body size , insula tion,  and othe r factors. a 

There are several ways to measure and express meta bolic r ate, inc luding b asal 

metabolic r ate (BMR), resting metabolic r ate (RMR), existence meta bolic r ate (EMR), 

average daily meta bolic r ate (ADMR), and f ree-living or  field metabolic r ate (FMR).  The 

different measures are dist inguished by the range of anim al activities inc luded in t he 

measure: 

��	 Basal meta bolic r ate (BMR), also so metimes labeled standard meta bolic rate 

(SMR), represents the minimal value of heat pr oduc tion f or  hom eotherms. 

BMR must be measured wit hin t he thermoneut ral zone of ambient 

temperatures when the animal is at rest and in a post-absorptive state (i.e., 

all food ha s been dig ested) (Gessaman, 1973). 

��	 Standard meta bolic r ate (SMR) has been used in the literature in more than 

one way.  Many authors define SMR as BMR (see above).  Others use SMR if 

the thermoneut ral zone ha s not be en defined s o that some cost of 

thermoregula tion may be inc luded ( Benn ett and Harvey, 1987). 

��	 Resting metabolic r ate (RMR) is usually measured at temperatures below the 

thermoneut ral zone when the anim al is at r est, but not post-absorptive (i.e., 

the anim al is eating r egula rly and may be expe nding e nergy to  dig est its 

food) .  The RMR exceeds the BMR by the heat libe rated in the dige stion of 

food ( i.e., the specific dyna mic action, or  SDA) and by some cost of 

thermoregula tion.  RMR and BMR a re usually measured us ing indir ect 

calorimetry (i.e., oxygen consumpt ion and c arbon dioxide produc tion) ov er a 

period of 1 to 3 hour s. 

aWater has a much  higher he at conduc tance than ai r.  When s ubm erged or s wimmi ng, the degre e 
to  which me tabolic  rate i ncreases w ith  decreasi ng wa ter tem peratu re depends on  the an imal's 
insul ation (e.g., wh ether t he fur t raps an air layer next  to th e skin over part or al l of  the body or 
whether t here is an insul ative layer of blubber) , durat ion of submergence, and body si ze. 
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��	 Existence meta bolic r ate (EMR) is the meta bolic r ate necessary for an animal 

to maintain itself in captivity wit hout a change in body weight .  EMR is 

greater than RMR due to the cost of locomotor  and othe r activities re quir ed 

for self-maintenance.  Most researchers measure EMR on the basis of food 

consumption and e nergy excret ion a t a con stant we ight ov er the pe riod of 

several days or weeks (Kende igh, 1969). 

��	 Average daily meta bolic r ate (ADMR) is usually measured over 24 hour s at a 

temperature similar to the animal's natural environment and with f ood a nd 

water available ad libit um.  ADMR is the sum of BMR and t he meta bolic costs 

of thermoregula tion, dig estion,  and daily activities. 

��	 Free-living or  field metabolic r ate (FMR) can  be measured us ing doubly -

labeled water, and it represents the total daily energy re quir ement for an 

anim al in t he wild.  FMR include s the co sts of BMR, SDA, thermoregula tion, 

locomotion, feeding, pr edator avoidanc e, alertn ess, posture, and other 

energy expenditur es.  Var ious models and measures have indi cated that a 

constant value of approximately three times BMR is a r easonable estimate of 

FMR for  birds and mammals (Lamprey, 1964; Buechner and Golley, 1967; 

Koplin e t al., 1980), although m ore pr ecise estimates also have been 

develope d (see Sect ions 3.5.1.3, 3.5.2.3, and 3 .5.3.2). 

FMR also  has been used in t he lit erature to repr esent fast ing metabolic r ate (e.g., 

Gessaman, 1973), but we do not discuss fast ing metabolic r ate estimates in this Ha ndbook . 

The rela tionships b etween meta bolic r ate and body weight fall into t wo broa d 

categories:  those for homeothermic animals (i.e., most birds and mammals), and those for 

poikilothe rmic anim als (i.e., most reptile s and a mphibians ).  For poikilothe rms, meta bolic 

rate must be related to body temperature.  It also is important to remember that 

poikilothe rms can adjus t their  body temperatures relative to ambient temperatures 
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 somewhat by m odif ying t heir  behavior  (e.g., basking in t he sun,  adopting pos tures to 

minimize or maximize absorpt ion of sola r radia tion) . 

Allometric models relat ing metabolic r ate to body size for  birds and mammals are 

described in Sect ions 3.5.1 and 3 .5.2, resp ectively.  Allometric models for reptiles and 

amphibians are d escribed in Sect ion 3 .5.3.  We have attempted to identify the most 

accurate allometric equat ions currently available for estimat ing f ree-living metabolic rates. 

We also present allometric equat ions for b asal and existence meta bolis m, which in 

combina tion w ith appropr iate informat ion on activity budgets and energy costs can be 

used to estimate field meta bolic r ates.  Furthermore, measures of basal and existence 

metabolis m are available for considerably more species than are measures (or estimates) 

of free-living metabolic r ates. Consequently, more allometric models have been deve lope d 

that dis tinguish t he meta bolic rate-we ight rela tionship a mong taxonomic groups using 

measures of basal and existence meta bolis m than  using measures of field meta bolic rates. 

We caution us ers to  pay clos e attention t o the unit s for the pa rameters in the allometric 

equations .  For  most equa tions , energy is expr essed as kcal (with the except ion of some 

equations for reptile s and a mphibians ).  Mass may be expressed either in g or kg, 

depending on how the equa tion was reported. 

We emphasize that the literature on allometric relat ionships and metabolic r ate is 

extensive and complex.  We provide a very sim plified ov erview that should be of 

assistance for scree ning- level exposure assessments only .  For  additional infor mation on 

methods of estimat ing metabolic co sts of free-ra nging anim als,  please consult expert 

reviews on the subject (e.g., Bennett and Dawson, 1976; Bennett and Harvey, 1987; E llis , 

1984; Gans and Dawson, 1976; Gessaman, 1973; Kende igh e t al., 1977; King, 1974; Peters, 

1983; Robinson e t al., 1983; Wiens, 1984). 

3.5.1. Birds 

In birds, meta bolic r ate generally decreases with increas ing body mass.  Several 

authors have f ound passerine birds to have highe r meta bolic r ates overall for their body 

size than  non- passerines (Lasiewski and Dawson, 1967; Nagy, 1987; Kende igh, 1970; 
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Zar, 1968).  In this sect ion,  we pr esent allometric models for three measures of meta bolic 

rate on the basis of body size in birds :  basal meta bolic r ate (BMR), existence meta bolic 

rate (EMR), and field meta bolic r ate (FMR).  All equa tions take the general form of Y = aWt b, 

but can also be represented in their log- transformed form (the equa tion of a straight line ). 

We conclude this sect ion by dis cussing t he influenc e of ambient temperature on avian 

metabolic r ates.  Additional infor mation r equir ed to estimate a 95-percent confidence 

interval (CI) for a predicted FMR (the expression of metabolic r ate that is generally most 

appropriate for w ildlif e exposur e assessments) is provided in Sect ion 3 .7. 

3.5.1.1.  Basal Metabolic Rate 

Several investigators have derived values for the constants a and b for the equation 

rela ting BMR t o body weight (Wt) fr om empiric al data on birds.  Lasiewski and Dawson 

(1967) com piled body weight and BMR f or almost 100 species of birds.  They f ound BMR 

for passerines to be highe r than  BMR for  non- passerines (i.e., the Y-intercept for 

passerines is highe r than the Y-int ercept for  non- passerines): 

Passerines 

log BMR (kcal/day) =  2.11 + 0.724 log W t (kg) ± 0. 113, or [3-27] 

BMR (kcal/day) =  128 Wt 0.724 (kg) 

Non-passerines 

log BMR (kcal/day) =  1.89 + 0.723 log W t (kg) ± 0. 068, or [3-28] 

BMR (kcal/day) =  77.6 Wt 0.723 (kg) 

Ellis (1984) found t he Y-int ercept for seabirds b to be somewhat highe r than the Y-

int ercept for  non- passerines determined by Lasiewski and Dawson (1967): 

bSeabir ds  incl uded penguins , albatross, petrels, shearwate rs , pelicans, skuas,  gul ls, te rns , noddy s, 
murres, corm orants, an d fri gatebirds. 
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Seabirds 

log BMR (kcal/day) =  1.96 + 0.721 log W t (kg) (no S E provided) , or [3-29] 

BMR (kcal/day) =  91.2 Wt 0.721 (kg) 

Zar (1968) reexamined the data com piled by La siewski and Dawson (1967) and 

developed models for rela ting BMR t o body weight (kg) for several orders and fam ilie s of 

birds (Table 3-2).  These may be used to estimate whether the FMR for a species of int erest 

is likely to fall above or below that predicted on the basis of the allometric equat ions 

derived for  "all birds ." 

3.5.1.2.  Existence Metabolic Rates 

Kendeigh (1970) developed allo metric equat ions for EMRs as a func tion of weight 

(Wt) at 30��C separately for passerines and for non- passerines.  As was the case for BMRs, 

passerines showed highe r EMRs than  did non- passerines: 

Passerines (N = 15 species) 

log EMR (kcal/day) =  0.1965 + 0.6210 log W t (g) ± 0. 0633, or [3-30] 

EMR (kcal/day) =  1.572 Wt 0.6210 (g), or 

log EMR (kcal/day) =  2.060 + 0.6210 log W t (kg),  or 

EMR (kcal/day) =  114.8 Wt 0.6210 (kg) 

Non-passerines (N = 9 species) 

log EMR (kcal/day) =  -0.2673 + 0.7545 log W t (g) ± 0. 0630, or [3-31] 

EMR (kcal/day) =  0.5404 Wt 0.7545 (g), or 

log EMR (kcal/day) =  1.996 + 0.7545 log W t (kg),  or 

EMR (kcal/day) =  99.03 Wt 0.7545 (kg), or 

The average increase of EMR at 30 ��C over BMR is 31 and 2 6 percent in p asserine and non

passerine species, respectively (Kende igh, 1970).  At 0��C, on t he othe r hand,  EMR of 

passerine and non- passerine species is similar, indi cating t hat non- passerines are affected 
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Table 3-2.  Allome tri c Equa tions  for Basal  Metabolic  Rate (BMR) in Bird sa 

Avia n group 

Number
of data
point s  a log a  b 

SE  ofb 

mean
BMR 

SE  ofb 

mean 
log B MR 

Apodi formes 9 114 2.06 0.769 0.201 0.0558 

Strigi formes 7 66.4 1.82 0.69 11.1 0.0989 

Columbiformes 10 92.1 1.96 0.858 2.68 0.0491 

Gallif ormes 13 72.6 1.86 0.698 15.3 0.0904 

Falconi formes  5 65.3 1.82 0.648 45.3 0.108 

Anseri formes 9 95.8 1.98 0.634 23.4 0.0524 

Cico niiformes 7 86.9 1.94 0.737 22.0 0.0464 

Passeri formes 48 129 2.11 0.724 8.71 0.0806 

Corvi dae 8 126 2.10 0.709 23.3 0.147 

Ploeceidae 17 164 2.21 0.794 1.40 0.0808 

Fringillid ae 19 125 2.10 0.714 1.02 0.0473 

All  Nonpasseri nes 72 78.5 1.90 0.723 42.8 0.111 

All Sp ecies 120 86.3 1.94 0.668 52.8 0.133 

aValues for th e equat ion r elati ng BMR t o body weight  (Wt):  l og BMR (kcal /day) = log a + b log W t (kg). 

bEst imate d f rom the mean log W t used t o develop t he allometric  equat ion. 

Source:  Zar , 1968. 


more by cold t han p asserines.  Kende igh (1970) estimated the equat ion f or all bird s pecies 

(N = 24) at 0��C to equal: 

All birds (24 species) 

log EMR (kcal/day) =  0.6372 + 0.5300 log W t (g) ± 0. 0613, or [3-32] 

EMR (kcal/day) =  4.337 Wt 0.5300 (g) 
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The equa tions also  indi cate that smaller species are affected more by c old t han are la rger 

species.  The slope s of the regr ession line s for EMR on body weight is l ess steep at 0 ��C 

than at 30 ��C, indi cating t hat small birds must increase heat pr oduc tion m ore than  large 

birds to regulate body temperature dur ing cold weather. 

To nor malize EMR t o body weight , divide the daily EMR by body weight : 

NEMR (kcal/kg-day) = EMR (kcal/day) / Wt (kg) [3-33] 

3.5.1.3.  Free-Living Metabolic Rate 

FMRs have been measured us ing doubly -labeled water (DLW) to measure CO 2 

produc tion in anim als in t he field.  Based on DLW measurements with 25 species of birds, 

Nagy (1987) deve loped a n equa tion r elating FMR f or  birds to  body weight : 

FMR (kjoule s/day) = 10.89 Wt0.640 (g), or all birds [3-34] 

FMR (kcal/day) = 2.601 Wt 0.640 (g) 

In birds , the slope of FMR ( i.e., 0.640) does not differ s ignific antly fr om the BMR slope of 

0.668 (see Table 3-2).  This indi cates that FMR may be a relatively constant mult iple of BMR 

in birds ov er a large range of body mass. 

Using estimates of FMR determined for 42 species by a variety of met hods , 

Walsberg (1983) f ound a simila r rela tionship ( r2 = 0.98, SE Y = 0.415, SE b = 0.012): 

FMR (kjoule s/day) = 13.05 Wt0.605 (g), or all birds [3-35] 

FMR (kcal/day) = 3.12 Wt 0.605 (g) 

Separating t he passerine from the non- passerine species, Nagy (1987) f ound a 

highe r FMR among p asserines than non- passerines of comparable we ight (i.e., the Y-

intercept for passerines is highe r than the Y-int ercept for  non- passerines), as expected on 

the basis of basal meta bolic rate: 
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FMR (kjoule s/day) = 8.892 Wt0.749 (g), or passerines [3-36] 

FMR (kcal/day) = 2.123 Wt 0.749 (g) 

FMR (kjoule s/day) = 4.797 Wt0.749 (g), or non- passerines [3-37] 

FMR (kcal/day) = 1.146 Wt 0.749 (g) 

FMR (kjoule s/day) = 8.017 Wt0.704 (g), or seabirds [3-38] 

FMR (kcal/day) = 1.916 Wt 0.704 (g) 

FMR (kjoule s/day) = 21.13 Wt0.440 (g), or non-seabirds c [3-39] 

FMR (kcal/day) = 5.051 Wt 0.440 (g) 

We provide the regr ession statistics for Nagy's (1987) equat ions (including sample 

size and t he regr ession c oefficient) and informat ion r equir ed to estimate a 95-percent 

confidenc e int erval for an  FMR in Sect ion 3 .7.d 

Nagy (1987) estimated the accuracy of the doubly -labeled water met hod t o be ± 8 

percent or better.  Because of difficulties in recaptur ing birds during t he nonbr eeding 

season, most of the measured FMRs were for  breeding birds (Nagy, 1987). 

King (1974) estimated that FMR exceeds BMR by a factor of 3.5 on average (based 

on a sample of 18 measures for species ra nging f rom 4 to 400 g in weight).  Gessaman 

(1973) summarized data on mock ingbirds and purple martins fr om Utter (1971) that 

indi cated an FMR equal t o 1.6 to 2.4 ti mes the predicted BMR for adult s not actively fee ding 

nestlings .  Feeding n estlings inc reased the ratio of FMR to BMR f rom 2.7 to 3.4 in purple 

martins (Utter, 1971, cited in Gessaman, 1973). 

cAll  of  the large birds i ncluded i n th e database w ere seabi rds such as noddy, ki ttiw ake, shearw ater, 
albatross, tern , and petrel (Nagy, 1987).  Oth er large b irds, such as h erons, haw ks, an d owls, we re 
not  included.  Accordingly, non-passeri ne and non-seabi rd equat ions should be used w ith  caut ion. 

dInsufficient i nformati on is provid ed in  Walsberg (1983) to esti mate co nfid ence i ntervals for a 
predicte d FMR for species with  body  weight s abov e or be low the mean l og body  weight  value of 
his data set. 
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To nor malize FMR t o body weight , divide the daily FMR by body weight : 

NFMR (kcal/kg-day) = FMR (kcal/day) / Wt (kg) [3-40] 

Figur e 3-1 illus trates approximate monthly variat ions in t he total ener gy budge t of 

an adult hous e sparrow in Illinois thr oughout the year and the relat ionship b etween BMR 

and FMR (adapted fr om Kendeigh e t al., 1977).  For this bird, FMR varies seasonally, with a 

maximum value in midwinter (28 kcal/day) and a m inimum in Augus t prior  to molting ( 20 

kcal/day).  Other species, however (e.g., w illow pt armigan) , show no signific ant var iation in 

FMR with season ( King, 1974).  For examples of nest ling e nergy budg ets, see Kende igh e t 

al. (1977) and Dunn (1980).  For a discuss ion of modeling e nergy budg ets for birds in 

general and for seabirds in particular, see Wiens (1984). 

3.5.1.4.  Temperature and Metabolic Rate 

Below an anim al's thermoneut ral zone , metabolis m inc reases with decreasing 

ambient temperature.  Sect ion 3 .5.1.2 presented equat ions for EMR a t 30��C and at 0��C, but 

these are not particularly helpful for estimat ing EMR a t othe r temperatures.  Alt hough f ew 

researchers have attempted general mult iple regr essions of metabolic r ate on both body 

size and temperature for birds, some relat ionships h ave been investigated in general terms 

(Peters, 1983): 

��	 Low temperatures induc e a greater pr opor tional r ise in metabolic rate 

relative to basal meta bolic r ate in smaller birds than in larger ones. e 

��	 At high temperatures, meta bolic r ate increases to increase blood flow and 

evapor ative cooling ( via panting) . 

eThis is  because conduct ance and heat  loss f or a given t hermal gradi ent bet ween body t emperature 
and ambient  temp erature rise m ore slow ly with  body si ze than do basal  metabol ic  rates. 
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Figure 3-1. Monthly Variation in Energy Budget Estimated for a House Sparrow 
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Peters (1983) deve loped a n equa tion r elating t he ratio of SMR t o BMR to thermal  gradient 

(i.e., the difference between ambient temperature and body temperature) for birds: 

SMR/BMR = 0.029 (thermal gradient in ��C) Wt-0.249 (kg) [3-41] 

Thus, standard meta bolic co sts increase relative to basal meta bolis m at low er 

temperatures, but less so for larger birds than for smaller birds.  Despite the strong 

dependence of meta bolic r ate on ambient temperature, for scree ning- level risk 

assessments, it s hould not be n ecessary to adjust estimates of FMR for seasonal 

temperature changes.  As Figur e 3-1 illus trates, high metabolic demands of 

thermoregula tion in t he wint er can  be repl aced by those of repr oduc tion and molting 

during s pr ing,  summer, and fall. 

3.5.2. Mammals 

As for birds, meta bolic r ate in mammals generally decreases with increas ing body 

size.  The meta bolic r ates of herbivorous and carnivorous mammals are similar for 

similarly sized species.  In this sect ion,  we pr esent allometric models for three measures of 

metabolic r ate on the basis of body size in mammals:  basal meta bolic r ate (BMR), resting 

metabolic r ate (RMR), and f ree-living metabolic r ate (FMR).  All equa tions take the general 

form of Y = aWt b, but also can be represented in their log-transformed form (the equation 

of a straight line ).  We conclude this sect ion by dis cussing t he influenc e of ambient 

temperature on mammalian meta bolic r ates.  Additional infor mation t hat allow s one to 

estimate a 95-percent confidence interval for a predicted FMR, the expression of metabolic 

rate that is generally most appropriate for w ildlif e exposur e assessments, is provided in 

Sect ion 3 .7. 

3.5.2.1.  Basal Metabolic Rate 

On the ba sis of BMR measurements for 26 species we ighing 3 .5 to 600 kg, Kleiber 

(1961) estimated that BMR was related to body weight in mammals accor ding t o the 3/4 

power: 
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BMR (kcal/day) = 70 Wt 0.75 (kg) ± 0.004 [3-42] 

Boddington' s (1978) analysis produced similar results: 

BMR (kcal/day) = 75 Wt 0.73 (kg) ± 0.013 	 [3-43] 

3.5.2.2.	  Resting Metabolism 

Stahl (1967) used an extensive database (349 species) to determine s lightly highe r 

value s for  RMR than had be en determined for BMR (Sect ion 2 .5.2.1): 

RMR (kcal/day) = 80 Wt 0.76 (kg) [3-44] 

3.5.2.3.  Field Metabolic Rate 

Based on doubly -labeled water measurements with 23 species of placental 

mammals, Nagy (1987) deve loped a n equa tion r elating FMR t o body weight : 

FMR (kjoule s/day) = 3.35 Wt0.813 (g), or placental mammals [3-45]
 

FMR (kcal/day) = 0.800 Wt 0.813 (g) 

The slope of 0. 813 is s ignific antly highe r than the BMR slope s of 0.73 to 0.76 repor ted 

abov e.  Thus , the FMR doe s not appe ar to  be a con stant mult iple of BMR ov er a range of 

body size s as was the case in birds.  However, no FMR measurements have yet been made 

on shrews or other very active small mammals, and whales were inc luded in t he FMR data 

set (Nagy, 1987). 

Separating t he herbivor es fr om non-he rbivor es, Nagy (1987) developed t wo 

additional equa tions : 

FMR (kjoule s/day) = 5.943 Wt0.727 (g), or herbivores [3-46] 

FMR (kcal/day) = 1.419 Wt 0.727 (g) 
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FMR (kjoule s/day) = 2.582 Wt0.862 (g), or non-he rbivor es [3-47] 

FMR (kcal/day) = 0.6167 Wt 0.862 (g) 

Separating rodent s fr om othe r anim als,  Nagy (1987) found: 

FMR (kjoule s/day) = 10.51 Wt0.507 (g), or rodents [3-48] 

FMR (kcal/day) = 2.514 Wt 0.507 (g) 

Nagy (1987) estimated the accuracy of the doubly -labeled water met hod t o be ± 8 pe rcent 

or better. 

To nor malize FMR t o body weight (e. g., kcal/kg-day), divide the daily FMR by body 

weight .  In Sect ion 3 .7, we provide the regr ession statistics for Nagy's (1987) equat ions 

(including sample size and t he regr ession c oefficient) and informat ion t hat allow s one to 

estimate a 95-percent confidence interval for an FMR value pr edicted for a specified body 

weight . 

3.5.2.4.  Temperature and Metabolic Rate 

Few researchers have attempted general mult iple regr essions of metabolic r ate with 

both body mass and temperature for mammals.  However, several relat ionships h ave been 

investigated qualitatively (Peters, 1983): 

��	 Low temperatures induc e a greater pr opor tional r ise in metabolic rate 

relative to basal meta bolic r ate in smaller mammals than in larger ones. f 

��	 At high temperatures, meta bolic r ate increases to increase blood flow and 

evapor ative cooling ( e.g., panting) . 

fThis is  because conduct ance and heat  loss f or a given t hermal gradi ent bet ween body t emperature 
and ambient  temp erature rise m ore slow ly with  body si ze than do basal  metabol ic  rates ( Peters, 
1983). 
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Peters (1983) deve loped a n equa tion r elating t he ratio of SMR t o BMR to thermal  gradient 

for mammals: 

SMR/BMR = 0.068 (thermal  gradient in ��C) Wt-0.182 (kg) [3-49] 

Thus, standard meta bolic co sts increase relative to basal meta bolis m at low er 

temperatures, but less so for larger than for smaller mammals. 

3.5.3. Reptiles and Amphibians 

Most reptile s and a mphibians tend t o have much lower meta bolic r ates than birds or 

mammals because they are poikilothe rmic .  For example, at temperatures similar to normal 

body temperatures of birds and mammals (ar ound 3 7 to 39��C), resting metabolic r ates of 

reptile s and a mphibians tend t o be only 10 to 20 pe rcent of thos e of birds and mammals of 

simila r body weight (Benn ett and Dawson, 1976).  In this sect ion,  we provide some 

examples of allometric equat ions for meta bolic r ate.  Because meta bolic r ate depends on 

body temperature, which in poikilothe rms can vary sub stantially over time, we recommend 

that those persons interested in estimat ing metabolic r ates consult more complete 

treatments of the subject, inc luding t hermoregula tion in poikilothe rms (e. g., Benn ett and 

Dawson, 1976; Congdon e t al., 1982; Duellman and Trueb, 1986; Feder and Burggren, 1992; 

Harless and Morlock, 1979; Hutc hinson, 1979). 

3.5.3.1.  Basal and Resting Metabolic Rates 

Robinson e t al. (1983) developed a n equa tion f or the rela tionship b etween BMR and 

body mass for  reptiles and am phibians at 20 ��C: 

BMR (Watts) = 0.19 W t0.76 (kg), or [3-50] 

BMR (kcal/day) = 3.92 Wt 0.76 (kg) 

Thus , the BMR of hom eotherms (Sect ions 3.5.1 and 3 .5.2) is approx imately 30 times the 

BMR of poikilothe rms at this ambient temperature (Peters, 1983).  The difference in 
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metabolic r ates between homeotherms and poikilothe rms is l essened when poikilothe rms 

modif y their  body temperatures by behavioral adjustments (such as bask ing in t he sun) . 

Andrews and P ough (1985) used mult iple regr ession a nalysis to evaluate the 

rela tionship b etween meta bolic r ate and three variables—mass, temperature, and standard 

or  resting metabolic state—for snakes and lizards.  From a total  of 226 observat ions on 1 07 

species (between 20 and 30 ��C for most obs ervations ), they de veloped t he following 

equation: 

MR (ml O /hr) = 0.013 Wt 0.80 (g) × 100.038 temperature ( ��C) 
2 [3-51] 

× 100.14 metabolic state 

where MR equals either SMR or RMR and metabolic state equals zero (0) for standard 

metabolis mg and equals 1 for resting metabolis m.h The Q10 value s for the influenc e of 

temperature on meta bolic r ate (i.e., quotient of the r ate measured at one temperature 

divided by the rate measured at a temperature 10 ��C low er) were 2.4 for resting metabolis m 

and 1.4 for standard meta bolis m.  Thus SMR depended l ess on ambient temperature than 

did RMR. 

Equation 3-51 is based on a dult anim als and should not be us ed to estimate 

metabolic r ates of juve nile sn akes and lizards.  A ndr ews and P ough (1985) reviewed 

allometric equat ions rela ting r esting metabolic r ate to body weight within s pecies and 

found t hat the exponent s were signific antly low er than the value of 0.80 in Equa tion 3-51. 

See Andrews and P ough (1985) for intraspecific allometric models for this gr oup. 

3.5.3.2.  Free-Living Metabolic Rates 

Nagy (1987) deve loped a n equa tion f or the rela tionship b etween FMR and body size 

in iguanid liza rds: 

gMeasured for fasti ng indi viduals during  the p eriod of normal in acti vit y (at n ight  for m ost species). 
hMeasured for fasti ng indi viduals during  the p eriod of normal  acti vit y (dayti me for m ost species). 
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FMR (kjoule s/day) = 0.224 Wt0.799 (g), or [3-52] 

FMR (kcal/day) = 0.0535 Wt 0.799 (g) 

Bennett and Nagy (1977) estimated that the ratio of FMR to EMR for  lizards is 2.0. 

Robinson e t al. (1983) estimated the value to be 2.9, assum ing t hat liza rds r est at 

maintenance levels for 8 hour s per day at 35��C. 

Feder (1981, 1982) presented equat ions rela ting FMR t o body size of unr estrained 

ranid ( frog) tadpole s at 25��C: 

dry mass (mg) = 0.047 (wet mass) 1.06 (mg) [3-53] 

and 

FMR (µlO2/hr) = 2 .5 (dry mass) 0.878 (mg), or [3-54] 

FMR (mlO 2/day) = 0.06 (dry mass) 0.878 (mg) 

Assuming 1 millilit er of ox ygen  is metabolic ally equiv alent to approx imately 4.80 calories 

(Dawson, 1974): 

FMR (cal/day) = 0.288 (dry mass) 0.878 (mg) [3-55] 

Burggren et al. (1983) estimated Q 10 values for meta bolic r ates for bullf rog la rvae of 1.87 

between temperatures of 15 and 25 ��C and of 2.41 between temperatures of 25 and 33 ��C. 

Q10 value s for a second r anid s pecies ( Rana berlandi eri ) were similar (1.97 and 1.76, 

respectively).  Thus, the meta bolic r ate for ra nid f rogs approx imately double s with each 10

degree rise in temperature over this range of temperatures. 

The equa tions pr esented in this sect ion show that poikilothe rm meta bolic rate 

depends str ongly on temperature.  The available literature on the subject is extensive and 

complex, and again, interested readers are encouraged to consult substantive treatments 

of the subject (see references cited in the intr oduc tion t o Sect ion 3 .5.3). 
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3.6. MATH PRIMER AND UNIT CONVERSIONS 

To assist readers in us ing or  modif ying allo metric equat ions pr esented in this 

Handbook or in using allo metric equat ions pr esented in the open literature, we provide a 

brief summary of loga rithm and pow er func tions in Sect ions 3.6.1 and 3 .6.2. Sect ion 3 .6.3 

cont ains frequently us ed unit conv ersion factors. 

3.6.1. Summary of Operations Involving Logarithms 

log 1 = 0 


log ( N1 N2) = log N 1 + log N 2 


log ( N1 / N2) = log N 1 - log N 2 


log ( 1 / N1) = -log N 1 


log ( N1 
c) = c log N 1 


log c r oot of N 1 = log ( N1
1/c) = (1/c) log N 1
 

3.6.2. Summary of Operations Involving Powers 

aW  Wb =  Wa+b 

a b(W )  = Wab 

a a a(W W )  =  W1 W21 2 


a
W  /  Wb  =  Wa-b 

aW  /  W  =  Wa-1 


1/Wb = W-b 


0W  =  1 
a a a(W1 / W2)  = W1 /W2 


c root of W a = (Wa)1/c = Wa/c 
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3.6.3. Unit Conversions
 

3.6.3.1.  Approximate Factors for Metabolic Equations
 

1 kg dry mass 

1 kg dry mass 

1 kg wet mass 

1 kg fat 

tissue density 

1 kg wet mass 

1 kg dry mass 

1 ml O2 

3.6.3.2.  Exact Conversions 

Area 
1 acre 

= 3 to 10 kg wet mass (Peters, 1983) 

= 22 × 106 joule s 

= 2 to 7 × 106 joule s 

= 40 × 106 joule s 

= 1 kg/liter 

= 1 × 1015 µm3 

= 0.4 kg carbon 

= 20.1 joule s 

= 4.8 calories 

= 
1 square mile mi 2) = 
1 square meter (m 2) = 
1 square kilometer (km 2) = 

(Peters, 1983) 

(Peters, 1983) 

(Peters, 1983) 

(Peters, 1983) 

(Peters, 1983) 

(Peters, 1983) 

(Peters, 1983)
 

(Dawson, 1974)
 

0.4047 hectares (ha)
 
259 ha
 
1 × 10-4 ha
 
100 ha
 

Lengt h 
1 inch = 2.54 centimeters (cm) 
1 foot = 0.3 meters (m) 

= 30.48 cm 
1 mile (mi) = 1.61 kilometers (km) 

Volum e 
1 m3 = 1 × 103 liters (L) 

= 31 × 106 cm 

Mass 
1 ounce (oz) = 28.35 grams (g) 
1 pound (lb) = 453.6 g 
1 lb = 0.4536 kilogr ams (kg) 
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Work and energy (force × distance) 

1 joule (J) = 1 kg-m 2/s2 


= 0.239 calories (cal) 


Power (ener gy pe r unit time) 
1 watt (W) 	 = 1 kg-m 2/s3 

= 1 joule /s 
= 20.64 kcal/day 

1 ml O 2/s 	 = 0.0446 mMol O 2/s 

= 1.43 mg O2/s 


3.7. ESTIMATING CONFIDENCE INTERVALS 

A commonly repor ted measure of the precis ion of estimat ing log Y fr om log W t (or Y 

from Wt) for allometric equat ions is the standard error (SE) of log Y : 

log Y = log a + b log W t  ±  SE of log Y 	 [3-2] 

The SE of log Y is the standard error of the estimate of log Y fr om log W t at a value of log 

Wt that represents the mean of the log W t value s us ed to estimate the allometric 

rela tionship.  This value cannot be used to estimate a confidence interval (CI) for a log Y 

value predicted from log W t value s othe r than the mean log W t value .  The CI of a pr edicted 

log Y value is smallest at the mean log Y and mean log W t value s and inc reases as log W t 

for the species of interest deviates from mean log W t.  Thus , to estimate the CI for a s ingle 

predicted value of Y, one also must know the sample size and the mean of the log W t 

value s us ed in de veloping t he allo metric equat ion,  which m any in vestigators do not report. 

Nagy (1987), however, did provide sufficient statistical informat ion t o estimate a 95

percent CI for a predicted value of Y given any value of Wt for his free-liv ing ( field) 

metabolic r ate (FMR) and food ingestion (FI) r ate equat ions .  In this sect ion,  we outline 

Nagy's short-cut for estimat ing this CI and provide the statistical values re quir ed for each 

of Nagy 's equa tions pr esented in this Ha ndbook . 
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______ 

To estimate 95-percent CIs for the predicted FMR and FI r ate, use the values from 

Table 3-3 (for FI rate equations) or 3-4 (for FMR equations ) in t he following f ormula : 

2 0.5 95% CIlog y = log y ± c [d  + e (log W t - log W t) ] 

where y is FMR in kilojoule s/day or FI in gr ams (dry we ight )/day.  Log W t is the log of the 

body weight in gr ams of the species for which y is be ing estimated. Log W t bar is the 

mean log W t of the species us ed to develop t he allo metric equat ion.  Values for c, d, e, and 

log W t bar are provided in T ables 3-3 and 3-4.  Tables 3-3 and 3-4 also provide sample 

sizes (N), regr ession c oefficients (r 2), and SE estimates for b and log a in t he applic able 

equations . 
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Table 3-3.  Regression S tatisti cs f or Nagy's (1987)  Allometric E quat ions f or Food Ingest ion Rates for Free-Living A nim als 
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Regression S tatisti cs f or Allometric E quat ions f or Food Ingest ion (FI) Rates (Dry Matter Ingest ion)  Rates of Free-Living M ammal s, Birds, 
and Li zards .  Equations  are in the fo rm Y = aWtb  where Y is  Food Inge sti on Rate (in gra ms dry  weight /day) and Wt is  body  weight of 
species s (gram s wet weigh t). 

______ 
95% CI  = log FI  ± c [d  + e (log W t  - log W t) ] log FI(species s) (species s) (species s) 

2 0.5 

Group 
subgroup 

Equa
tion  a log a  (SE log a) b (SE b)  N  r2 

______ 
log Wt  c  d  e 

Bird s  3-3 0.64 -0.188 (0.060) 0.651 (0.028)  50 0.919 1.983 0.347 1.020 0.026 

passeri nes  3-4 0.40 -0.400 (0.075) 0.850 (0.053)  26 0.915 1.378 0.158 1.038 0.480 

non-passeri nes  3-5 0.30 -0.521 (0.132) 0.751 (0.048)  24 0.919 2.638 0.401 1.042 0.061 

seabirds  3-6 0.49 -0.306 (0.187) 0.704 (0.061)  15 0.911 2.958 0.399 1.067 0.109 

Euther ian Mammals 
(i.e., placental ) 

3-7 0.23 -0.629 (0.065) 0.822 (0.026)  46 0.958 2.196 0.425 1.022 0.015 

rodents  3-8 0.62 -0.207 (0.194) 0.564 (0.119)  33 0.421 1.598 0.434 1.030 0.313 

herb ivor es  3-9 0.58 -0.239 (0.109) 0.727 (0.039)  17 0.960 2.566 0.405 1.059 0.041 

Iguanids 

herb ivor es 3-12 0.019 -1.713 (0.123) 0.841 (0.059)  5 0.985 1.896 0.358 1.200 0.278 

insecti vor es 3-13 0.012 -1.890 (0.037) 0.773 (0.038)  20 0.958 0.870 0.151 1.050 0.279 

Source: Nag y, 1987. 



Table 3-4.  Regressi on St atistics for Nag y's (1987) Allome tri c Equa tions  for F ree-L iving (Field ) Metabolic  Rates 
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Regressi on St atistics for A llome tri c Equa tions  for F ree-Living Metabolic  Rates (FMR) of Free-Living Mammals,  Birds, an d Liza rds. 
Equations  are in the fo rm Y = aWtb  where Y is  FMR (in k iloj oul es/day) and Wt is  body  weight of  species s (g rams wet wei ght ). 

______ 
95% CI  = log FMR  ± c [d  + e (log W t  - log W t) ] log FMR(species s) (species s) (species s) 

2 0.5 

Group 
subgroup 

Equa
tion  a log a  (SE log a) b (SE b)  N  r2 

______ 
log Wt  c  d  e 

Bird s 3-34 10.9 1.037 (0.064) 0.640 (0.030)  50 0.907 1.983 0.368 1.020 0.026 

passeri nes 3-36 8.89 0.949 (0.059) 0.749 (0.037) 26 0.899 1.378 2.014 0.026 0.0014 

non-passeri nes 3-37 4.79 0.681 (0.102) 0.749 (0.037) 24 0.899 2.638 2.014 0.026 0.0014 

seabirds 3-38 8.02 0.904 (0.187) 0.704 (0.061) 15 0.911 2.958 0.399 1.067 0.109 

non-seabi rds 3-39 21.1 1.325 (0.081) 0.440 (0.049) 35 0.709 1.565 0.297 1.029 0.113 

Euther ian 
Mammals  (i.e., 
placental ) 

3-45 3.35 0.525 (0.057) 0.813 (0.023)  46 0.967 2.196 0.371 1.022 0.015 

rodents 3-48 10.5 1.022 (0.141) 0.507 (0.087)  33 0.524 1.598 0.316 1.030 0.313 

herb ivor es 3-46 5.94 0.774 (0.109) 0.727 (0.039) 17 0.959 2.566 0.406 1.059 0.041 

non-herbi vores 3-47 2.58 0.412 (0.058) 0.862 (0.026) 29 0.977 1.980 0.321 1.035 0.027 

Iguanids 3-52 0.224 -0.650 (0.029) 0.799 (0.023) 25 0.981 1.075 0.161 1.040 0.088 

Source: Nag y, 1987. 
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4. EXPOSURE ESTIMATES 

This sect ion provide s equa tions to estimate oral doses of chemical contaminants 

for wildlif e, along w ith a dis cussion of dos e estimates for other exposure routes.  Section 

4.1 provide s gene ral dos e equations .  Equations for  drinking water exposures are 

presented in Sect ion 4 .1.1, follow ed by equa tions for  dietary exposures in Sect ion 4 .1.2.  In 

the dietary exposure sect ion,  data on the caloric and water content of var ious food t ypes 

and diet assimilat ion efficiencies are also provided.  An equat ion and d ata to facilitate 

estimat ing do ses received thr ough soil or  sedim ent ing estion a re dis cussed in Section 

4.1.3.  Sect ions 4.1.4 and 4 .1.5 provide a quali tative discuss ion of inhala tion and de rmal 

dose estimates.  Sect ion 4 .2 describes considerat ions for anal yses of uncertainty in 

exposure assessments.  References are provided in Sect ion 4 .3. 

4.1. GENERAL DOSE EQUATIONS 

EPA's (1992a) Framework for Ecological Risk Assessment defines exposure as the 

co-occurrence of or contact between a stressor and an ec ologic al component .  When 

assess ing r isks of exposure to chemical contaminants, potential dose is often the metric 

used to  quantif y exposur e.  Potential  dos e is de fined a s the amount of chemical  present in 

food or water ingested, air inhaled, or material a pplied t o the skin ( U.S. EPA, 1992b). 

Potential  dos e is analogous to the admini stered dose in a toxicity test.  Because exposure 

to chemicals in the environment is generally inadvertent, rather than administered, EPA's 

(1992b) Guidelines for Exposure Assessment use the term potential dose rather than 

administered dose. 

A general equa tion f or estimat ing dos e for  intake processes is: 

t2 

Dpot ��  �� C(t) IR(t) dt [4-1]
  

t1 
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where D pot is the total potential dose over time (e.g., total mg contaminant intake between 

t1 and t2), C(t) is the contaminant concentrat ion in t he con tacted me dium at time t (e. g., mg 

contaminant/kg medium), and IR(t) is the intake rate of the contaminated me dium at time t 

measured as mass ingested or inhaled by an anim al per unit time (e. g., kg medium /day).  If 

C and IR are constant over time, then the total potential dose can be estimated as: 

Dpot  = C × IR × ED [4-2] 

where ED  is the exposur e dur ation and equals t2 - t1. 

Therefore, if C and IR are constant, the potential average daily dose (ADD pot ) for the 

dur ation of the exposur e, nor malized t o the anim al's body weight (e. g., mg/kg- day), is 

estimated by div iding t otal  pot ential  dos e by ED and by body weight (BW): 

ADDpot = (C × IR × ED) / (BW × ED), or [4-3] 

ADDpot = (C × IR) / BW 

If C or IR vary over time, they may be averaged over ED.  However, it is not always 

appropriate to average intake over the entire exposure durat ion:  For example, a given 

quantit y of a chemical might acutely poison a n anim al if ing ested in a s ingle event, but if 

that amount is averaged over a longe r period, effects m ight not be exp ected at all. 

Similarly, developmental effects occur only during s pecific pe riods of gestat ion or 

developm ent.  A toxicologis t should be consult ed to d etermine which effects may be of 

concern given the exposure pattern and chemicals of interest.  For carc inogenic 

compounds , it may be more appropriate to average exposure over the animal's lifetime. 

Again, address any quest ions to a toxicologis t. 

In addition, IR and BW  can be combined into a nor malized ing estion or inhala tion 

rate (NIR) (e.g., kg medium /kg body weight - day): 

NIR = IR / BW [4-4] 
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Therefore, 

ADDpot = C × NIR [4-5] 

It is important to remember that NIR can vary with change s in a ge, size , and r eproduc tive 

status of an animal. 

Two other variables often are used in calculat ions of average daily dose.  A 

frequenc y term (FR) is us ed to  denot e the fraction of the time that an anim al is expos ed to 

contaminated media.  In ec ologic al exposur e assessments, this term often is used when 

the foraging r ange of an anim al is la rger than the area of con tamina tion. a  An absorption
 

factor (ABS) is used when an estimate of absorbed dose rather than potential dose is
 

desired.  It is commonly assumed that absorpt ion in t he species of conc ern in t he field is
 

the same as in the test organism, so no absorpt ion factor is needed.  However, if
 

absorption is exp ected to differ, a ratio of the absorpt ion factors w ould be us ed in t he
 

exposur e equation.
 

4.1.1. Drinking Water
 

Figur e 4-1 presents two w ildlif e oral exposur e equations corresponding t o two p atterns of
 

cont amina tion of water:
 

(1)	 the anim al obt ains some of it s drinking water from a contaminated source 

and t he remainde r fr om uncon taminated sources; and 

(2)	 the animal consumes drink ing water from several sources contaminated at 

different levels. 

aThe frequency t erm should be est imated w ith  care.  For example,  if  a feature at tract ive to wildlife 
is c ont aminated, an animal may spe nd a proport iona lly l onger t ime in the c ont aminated area. 
Simila rly,  if onl y part o f an animal's theoretical forag ing  range has su itable habi tat, the an imal may 
spen d mo re ti me feeding in  that h abi tat.  Finally,  animals may avo id areas o r medi a with 
contamination they can  detect. 
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Figur e 4-1.  Wildlif e Dose Equations for  Drinking W ater Exposures 

One Sour ce of Cont amina tion 

ADD  = C × FR × NIR [4-6] pot 

Different Sources With Vary ing L evels of Cont amina tion 

n 

ADD  = � (C  × FR ) x NIR [4-7] pot i i 

i=1 

ADDpot = Potential  average d aily do se (e.g., in mg/kg-d ay). 

C = 	 Average co ntaminant co ncentrati on in  a singl e water so urce (e.g., in mg/L or 
in mg/kg, b ecause 1 l iter o f water w eighs  1 kg). 

FR = 	 Fraction of total water ingestion from the contaminated water source 
(uni tless). 

NIR =	 Norm alized wate r inge sti on ra te (i.e., fracti on of body  weight  consum ed as 
water per unit time; e.g., in g/g-day) 

and 

thCi = Average co ntaminant co ncentrati on in  the i  water so urce (e.g., in mg/L ).

 FRi = Fracti on of wa ter co nsum ed fro m the i th water so urce (uni tless). 

n = Numbe r of contaminated water so urces. 

In the first case, the distr ibution and mean value of the contaminant concentrat ion in t he 

one sour ce could be d etermined.  In the sec ond case, the different water sources are likely 

to be characterized by different mean levels of contaminat ion,  and consumption f rom these 

sources w ould be weight ed by the fraction ( FRi) of the anim al's total  daily water inge stion 

obtained from each source.  FR (or FR i) in Figur e 4-1 is a funct ion of the degr ee of ov erlap 

of the contaminated water source(s) and the animal's home range.  If the area of the 

contaminated water source is larger than the typical home range for the species, FR c ould 
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equal one for many individuals .  The numbe r of individuals for which FR equals one could 

be estimated from informat ion on popula tion densit y, dis tr ibution,  and s ocial str ucture. 

For la rge, mobile anim als, the area of con tamina tion may be smaller than the area over 

which a single anim al is lik ely to move.  In these cases, FR for an animal with the 

contaminated area entirely wit hin it s hom e range can  be estimated us ing infor mation on 

the home range, attributes of the contaminated area, and drink ing beha vior of the anim al. 

Home range estimates s hould be us ed with care b ecause (1) the area in which an animal 

moves varies with several factors, inc luding r eproduc tive status, season, and habitat 

quality; (2) most animals do not drink or feed ra ndomly within t heir  hom e range ; (3) the 

term home range has been used inconsistently in the literature; and (4) estimates of home 

range can vary substantially with the measurement tec hnique us ed.  In this Handbook and 

accompany ing Appendix , we have tried to identify clearly which estimates of home range 

correspond t o a daily activity and fora ging hom e range . 

When using hom e range d ata, we recommend that users consult the Appe ndix 

tables for the species of interest to become fam ilia r with  how estimates of home range size 

vary with  geogr aphic area, season, type of habitat, animal reproductive status, and 

measurement tec hnique .  The Appendix table s provide both t he sample size and a brie f 

descript ion of the method us ed to estimate home range size, which can help indi cate the 

robustness of an estimate and whether it is likely to over- or unde restimate home range 

size.  For mark-and-recapture studies, the number of recaptures per animal is provided 

when  pos sible to assist the user in determ ining t he degr ee to which t he repor ted value s 

may unde restimate true home range size.  If a study indi cated that the home range 

estimate is likely to inc lude ar eas outside of the animals' usual activity range (e.g., distant 

egg-la ying s ites used only onc e per season), this w ould be not ed in t he Appendix table s, 

and t he value would not be included in Chapt er 2.  Some anim als us e a fixed  "hom e base" 

some distance from fee ding grounds such as a r ook ery.  For  these animals, we have 

repor ted foraging r adius (the di stance they w ill t ravel to a fee ding a rea).  Foraging r adius 

can be used to determine whether the animal m ight feed or drink in a given contaminated 

area. 
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4.1.2. Diet 

Wildlif e can be expos ed to con taminant s in one or  more component s of their  die t, 

and different com ponent s can  be con taminated at different levels.  In this sect ion,  we 

outline methods of estimat ing food ing estion r ates that a llow total  doses to be estimated 

when different com ponent s of the die t are con taminated, either at similar or different levels 

(Sect ion 4 .1.2.1).  We also  provide d ata on caloric content of f oods and assimilation 

efficiencies that can be used in the dose equat ions provide d (Sect ion 4 .1.2.2). 

4.1.2.1.  Dose Equations 

Figur e 4-2 presents a generic equat ion f or estimat ing or al doses of contaminants in 

food f or wildlif e species.  FRk is a func tion of the degr ee of ov erlap of the k th  type of 

simplest case, the norma lized ing estion r ate for each f ood t ype,  NIRk, is known on a wet-

Figur e 4-2.  Wildlif e Dose Equations for  Dietary Exposures 

m 

ADDpot = � (Ck × FRk × NIRk) [4-8] 
k=1 

ADDpot = Potential  average d aily do se (e.g., in mg/kg-d ay). 

Ck =	 Average c ont aminant c onc entrati on i n the k th type of  food ( e.g., in mg/k g wet 
weigh t). 

FRk =	 Fract ion of  int ake of  the kth food t ype that is  contam inated (uni tless) .  For 
example,  if th e kth component of an ani mal's diet  were sal mon, FR k for sal mon 
would  equal  the fracti on of  the sal mon  consum ed that i s contaminated at level 
Ck.  If all of  the sal mon co nsum ed were co ntaminated at level  Ck, then FR k 

would equa l one. 

NIRk =	 Normalized i ngesti on ra te of  the k th food t ype on a  wet-wei ght ba sis (e.g., in 
g/g-da y). 

m = Number  of  cont aminated f ood t ypes. 
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contaminated forage or prey and the animal's home range (see Sect ion 4 .1.1).  In the 

weight ba sis, and Equa tion 4-8 can be used directly.  In many cases, however, NIR k is 

unknown or has been determined for laboratory diets that differ s ignific antly fr om na tural 

diets in terms of caloric value per unit wet we ight .  Ingestion r ates based on relatively dry 

laboratory diets m ight unde restimate the am ount of food a free-living anim al cons umes. 

There are several ways to estimate NIR k, depending on t he type of infor mation t hat 

is available.  If dietary composit ion is expr essed as the number of each prey type captured 

on a daily basis (N k), estimat ing t he nor malized ing estion r ate for each prey type (NIR k) 

requir es only one step: 

NIRk = (Nk × Wtk) / BW [4-9] 

where Wt k is the body weight of the k th prey type and BW is the body weight of the 

predator. 

Figur e 4-3 presents a flow chart depict ing equa tions that can  be us ed if the 

propor tion of the die t for a giv en food t ype ha s been measured or estimated on a wet-

weight ba sis.  Th ese equat ions may re quir e estimates of the free-liv ing metabolic rate 

(FMR) of the organis m and t he meta bolizable ener gy (ME) of the organis m's forage or pr ey. 

Estimated FMRs can  be found in t he species profile s in Chapt er 2, and allo metric equat ions 

for estimat ing FMR on t he basis of body weight are provided in Chapt er 3 (Sect ion 3 .5).  ME 

should be averaged over the f ood t ypes when  ME on a wet-we ight ba sis (e. g., cal/g wet 

weight) differs substantially am ong t he di fferent foods . Sect ion 4 .1.2.2 describes how to 

estimate ME. 

A common s ituation facing s omeone conduc ting a wildlif e exposur e assessment for 

predators is that in a key study, dietary composit ion is expr essed as a percentage of the 

total  numbe r of pr ey captured ov er a period of time in stead of as a percentage of the total 

wet we ight of food ingested daily.  Because some prey can be substantially larger than 

others (e.g., rabbits compared with voles), and because ME of different types of prey may 
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Figure 4-3. Estimating NIRk When Dietary Composition Is Known on a Wet-Weight Basis 

NO 

YES 

YES 

NIR k = Pk x NIRtotal 

NIR total NFMR / ME 
av9 

[4-10] 

[4-11 ] 

[4-12] 

Total normalized ingestion rate (e.g., in gig-day).
 
Normalized ingestion rate of the kth food type (e.g., in gig-day).
 
Proportion of diet consisting of the kth food type on a wet-weight basis
 
(unitless) .
 
Average metabolizable energy of the total diet on a wet-weight basis
 
(e.g., in kcal/g wet weight).
 
Metabolizable energy of the kth food type on a wet-weight basis (e.g., in
 
kcal/g wet weight).
 

NFMR Free-living metabolic rate normalized to body weight (e.g., in kcal/g-day). 

differ, the steps outlined in Figure 4-4 may be needed to estimate prey-specific ingestion 

rates. First, one calculates the ME of each prey type. Then, one determines the average 

number of prey (Navg ) captured daily on the basis of the metabolic needs of the predator 
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Figur e 4-4.  Estimat ing NIR k Based on Different ME Values When Dietary Composit ion Is 
Expressed as Percentage of Total Prey Captured 

Step 1:  Calculate the meta bolizable ener gy (ME) cont ent of each prey or f ood t ype 
on a wet-we ight ba sis: 

ME(wet wt) k = GE(wet wt) k × AEk [4-13] 

Step 2:  Estimate the average number of prey (or other f ood i tems) consumed each 
day: 

Navg = FMR / (weighted average prey ME) 
m 

Navg = FMR / (� PNk × Wtk × ME(wet wt) k) [4-14] 
k=1 

Step 3:  Calculate IR k: 

IRk = Ntot × PNk × Wtk [4-15] 

Step 4:  Norma lize to  body weight : 

NIRk = IRk / BW [4-16] 

ME(wet wt) k = thMetabol izable energy i n th e k  prey or food t ype (e.g., in  kcal /g wet wei ght ). 
GE(wet wt) k = thGross energy content of  the k  food t ype (e.g., in  kcal /g wet wei ght ). 
AEk = thAssi milati on ef ficiency f or the species f or the k  food t ype (uni tless) .
 
Navg = Average number of prey ( or other food i tems) eaten each day.
 
FMR = Free-livin g metabo lic  rate (e .g., in  kca l/day).
 
m = Number of different types of prey or other foods.
 
PNk =	 thProport ion of  the total  number of pre y that is com pos ed of  the k  prey ty pe 

(uni tless).  It often  is  the case that l arger n umbe rs o f relatively smal l pr ey 
and smal ler numbe rs o f relatively l arge p rey are captured .  (If the total 
numbe r of pr ey of each typ e captured each  day are rep or ted in  the 
lit eratu re, calcu lations of IR k are very si mple  [i .e., Nk × Wtk] and steps 1 an d 
2 are unnecessary. ) 

Wtk = thBody  weight of  an indi vidua l of  the k  f ood t ype (e.g., in  g). 
IRk = thIngesti on ra te of  the k  f ood t ype (e.g., in  g/day). 
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and the weighted average ME of the prey.  Given N avg , the ingestion r ate for each prey type 

(IRk) can be computed on a wet-we ight basis and normalized to  body weight (NIRk). 

Because N avg is estimated us ing prey weight, di fferent sizes of the same prey species (e.g., 

smaller and larger fish) should be separ ated into appropriate size intervals to reduce 

uncertainty in the estimate. 

4.1.2.2.  Energy Content and Assimilation Efficiencies 

The total or gross energy (GE) content of a f ood type is a function only of 

characteristics of the f ood. On the other hand, metabolizable energy (ME) depends on 

characteristics of both the f ood and the organism eating it. To clarify the meaning of ME, 

Figure 4-5 presents a flow chart of energy ut ilization by animals.  Digestible energy in a diet 

is GE consumed minus the ener gy lost as feces; digestible energy efficiency (DE) is 

digestible energy divided by GE.  ME is GE consumed minus the ener gy lost as both feces 

and ur ine. Assimilation efficiency (AE, also called meta bolizable energy efficiency) is ME 

divided by GE.  Rearranging this relationship, ME is equal to GE of the diet multiplied by 

the animal's AE for the diet as shown in Figure 4-6, Equat ion 4-17.  General ME values can 

be found in Table 3-1 or more specific ones calculated from GE content of the f ood and the 

AE of the animal eating that food, as discu ssed below. 

The GE content of food typically is reported using one (or more) of three measures: 

(1) energy per unit total dry weight, (2) energy per unit ash-free dry weight, or (3) energy 

per unit fresh  bio mass (i.e., per unit wet weight) (Górecki, 1975). Caloric content per unit 

total dry weight is obtained dir ectly from the combust ion of dried material in a calorimeter. 

Ash-free dry weight is the dry weight after subtract ing the ash content. b The ash-free dry-

weight calor ic value exceeds the total dry-we ight calor ic value by the ratio of the total dry 

weight to the ash-free dry weight. Typically, animal (exclusive of thick shells) and plant 

materials are 1 to 10 percent ash on a wet-we ight basis and 5 to 30 percent ash  on a dry-

weight basis (Ashwell-Eri ckson and Elsner, 1981; Cummins and Wuycheck, 1971; 

bAsh cons tituents ty pically incl ude calci um carbona te (e.g., shell), calci um phospha te (verte bra te 
bone ), and hydr ated s ilic a salts. 
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Figure 4-5. Utilization of Food Energy by Animals 

CONSUMPTION
 
(Gross energy ingested)
 

+ 
FECES, EGESTA 
(Energy of feces) 

Digestible Energy Assimilation 
Efficiency (DE) Efficiency (AE) 

.
DIGESTIBLE ENERGY 

(Digested energy) 

+ +~r 
URINE, EXCRETA METABOLIZABLE ENERGY (ME) 
(Energy of urine) (Metabolized Energy) 

• I 

+ 
PRODUCTIONRESPIRATION 

(Energy for growth and(Energy respired) 
reproduction) 

Source: Adapted from Grod~:nski and Wunder, 1975. 
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Figure  4-6.  Metabol izable Ener gy (ME) Equation 

ME = GE × AE [4-17] 

where: 


ME = Metabo lizable energy (e .g., in  kca l/g) 


GE = Gross energy (e .g., in  kca l/g) 


AE = Assi mila tion efficiency (u ni tless) 


This Ha ndbook assumes M E and GE are est imated on a w et-weight basis.  To est imate ME or 
GE of  the kth food t ype on a w et-weight basis f rom dry- weight  measurem ents,  the f ollowi ng 
equations  can be us ed: 

GE(wet wt) k = GE(dry wt) k × (1 - proportion water k)  or [4-18] 
ry  wt) wei ght eight -19] GE(wet wt) k = GE(d k × (dry k/wet w k) [4

and 
ME(wet wt) k = ME(dry wt) k × (1 - proportion water k)  or [4-20] 

ry  wt) wei ght eight -21] ME(wet wt) k = ME(d k × (dry k/wet w k) [4

Hunt , 1972).  The ash content of the diet is not meta bolized and thus doe s not provide 

energy to the anim al.  Figur e 4-6 (Equat ions 4-18 thr ough 4-21) illus trates how the caloric 

cont ent pe r unit of fresh  bio mass can be obtained by a djus ting t he dr y-weight value based 

on the water content of the biomass.  A summary of GE contents of many w ildlif e food 

types are presented in Tables 4-1 a given species on a wet-we ight ba sis tends to  be more 

variable than caloric content on a dry-we ight ba sis b ecause plants, and to a lesser degree 

animals, vary in their water content depe nding on e nvir onm ental conditions .  Ash- free dr y-

weight caloric value s are not pr esented because it is not appropriate to use them with the 

equations and A Es in this chapter.  Ash cont ents are accounted for in the AEs presented in 

Table 4-3. 
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Table 4-1. Gross Energy and Water Composit ion of W ildlif e Foods :  Anim al Prey (values 
expressed as mean [standard deviat ion] n where n = numbe r of studie s) 

Type of  food 
kcal /g 
wet wt % H20 

kcal /g 
dry wt References 

Aquat ic 

invertebrates 
bivalves ( wit hout shel l) 
crabs ( wit h shel l) 
shr imp 
isopods, amphipods 
cladocerans 
insect  larvae 

vertebrates 
bony  fishes 

Paci fic her ring 
sma ll fis h (e.g., b lueg ill) 

Terrestrial 

invertebrates 
earthworms a 

grasshopper s, cr icket s 
beet les (adul t) 

mamma ls 
mice, voles,  rabbi ts 

bi rds 
passer ines 

with  peak f at reserves b 

with ty pical  fat r eserves 
mallard (fle sh only) 
gu lls, tern s 

rept iles and amphibians 
snake,  lizards 
fro gs , toads 

0.80 
1.0 (0.21)5 

1.1 (0.24)4 

1.1 
0.74 

1.2 (0.24)18 

2.0 (0.43)3 

0.78-0.83 
1.7 (0.26)3 

1.5 

1.7 (0.28)14 

1.9 (0.07)3 

2.0 
1.9 

1.4 
1.2 

82 (4.5)3 

74 (6.1)5 

78 (3.3)7 

71-80 
79-87 

75 (5.1)18 

68 (3.9)3 

84 (1.7)3 

69 (5.6)11 

61 (9.8)5 

68 (1.6)4 

68 
67 

66 
85 (4.7)3 

4.6 (0.35)4 

2.7 (0.45)4 

4.8 (0.31)6 

3.6 (0.78)3 

4.8 (0.62)14 

5.3 (0.37)8 

4.9 (0.38)18 

6.1 (0.50)4 

4.1 (0.47)3 

4.6 (0.36)4 

5.4 (0.16)4 

5.7-5.9 

5.0 (1.3)17 

7.8 (0.18)10 

5.6 (0.34)13 

5.9 
4.4 

4.5 (0.28)5 

4.6 (0.45)3 

1,2,3,4,5,6 
1,2,3,7 
1,3,4,6,7 
4,6,7 
2,4 
1,4 

7 
8,9 
1,7 

1,7 
1,10,11 
1,10,11 

12,13,14 

15 
10,14,15,16 
10 
1 

14,17 
12,14 

Note: For Tabl es 4-1 and 4-2, a singl e value represents the resu lts o f a singl e stu dy on one  species, 
and should not be  inte rpre ted as a mean val ue or a  value indi cati ng no v ariati on i n the cate gory . 
Two values separated  by  a hyphen indi cate that val ues were obtained fro m onl y tw o stu dies. 

aNot incl uding s oil in  gut , whic h can cons titute  one-thir d of  the wet wei ght of  an earthwo rm. 
bPeak fat reserves occur j ust p rio r to  migr ation.  Typi cal fat reserves are for resi dent p asseri nes or 
migratory species during nonm igratory seasons. 

References: (1) Cu mmins  and Wuycheck, 1971; (2) Go lley, 1961; (3) Tyler, 1973; (4) Jorgensen et 
al., 1991; (5) Pierotti an d Anne tt, 1987; (6) M inni ch, 1982; (7) Thayer et a l., 1973; (8) Ashw ell-Eri ckso n 
and Elsner, 1981; (9) M ille r, 1978; (10) Collopy,  1975; (11) Bell, 1990; (12) Górecki , 1975; (13) Golley, 
1960; (14) Ko plin  et al., 1980; (15) Odum et al., 1965; (16) Duke et a l., 1987; (17) Congdon et  al., 1982. 
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Type of  food 
kcal /g 
wet wt a % H20 

kcal /g 
dry w t References 

algae 
aquatic macr ophy tes 
emergen t vegetati on 

Terrestrial 

monocot s 
young grasses 
mature d ry grasses 

dicots 
leaves 
root s 
bulbs , rhi zomes 
stems,  branches 
seeds 

fruit 
pulp,  skin 
pulp,  ski n, seeds 

Aquatic 

0.41-0.61	 

1.3	 

1.1 (0.30)3 

84 (4.7)3 

87 (3.1)3 

[45-80] b 

70-88 
7-10 

85 (3.5)3 

9.3 (3.1)12 

77 (3.6)3 

2.36 (0.64)4 

4.0 (0.31)12 

4.3 (0.13)3 

4.2 
4.3 (0.33)5 

4.2 (0.49)57 

4.7 (0.43)52 

3.6 (0.68)3 

4.3 (0.34)51 

5.1 (1.1)57 

2.0 (3.4)28 

2.2 (1.6)10 

1,2,3
 
1,2,4
 
1,2,4
 

5,6
 
1,5,7,8
 

9
 
9
 
2,7,10
 
9
 
6,9,11,12
 

10,13 
10 

Note: For Tables 4-1 and 4-2, a singl e value represents the resu lts o f a singl e stu dy on on e species, 
and should not be  interpre ted as a mean value or a  value indi cati ng no v ariati on in the  category . 
Two values separated  by a hyp hen indi cate that val ues were o btained fro m onl y tw o stu dies. 

a 	 Few determ inations of the energy co ntent o f pl ants have been  made on a wet-wei ght b asis 
because plant s fl uct uate w idely in wate r content depending on environment al condi tions. 

b	 Values in br ackets rep resent total ran ge of fiel d measuremen ts, instead  of  values fro m onl y tw o 
studies, as f or the remainder of  the table.  Buchsbaum and V aliela ( 1987) found t he water content 
of  the emergen t marsh vegetati on Spartina a ltern iflo ra, S. patens, and Juncus gerardi to  decrease 
over a su mmer fro m 80 to 60 percent, 70 to 45 percent, an d 78 to 61 percent, respectively, as th e 
marsh dri ed.  In contra st, t hey found a  subm erged m acrophy te to maintain water cont ent  wit hin a 
few  percent  throughout  the season. 

References: (1) Cu mmins  and Wuycheck, 1971; (2) Jorgensen et a l., 1991; (3) Minni ch, 1982; (4) 
Boyd an d Goodyear, 1971; (5) Davis an d Golley, 1963; (6) Dro zdz, 1968; (7) Golley, 1960; (8) 
Kendeigh  and West, 1965; (9) Go lley, 1961; (10) Karasov, 1990; (11) Dice, 1922; (12) Ro bel  et al ., 
1979; (13) Levey an d Karasov, 1989. 
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Table 4-2. Energy and Water Composition of Wildlife Foods:  Plants (values expressed as mean [standard deviation] where n = number of studies) Caloric content of Tables 4-1(animals) and 4-2 (plants), on both a wet-weight and a dry-weight basis.  



Table 4-3. General  Assi mila tion Efficiency (A E) Values (val ues expressed as mean [stan dard 
deviati on] n where  n = number of  studi es) 

Group Prey/Forage AE % Reference 

Birds 

birds of pre y 
eagles, seab irds 
waterfowl 
birds 

passeri nes 
non-passeri nes 
birds 
birds 
birds 
birds 
grous e, ptarmi gans 
geese 
ducks 
geese, grouse 

Mammals 

pinnipeds 
mammals 
mammals 
small mammals 

vo les, mice 
lemmin gs, voles 
rabbi ts, vo les, mice 
rabbi ts, vo les, rats 

animals 
birds, sma ll mammals 
fish 
aquatic i nverteb rates 
terrestrial  insects 

plants 
wild  seeds 
wild  seeds 
cu lti vated seed s 
frui t pulp,  skin 
fru it pulp,  ski n, seeds 
grasses,  leaves 
stems, tw igs, pine n eedles 
emerg ents (e.g., sparti na) 
aquatic vegetati on 
bulbs , rhi zomes 

animals 
fish 
small b irds,  mammals 
fish 
insects 

plants 
seeds,  nuts 
mature g rasses 
green forb s 
"h erb ivory" 

78 (5.2)16 

79 (4.5)9 

77 (8.4)3 

72 (5.1)16 

75 ( 9)11 

59 (13)25 

80 ( 8)17 

64 (15)31 

51 (15)22 

47 ( 9.6)3 

34 ( 5.3)8 

39 ( 9.1)4 

23 ( 5.3)5 

56 (18)4 

88 (1.1)5 

84 (6.5)4 

91 
87 (4.9)6 

85 (7.3)8 

41 (9.1)5 

73 (7.6)8 

76 (7.6)5 

1,2,3,4 
1,2,4,5 
1 
1,5,6 

1 
1 
1 
1 
1 
1* 
1,1 
1* 
1* 
1 

7,8 
9,10,11 
12 
11,13 

11,14 
15 
11,14,15 
11,14,16 

References: (1) Karasov, 1990; (1*) calcu lated fro m data presented in Appendi x I of  Karasov, 1990; 
(2) Stalmaster an d Gessaman , 1982; (3) Ko plin  et al., 1980; (4) Castro et a l., 1989; (5) Ricklefs, 1974; 
(6) Bryant an d Bryant, 1988; (7) A shw ell-Eri ckso n and Elsner, 1981; (8) M ille r, 1978; (9) L itvaitis an d 
Mautz, 1976; (10) Vogtsberger and B arret t, 1973; (11) Grodz inski and Wunder, 1975;  (12) est imated 
by di viding 4 .9 kcal/g  gros s ener gy for bony  fishes (Table 4-1)  by  metabol izable ener gy of  4.47 
repor ted for fish co nsum ed by mammals  (Nagy, 1987); (13) Barrett an d Stu eck, 1976; (14) Dro zdz, 
1968; (15) Batz li  and Cole, 1979; (16) Dro zdz et al., 1971. 
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Table 4-3 summarizes AEs for several different types of f oods and s pecies. Assimila tion 

efficiency is a funct ion of both t he consum er species'  phy siology and t he type of die t. 

Factors that reduce many species' a bilit y to assimilate the energy contained in food 

include the ash cont ent of the die t and t he percentage of rela tively indig estible organic 

materials such as chitin (arthr opods ) or  cellulos e (plants).  The highe r the ash cont ent, the 

low er the AE, all e lse being equal. 

Fat content also influences GE.  For example, car bohydr ates (approximately 4.3 

kcal/g) and proteins (approximately 5.7 kcal/g) typically provide a bout half as many 

calories per gram as fat (approximately 9.5 kcal/g) (Peters, 1983).  Thus, small changes in 

fat content of animal tissues or plant seeds cause s ignific ant change s in t heir caloric value . 

For example, just prior to fall migrat ion,  passerine birds have achieved peak fat deposition 

and average 7.8 kcal/g dry we ight .  Non-migr ating p asserines (i.e., permanent residents or 

migr atory species during nonmigr ating seasons) average only 5.6 kcal/g dry we ight .  Two 

references with substantial com pila tion of d ata on caloric content of biologic al materials 

are Jorgensen et al. (1991) and Cummins and Wuycheck (1971).  The latter inc lude s 

extensive data on invertebrates. 

Figur e 4-7 provides a sample calculat ion of food ing estion r ates us ing t he 

methodology outlined abov e. 

4.1.3. Soil and Sediment Ingestion 

In this sect ion,  we review infor mation on t he ing estion of soil and s edim ent for the 

species included in this Handbook (and s imila r speci es).  Despite the potential importance 

of soil and s edim ent ing estion a s a rout e of exposur e of wildlif e to envir onm ental 

contaminants, data to quantify these inge stion r ates are limited at this time. 
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Figure  4-7.  Example of  Estimati ng Food Inge sti on Rates fo r Wildlife Species  From Fre e-Living 
Metabo lic  Rate and Dietary Co mpos itio n:  Male Mink 

1. 	 Estimate Field Metabolic FM R (kcal /day) = 0.6167 (g Wt) 0.862 

Rate (FMR) [Equation 3-47] 	 = 0.6167 (1,040)0.862 


= 246 (kcal /day) 


2. 	 Normal ize to Bo dy Weight NFMR (kcal /g-day) = 246 (kcal /day)/1,040 (g Wt) a 

(Wt) [Equation 3-40] = 0.24 (kcal /g-day) 

3. 	 Estimate Average M etaboliz able Energy (ME avg) of  Diet [E quation 4-12] 

Dietary 
Item 
(k=5) 

Proport ion 
of  Diet 

b (P k )

Gross 
Energy 

c (GE k )
(kca l/g wet 

wt ) 

Assi mil
ation 

Efficiency 
d (AE k )

Metabo lizable 
Energy (ME k )

(kca l/g wet wt) 
(ME k = GE  × AE k)k 

(P  × ME )k k 

Fish 0.85 1.2 0.91 1.1 0.93 

Crustacea 0.04 1.1 0.87 0.96 0.038 

Amphibia 0.03 1.2 0.91 1.1 0.033 

Birds/ 
Mammals 

0.06 1.8 0.84 1.5 0.090 

Vegetati on 0.02 1.3 0.73 0.95 0.019 

MEavg  (kcal /g wet wt) = �(Pk  × ME ) k = e 1.1 

4. Est imate  Total 
Normalized Ingest ion Rate 
(NIR ) [Equatio n 4-11] total 

NIRtotal  (g/g-d ay) = 0.24 (kcal /g-day) 
1.1 (kcal/g  wet wt) (i.e., M E avg ) 

= 0.22 (g/g-d ay) 

5. Estim ate Prey-speci fic 
Normalized Ingest ion Rates 
(e.g., NIR fish ) [Equatio n 4-10] 

NIRfish  (g/g-d ay) = 0.85 (P ) × 0.22 (g/g-d ay) fish 

= 0.19 (g/g-d ay) 

aBody weight  for M ontana populat ion i n th e sum mer (Mit che ll, 1961). 
bDietar y composi tion based on Alexander  (1977). 
cValues f rom Tables 4-1 and 4-2 ( for  vegetat ion, assum ing value f or y oung grasses) . 
dValues f rom Table 4-3 ( for  vegetat ion, assum ing green f orb s;  for  crustacea, assum ing equivalent AE 
for in sects;  for  amphibia, assum ing equivalent  to mammals  consum ing f ish). 

eIn this  example,  MEavg  is th e same as t he ME value f or fi sh,  whic h com pri ses 85 percent of  the diet . 
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4.1.3.1.  Backgr ound 

Soil is ing ested both intent ionally and incident ally by many species of wildlif e and 

can be a signific ant exposur e pathway for some contaminants (Arthur and A lldr edge, 1979; 

Garten, 1980).  Many ungulates de libe rately eat s oil t o obt ain nut rients; some may travel a 

considerable distance to reach certain areas (salt licks) that are used by many animals. 

Some birds gather mud in their beaks for nest- building,  and othe rs consum e it for calcium 

(Kreulen and Jager, 1984).  Many animals can incidentally ingest s oil while grooming, 

digging, gr azing clos e to the soil, or feeding on i tems that are covered with s oil ( such as 

root s and tube rs) or  cont ain s edim ent (such as mollu scs).  Earthworms ingest s oil dir ectly; 

the soil in t heir  gut s may be an important exposure me dium for anim als that eat these 

organisms (Beyer et al., 1993). c 

Soil ing estion r ates have been estimated for only a few w ildlif e species and w ere not 

available in t he published lit erature for most of the anim als in this Handbook .  The 

percentage of soil ing ested is often estimated from the acid-ins oluble ash cont ent of 

wildlif e scats or digestive tract contents.  Scat analysis on small animals is often difficult 

because scat are small.  S oil ing estion by la rge mammals also has been estimated using 

insoluble chemical tr acers (Mayland et al., 1977) and us ing standard x-ray diffraction 

analysis (Garten, 1980). 

4.1.3.2.  Methods 

Garten (1980) estimated the am ount of soil in t he gastr ointestinal (GI) tract of a 

small mammal (the his pid c otton r at) using t he following equa tion: 

I = (S - F)W [4-22] 

cSeed-eati ng bi rds often co nsum e "grit" to ai d in dig esti on, which m akes them vu lnerable to 
poisoning by granular formulat ions of pest icid es and fert iliz ers.  In this secti on, how ever,  we 
restrict o ur di scussi on to so ils  and sediments,  which  are co mpo sed of mu ch smal ler parti cle  sizes. 
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where I equals the amount of soil in t he GI tr act, S equals the ratio of ins oluble ash to  dry 

contents in the GI tract, F equals the ratio of ins oluble ash to  dry cont ents in fescue (the 

dominant vegetat ion in t he rat's habi tat), and W equals the dry we ight of GI-tr act contents. 

It is also  pos sible to estimate s oil ing estion r ates from the acid-ins oluble ash 

content of the animal's scat because the percentage of acid-ins oluble ash  in mine ral soil is 

much  highe r (usually at l east 90 percent) than in plant or animal tissue (usually no more 

than a few percent).  Beyer et al. (in press) used scat samples to estimate the fract ion of 

soil in t he die t for several species.  The equat ion f or this estimat ion approa ch is slightly 

more complicated than Equat ion 4-22, because it acc ount s for  dige stibilit y and t he mine ral 

cont ent of the soil.  They found a signific ant correla tion b etween the measured and 

predicted relat ionships of the ratio of acid-insoluble ash to  dry weight of scat and the 

percentage of soil in t he die t. 

4.1.3.3.  Results 

Percent soil in t he die t for some of the sel ected and similar species inc luded in 

Chapt er 2 are included in T ables 4-4 and 4-5.  Of the species st udied,  the sandpipe r group, 

which feeds on mud-dwe lling inv ertebr ates, was f ound t o have the highest rates of 

soil/ sedim ent ing estion (30, 18, 17, and 7.3 percent of diet, respectively, for semipalmated, 

western, stilt, and least sa ndpipe rs, although only a single sample was analyzed for each 

species).  W ood ducks also can ingest a high propor tion of sedim ent (24 percent) with their 

food.  Rela tively high soil in takes were estimated for the racc oon ( 9.4 percent), an 

omnivor e, and t he woodcoc k (10.4 percent), which feeds extensively on earthworms. 

Other species that eat earthworms m ight be exp ected to ex hibit simila rly high soil in takes. 

The Canada goose, which browses on grasses, also ex hibit ed a high pe rcentage of soil in 

its die t (8.2 percent).  Soil ing estion was lowest for the white-footed mouse, meadow vole, 

fox, and box turtle (<2, 2.4, 2.8, and 4.5 percent, respectively).  Box turtles, tortoises, and 

other reptiles, however, have been known to intent ionally ing est s oil, pe rhaps for  its 

nutrient content (Kramer, 1973; Sokal, 1971).  Beyer et al.'s (in press) data s hould be us ed 

with caution,  because error was introduced by estimat ing v ariable s in 
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Table 4-4.  Percent Soil  or Sediment  in Diet Estimate d From  Acid-I nsolubl e Ash of  Scat 

Species 
Scat 

Samples a 

% Insoluble 
Ash 

Mean (SE) Range 

Estimated 
% 

Digestibilit y 
of Diet 

Estimated 
Percent Soil 

in Diet 
(dry weight) 

Birds 

Canada goose 23  12 (1.5) 3.9 - 38  25  8.2 

Mallard 88  6.9 (1.1) 0.36 - 47  30  <2 

Wood duck 7  24 (13) 0 - 75  60  11 

Blue-winged teal 12  2.3 (0.36) 0.72 - 5.1  60  <2 

Ring-necked duck 6  0.72 (5.5) 0.50 - 1.2  60  <2 

American woodcock 7  22 (5.5) 6.3 - 40  55  10.4 

Semipalmated 
sandpiper 

1  56  70  30 

Western sandpiper 1  42  70  18 

Stilt sandpiper 1  40  70  17 

Least sandpiper 1  24  70  7.3 

Mammal s 

Red fox 7  14 (2.6) 4.8 - 25  70  2.8 

Raccoon 4  28 (8.9) 13 - 50  70  9.4 

White-footed mouse 9  8.5 (0.71) 5.7 - 11  65  <2 

Meadow vole 7  8.9 (1.2) 4.2 - 14  55  2.4 

Reptiles and Amphibians 

Eastern painted 
turtle 

9  21 (2.9) 11 - 41  70  5.9 

Box turtle  8  18 (6.5) 3.6 - 49  70  4.5 

aFor  the sandpiper s, th e whi te-footed mouse, and t he meadow vol e, scat samples f rom more th an one 
animal had t o be com bin ed into  one sample t o provi de suf ficient quant ity for  chem ical anal ysis. 

Source:  Adapt ed f rom Bey er et al . (in press) . 
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Table 4-5.  Other Estimates of Percent S oil or  Sedim ent in Die t 

Species 
Estimated % so il in  diet 

(dry we ight) Reference 

Jackrab bit 6.3  Ar thur  and Gates 1988 

Hisp id cotto n rats 2.8  Garten 1980 

Shor ebirds 10-60  Reeder 1951 

the equa tion ( e.g., dig estibili ty) and by the small samples they obtained from some of the 

smaller animals. 

Other studie s of soil ing estion by species simila r to thos e presented in this 

Handbook are su mmarized in Table 4-5.  Sediment has been f ound in t he sto machs of 

white-footed mice (Garten, 1980) and r uddy du cks and shovelers (G oodm an and Fishe r, 

1962).  Sediment in the gut of ta dpole s inhabiting high way drainages may be res ponsible 

for  high conc entrations of le ad detected in these organisms (Birdsall et al., 1986). 

4.1.3.4.  Dose Equations 

To estimate exposures to contaminants in s oils or  sedim ents fr om the data 

provided in Tables 4-4 and 4-5, Equat ion 4-23 (Figur e 4-8) can be used.  If the percent soil 

in the diet is measured on a dry-we ight ba sis, as it usually is , total  dietary intake s hould 

also be expressed on a dry-we ight ba sis. 

4.1.4. Air 

Inhala tion t oxicity value s and e xposur e estimates are usually expressed in unit s of 

conc entration in a ir (e.g., mg/m 3) rather than as average daily doses.  Assessment of the 

inhala tion pa thway becomes complicated if the toxicity values must be extrapolated from a 

test species (e.g., rat) to a different species (e.g., shrew). Inhala tion t oxicologis ts 

extra polate toxicity values from species to species on the basis of the dose deposited and 

retained in the respiratory tract (the dose that is available for absorpt ion, dis tr ibution, 
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Figur e 4-8.  Wildlif e Oral  Dose Equation f or Soil or  Sedim ent Ing estion E xposur es 

m 
ADDpot =  (� (Ck × FS × IRtot al(dry weight) × FR k))/BW [4-23] 

k=1 

ADDpot = Potential  average d aily do se (e.g., in mg/kg-d ay). 

Ck =	 Average co ntaminant co ncentrati on in  so ils in  the k th  forag ing  area (e.g., in 
mg/k g dry  weight ). 

FS = 	 Fracti on of  soil in  diet (as  perc entage of di et on a dry -weight ba sis  divided 
by  100; uni tless). 

IRtotal = 	 Food ingest ion rat e on a dry- weight basis ( e.g., in  kg/day).  Nagy's (1987) 
equations  for esti mating FI rates o n a dry-weight b asis (presented  in Secti on 
3.1) can be used to esti mate a val ue for th is  facto r.  If  the eq uations  for 
esti mating FI rates o n a wet-wei ght basis p resented in S ecti on 4.2 are used , 
conversi on to ingesti on rates o n a dry-w eight basis w ould be necessary. 

FRk = 	 Fract ion of  total f ood i ntake f rom the kth foraging area (uni tless) . 

BW = 	 Body we ight (e .g., in  kg). 

m = 	 Total  numbe r of forag ing  areas. 

metabolis m, and elimina tion) .  Once the appropr iate toxicity benchmark (in terms of dose) 

has been estimated for the species of concern (e.g., shrew), the corres ponding a ir 

conc entration is estimated based on the respiratory phys iology of that species.  EPA  uses 

this approach because it can acc ount for  nonline ar rela tionships b etween exposure 

conc entrations , inhaled dos e, and dos e to the tar get orga n(s).  Because of the complexities 

associated with the extra pola tions , an inhala tion t oxicologis t should be consult ed when 

assess ing this pa thway. 

The dose deposited, retained, and absorbed in the respiratory tract is a funct ion of 

species anatomy and phy siology as well a s phy sicochemical  prope rtie s of the 

contaminant.  The assessor w ill ne ed to conside r factors such as the target species' airway 
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size, branching p attern, breat hing r ate (volume and frequency), and clearance 

mechanisms, as well as whether the contaminant is a gas or aerosol and whether its 

effects are systemic or confined to the respiratory tract.  Key informat ion on t he 

cont aminant include s particle size dis tr ibution ( for aer osols ), temperature and vapor 

pressure (for gaseous agents), and pharmacokinetic data (e.g., air/blood pa rtition 

coefficients, meta bolic pa rameters).  W hile phy siologic ally b ased pharmacokinetic models 

have been useful for these calculat ions , they are available for  only a few laboratory 

species.  These issues are discussed in detail in Interim Methods for D evelopment of 

Inhalation Reference Concentrations (U.S. EPA, 1990).  Alt hough t he docum ent specifically 

describes how to calculate inhala tion r eference concentrat ions for  hum ans, the principle s 

are us eful f or any air-br eathing s pecies. 

4.1.5. Dermal Exposure 

Dermal toxicity values and exposure estimates are usually expressed as an 

absorbed  dos e resulting f rom skin con tact with a contaminated me dium .  This exposur e 

pathway can be of great importance to w ildlif e, particula rly when an anim al is dir ectly 

sprayed (Driver et al., 1991).  Dermal exposures may also be a concern for w ildlif e that 

swim or bur row.  Dermal absorption of con taminant s is a func tion of chemical  prope rtie s of 

the contaminated me dium , the pe rmeabilit y of the anim als'  int egum ent, the area of 

integument in contact with the contaminated me dium , and t he dur ation and p attern of 

contact.  A f ull dis cussion of quantif ying a bsorbed  dos e thr ough t he skin is be yond t he 

scope of this docum ent, and m any of the requir ed parameters have not been measured for 

wildlif e species.  Readers int erested in purs uing this exposur e pathway may f ind u seful 

infor mation in Dermal Exposure Assessment: Principles and Applications (U.S. EPA, 

1992c). 

4.2. ANALYSIS OF UNCERTAINTY 

In the risk assessment process, several sources of uncertainty s hould be evaluated, 

including t he unc ertaintie s associated with the exposure assessment and the toxicity 
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assessment.  The f ollowing sect ions dis cuss three sour ces of uncertainty related to the 

exposure assessment:  (1) natural varia bilit y in t he popula tion in qu estion, (2) uncertainty 

about popula tion pa rameters as a consequence of limits on sam pling t he popula tion ( i.e., 

sampling unc ertain ty), and (3) uncertainty a bout models us ed to estimate values.  There 

are other categories of uncertainties associated with site-specific risk assessments that 

also  need to  be conside red (e.g., selection of sub stances of concern, data gaps, toxicity 

assessments).  A dditional dis cussion of sour ces and treatment of uncertainty is available 

in Framework for Ecological Risk Assessment (U.S. EPA, 1992a) and Guidelines for 

Exposure Assessment (U.S. EPA, 1992b).  For treatment of site-specific uncertainties in 

particular, see the Risk Assessment Guidance for Superf und, Volume I;  Human Health 

Evaluation Manual (Part A) Interim Final (U.S. EPA, 1989). 

4.2.1. Natural Variation 

As a review of the data provided in this Ha ndbook makes clear, there is natural 

var iation in t he value s exhibit ed by popula tions for all e xposur e factors.  P opula tion v alues 

for some parameters (e.g., body weight ) can assume a normal distr ibution t hat can  be 

characterized by a mean and variance.  We have provided the standard deviat ion ( SD) as 

the measure of popula tion v arianc e when ever poss ible .  If a risk assessor is concerned 

with exposur es that might be exper ienc ed by anim als exhibiting c haracteristics near the 

extremes of the popula tion' s dis tr ibution,  the SD can  be us ed with the mean value for a 

nor mally dis tr ibut ed popula tion t o estimate the parameter value for animals with 

characteristics at specified point s in t he dis tr ibution ( e.g., 95th percentile).  We also have 

provided the total range of values reported for each of the exposure factors whenever 

pos sible .  The range s can  be particula rly helpful f or  parameters that are not normally 

distributed, such as home-range size. 

Another aspect of natural variat ion, ho wever, is that different popula tions or  the 

same popula tion a t di fferent times or locat ions can exhibit di fferent mean values for any 

parameter (e.g., body weight ) and even different variances.  We have tried to present 

enough d ata to give users of the Ha ndbook a feel for the range of values that different 

popula tions can assume depe nding on geogr aphic lo cation, season, and other factors 
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(e.g., habitat quality).  We recommend that risk assessors review the data presented in the 

Appendix to appr eciate the potential for variat ion in t he parameters of interest. 

Dietary composit ion, in pa rticula r, can vary markedly with season, locat ion,  and 

availabilit y of pr ey or  forage .  The latter factor varies with local c onditions and usually is 

not available for risk assessments.  Thus, it can be one of the larger sources of uncertainty 

in wildlif e exposur e assessments.  State and local w ildlif e experts might be able to  help 

specify the local dietary habits of a species of concern and s hould be consult ed if 

screening a nalyses suggest that exposure at levels of concern is a poss ibilit y. 

4.2.2. Sampling Uncertainty 

Another source of uncertainty in exposure estimates results from limited sam pling 

of popula tions . Estimates of a popula tion mean and variance become more accurate as 

the number of samples taken from the popula tion inc reases.  With only a few samples from 

a popula tion, our  confidenc e that the tr ue popula tion mean is near the estimated mean is 

low; as the number of samples increases, our confidence increases.  The standard error 

(SE) of the mean is equal to the variance of the popula tion ( ��) divided by the squa re root of 

the sample size (n).  SE can be estimated from the standard deviat ion of the popula tion 

divided by the square root of n.  SE can be used to calculate confidence limits on an 

estimate of the mean value for a popula tion.  For  a nor mally dis tr ibut ed popula tion,  the 95

percent confidence limit of the mean is the estimated mean plus or  minus approx imately 2 

SEs for reasonable sample sizes (e.g., n = at least 20). 

Sampling unc ertaint y oc curs in m any ar eas of exposure assessment. Cont aminant 

conc entration is one key parameter subject to sam pling e rror.  For  si te-specific risk 

assessments, as the number of environmental samples increases, the uncertainty a bout 

the tr ue dis tr ibution of value s decreases.  Even with large sample sizes, however, this 

uncertainty can dominate the total uncertainty in the exposure assessment.  Other 

parameters subject to sam pling e rror are the exposur e factors presented in this Ha ndbook . 

One of our  cr iteria for selecting v alues fr om the A ppendix to  include in Chapt er 2 was a 

sample size la rge enough t o ensure that SE was only a few percent of the mean value. 
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4.2.3. Model Uncertainty 

Two m ain t ypes of models are lik ely to  be us ed in wildlif e exposur e assessments: 

(1) allometric models to predict contact-rate parameters (e.g., f ood ing estion r ates) and (2) 

fate and transport models to predict contaminant concentrat ions to which wildlif e are 

exposed. 

In this Handbook , we have tried to present statistical confidence limits associated 

with allometric equat ions when ever poss ible .  To reduc e the confidenc e limit s associated 

with allometric models, it is important to use a model derived from the smallest and most 

simila r taxonomic /dietary gr oup appropr iate for the extra pola tion.  For example, to estimate 

a metabolic r ate for a red-w inged bl ackbird, it is preferable to use a meta bolic r ate model 

derived from data on passerines rather than a model derived from data on many different 

groups of birds (e. g., raptor s, seabirds, geese), and best to use a model for Icterids (the 

subf amily to which t he red- winged bl ackbird belongs ) rather than a model de rived fr om 

data on passerines. 

Uncertaintie s in e xposur e models can  include how well t he exposur e model or it s 

mathematical express ion approx imates the true relat ionships in t he field a s well a s how 

realistic the exposure model assumpt ions are for the situation a t hand.  Judicious field 

sampling ( e.g., of con taminant conc entrations in c ertain pr ey speci es) can help ca libr ate or 

confirm estimates in the exposure model (e.g., food-chain exposures).  Often a sensitivity 

analysis can help a risk assessor identify which model parameters and assumpt ions are 

most important in determ ining r isk so that attention c an be focused  on r educing 

uncertainty in these elements. 
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