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FOREWORD

The Exposure Assessmen t Group (EAG) of EPA's Office of Research and
Developm ent has three main functions : (1) to conduc t hum an health and ecologic al
exposure and risk assessmen ts, (2) to review exposure and risk assessmen ts and related
documents, and (3) to develop guide lines and handbook s for use in these assessmen ts.
The activities under each of these functions ar e suppor ted by and r espond t o the needs of
the various program offices, regional offices, and the technical commu nity.

The Wildlif e Expos ure Factors Handbook was produced in response to the
increased interest in assessing risks to ecologic al systems. Its purpose is to improve
exposure assessmen ts fo r wildlif e and suppor t the quantification of r isk estimates. Itis a
companion doc ument to the Expos ure Factors Handbook , whic h contains information
useful f or quantifying e xpos ure to humans. Because information and methods fo r
estimating e xpos ure are continually improving, we will r evise these handbook s as

necessary in the future.

Michael A. Callahan
Director
Exposure Assessmen t Group
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PREFACE

The Exposure Assessmen t Group of th e Office of Health and Environmental
Assessmen t (OHEA) has prepared the Wildlif e Expos ure Handbook in suppor t of th e Office
of Solid W aste and Emergency Response and the Office of Water. The Handbook provides
information on v arious factors used to assess exp osure to wildlif e. The goals of the
project are (1) to promote th e appli cation of r isk assessmen t methods to wildlif e species,
(2) to foster a consistent approach to wildlif e expos ure and risk assessmen ts, and (3) to
increase th e access ibilit y of th e literature applic able to these assessmen ts.

The bulk of the document summarizes literature values for exposure factors for 34
species of birds, mammal s, amphibia ns, and reptiles. In addition, we include a chapter on
allometric equations th at can be used to estimate so me of the exposure factors when data
are lacking. Finally, we describe some common equations used to estimate exp osure. The
basic literature search was co mpleted in May 1990 and was s upplemen ted by tar geted
searches conducted in 1992.

We anticipate updating t his Handbook and w ould a ppr eciate any assi stance in
ide ntifying a dditional sour ces of information t hat fill d ata gaps or otherwise improve the

Handbook . Comments can be sentto:

Exposure Assessmen t Group

Wildlif e Expos ure Factors Handbook Pr oject
USEPA (8603)

401 M Street, SW

Washingt on, DC 20460
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1. INTRODUCTION

The Wildlif e Expos ure Factors Handbook (h ereafter referred to as the Handbook )
provides data, references, and guida nce for conduc ting e xpos ure assessmen ts fo r wildlif e
species expos ed to toxic chemicals in t heir environment. It is th e product of a joint effort
by EPA's Offi ce of Research and Development (ORD), Office of Solid W aste and
Emergency Response (OSWER), and Office of Water (OW). The goals of this Handbook ar e
(1) to promote the appli cation of r isk assessmen t methods to wildlif e species, (2) to foster
a consistent approach to wildlif e expos ure and risk assessmen ts, and (3) to increase the

access ibilit y of th e literature applic able to these assessmen ts.

1.1. PURPOSE AND SCOPE

The pur pos e of th e Handbook is to provide a conv enient sour ce of information a nd
an analytic framework for screening- level risk assessmen ts for common wildlif e species.
These scr eening- level risk assessmen ts may b e used for several purposes, including: to
assess p otential effects o f environmental contamination on w ildlif e species and to suppor t
site-sp ecific decisions (e. g., for hazardous waste si tes); to suppor t the development of
water -quality or other media-specific criteria for limiting e nvironm ental levels of toxic
substances to protect wildlif e species; or to focus research and monit oring efforts. The
Handbook provides data (analogous to EPA's Exposure Factors Handbook for humans,
USEPA, 1989c) and methods fo r estimating w ildlif e intakes or doses of environmental
contaminants. Althought he data presented in the Handbook can be used for scr eening
analyses, we recommend that anyone establis hing a cl eanup goa | or criterion ont he basis
of value s cont ained herein obtain the original literature on which the values are based to
confirm that the study quality is sufficient to suppor t the criterion. This Handbook does
not include d ata or extrapolation methods r equir ed to assess th e toxicity of substan ces to
wildlif e species, nor does it include any chemical-specific data (e.g., bioavailabilit y factors).

For the Office of Water, data gathered for the Handbook wer e used to identify
wildlif e species that are likely to be at gr eater risk fr om bioaccu mulative pollut ants in

surface water s and to estimate likely exposures for these species. Data on diets and on
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food a nd water inge stion r ates can be used with chemical-specific information, such as
bioaccumulation pot ential and wildlif e toxicity, to calculate site- or region- specific
conc entrations of a chemical in water (or soil or sedim ent) that are unlik ely to cause

adverse effects.

For the Superfund pr ogram, this Handbook suppl ements th e existing e nvironm ental
evaluation guida nce. EPA's Risk Assessmen t Guidance for Superfund: Volume lIl--
Environmental Evaluation Manual (U.S. EPA, 1989a) provides an overview of ecologic al
assessmen tin the Superfund pr ocess. Itincludes a description of th e statutory and
regulatory bases fo r ecologic al assessmen ts in Superfund and fundamental concepts for
unde rstanding e cologic al effects o f environmental contaminants. The Environmental
Evaluation Manual also reviews elements of planning a n ecologic al assessmen t and how to
organize and pr esent the results of the assessmen t. EPA's Ecological Assessmen t of
Hazardous Waste Sites: A Field and Laboratory Reference (U.S. EPA, 1989b) and
Evaluation of Terrestrial Indicators for Use in Ecological Assessmen ts at Hazardous Waste
Sites (U.S. EPA, 1992) are companion doc uments that describe biologic al assessmen t
strategie s, field sampling de signs , toxicity tests, biom arkers, biologic al field assessmen ts,
and data interpretation. The ECO Update intermittent bulle tin s eries (publis hed by EPA's
Office of Solid W aste and Emergency Respons e, publi cation no. 9345.0-05I, available from
the Nationa | Technic al Information S ervice, Springfield, Virginia) provides suppl emental
guida nce for Superfund on s elected issues. Althought hese documents have identified
decreases in wildlif e popula tions as pot ential endpoint s for ecologic al assessmen ts, they
do not provide guidance on how to conduc t a wildlif e expos ure assessmen tthatis
comparable to the guida nce provided by th e Superfund pr ogram for human health
exposure assessmen ts. This Handbook provides both guida nce and data to facilitate

estimating w ildlif e expos ure to contaminants in the environment.

Exposure assessmen ts for wildlif e and hum ans differ in several important ways.
One key distinction is th at many differ ent wildlif e species may be exposed, as compared
with a single sp ecies of conc ern for a hum an health assessmen t. Exposure varies between
different species and even between differ ent popula tions of th e same sp ecies; behavioral

attributes and diet and habitat preferences influence this variation. Second, whereas itis

1-2



seldom possible to confirm estimated levels of human exposure without invasi ve sam pling
of human tissues, confirmatory sampling f or many chemicals can be done in wildlif e
species (protected species excepted). However, the tissue sampling r equir ed to quantify
actual exposure levels can be costly, and interpretation of ti ssue conc entrations can be

complex.

For both hum an health and wildlif e expos ure assessmen ts, the most co st-effecti ve
approach is often to first scr een for potentially signif icant expos ures using measures (or
estimates) o f environmental contamination (e.g., in soils, water, prey species) to estimate
contaminant intakes or doses by signif icant routes of exposure. If estimated doses fall far
below the toxicity val ues asso ciated with adverse effects, especially from chronic
exposures, further assessmen t may b e unnecessary. If estimated doses far exceed
reference toxicity val ues, it may b e possible to determine appropriate actions on the basis
of these estimates alone. When a screening- level exposure assessmen t indi cates th at
adverse effects ar e likely, additional confirmatory data may b e needed in the decision-
making pr ocess. For humans, itis usually not practicable to obtain additional types of data
(e.g., tissue conc entrations , biom arkers), and hum an expos ure estimates ar e often refined
by using m ore site-specific data for exposure parameters. For wildlif e, confirmatory data
may b e obtained from chemical analyses o f tissue samples from potentially exp osed
wildlif e or their prey and from observed incidence of disease, reproduc 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
appr oach is not possible, the expos ure analysis can be refined on t he basis of mo re site-

specific data for the species of concern.
Wildlif e can be expos ed to environm ental contamina nts through inha lation, dermal
contact wi th contaminated water or soil, or ingestion of con taminated food, water, or soil.

Exposure assessmen t seeks to answer sever al questions, including:

. What organisms ar e actually or potentially exp osed to contaminants?
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. Which organisms or life stag es might be most vulne rable to environm ental
contaminants (e.g., ingest th e largest quantities of contaminated media

relative to body size )?

. What are the signif icant routes of exposure?

. To what amounts of each contaminant are organisms actu ally or potentially
exposed?

. How long is each exposure?

. How often does or will e xpos ure to the environm ental contaminants take
place?

. What seaso nal and climatic variations in condit ions ar e likely to affect
expos ure?

. What are the site-sp ecific geophy sical, physical, and chemical condit ions

affecting e xpos ure?

The parameters for which data are presented in the Handbook ar e intended to help a risk
assesso r answer these questions. The popula tion pa rameter data (e.g., birth and death
rates) may b e useful for placing estimates of risks to wildlif e popula tions in a broader

ecologic al context and for planning m onit oring activities.

This Handbook fo cuses on selected groups of mammal s, birds, amphibia ns, and
reptiles. Fish and aquatic or terrestrial invertebrates wer e notincluded in this effort. The
profiles on amphibia ns and r eptiles are, in general, less d evelope d than thos e for birds and
mammals. We emphasized birds and mammal s because methods fo r assess ing t heir
expos ure are more common and well develope d. As more assessmen ts are done for
amphibia ns and r eptiles, we anticip ate th at addit ional methods and s uppor ting factors will
be necessary. Until then, we hope th e inf ormation pr esented here will e ncour age

assesso rs to begin c onsidering and qua ntifying t heir expos ure.

For all exposure parameters and species in the Handbook , we try to present data
indi cative of the range of values that differ ent popula tions of a species may assu me acr oss
North America. For site-specific ecologic al risk assessmen ts, itis important to note that

the values for exposure facto rs presented in this Handbook may not accu rately represent
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specific loc al popula tions . The species included in t he Handbook h ave broad geographic
ranges, and they may ex hibit different values for many of the exposure factors in different
portions of their range. Some species exhibit geographic var iation in body size , survival,
and reproduc tion. Breeding and migration also influence expos ure. Site-specific values
for these parameters can be determined more accurately using publis hed studie s of local
popula tions and assistance from the U.S. Fish and Wildlif e Service, state d epartments of
fish and game, and organizations su ch as loc al Audubon S ociety ch apters. In addition, The
Nature Conservancy de velops and m aintains wildlif e databases (including e ndangered
species) in coope ration w ith all 50 states. Local information inc reases th e certainty of a
risk assessmen t. Thus, for site-specific assessmen ts, we str ongly r ecommend contacting

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

Finally, we do not intend to imply th at risk assessmen ts fo r wildlif e should be
restricted to the species described in this Handbook , or should a Iways b e conducted for
these species. We emphasize that locally important or rare species not included in t his
Handbook may still be ver y im portant for site-sp ecific risk assessmen ts. To assist users
who wish to evaluate other species, we list general references for birds, mammal s,
reptiles, and amphibia ns in Nor th America. The Handbook al so provides allo metric
equations to assistin extrapolating e xpos ure 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 ch apter
provides an overview of the species and exposure factors included in t he Handbook an d
discusses th e literature search strategy used to identify facto rs. Chapter 2 presents
exposure profiles for the selected species (described in greater detail below). Chapter 3
provides allometric models that may b e used to estimate food and water inge stion r ates,
inha lation r ates, surface areas, and metabolic r ates for wildlif e species on t he basis of
body size . Chapter 4 describes common equations used to estimate wildlif e expos ure to

environm ental contaminants. Included are methods fo r estimating di et-sp ecific food
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inge stion r ates on the basis of metabolic r ate and for estimating e xpos ure to chemicals in

soil a nd sedim ent.

Chapter 2 is th e core of th e Handbook ; it presents exp osure profiles for selected
birds (Section 2.1), mammal s (Section 2.2), and reptiles and amphibia ns (Section 2.3),
along w ith brief descriptions of th eir natural history. Each species profile includes an
introduc tion t o the species' general taxonom ic group, qualitative description of th e
species, list of similar species, table of exposure factors, and reference list (which also
covers that species' sectionin V olume Il, the Appendix). The values included inthe
exposure factors tables are a subset of those we found in t he literature and also include
values th at we esti mated using t he allometric equations presented in Chapter 3. We
selected values for the tables in Chapter 2 based on a variety of facto rs including sample
size, quantification of var iabilit y (e.g., standard deviations , standard errors, ranges),
relevance of the measurement tec hnique fo r expos ure assessmen t, and coverage of
habitats, subspecies, and the variability seen in the literature. A complete listing of th e
parameter values identified in our literature survey is provided in the Appendix. The
Appendix al so include s more details conc erning sample size , methods , and qua lifying
information t han the species profiles. Users are encour aged to cons ult th e Appendix to

select the most ap propriate values for their particular assessmen t.
The remainde r of this introduc tory chapter describes the species and exposure

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

discussed in Section 1.6.

1.3. LIST OF SELECTED SPECIES

Wildlif e species were selected for the Handbook to provide several types of

coverage:
. Major taxonom ic groups (major vertebrate groups, orders, and families);
. A range of diets (e.g., piscivore, probing in sectivore) likely to resultin

contact wi th 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

Diet General Foraging Ha bitat Body Size Selected Bird Species
Insectivore?®
probing/ soil- dwelling inv ertebrates woodla nds, marshes medium American woodc ock
gle aning/ insects marshes small marsh wren
Herbivore
gleaning/ seeds woodla nds, fields and br ush medium northern bobw hite
grazing/ shoot s open fields large Canada goos e
Omniv ore open woodla nd, subur bs smal | American robin
Carnivore® open fields, forest edge medium American kestr el
most ope n areas medium red-taile d hawk
Carnivore/Piscivore/Scaven ger
small birds & mammal s/fish/dead fish | open water bodie s large bald eagle
fish/invertebrates/small birds/garbage | Great Lakes and coastal medium herring gull
Piscivore® most str eams, rivers, small medium belted kingf isher
lakes
most fr eshwater and saltwater large great blue heron
bodie s
large water bodie s large osprey
Aquatic Insectivore®
probing/ soil- dwelling inv ertebrates most rivers and streams small spotted sandpipe r
diving/ aquatic inv ertebrates oceans and coastal areas medium lesser scaup
Aquatic Herbivore/lnsectivore most wetl ands, ponds medium mallard

4ncludes consum ption of insects, other arthropods, worms, and ot her terrestrial invertebrates.
PIncludes consum ption of terrestrial vertebrates and | arge invertebrates.

‘Includes consum ption of fish, amphibians, crustaceans, and ot her larger aquatic animals.
YIncludes consum ption of aquatic invertebrates and am phibian larvae by gleaning or probing.
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Table 1-2. Characteristics of Selected Mammals

Selected
Diet General Foraging Ha bitat Body Size Mammal Species

Insecti vore?
gleaning/ surface-dwelling inv ertebrates | most habitat typ es small short-tailed shrew
Herbiv ore
gleaning/ seeds most dry-land habitats small deer mouse
grazing or browsing/ shoot s, roots, or grassy fi elds, marshes, bogs smal meadow vole
leaves prairie grass co mmunities smal | prairie vole

most h abitat typ es medium easter n cotto ntail
Omniv ore woodla nds, subur bs medium raccoon

mixed woodla nds and ope n medium red fox

areas
Carnivore® most ar eas near water medium mink
Piscivore® rivers medium river otter

coastal, estuaries, lakes medium harbor seal
Aquatic Herbivore most aq uatic habitats medium muskr at

4ncludes consum ption of insects, other arthropods, worms, and ot her terrestrial invertebrates.

PIncludes consum ption of aquatic and terrestrial vertebrates and | arge invertebrates.
‘Includes consum ption of fish, amphibians, crustaceans, molluscs, and ot her large aquatic animals.
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Table 1-3. Characteristics of Selected Reptiles and Amphibia ns

General Foraging Ha bitat Selected Reptile or
Adult Diet for Adults Body Size Amphibia n Species
REPTILES
Terrestrial Carnivore® open woods, fields and br ush medium racer
Aquatic Piscivore® most typ es of water bodie s medium northern water snake
Omnivore open fields, forest ed ge, medium eastern box turtle
marshes
most fr eshwater bodie s large snapping t urtle
Aquatic Herbivore mo st wetl ands, ponds medium painted turtle
AMPHIBIANS
Insectivore® shallow fr eshwater bodie s smal green frog
Aquatic Piscivore/Insecti vore® lakes, ponds, bogs, streams medium bullf rog
small lakes, ponds , streams smal | eastern newt

dncludes consum ption of terrestrial vertebrates and i nvertebrates, insects, other arthropods, worms, and ot her terrestrial invertebrates.
PIncludes consum ption of fish, amphibians, and crustaceans.

‘Includes consum ption of insects, other arthropods, worms, and ot her terrestrial invertebrates.

dIncludes consum ption of fish, amphibians, crustaceans, molluscs, other aquatic animals, and terrestrial insects and ot her invertebrates.



. Species of societal signif icance or conc ern (e.g., game species, familiar
species); and
. Species that have been shown to be particularly sensitive to the stressor

being addressed.

When species of concern for a risk assessmen tinclude sp ecies for whic h data are
presented in this Handbook , it can serve as a readily available source of data for

scr eening- level exposure analyses.

1.4. LIST OF EXPOSURE FACTORS

Three routes of exposure may be of concern for wildlif e in the vicinit y of
contaminated surface water s and terrestrial habitats: oral, inhalation, and dermal. Oral
expos ures might occur via ing estion of con taminated food (e.g., aquatic prey) or water or
incidental inge stion of con taminated media (e.g., soils, sedim ents) during foraging or other
activities. Inhalation of g ases or particulates might be a signif icant route of expos ure for
some animals. Dermal expos ures are likely to be most signif icant for burrowing mammal s
(i.e., via contact wi th contaminated soils ) and animals that spend considerable amount s of
time submerged in surface water s. This Handbook tabul ates sel ected data for all three
routes of exposure (Table 1-4), emphasizing or al expos ures. It also provides quantitative
information on popula tion pa rameters and qualitative information r elated to seaso nal

activities, geographic r anges, habitats, and other life-history characteristics.

The exposure factors presented in the Handbook ar e conc eptually sep arated into
four types: normalizing factors (Section 1.4.1), contact r ates (Section 1.4.2), popula tion
dynamics (Section 1.4.3), and seasonal activities (Section 1.4.4). Section 1.5 describesthe

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

Normalizing factors include body weight , growth rate, and metabolic 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 Route/
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
stage and season)

social organization

home range size

population density

Birth, Maturation, an

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




1.4.1.1. Body Weight

Body weight s (in unit s of mass) ar e reported as fresh weight as might be obtained
by weighing a live animal in the field. Several of the contact r ate parameters are
nor malize d to body weight . For example, both food and water inge stion r ates ar e reported
on a per body weight basis (e.g., gram of fr esh food or water per gram of fresh body weight
per day). Using e mpirical models, body weight d ata also were used to estimate co ntact

rate parameters for which we could not find measured values.

Adult body weight s are listed for all species. For birds, we also provide egg weight,
weight at hatching, nestling or chic k weight s, and w eight at fledging, when available, to
assist risk assesso rs concerned with estimating e xpos ures of emb ryos and y oung bir ds.
For mammal s, we also provide gestating femal e weight, birth weight , pup w eight s at
various ag es, weight at weaning, and weight at sexual maturity, when available, for a
similar purpose. Finally, for reptiles and amphibia ns, we also provide egg w eight, larval or
juv enile weight s with age, and w eight at metamo rphos is, if available and a pplic able. Body
size for reptiles and amphibia ns is often reported as body length instead of body weight ,
so we also provide data on body length and the relations hip b etween body length and body

weight , when available.

1.4.1.2. Growth Rate

Young a nimals generally cons ume more food ( per unit body weight ) than adults
because they grow and develop r apidly . Growth rates ch ange as animals mature, whether
expressed as absolute (g/day) or relative (percent body weight ) terms. Weight gain is r apid
after birth, but slows over time. Different typ es of animals exhibit differ ent patterns of
growth over time. Plots of body weight ver sus age for some animal groups ar e sigm oidal
whereas others may ap proximate logis tic functions or other shapes. As aresult,
investi gators often report growth rates as var ious con stants asso ciated with particular
math emati cal models (e.g., Gompertz equation, von Be rtalanffy eq uation; see Peter s, 1983)
that fit the growth pattern for a given species. Instead of presenting a var iety of growth

constants and models, however, we report growth rates for young a nimals, when available,
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in grams per day for specific age groups. Growth rates also can be inferred from a series
of juvenile body weight s with age. These measures are include d unde r body weight (see
Section 1.4.1.1).

1.4.1.3. Metabolic Rate

Metabolic r ate is reported on the basis of kiloc alories per day nor malize d to body
weight (e. g., kcal/kg-day). If metabolic r ate was measu red and reported on the basis of
oxygen cons umption only , we provide thos e values as liters O,/kg-day. Normalized
metabolic r ates based on kilocalories can be used to estimate normalized food ing estion
rates (see Section 4.1.2). Metabolic r ates based on oxygen consumption c an be used to
estimate meta bolic r ates based on kilocalories for subsequent use in estimating f ood

inge stion r ates (see Section 3.6.3.1).

1.4.2. Contact Rate Factors

Table 1-5 summarizes th e six contact r ate facto rs included for the oral, inhalation,

and dermal routes of exposure.

1.4.2.1. Oral Route

Three environm ental media ar e the primary contribut ors to wildlif e expos ure by the
oral route: food, water, and soils and s ediments. Four contact r ate exposure parameters

related to these three exposure media are discussed below.

1.4.2.1.1. Foodingestion rates. Food ing estion r ates are expressed in this
Handbook as gr ams of food (wet weight) per gram of body weight (wet weight) per day
(g/g-day). Food ing estion r ates can vary by age, size, and sex and by seaso nal changes in
ambient temp erature, activity levels, reproductive activities, and the type of diet consumed.
Food ing estion r ates have not been measured for many wildlif e species. Methods fo r
estimating food ing estion r ates on the basis of free-living (or field) metabolic r ate, energy

content of the diet, and assimilation efficiency are discussed in Section 4.1.2.
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Table 1-5. Wildlif e Contact Rate Exposure Factors

Expos ure
Route Medium Factor Expression Units
ORAL Food ing estion r ate fraction body 6 g/g-day
weight
dietary fraction of to tal
compos ition intake
represented by
each food type
Water inge stion r ate fraction body g/g-day
weight
Soil/ Sedim ent intake r ate fraction of to tal g/g-day
food intake
INHALATION Vapor or inha lation r ate daily volum e m?/day
Particulates
DERMAL Water or surface area total area cm?
Soil/ Sedim ent potentially
exposed?

#Total unpr otected or permeable surface area that might be exposed under some circumstances (e.g., dust
bathing), even though i t woul d not be exposed under other conditions (e.g., swimming with a trapped air
layer between the feathers or fur and ski n).

1.4.2.1.2. Dietary composition. Dietary composition v aries seasonally and by age,
size, reproductive statu s, and habitat. Dietary composition (e.g., propor tion of diet
consisting of var ious plant or animal materials), often measured by sto mach-content
analyses, is expressed whenever possible as pe rcentage of to tal intake on a wet-we ight
basis. This conv ention facilitates co mparison with contaminant co ncentrations in di etary
items r eported on a wet-weight basis. Methods fo r conv erting ot her measures of dietary
compos ition (e.g., percentage of to tal prey items cap tured, propor tion of intake o n a dry-
weight basis) to estimates of dietary intake on a wet-weight basis 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 Handbook as gr ams of water per gram of wet body weight per day (g/g-

day). Water consumption r ates d epend on body weight , phy siologic al adaptations ,
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diet, temperature, and activity levels. Itisimportant to remember that, under some
condit ions, some species can meet th eir water requir ements with only th e water contained

in the diet and metabolic water production (see Section 3.2).

1.4.2.1.4. Incidental soil and sediment intakes. Wildlif e can incidentally inge st
soils or sedim ents while fo raging or during ot her activities such as dust bathing and
preening or grooming. Data quantifying s oil and sediment ing estion a re limited; we

present available values for selected species in Section 4.1.3.

1.4.2.2. Inhalation Route

Average daily inhalation r ates are reported in the Handbook in unit s of m ®/day.
Inhalation r ates var y with size, seasonal activity levels, ambient temp erature, and daily
activities. EPA's current approach to calculating inha lation e xpos ures requir es additional
information on s pecies' respir atory phy siology to fully estimate inhalation e xpos ures (see
Section 4.1.4).

1.4.2.3. Dermal Route

Dermal contact wi th contaminated soil, sedim ent, or water is likely to be an
exposure pathway for some wildlif e species. An animal's surface area could be used to
estimate th e potential for uptake of contaminants through it s skin. For some expos ures
(e.g., dust bathing) , the entire surface ar ea of the animal might be important. For other
types (e.g., swimming) , only th e unins ulated portions (e. g., no fur or feathers that create a
trapped air layer) of the animal might con tact th e contaminated medium . In the Handbook ,
we provide measures or estimates of the entire potentially exposed surface area of an
animal, when possible. We have not attemp ted to determine what portions would be

exposed and protected for swimming animals.
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1.4.3. Population Dy namics

Several parameters can be used to describe the spatial distribution and abundance
of a popula tion of anim als in r elation t o the spatial extent of contamination. Three
parameters related to spatial distribution are social organization, home-range size, and
popula tion de nsity. These are important for estimating the number of indiv iduals or
propor tion of a popula tion t hat might be expos ed to a contaminated area. Parameters
related to popula tion s ize and pe rsistence include ag e at sexual maturity and maturation,
mortality, and annual fecundit y rates. These parameters may b e useful to assesso rs

planning or evaluating f ield studie s or monit oring pr ograms.

1.4.3.1. Social Organization

The Handbook include s a qualitative description of each species' social
organization, whic h influences how animals of various ag es and sizes are distribut ed in
space. In some species, individual hom e ranges do not overlap. Inothers, all indiv iduals
use the same home range. In between these extr emes, home ranges can be shared with

mates, offspring, or extended family groups .

Social organization c an vary substantially among s pecies that appear otherwis e
similar; therefore, it is not possible to extrapolate the social organization of si milar species
from the selected species in this Handbook . Consult th e general bibliogr aphie s for
information s our ces to determine the social organization of sp ecies not co vered in the

Handbook .

1.4.3.2. Home Range/Territory Size/Foraging Radius

Home range size can be used to determine the propor tion of ti me that an indiv idual
animal is exp ected to contact co ntaminated environmental media. Home range is defined
as the geogr aphic ar ea encompassed by an animal's acti vities (except migration) over a
specified time. While hom e range value s often are expressed in units of area, for species

dependent on riparian or coastal habitats, a more meaningf ul measure can be foraging
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radius, or the distances th e animals are willing t o travel to potential food s our ces. Although
home ranges may b e roughly ci rcular in hom ogeneous habitats, itis important to

rememb er that depending on ha bitat needs and condit ions, home ranges may be irregular
in shape. The size and spatial attributes of a home range often are defined by foraging
activities, but also might depend on t he location of sp ecific resour ces such as dens or nest
sites in other areas. An animal might not vi sit all areas of its home range every day or
even every week, but over longe r time periods, it can be expected to visit most of the areas
within t he hom e range th at cont ain ne eded resour ces su ch as forage, prey, or protected

resting a reas.

Home range size fo r indiv iduals wi thin a popula tion ¢ an vary with season, latitude,
or altitude as a cons equence of ch anges in t he distribution and abunda nce of food or other
resources. It generally varies with animal body size and a ge because of differences in the
distribution of preferred forage or prey. It can also depend on habitat quality, increasing as
habitat quality d ecreases to a condit ion be yond w hic h the habitat d oes not sustain even
sparse popula tions . Finally, home ranges can vary by sex and season. For example, if a
female is responsible fo r most or all of th e feeding of young, her foraging r ange might be
restricted to an area close to her nest or den when she has dependent young, whereas the

foraging r ange of mal es would not be so restricted.

Nonterritorial species may allow signif icant overlap of activity areas among
neighbor ing indiv iduals or groups. For example, several indiv iduals or mated pairs may
share the same ar ea, although s ignalling be havior s may ensure temp oral segregation. For
these species, we report a home range size or foraging r adius. Other species are strongly
territorial and defend mutually excl usive areas: indiv iduals, breeding pa irs, or family units
actively advertise identifiable bounda ries and exclude neighbor ing indiv iduals or groups.
Foraging activities are usually restricted to the defended territories. For these species, we
report the size of th e defended territory and not e whether foraging oc curs out side of the

territory.
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1.4.3.3. Popul ation Density

Popula tion de nsity (the num ber of anim als per unit ar ea) influences how many
indiv iduals (or what propor tion of a loc al popula tion) might be expos ed within a
contaminated area. For strongly ter ritorial species, popula tion de nsity can be inferred
from territory size in many cases. For species with overlapping hom e ranges, particularly
colonia lly breeding a nimals (e.g., most seabir ds), popula tion de nsity cannot be inferred

from hom e range size .

1.4.3.4. Annual Fecundi ty

Attributes related to the number of offspring pr oduc ed each year that reach sexu al
matu rity (annual fecundi ty) are measured in differ ent ways d epending on t he life history of
the species. For birds, data are generally available for clutch size, number of clutches per
year, nest su ccess (g enerally reflecting pr edation pr essure), number of young f ledged per
successfu | nest (generally reflecting f ood availa bility), and number of young f ledged per
active nest (reflecting all causes of mortality). For mammal s, litter size in wild popula tions
often is determined by placental scars or embryo counts, and the num ber of young
surviving t o weaning is seldom know n. For reptiles that lay eggs, clut ch size and pe rcent
hatching ¢ an be measured in the field. For viviparous reptiles, we reportthe number born
in a litter. For amphibia ns, egg masses may i nclude thous ands of eggs, but th ese are

seldom count ed.

1.4.3.5. Annual Mortality and Longe vity

Longe vity can influence the potential for cumulative deleterious effects an d the
appropriate averaging times for chronic expos ures. For birds, annual adult mo rtality tends
to be constant. For large mammal ian species, however, annual adult mo rtality tends to be
constant for several years, and then increases rapidly wi th age. For reptiles and
amphibia ns, annual adult mo rtality can decrease with age for some time as th e animals

continue to grow larger and be come less su sceptible to predation. Inthe Handbook , we
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report annual mortality rates by age category and typical or mean and maximum

longe vities, when possible .

1.4.4. Seasonal A ctivities

Many life-cycl e attributes affect an animal's acti vity and foraging p atterns in time
and space. For example, many species of birds are present in the northern hemisphere
only during the warmer mont hs or move seasonally between the northern and southern
parts of North America. Some species of mammal s, reptiles, and amphibia ns hibe rnate or
spend a dormant period in a burrow or den during the winter mont hs. The species profiles
describe these and other seasonal activity patterns that can influence exposure frequency

and dur ation.

For each species, we summarize information on t he seasonal occurrence of sever al
activities including br eeding, molting, migr ation, dispersal, and oc currence of
dor mancy/denning ( if applic able). Deposition and utilization of fatreserves are discussed

where information is available. Trends in these facto rs 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 sections :

. Normalizing a nd Con tact R ate Factors;
. Dietary Composition;

. Popula tion Dy namics; and

. Seasonal Activities.

The parameter values and units used for each exposure factor are described in the
remainde r of this section. Inthe species profiles and in t he Appendix, all values are

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

Normalizing a nd contact r ate facto rs are presented under the heading "F actors” in
Chapter 2. Several of them apply to all animals inc lude d in t he Handbook , whereas some
apply only to specific groups, as described in Sections 1.5.1.1 through 1.5.1.4. The colum n

headers for these facto rs are explained in Table 1-6.

Table 1-6. Colum n Headers for Tables of Normalizing a nd Con tact R ate Factors

Age/Sex/ Age (e.g., A for adult, J for juvenile)

Cond./Seas. Sex (e.g., M for male, F for femal e)
Condit ion (e.g., | for incubating, NB for nonbr eeding)
Season (e.g., SP for spring, SU for summer).

[Note: Only information ne eded to correctly interpret the value is
included.]

Mean Mean value fo r popula tion sample d + standard deviation ( SD), if
reported. If SD is not reported, mean value for popula tion sample d *
standard error (SE) of the mean, if reported. For some studies, a
range of typical values may b e presented instead of a mean value
(check th e notes).

Range or Range of value s reported for the popula tion sample d, 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

(subs pecies) (subs pecies studie d, if reported).
Reference Reference for study.

Note No. Footnote num ber.

1.5.1.1. AllAnimals
Body weight (g rams or Measured values only . Although w e use the term

kilogr ams) weight, all data are presented in units of mass. The age
and sex of the animal are specified as appropriate, and

1-21



Metabolic r ate (liters O,/kg-day)

Metabolic r ate (kcal /kg-day)

Food ing estion r ate (g/g-day)

Water inge stion r ate (g/g-day)

Sedim ent/soil ing estion r ate

Inhalation r ate (m?3/day)

Surface area (cm?)

1.5.1.2. Birds
Egg w eight (g rams)

Weight at hatching ( grams)

weights may i nclude ag e-weight ser ies for young
animals.

Included only if measured values wer e available. These
data can be used to estimate meta bolic r ate on a kcal
basis.

Measured or estimated basal and free-living (or field)
metabolic r ates. Most of the free-living v alues were
estimated from body weight using an appr opriate
allometric equation.

Measured on a wet-weight basis. For birds and
mammal s, values measured in captivity are generally
lower than for free-ranging a nimals. For reptiles and
amphibia ns, food ing estion r ates can be higher in
captivity than in the field. Food ing estion r ates can also
be different in captivity than in the wild if th e diet differs
substantially from that consumed in the wild (e.g., dry
laboratory chow has a substantially lower water content
than most natural diets).

Most of these values wer e estimated from body weight
using an allometric equation.

These values are not presented in the indiv idual species
profiles in Chapter 2; instead, the limited data available
for soil/ sedim ent ing estion r ates (as p ercent soil or
sediment in die t on a dry weight basis) for selected
species are presented in Section 4.1.3.

Note that this value is not normalized to body weight ,
but is th e total volum e inhaled each day. Most val ues
were estimated from body weight using an appr opriate
allometric equation.

Most val ues wer e estimated from body weight using an
appropriate allometric equation.

Included only if measured values wer e available.

Included only if measured values wer e available.
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Chick or nestling gr owth
rate (g/day)

Weight at fledging ( grams)

1.5.1.3. Mammals
Neonate weight (g rams)

Pup growth rate (g/day)

Weight at weaning ( grams)

1.5.1.4. Reptiles and Amphibians

Body length (mm)

Egg w eight (g rams)
Weight at hatching ( grams)

Juvenile growth rate (g/day)

Tadpole weight (g rams)

Larval or eft weight (g rams)

Included only if measured values wer e available. The
ages to which the growth rate applie s are indi cated.

Included only if measured values wer e available.

Included only if measured values wer e available.

Included only if measured values wer e available. The
ages to which the growth rate applie s are indi cated.

Included only if measured values wer e available.

Length is the most co mmon measure of size and growth
rate reported for reptiles and amphibia ns. Body length-
weight r elations hips ar e reported whenever possible.
Data for snakes include snou t-to-vent lengths (SVL) and
total lengths; for frogs, SVLs only ; and for turtles,
carapace (dorsal shell) and plastron (ventral shell)
lengths.

Included only if measured values wer e available.
Included only if measured values wer e available.

Included only if measured values wer e available. The
ages to which the growth rate applie s are indi cated.

For frogs only ; included only if measured values were
available.

For newts only; included only if measured values were
available.
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1.5.2. Dietary Composition

1.5.2.1. All Animals

The diet of all animals is separated by seaso n whenever possible. Up to three
months of data were combined for each of the four seasons, provided the animals were in

the same location and habitat during t he 3-mont h period (Table 1-7). The diet components

are listed in the first colum n shaded in grey. The measure of dietary composition is

enclosed in parentheses under the "Lo cation ( subs pecies)/Habitat (measu re)" colum n

header.

Table 1-7. Colum n Headers for Tables on Dietary Composition

Dietary Composition
Spring

Summer

Fall

Winter

Location
(subspecies)/
Habitat

(measure)

Reference

Note No.

List of food types.

Dietary composition dur ing s pring (March, April, May).
Dietary composition dur ing summer (June, July, August).
Dietary composition dur ing fall (September, Octo ber,
November).

Dietary composition dur ing winter (December, January,
February).

State(s) or Canadian province(s) in which study was
conducted (subspecies studied, if reported).

Type of habitat asso ciated with the reported values
(measure used to quantify dietary composition).
Reference for study.

Footnote number.

Dietary composition c an be expressed in many ways.
presented all measures of dietary composition e ncount ered in the literature review. Inthe
species profiles in Chapter 2, we have emphasized dietary composition measured as the

percentage of th e total food in take of each food type on a wet-weight basis. These data
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are usually determined by analysis of sto mach or other digestive tract co ntents. For
entries based on these measures, the total of the values listed under each seasonal
colum n should a pproximate 100 percent. As Chapter 4 indi cates, itis relatively simple to
estimate co ntaminant intakes wh en dietary composition is measured on a wet-we ight
basis. Dietary composition may also be measured on a dry-weight basis; information on
the relative water content of the different dietary items provided in Chapter 4 can be used
to convert dry-weight co mpos ition t o wet-we ight co mpos ition if needed. Dietary

compos ition is o ften reported as frequency of occurrence in digestive tract co ntents,
scats, or regurgitated pellets. For these measures, the total of the values in the seasonal
colum ns can exceed 100 (e.g., fish occurred in 90 percent of scats, amphibia in 75 percent
of scats, and molluscsin 15 percent of scats). We do not provide guida nce on how to
estimate co ntaminant intakes b ased on these measures; however, studies using t hese

measures can indi cate seaso nal and geographic differences in diet.

1.5.3. Population Dy namics

Distribution and mortality parameters can be defined similarly for birds, mammal s,
reptiles, and amphibia ns (Section 1.5.3.1). Reproduc tive parameters, however, differ
among t hese groups (Sections 1.5.3.2 through 1.5.3.5). The colum n headers for popula tion
dynamics are described in Table 1-8.
1.56.3.1. AllAnimals

Home range size (ha)/ Area usually listed in hectares, radius in kilometers. The home
Territory size (ha)/ range for species such as mink or kingf ishers, whic h spend
Foraging r adius (m) most of th eir time along s hor eline ar eas, is so metimes

described as kilometers of shoreline. For some species with
extremely smal | breeding t erritories, we us ed m? instead of
hectares. For colonia lly n esting bir ds, foraging r adii are listed
in kilometers. For frogs, we found inf ormation only on male
breeding t erritory size, whic h doe s not include th e foraging
range of either sex.

Popula tion de nsity Usually listed as number (N) of indiv iduals per hectare,

(N/ha) although num bers of breeding pa irs or nests p er hectare are
used for some species.
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Table 1-8. Colum n Headers for Tables of Factors for Popula tion Dy namics

Age/Sex/
Cond. /Seas.

Mean

Range
Location
Habitat
Reference

Note No.

Age (e.g., A for adult, J for juvenile)

Sex (e.g., M for male, F for femal e)

Condit ion (e.g., | for incubating, NB for nonbr eeding)
Season (e.g., SP for spring, SU for summer).

[Note: Only information ne eded to correctly interpret the value is
included.]

Mean value fo r popula tion sample d + standard 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 b e presented instead of a mean.

Range of value s reported for the popula tion sample d.

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

(subspecies)/ (subspecies studied, if reported).

Type of habitat asso ciated with the reported values.
Reference for study.

Footnote num ber.

Age at sexu al maturity

Annual mortality rates

Longe vity

1.5.3.2. Birds

Clutch size

Age at which first su ccessfu | reproduc tion oc curs. In many

long- lived species, only a por tion of th e popula tion br eeds at

this age.

of the animal.

Mean longe vity of adult members of the popula tion ( does not

include juvenile mo rtality). When available, an estimate of
maxi mum longe vity is al so provided (usually fr om studie s of
captive indiv iduals).

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 n est).
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Clutches per year

Days incubation

Age at fledging

Number fledged per
active nest

Percent nests
successfu |
Number fledged per

successfu | nest

1.5.3.3. Mammals

Litter size

Litters per year

Days g estation

Pup growth rate

Age at weaning

Number of successfu | clutches laid per year. Additional
clutches may b e laid if a clutch is lost early in incubation.

Measured from day incubation starts (often after laying of last
egg) to hatching.

Age at whic h young ¢ an maint ain sustaine d flight . Parents
usually cont inue to feed or to accompany young f or some time
after fledging.

Number fledged for each nest for which incubation w as
initiated.

Percent of acti ve nests h atching e ggs.

Number fledged for each nest for which at least one young
hatched.

Based on embryo counts wh enever possible. Use of placental
scars can result in overestimation of litter size and counts of
live pups in dens can result in unde restimation of litter size.

Number of litters born each year.

Days of active gestation. For species with delayed
implantation, this period c an be sub stantially shorter than the
period from mating t o birth.

Usually reported as grams per day during a sp ecified age
interval. May be reported instead as a series of weights for
pups of sp ecified ages.

Age when the pups begin to leave the nest or den to actively
feed for most of their food.

1.5.3.4. Reptiles and Amphibians

Clutch or litter size

Number of eggs laid per female for egg-laying s pecies; num ber
of live offsp ring bor n for species bearing 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 successfu | clutches because there is no parental care in
most temp erate sp ecies.

Days incubation Measured from laying of | ast egg to hatching. The duration of
inc ubation de pends on the temperature of the substrate into
whic h eggs ar e laid.

Juvenile growth rate Usually r eported as grams per day during a sp ecified age (or
size) interval. May be reported instead as a series of weight s
for juvenile s of sp ecified sizes if thos e are the only data
available.

Length at sexu al maturity Length at which the first su ccessfu | reproduc tion us ually

occurs (see above). More commonly r epor ted than weight or
age at sexu al maturity.

1.5.4. Seasonal A ctiv ities
The meaning of mo st of th e facto rs include d unde r seaso nal activities are self-
evide nt. Those requiring additional explanation are described in Sections 1. 5.4.1 through

1.5.4.3. The colum n headers for this section of th e table ar e show n in T able 1-9.

Table 1-9. Colum n Headers for Tables on Seasonal Activities

Begin Month that the activity usually begins .

Peak Month(s) that the activity peaks (mo st of the popula tion is involved).
End Month that the activity usually ends.

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

(subs pecies) (subs pecies studie d, if reported).
Reference Reference for study.

Note No. Footnote num ber.
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1.5.4.1. Birds

Mating/ laying

1.5.4.2. Mammals

Mating

Parturition

These two factors are combined because birds lay eggs within
a day or two of mating ( they begin mating a day or two prior to
laying t he first egg).

Although f or mo st mammal s the mating season corresponds to
conc eption and is follow ed immediately by gestation, some
species exhibit delayed implantation.

Birth of th e pups (al so know n as whelping f or canids ).

1.5.4.3. Reptiles and Amphibians

Mating

Nesting

Because fertilization is external for many amphibia ns (i.e., most
toads and frogs and s ome salamanders), mating oc curs at the
same time as egg-laying for these species. For reptiles,

fertiliza tion is internal, and for some species, sperm may be
stored for months or years follow ing mating.

Because many femal e reptiles can store sperm, nesting (i.e.,
egg-laying) o ften occurs weeks o r months after mating.

1.5.5. Abbreviations Used in T ables

Age (life stag e)

Z«eTTnmO®@>

or

adult (fo r all gr oups)

both adults and juveniles/yearlings (fo r all gr oups)
chick (for birds)

eft (for newts)

fledgling ( for birds)

hatchling ( for birds, reptiles, and a mphibia ns)
juvenile (fo r all gr oups)

nestling ( for birds)

neonate (for mammal s, water snakes)

<-4

pup (for mammal s)
tadpole (fo r frogs)
yearling (for all gr oups)
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Sex

B both sexes
F female
M male
Units
time: energy:
d day cal calorie
wk week kcal kiloc alorie
yr year
mass: area:
g gram ha hectare
kg kilogr am m? square meter
length: volum e:
mm  milli meter mi millilit er
cm centimeter I liter
m meter

km ki lometer

temperature:
°C degrees Centigrade

Other

NS not stated

1.6. LITERATURE SEARCH STRATEGY

The profiles in t his Handbook ar e intended to provide a readily available
compendium of representative data for each selected species to assistin conduc ting
screening- level exposure assessmen ts. They are not intended to provide complete
reviews of all available publis hed and unpublis hed inf ormation or inde pth biologic al
summaries. Moreover, the Handbook is not intended to replace field guide s or natural
history or animal physiology texts. We have attemp ted 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 Handbook

below.
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The U.S. Fish and Wildlif e Service (USFWS) Office of Information T ransfer
condu cted the primary literature search for species-sp ecific information us ing t heir Wildlif e
Review/Fisheries Review database. The database is compiled by USFWS personne | from a
review of over 1,130 publi cation s our ces (largely jour nals, but al so USFWS publi cations )
from the United States and other countries, most dating b ack to 1971. The search was
condu cted in May 1990 using c ommon and scientific species names, but no further
restrictions on search terms wer e applie d. All titles ide ntified for each species were
reviewed to determine potential utility for the Handbook , and pr omising r eferences wer e
reviewed in full. Recent review articles, handbook s, and natural his tory texts wer e used to
identify other relevant literature and literature from before 1971. Commer cial databases
were not sear ched initially. Follow ing pe er review of th e Handbook in 1991 and 1992, all
references su bmitted or identified by peer reviewers wer e evaluated, and additional
relevant citations wer e obtained for review. Limited (1970 forward) literature searches for

some species were condu cted using commer cial databases in 1992.

For information ¢ onc erning phy siology , allo metric equations, energetics, and ot her
general topics, literature was identified on the basis of recent review articles or book s in

the field suggested by expertsin the field and by peer reviewers.

Because of resource limitations , we have include d some value s from seconda ry
citations . Inthese cases, our intent was to carefully r ecord the original source and to
clearly indi cate fr om which secondary sour ce it was obtained. Users are encouraged to

obtain the primary sources to verify th ese values.

We used certain field guide s cons istently throughout each taxonomic category to
provide greater comparabilit y of general species characteristics. The use of a specific field

guide does not cons titute endor sement.

Because our literature search strategy may not have included all jour nals of interest
and did not cons istently cover other sources of information (e.g., book s, theses,
dissertations, state wiildlif e reports, conf erence proceedings ), we would a ppr eciate any

assistan ce that users might provide in ide ntifying a dditional sour ces of information t hat
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would he Ip to fill d ata gaps or to improve the information in t he Handbook . In particular,
Ph.D. dissertations and master 's theses often contain relevant but unpublis hed

inf or mation.
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2. EXPOSURE FACTORS AND DESCRIPTIONS
OF SELECTED SPECIES

Chapter 2 includes exposure profiles for the selected species in three subsections :
birds (Section 2.1), mammal s (Section 2.2), and reptiles and amphibia ns (Section 2.3).
Each species profile follow s the same fo rmat, beginning w ith an introduc tion t o the
taxonom ic group to whic h the species belongs and a qualitative description of r elevant
aspects ofthe species' natural history. Next, a list of similar species is provided to help
identify species that might sh are certain e xpos ure character istics, although t hey may have
differ ent geographic r anges, diets, and habitat preferences. Each species profile then
presents a series of tables presenting v alues for nor malizing a nd c ontact r ate facto rs,
dietary composition, popula tion dy namics, and seaso nal activity p atter ns that represent
the range of values that we identified in our literature review. Table formatis described in
Section 1.5. Data on soil and sediment ing estion a re limited; we presentthese datain a
separate section (4.1.3) for easy co mparison among s pecies. Finally, each profile include s

the references cited in the species profile and in the corresponding A ppe ndix table s.

2.1. BIRDS

Table 2-1 lists th e bird species described in this section. For range map s, refer to
the general references identified in indiv idual species profiles. The remainde r of this
section is organized by sp ecies inthe order presented in Table 2-1. The availabilit y of
publis hed inf ormation v aries sub stantially among s pecies, as is r eflected in the profiles.
Some species include two or more subs pecies; these are indi cated in the profiles when
reported by the investigators. For many studie s, the subs pecies, although not identified,
can be inferred from th e study loc ation a nd ge ogr aphic r ange of th e subs pecies. Average
lengths of birds are reported from museum stu dy skins measured from bill tip to tail tip.

Body weight is reported as fresh wet we ight wi th plum age, unless otherwise noted.
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Table 2-1. Birds Included in t he Handbook

Order
Family Common name Scientific name Section
Ciconif ormes
Ardeidae great blue heron Ardea herodi as 211
Anseriformes
Anatidae Canada goos e Branta canadensis 2.1.2
mallard Anas platyrhynchos 213
lesser scaup Aythya affinis 214
Falconif ormes
Accipit ridae osprey Pandion haliaetus 215
red-taile d hawk Buteo jamaicensis 2.1.6
bald eagle Haliaeetus leucocephalus 2.1.7
Falconidae American kestr el Falco sparverius 2.1.8
Gallif ormes
Phasianidae nor thern bobw hite Colinus virg inianus 2.1.9
Charadriiformes
Scolopa cidae American woodc ock Scolopax minor 2.1.10
spotted sandpipe r Actitis macu laria 2.1.11
Laridae herring gull Larus argentatus 2.1.12
Coraciif ormes
Alcedinida e belted kingfisher Ceryle alcyon 2.1.13
Passeriformes
Troglody tidae marsh wren Cistothorus palustris 2.1.14
Muscicapida e American robin Turdus migratorius 2.1.15
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2.1.1. Great Blue Heron (herons)

Order Ciconiiformes, Family Ardeidae. Herons, egrets, and bitter ns are medium to
large wading bir ds with long n ecks and spear-like bills . Nearly all s pecies feed primarily on
aquatic animal life (e.g., fish, frogs, crayfish, insects) an d are common along t he margins
of mo st fr eshwater and saltwater bodie s and wetlands (Kushlan, 1978). Their long le gs,
necks, and bills ar e adapted for wading in s hallow water and stabbing pr ey. Most species
build t heir nests i n trees near their foraging ha bitat, and many nest colonia lly. Members of
this group range in size from th e least bittern (28 to 36 cm bill tip to tail tip) to the great
blue heron (106 to 132 cm tall). The sexes ar e similar in size and appearance.

Selected species

The great blue heron (Ardea herodias) is the largest memb er of the group in Nor th
America and feeds primarily on aquatic animals. Itis widely distributed in both saltwater
and freshwater environments. There are four subspecies in the United States and Canada:
A. h. wardi (Kansas and Oklahoma acr oss th e Mississippi Riv er to Florida), A. h. herodias
(remainde r of th e North and Central American range), A. h. fanni ni (Pacific coast of North
America from Alaska to Washingt on), 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 white color morph that was formerly considered a separate species
(Nationa | Geogr aphic So ciety, 1987).

Body size. Males aver age slight ly heavier in weight th an females (Hartman, 1961,
Palmer, 1962). Northern continental herons are somewh at smal ler than those found int he
south (Palmer, 1962). Quinney (1982) determined a relations hip b etween age and body
weight fo r nestling gr eat blue herons (r =0.996, N = 16 nestlings , and 274 measurements):

BW =556 xA-47.4
where BW equals body weight in grams and A equals age in days.

Habitat. Great blue herons inhabit a variety of freshwater and marine areas,
including f reshwater lakes and rivers, brackish marshes, lagoons , mangr oves, and coastal
wetlands, particularly where small fish are plentiful in shallow ar eas (Spendelow and
Patton, 1988; Short and Cooper, 1985). They are often seen on tidal flats and sandbars and
occasionally fo rage in wet mead ows, pastures, and other terrestrial habitats (Pal mer,
1962). Great blue herons tendt o nestin dense colonie s, or heronries. The location of th e
heronry is generally clos e to foraging gr ounds , and tall trees are preferred over shorter
trees or bushes for nest sites (Bent, 1926; Palmer, 1962; Gibbs et al., 1987). They also may
nest on the ground, on rock ledges, or on sea cliffs (Pal mer, 1962).

Food ha bits. Fish are the preferred prey, but great blues also eat amphibia ns,
reptiles, crustacean s, insects, birds, and mammal s (Alexander, 1977; Bent, 1926; Hoffman,
1978; Kirkpatrick, 1940; Peifer, 1979). When fishing, they mainly use two foraging
technique s: standing s till a nd waiting f or fish to swim within s triking di stance or

2-3 Great Blue Heron



slow wading t o catch more sedentary prey (such as flounde r and s culpin) (B ent, 1926;
Willard, 1977). To fish, they requir e shallow waters (up to 0.5 m) with a firm su bstr ate
(Short and Coope r, 1985). Fish up to about 20 cm in le ngth were dominant in the diet of
herons fo raging in s outhwester n Lake Erie (Hoffman, 1978), and 95 percent of fish
consumed by great blue s in a Wiscons in popula tion w ere less than 25 cm in length
(Kirkpatrick, 1940). Great blues sometimes forage in wet mead ows and pastures in pursuit
of lizards, small mammal s, and large insects (Pal mer, 1962; Peifer, 1979). In northern
areas, small mammal s such as meadow voles may b e an important part of the diet early in
the breeding season, possibly b ecause some aquatic foraging areas may st ill be partially
frozen when the herons arrive (Collazo, 1985). Consumption of larger prey (fish, frogs,
rodents) is often follow ed by drink s of water (Hedeen, 1967); terrestrial prey such as voles
are usually dunked in water before they are swallowed (Peifer, 1979). Adult heronstendt o
deliver the same typ e and size of food t o their nestlings th at they cons ume themselves, but
they deliver it well digested for young nestlings and | ess well digested as the nestlings
grow (Kushlan, 1978). Adults tend to feed solit arily, although t hey may feed in single or
mixed species flocks wh ere there are large concentrations of prey (Bayer, 1978; Krebs,
1974; Kushlan, 1978; Willard, 1977); fledglings ar e frequently seen foraging t ogether (Dow d
and Flake, 1985). Kushlan (1978) develope d a regression e quation r elating t he amount of
food ingested per day to body weight fo r wading bir ds (N = seven species):

log( FIl) = 0.966 log(BW) - 0.640
where Fl equals food ing estion in gr ams per day and BW equals body weight in gr ams.

Molt. Adults unde rgo a complete moltin the late summer and fall and a partial molt
of the contour feathers in the late winter and early spring (Bent, 1926). Young he rons
attain full a dult plum age in the summer /fall m olt at the end of th eir second year (Bent,
1926).

Migration. In the northern part of its range, most great blues are migratory, some
moving t o the sout hern Atlantic and G ulf States to overwinter with the resident popula tions
of herons (Bent, 1926; Palmer, 1962), others continuing ont o Cuba and Ce ntral and South
America (Hancock and Kushlan, 1984). Most migrating he rons | eave their breeding
grounds by October or November and return between February and April (Bent, 1926).

Breeding activities and social organization. The male great blue heron selects th e
site for the breeding t erritory, and n ests g enerally consist of a stick platform over 1 min
diameter (Palmer, 1962). Great blues often use a nest for more than 1 year, expanding 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 brood is r aised
per year; however, if a clutch is destroyed, great blues may | ay a replacement clutch,
usually with fewer eggs than the initial clutch (Palmer, 1962; Pratt and Winkler, 1985). Both
parents incubate and feed the young (Palmer, 1962; Hancock and Kushlan, 1984). During
the breeding season, great blues are monoga mous and ¢ olonia |, with from a few to
hundr eds of pairs nesting int he same area or heronry (Gibbs et al., 1987). Colonie s may

2-4 Great Blue Heron



include other species, such as great egrets or double-cr ested cormorants (Pratt and
Winkler, 1985; Mock et al ., 1987).

Home range and resour ces. Breeding c olonie s are generally clos e to foraging
grounds (B ent, 1926; Palmer, 1962; Gibbs et al., 1987). Mathisen and Richards (1978)
found t he distan ce between heronries and possible feeding a reas in Minne sota lakes to
range from O to 4.2 km, averaging 1.8 km. Another study found t hat most heronries along
the North Carolina co ast wer e located near inlets with large concentrations of fish, an
average of 7 to 8 km away (Par nell and Soots, 1978, cited in Short and Cooper, 1985).
Fifteen to 20 km is the farthest great blue herons r egularly travel between foraging areas
and colonie s (Gibbs et al., 1987; Gibbs, 1991, Peifer, 1979). In the northern portion of th eir
range, great blue herons o ften build n ests in tall trees over dry land, whereas in the
southern part of their range, they usually nest in swamp trees, including m angroves
(Palmer, 1962). Each breeding pa ir defends a small t erritory around t he nest, the size of
which depends on local habitat and the birds' stage of reproduc tion ( Hancock and Kus hlan,
1984). Herons in some areas also defend feeding t erritories (Peifer, 1979). In other areas,
great blue s appear to be oppor tunis tic foragers, lacking s trict fidelity to particular feeding
sites (Dowd and Flake, 1985). A study in North Dakota found t hat herons o ften returned to
the same general areas, but different indiv iduals often used the same ar eas at differ ent
times (Dowd and Flake, 1985).

Popul ation de nsity. Because great blues nest colonia lly, local popula tion de nsity
(i.e., colony density, colony size , and num ber of coloni es) varies with the availabilit y of
suit able nesting ha bitat as wel | as foraging ha bitat. On islands in coastal Maine, Gibbs an d
others (1987) found a signif icant correlation b etween colony size and t he area of tida | and
intertidal wetlands within 20 km of th e colonie s, whic h was th e longest d istance heronsin
the study colonie s traveled on foraging trips. In wester n Oregon, the size of heronries was
found t o range from 32 to 161 active nests; the area enclosed by peripheral nest tr ees
within t he colonie s ranged from 0.08 to 1.21 ha (Werschkul et al., 1977).

Popul ation dy namics. Most nestling los s is a result of starvation, although s ome
losses to predation do oc cur (Colla zo, 1981; Hancock and Kushlan, 1984). In a study of 243
nests in a coastal California colony , 65 percent of th e chicks fl edged, 20 percent star ved, 7
percent wer e taken by predators, and 7 percent wer e lost to other causes (Pratt and
Winkler, 1985). Estimates ofthe number of young f ledged each year by breeding pairs
range from 0.85 to 3.1 (Pratt, 1970; Pratt, 1972; McAloney, 1973; Pratt and Winkler, 1985;
Quinney, 1982). Based on banding s tudie s, about two -thir ds of th e fledglings do not
survive more than 1 year, although t hey may su rvive better in protected wildlif e refuge s
(Bayer, 1981a). Values for later years indi cate th at about one-third to one-fifth of the 2-
year-old and olde r birds are lost each year (Bayer, 1981a; Henny, 1972; Owen, 1959).

Similar species (from general references)
. The great egret (Casmerodius albus) is almost th e same si ze (96 cm length)
as the great blue heron and is found ov er alimited range in the breeding

season, including a reas in the central and eastern United States and the east
and west co asts. 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
those of the great blue heron.

The snowy egret (Egretta th ula), one of the medium-sized herons (51 to 69
cm), shuffles its feetto stir up benthic aquatic prey. Itis found m ostly in
freshwater and saltwater marshes but also sometimes follow s cattl e and
other livesto ck as d oes the cattl e egret. It breeds in parts of the western,
southeastern, and east co asts o f the United States and winters along bot h
coasts of the southern United States and farther south.

The cattl e egret (Bubul cus ibis) is seen in agricultural pastures and fields,
where it follow s livesto ck to pick up insects d isturbed by grazing. An Old
World species, it was introduced into South America and reached Florida in
the 1950's. Itreached California by the 1960's and has been continuing t o
expand its range.

The green-backed heron (Butorides striatus), one of the smaller herons (41
to 56 cm), breeds over most of the United States excep t 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 woodla nd cover.

The tricolor ed heron (Egretta tricolor) (formerly know n as the Louis iana
heron) is common in salt marshes and mangrove swamp s of the east and
gulf co asts, butitis rare inland.

The little blue heron (Egretta caer ulea) is common in freshwater ponds ,
lakes, and marshes and coastal saltwater wetlands of the Gulf Coast States.
Juvenile s are easily conf used with juvenile snow y egrets. This species
hunt s by wal king s lowly in shallow waters, and its diet typically includes fish,
amphibia ns, crayfish, and insects.

The black-cr owned night heron (Nycti corax nycti corax), characterized by a
heavy body, short thic k neck, and short legs (64 cm), is a common heron of
freshwater swamp s and tidal marshes, roosting by day intrees. Ittypically
feeds by night , predominantly on aquatic species, fish, amphibia ns, and
insects. This heron is extr emely widespread, occurring in Nor th and South
America, Eurasia, and Africa. It breeds over much of the United States and
parts of cen tral Canada and w inters along bot h coasts of the United States
and farther south.

The yellow-cr owned night heron (Nyctan assa vi olacea) (61 cm) is similar to
the black-cr owned butis more restricted in its range to the southeastern
United States. Itroostsin treesin wet woods, swamp s, and low co astal
shrubs.

The American bittern (Botaurus lentiginosus), another of th e medium -sized
herons (58 to 70 cm), is a relatively common but elusive inha bitant of
freshwater and brackish marshes and reedy lakes. Itis a solitary feeder,
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cons uming fish, crayfish, reptiles, amphibia ns, insects, and even small
mammal s. Its breeding r ange includes most of Canada and t he United
States, although m uch of th e sout hern United States i s inhabited only during
the winter.

. The least bittern (Ixobrych us exilis), the smallest of the North American
herons (33 cm), also is an elusive inhabitant of r eedy areas. Its breeding
range is restricted largely to the eastern half of the United States.

General references

Hancock and Kushlan (1984); Robbins et al. (1983); National Geogr aphic So ciety
(1987); Palmer (1962); Short and Cooper (1985).
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Great Blue Heron

(Ardea herodias )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight AB 2,229 £ 762 SD eastern North America Quinney, 1982
)

AF 2,204 + 337 SD NS Hartman, 1961 1

AM 2,576 +299 SD

yearlings 2,340 £ 490 SD 1,940 - 2,970 central Oregon Bayer, 1981b

juveniles 1,990 + 550 SD 1,370 - 2,750

nestlings: Nova Scot ia, Canada McAloney, 1973

day 1 86

day 5 170

day 10 567

day 15 983

day 20 1,115

day 25 1,441

day 30 1,593

day 35 1,786

day 40 2,055
Metabolic Rate | A B basal 62 estimated 2
(kcal/kg-day)

A B free-living | 165 (78 - 353) estimated 3
Food Ingestion | AB 0.18 NS Kushlan, 1978 4
Rate (g/g-day)
Water AB 0.045 estimated 5
Ingestion Rate
(9/g-day)
Inhalation Rate | AB 0.76 estimated 6
(m®/day)
Surface Area AB 1,711 estimated 7

(cm?)
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Great Blue Heron (Ardea herodias )

Locat ion/Habitat Note
Dietary Compositio n Spring Summer Fall Winter (measure) Reference No.
trout 59 lower Michigan/lake Alexander, 1977
non-trout fish 39
crustaceans/ amphibian 2 (% wet weight; stomach
5 contents)
trout 89 lower Michigan/river Alexander, 1977
non-trout fish 5
crustaceans 1 (% wet weight; stomach
amphibians 4 contents)
birds and m ammals 1
Atlantic silverside 3.6 Nova Scot ia/Boot Island Quinney, 1982
mummichog 2.4
American eel 52.6 (% wet weight; items
Gaspereaux 29.9 regurgitated by nestlings)
pollack 8.9
yellow perch 2.6
staghor n scul pin Vancouver , BC/coast al Krebs, 1974
small 27.8 island
medium 7.6
large 2.2 (% of fish obser ved caught ;
starry flounder small =less than 1/3 beak
small 15.0 length; medium = about 1/2
medium 8.1 beak length; large = longer
large 5.2 than beak; other includes
other shiner sea perch and
small 30.6 penpoint gunnel s)
medium 3.5
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Great Blue Heron (Ardea herodias )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Size Feeding A B fall 0.6 £0.1SD ha Oregon/freshwat er marsh Bayer, 1978
Territory A B winter 8.4+54SD ha Oregon/estuary
Foraging A B sum mer 3.1km upto 24.4 km South Dakot alriver & Dowd & Flake, 1985
Distance from streams
Colony A B sum mer 7 to 8 km North Carolina/coast al Parnell & Soots, 1978 8
Popul ation summer North Dakotalrivers & Dowd & Fl ake, 1985
Density along stream | 2.3 birds/km streams
along river 3.6 birds/km
summer 149 £ 53 SD Maine/coast al islands Gibbs et al., 1987
nests/ha
summer 461 nests/ha 447 - 475 Oregon/coast al island Werschkul et al., 1977

Clutch Size 3.16 £ 0.04 SE 1-5 California/coast al canyon Pratt & Winkler, 1985

4,17 £0.85 SD 3-6 Nova Scot ia/island McAloney, 1973

4.37 3-6 Pennsylvania/NS Miller, 1943 9
Clutches/ Year 1 Pennsy Ivania; Oregon/NS Miller, 1943; English, 1978 10
Days 27.1 25-30 Nova Scot ia/island McAloney, 1973
Incubation

28 United States/NS Bent, 1926
Age at Fledging 45 Nova Scot ia/island McAloney, 1973 11
(days) 60 NS/NS Hancock & Kushl an, 1984

49 to 56 Nova Scot ia/island Quinney, 1982
Number Fledge 1.7 central California/coast al Pratt, 1972
per Pair 1.96 northwest Oregon/river English, 1978

2.8 Nova Scot ia/island Quinney, 1982
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Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Location/Habitat Reference No.
Number 2.19+0.25SD 2-3 central California/coast al Pratt & Winkler, 1985
Fledge per 2.43 northwest Oregon/river English, 1978
Successf ul 3.09 Nova Scot ia/island McAloney, 1973
Nest
Age at Sexual B 2 years NS Bent, 1926
Matu rity
Annual during 1st yr 64 United States and Henny, 1972
Mortality Rates during 2ndyr 36 Canada/NS
(percent) during 3rd yr 22
Seasonal Note
Activity Begin Peak End Location Reference No.
Matin g/Laying Nov. to Dec. April Florida Howell, 1932 9
mid-February mid-March June central California Pratt & Winkler, 1985
mid-March northwest Oregon English, 1978
late March early April Pennsylvania Miller, 1943 9
mid-April early May late May Nova Scot ia McAloney, 1973
early May northwest Oregon English, 1978
mid-April Idaho Collazo, 1981
mid-May mid-July Ohio Hoffman & Cur now, 1979
mid-Sept. late October northern US Palmer, 1962
mid-February mid-March western Oregon Werschkul et al., 1977
mid-March Wisconsi n; Minnesot a Bent, 1926
late March Nova Scot ia Bent, 1926

OO WNPE

As cited in Dunning, 1984.
Estimated usi ng equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from Quinney (1982).
Estimated usi ng equat ion 3-37 (Nagy, 1987) and body weights from Quinney (1982).

Estimated from Kushl an's (1978) allometric equation for wading birds, assuming a body weight of 2,230 g.
Estimated usi ng equat ion 3-15 (Calder and Braun, 1983) and body weights from Quinney (1982).
Estimated usi ng equat ion 3-19 (Lasiewski and Calder, 1971) and body weights from Quinney (1982).

Great Blue Heron (Ardea herodias )
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10
11

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Quinney
(1982).

Cited in Short and Cooper (1985).

Cited in Palmer (1962).

May replace clutch if eggs ar e lost, but only rear one br ood (Henny, 1972).

Young f ed around col ony for 10 days after leaving nest at 45 days of age.

Great Blue Heron (Ardea herodias )
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2.1.2. Canada Goose (geese)

Order Anseriformes, Family Anatidae. Geese are large herbivorous water fowl that
feed on grains, grass sprouts, and some aquatic veg etation. Although a dapted for life on
the water, they forage primarily in open fields. They breed in open forested areas near lake
shores and coastal marshes from the arctic tundr a through temperate climates. These
birds migrate in noisy flocks i n the familiar V-formation, stopping in c ultivated fields,
wetlands, and grasslands to feed. Geese show a wide variation in s ize even within a
species; the sexes look alik e.

Selected species

The Canada goos e (Branta canadensis) is th e most wide spread and abunda nt goos e
in Nor th America. It is a popula r game species and is commonly en count ered on c ultivated
fields, golf cour ses, other parklands, and wetland refuge areas. Depending on s ubs pecies,
these geese can range in size from 64 to 114 cm (bill tip to tail tip), the larger geese
breeding in m ore sout herly lo cations th an the smaller subspecies. The reverseistruein
wint er, with the larger subs pecies wint ering in t he more northerly parts of th e range
(Palmer, 1962). The number of existing r ecognize d subs pecies varies, but mo st
ornithologi sts agree that there are 11: canadensis (Atlantic Canada goose), fulva
(Vancouver Canada goose), hutchinsii (Richardson's Canada goose), interior (interior
Canada goose), leucopareia (Aleutian Canada goose), maxi ma (giant Canada goose),
minima (cackling Ca nada goose), moffitti (Great Basin or wester n Canada goose),
occidentalis (dusky Canada goose), parvipes (lesser Canada goose), and taverneri
(Taverner's Canada goose) (Bellrose, 1976; Johns on et al., 1979; Palmer, 1962). Several
subs pecies usually mingle during migration and in w intering areas, butthey breed in
geographically distinct ranges. Six of the subspecies breed in Alaska (fulva, leucopareia,
minima, occidentalis, parvipes, and taverni) (Johns on et al., 1979). The leucopareia
subs pecies, found in O regon, Washingt on, California, and Alaska, currently is a United
States fed erally designated threatened species (50 CFR 17.11, 1992). Itis only know nto
breed on one of the wester n Aleutian islands off Alaska (Byrd and Woolingt on, 1983). See
Bellrose (1976) for ranges, migration c orridor s, and w intering areas 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 maxi mum just prior to or during
the spring migration a nd then decline s dur ing e gg-laying a nd inc ubation, sometimes by as
much as 20 percent (Mainguy and T homas, 1985; McLandress and Raveling, 1981). Most of
the weight lost during inc ubation r eflects | oss of fat, which can provide over 80 percent of
the energy requir ements for the incubating females (Mainguy and T homas, 1985; Murphy
and Boag, 1989). Young are similar to parents in size by 2 mont hs of age (Palmer, 1962).

Habitat. Breeding ha bitat include s tundr a, forest mu skeg in the far north, tall- and
shortgrass prairie, marshes, ponds, and lakes. Most nesting 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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muskr at houses often serve as nest sites in marshes (Steel et al., 1957). Brood-rearing
habitats, on the other hand, requir e adequate cover, and riparian areas are used more
frequently than open water (Eberhardt et al., 1989a). During the fall and winter in Maryland,
Harvey et al . (1988) found Ca nada geese to spend 57 percent of their time in farmlands
(mostly corn, soybeans, and winter wheat fields) and 24 percentin forested areas.

Food ha bits. Canada geese are almost excl usively vegetarian, and feeding activity
is concentrated in areas where food is plentiful (e.g., standing ¢ rops, scatter ed whole
grain) (Palmer, 1962). They are primarily grazers, but must consume grit at so me point to
assure proper dige stion (Palmer, 1962). They prefer certain foods, but will c hange th eir
diet depending on t he availability of a food t ype (Coleman and Boag, 1987). For example,
when water levels are low in the south Yukon (Canada) river delta, Canada geese forage on
rhizomes of Potamoge ton richardsoni i even though ot her forage is available; at highe r
water levels when the Potamogeton is unreachable, the geese will feed on other plants
(Coleman and Boag, 1987). During fall, geese often consume green crops (e.g., winter
wheat). During winter, however, they consume more energy-rich foods su ch as corn
(Harvey et al ., 1988; McLandress and Raveling, 1981). In late winter and early spring, green
crops th at are high in nit rogen and ot her important nutrients again constitute an important
part of the diet (McLandress and Raveling, 1981). Canada geese often feed preferentially
on the blade tips of many plants, whic h are higher in nit rogen than other parts of th e plant
(Buchsbaum et al., 1981). In Minne sota, Canada geese begin consuming gr een grasses as
soon as they are expos ed by th e melting s now (McLandress and Raveling, 1981). In
Maryland, on the other hand, Harvey et al . (1988) found t hat Canada geese did not begin
cons uming gr een crops before migr ation t o the breeding gr ounds , indi cating t hat this
popula tion may rely on green forage available at staging areas to obtain the protein and
lipids r equir ed for reproduc tion. Inthe spring in Fa Imouth Harbor, Massach usetts, Canada
geese initially cons ume predominantly th e marsh grasses Spartina spp. and rushes
Junc us gerardi, whic h are high in pr otein (Buc hsbaum and V aliela, 1987). As the summer
progresses, however, they feed increasingly on submerged eelgrass, Zostera marina,
whic h provides more carbohy drates (Buchsbaum and Valiela, 1987).

Molt. Nonbr eeders and yearlings migr ate to a separate molting gr ound s oon after
arrival at the breeding gr ounds , while breeding bir ds molt on the brood- rearing gr ounds
(Bellrose, 1976). Molting oc curs earlier in nonbr eeders, at least a mo nth earlier in the
larger subspecies (Palmer, 1962). Molting parents do not r egain flight feathers until just
prior to the time when their young f irst attain flight (Palmer, 1962). The flight less p eriod of
B. c. interior is estimated to be 32 days. For B. ¢c. maxima and B. c. moffitti, the flight less
period l asts fr om 39 to 40 days (B alham, 1954; Hanson, 1965, as cited in Palmer, 1962).

Migration. Migratory Canada geese leave their breeding gr ounds during la te
summer and early autumn; they return in the spring around t he time the first water is
opening (i.e., ice melting) but well be fore snow co ver has dis appeared (Bellrose, 1976).
Spring migr ation be gins | ater for northerly popula tions , with geese that winter in mild
climates d eparting as early as mid-January, while thos e wint ering in t he cold est areas do
not mo ve nor thward until the beginning of March (Bellrose, 1976). The bulk of th e migr ants
typically arrive on the summer breeding gr ounds 3 weeks after the first birds
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(Bellrose, 1976). Some popula tions h ave become resident year -round, for examp le,

B. c. maxima in Missouri (Brakhage, 1965) and in southeast Georgia and southwest
Alabama (Combs et al., 1984). During bot h the spring and fall migrations , geese tend to
gather in large flocks and feed for several weeks in "staging" a reas along m ajor water fowl
flyways (B ellrose, 1976).

Breeding activities and social organization. Canada geese arrive on the breeding
grounds in flocks, and soon after, the male becomes territorial and aggressive toward
other birds (Palmer, 1962). Lifelong m onog amy follow ing t heir first br eeding is th e general
rule with these geese (Palmer, 1962). Nests ar e built on the ground in a position with good
visibilit y (Palmer, 1962). During inc ubation t he male stands guard, while th e female
incubates th e eggs, which she normally leaves two or three times daily to feed, bath, drink,
and preen (Murphy and Boag, 1989). Both parents acco mpany the young t hrough t he
brood period (Bellrose, 1976; Brakhage, 1965). Canada geese return to the breeding
grounds as family units, but the yearlings | eave their parents soon after arrival (Bellrose,
1976).

Home range and resour ces. The foraging hom e range of Canada geese varies with
season, latitude, and breeding c ondit ion. Soon after hatching, goos e families move away
from th e nesting s ites to other areas with adequate cover and forage to rear their broods
(Byrd and Woolingt on, 1983). Newly hatched families may h ave to travel 10 to 20 km from
the nest site to reach areas with adequate aquatic vegetation or pasture grasses (Geis,
1956). Although t he families stay p redominantly on land, often in riparian areas, they
usually are close to water. Eberhardt et al. (1989a) found gos lings wi thin 5 m of water
most of th e time; only 7 pe rcent of sight ings wer e farther than 50 m away. During the
spring and fall migr ations and in w inter, Canada geese can be found on ope n water or
refuges near grain fields or coastal estuaries (Leopold et al., 1981).

Popul ation de nsity. Breeding popula tion de nsities of Canada geese vary widely.
Low nesting de nsities (i.e., less 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
sout herly loc ations (e. g., California), colonia | nesting 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 dy namics. The earliest Canada geese begin br eeding is ar ound 2 to 3
years of age (Maclnnes and Dunn, 1988; Brakhage, 1965). In the larger subspecies, only a
small pr opor tion of th e birds under 4 years may attemp tto breed. For example, in
Manitoba, Moser and Rusch (1989) found t hat only 7 pe rcent of 2-year-old and 15 percent
of 3-year-old B. c. interior laid eggs. Canada geese only attemptto rear one brood per
year. In the more southerly latitudes, Canada geese will renestif a clutch is lost prior to
inc ubation ( Brakhage, 1965; Geis, 1956). In general, both clutch size and success at
rearing gos lings increase with the age of the breeder (Brakhage, 1965). Raveling (1981)
found t hat older B. ¢. maxima (4 plus years) raised more than twice as many goslings to
fledging a s did y ounge r (2 to 3 years) birds. Population age structure and annual mortality
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). Itis primarily a sea goos e and is
rare inland. It wint ers along bot h the east and west co asts o f the United
States, where it feeds on aquatic plants in shallow b ays and estuaries. It
breeds in the high arctic.

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

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

. The Ross' goose (Chen rosii) breeds in t he high arctic tundr a and winters in
some areas of the southwest United States. This relatively small (58 cm)
goose is arare visitor to the mid-Atlantic States an d is always seen with
snow geese.

General references

Bellrose (1976); Kortright (1955); National Geogr aphic So ciety (1987); Palmer (1962).
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Canada Goose ( Branta canadensis )

Range or

Age/Sex/ (95% CI of mean) Note
Factors Cond./Seas. Mean Location (subspeci es) Reference No.
Body Weight (g) A M late sum. 1,443 + 32 SE 1,260 - 1,605 Alaska (minima) Raveling, 1979

A F late sum. 1,362 + 54 SE 1,195 - 1,590

A M winter 2,769 + 30 SE Colorado (parvipes) Grieb, 1970

A F winter 2,472 £ 23 SE

A M not spec. 3,992 NS (canadensi s) Webster (unpubl ished) in

A F not spec. 3,447 Bellrose, 1976

A M fall 4,212 + 35 SE 3,799 - 4,727 Illin ois (interior) Raveling, 1968

A Ffall 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 hatching 108.7 Alberta (moffitti ) LeBlanc, 1987b

F at hatching 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 O 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% adult wt Alaska (minima) Sedinger, 1986

F at fledging 89% adult wt
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Canada Goose ( Branta canadensis )

Range or
Age/Sex/ (95% CI of mean) Note
Factors Cond./Seas. Mean Location (subspeci es) Reference No.
Body Fat F fall migr. 182 + 24 SE 117 - 264 Alaska in winter (minima) Raveling, 1979
(g lipid) F winter 57 +£6 SE 34-71 California in summer
F spring migr. 172 + 25 SE 68 - 362
F prelaying 171 (no SE; N=2) 136 - 205
F end incub. 33+5SE 14 -51
F early molt 108 + 13 SE 62-179
F prelaying 751 £ 45 SE Ontario, Canada (maxima) Thomas et al., 1983
F incubating 611 +40 SE
F late incub. 166 £ 18 SE
F molting 485 + 37 SE
Egg Weight 96 NS (minima) Owen, 1980 2
(9) 127 NS (leucopa) Owen, 1980 2
163 Alberta, Canada (moffitti ) LeBlanc, 1987a
Metabolic Rate free-living:
(kcal/kg-day) A M winter 105 - 209 llin ois in winter (interior) Willia ms & Kendeigh, 1982 3
A M spring 105 - 203 Ontario, Canadain
A M summer 115-253 summer
A M fall 100 - 209
A F spring 130 - 220 Williams & Kendeigh, 1982 3
A F sum mer 143 - 274 (interior)
free-living:
AM 185 (87 - 391) estimated 4a
AF 187 (88 - 397) (minima)
AM 141 (65 - 304) estimated 4b
AF 147 (69 - 316) (interior)
AM 135 (63 - 292) estimated 4c
AF 142 (66 - 305) (maxima)
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Canada Goose ( Branta canadensis )

Range or

Age/Sex/ (95% CI of mean) Note
Factors Cond./Seas. Mean Location (subspeci es) Reference No.
Food Ingestion A M winter 0.030 (interior) captive Joyner et al., 1984 5
Rate (g/g-day) A F winter 0.033

A M spring 0.030 (interior) captive Joyner et al., 1984 5

A F spring 0.031
Water Ingestion AM 0.052 (minima) estimated 6a
Rate AF 0.053
(9/g-day)

AM 0.035 (maxima) estimated 6b

AF 0.037
Inhal ation Rate AM 0.54 (minima) estimated 7a
(m®/day) AF 0.52

AM 1.40 (maxima) estimated 7b

AF 1.22
Surface Area AM 1,280 (minima) estimated 8a
(em? AF 1,230

AM 2,920 (maxima) estimated 8b

AF 2,590

Note

Dietary Composition Winter Reference No.
sedges 63 North Carolinal/lake Yelverton & Quay, 1959
native grasses 11
corn kernels 22 (% volume; crop and gi zzard
animal 0.01 contents)
other 4
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Canada Goose ( Branta canadensis )

Locat ion/Habitat Note
Dietary Compositio n Spring Summer Fall Winter (measure) Reference No.
Equisetum sp. Ontario, Canada/bay Prevett et al., 1985
(shoot) 9.2
Triglochin palustris (% dry weight; esophagus
(root) 34 and proventriculus
grasses (root) 234 contents)
(shoot) 2.1
sedges (shoot) 25.3
(root) 5.3
(reed) 17.9
Plantago maritima
(root) 6.5
unidentified plants 6.1
invertebrates 0.7
corn 23 Wisconsi n/marsh Craven & Hunt , 1984
unidentified plants 8.6
alfalfa 10.4 (% dry volume; gizzard
Gramineae 12.6 and proventriculus
oats 25.1 contents)
Setaria lutescens 8.4
Trifo lium repens 10.9
Population Location (subspeci es)/ Note
Dynamics Range habi tat® Reference No.
Home Range A F & brood 983 + 822 SD ha 290 -2,830 Washington (moffitti )/riv er Eberhardt et al., 1989a
Size
A F & brood 8.8 +4.4 SD km 2.8-18.1 Washington (moffitti )/riv er Eberhardt et al., 1989a
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Canada Goose ( Branta canadensis )

Population Age/Sex/ Location (subspeci es)/ Note
Dynamics Cond./Seas. Mean Range habitat® Reference No.
Popul ation summer 0.02-12.4 nests/ha various | ocations Cooper, 1978 9
Density
16.6 nests/ha Montana (moffitti )/ Geis, 1956
on 0.2-0.8 haisland
1.3 nests/ha Montana (moffitti )/
on 8-121 haisland
0.35 nests/ha Alaska (leucopus)/ Byrd & Woolington, 1983
island pr eferred habi tat
fall 22 birds/ha Missouri/wild life refuge Humburg et al., 1985
winter 4 birds/ha Missouri/wild life refuge Humburg et al., 1985
Clutch Size 4.7 Alaska (minima) Spencer et al., 1951 10
56+0.1SE 2-8 Alaska (leucopa) Byrd & Woolington, 1983
4.6 Ontario, Canada (interior) Raveling & Lum sden, 1977 | 2
5.6 Alabama, Georgia (maxima) Combs et al., 1984
Clutches/ Year 1 Missour i Brakhage, 1985
Days 25 NS (minima) Laidley, 1939 10
Incubation 28 Missour i (maxima) Brakhage, 1965
Age at 40-46 Alaska (minima) Mickelson, 1973 11
Fledging 55 NS (leucopa) Lee (pers. comm.) in Byrd
(days) & Woolington, 1983
63 Ontario, Canada (interior) Hanson, 1965 11
71-73 Michigan (maxima) Sherwood, 1965 11
Percent Nests 91 89-93 Alaskal/island (leucopa) Byrd & Woolington, 1983
Successf ul 44 27 - 64 Alabama, Georgia (maxima) Combs et al., 1984
Number 2.19+2.42 SD 0-7 Washington (moffitti ) Eberhardt et al., 1989b
Fledge per
Active Nest
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Canada Goose ( Branta canadensis )

Population Age/Sex/ Location (subspeci es)/ Note
Dynamics Cond./Seas. Mean Range habitat® Reference No.
Number 4.0 £0.008 SE 1-7 Alaska (leucopa) Byrd & Woolington, 1983
Fledge per 2.2 IL, WI (interior) Hardy & Tacha, 1989 12
Successf ul 39+£19SD 1-7 Washington (moffitti ) Eberhardt et al., 1989b
Nest
Age at Sexual B 2-3 Northwest Territories Maclnnes & Dunn, 1988
Matu rity (smaller subspeci es)
F 4-5 >2 Manitoba, Canada (interior) Moser & Rusch, 1989
M 2-3 >1 Missour i (maxima) Brakhage, 1965
F 2-3 >2
Annual AB 35.9 Alaska (minima) Nelson & Hansen, 1959 11
Mortality Rates JB 46.0
(percent)
AB 28+0.8SD California, Nevada (moffitti ) Rienecker, 1987
JB 49+ 3.7 SD
AB 229 Ohio (maxima) Cummings, 1973 11
JB 37.0
Seasonal Note
Activity End Locat ion (subspeci es) Reference No.
Mating/Laying late February March - April mid-May Georgia, Alabama (maxima) Combs et al., 1984
early March late March OR, WA, CA (moffitti ) McCabe, 1979; Bellrose,
1976
mid-March late March - April May Montana (moffitti ) Geis, 1956
early April mid-April early May Idaho (moffitti ) Steel et al., 1957
early April mid -April Ontario, Canada (maxima) Mainguy & Thom as, 1985
late May late May early June Alaska (leucopa) Byrd & Woolington, 1983
Hatching March April - May early June Georgia, Alabama (maxima) Combs et al., 1984
mid-April late April - May late May Montana (moffitti ) Geis, 1956
early May mid-May late June Idaho (moffitti ) Steel et al., 1957
early July Alaska (leucopa) Byrd & Woolington, 1983
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Canada Goose ( Branta canadensis )

Seasonal Note
Activity Begin Peak End Location (subspeci es) Reference No.
Molt (fall) mid-June Idaho (moffitti ) Steel et al., 1957

mid-July mid-August late August Alaska (leucopa) Byrd & Woolington, 1983

late June late October lllin ois (interior) Willia ms & Kendeigh, 1982

mid-Sept. Novem ber arrive sout h lllinois (interior) | Bell & Klimstra, 1970

October early Novem ber mid-December arrive CO, TX (parvipes) Grieb, 1970

February early March leave lllin ois (interior) Bell & Klimstra, 1970

late March early April leave Minnesot a (maxima) Raveling, 1978b

1 Weights estimated from graph.

2 Citedin Dunn and M aclnnes (1987).

3 Estimated range of existence to maximum free-living metabolism at typical breeding gr ound ( Ontario, Canada in spring and sum mer) and at
typical wintering ground (south lllinois in fall and winter). Estimated usi ng regression equat ions devel oped by the authors, measures of
metabolic rates at temperatures from -40 to 41°C, and temperatures typical for the season and | ocation.

4  Estimated using equation 3-37 (Nagy, 1987) and body weights from (a) Raveling (1979); (b) Raveling (1968); and (c¢) Brakhage (1965).

5 Reported as grams dry weight of feed; corrected to grams wet weight of feed using the measured moisture content of 11 percent (on aver age) of
the feed items (i.e., corn, sunflower seeds, wheat, and milo).

6 Estimated using equation 3-15 (Calder and Braun, 1983) and body weights from (a) Raveling (1979) and (b) Brakhage (1965).

7 Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from (a) Raveling (1979) and (b) Brakhage (1965).

8 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from (a) Raveling (1979)
and (b) Brakhage (1965).

9 Summarizing sever al studies, cited in Byrd & Woolington (1983).

10 Cited in Palmer (1976).
11 Cited in Bellrose (1976).
12 For parents older than 5 years of age.
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2.1.3. Mallard (surface-feeding ducks)

Order Anseriformes, Family Anatidae. Surface-fee ding du cks ar e the most famiiliar
ducks o f freshwater and saltwater wetlands. They feed by dabbling a nd tipping up in
shallow water, often filtering t hrough s oft mud for food. They feed primarily on seeds of
aquatic plants and cultivated grains, although t hey also cons ume aquatic inv ertebrates,
partic ularly dur ing t he breeding season (Jorde et al., 1983; Swanson et al., 1985). All
species have a bright color ed patch of feath ers on the trailing e dge of each wing, and the
overall plum age of th e males is mo re color ful t han that of th e females. Dabbling duc ks
range in size from th e green-winge d teal (average 37 cm bill tip to tail tip) to the northern
pintail (average 66 cm).

Selected species

The mallard (Anas platyr hynchos) feeds mostly on aquatic plants, seeds, and
aquatic invertebrates, depending ont he season, and forages in ponds and wetlands by
dabbling a nd filtering t hrough s ediments. It is wide spread throughout mo st of th e United
States an d is the most abunda nt of th e United States d ucks (U SFWS, 1991). In the past
decade, however, its numbers have declined markedly acr oss its principal range in the
mid- cont inental region b ecause of habitat d egradation and dr ought (U SFWS, 1991).
Mallards interbreed with domesti c ducks an d black ducks (Anas rubrip es).

Body size. Mallards average 58 cm from bill tip to tail tip. Male mallards are
generally heavier than females (Delnicki and Reinecke, 1986; Whyte and Bole n, 1984; see
table). Female mallards lose weight during t he laying a nd inc ubation pe riods ; males los e
weight fr om th eir spring arrival through t he peak of the breeding season and then gain
weight while th e females are incubating (Lokemo en et al., 1990a).

Habitat. Wintering m allards pr efer natural bottomland wetlands and rivers to
reservoirs and farm ponds (H eitmeyer and Vohs, 1984); water depths of 20to 40 cm are
optimum for foraging ( Heitmeyer, 1985, cited in Allen, 1987). The primary habitat
requir ement for nesting appears to be dense grassy veg etation at least a half meter high
(Bellrose, 1976). Mallards prefer areas that provide concealment from predators such as
seeded cover (fields establis hed on former cr oplands) (Klett et al ., 1988; Lokemoen et al.,
1990b), cool-season introduced legumes and grasses (D uebbert and Lokemoen, 1976), and
idle grassland with tall, dense, rank cover in the area (Duebbert and Kantrud, 1974). Nests
usually are located within a few kilometers of water, but if choic e nesting ha bitat is not
available nearby, females may n est fu rther away (B ellrose, 1976; Duebbert and Lokemoen,
1976).

Food ha bits. 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 spring, females shift from a largely herbivorous diet to a diet of
mainly invertebrates to obtain protein for their prebasic molt and then for egg produc 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 the breeding

2-39 Mallard



grounds th an do males or nonlaying females (Swanson et al., 1985). The animal diet
continue s throughout th e summer, as many femal es lay clutches to replace destroyed
nests (Swan son et al., 1979; Swanson et al., 1985). Ducklings al so cons ume aquatic
invertebrates almost excl usively, particularly during t he period of r apid gr owth (Chura,
1961). Mallards concentrate in wetlands at night , apparently feeding on emerging in sects
(Swanson and Meyer, 1973). Flocks may feed in unharvested grain fields and stubble fi elds
during fall and winter (Dillon, 1959). During pe riods of food s hortage, fat reserves are used
as an energy sour ce. During br eeding, females continue to feed but also use fat to meet
the demands of egg pr oduc tion; females may | ose 25 percent of their body mass (i n fat)
during laying a nd early inc ubation ( Krapu, 1981).

Molt. Female mallards moltinto basic plumage in late winter or early spring, except
for the wing m olt, whic h is delayed until about th e time broods ar e fledged. In males, head-
body-tail molt commences in early summer and overlaps or is follow ed by th e wing m olt.
Mallards generally ar e flight less for about 25 days during t he wing m olt (Palmer, 1976).

Migration. Although t he mallard winters in all four waterfowl flyways o f North
America (i.e., Pacific, Central, Mississippi, and Atlantic), the Mississippi f lyway (alluv ial
valley from Missourito the Gulf of Mexico) cont ains th e high est numbers (Bellrose, 1976).
Human creation a nd alteration of water bodie s and pla nt co mmunit ies have changed the
migr ation a nd wintering p atter ns of mallards; in North America the ducks wi nter farther
north than in the past (Jorde et al., 1983). Mallards tend to arrive at th eir wintering gr ounds
in the Mississippi V alley in m id-Septemb er through e arly November and depart for their
northerly breeding gr ounds ag ain in March (Fredrickso n and Heitmeyer, 1988). Adult
femal es that reproduce successf ully ar e likely to return to the same nesting gr ound t he
follow ing year (Lokemoen et al., 1990a, 1990b).

Breeding activities and social organization. Older females arrive at breeding
grounds ear lier than yearling bir ds, whic h probably increases th eir chances of
reproductive success b ecause they can select th e best nest sites (Lokemoen et al., 1990b).
First clutches are generally finis hed by mid- April in t he sout hern part of th e breeding r ange
and late April to May in the northern United States (Pal mer, 1976). High r ates of nest failur e
requir e females to renest persistently to reproduce successf ully (Swanson et al., 1985).
Average clutch size decreases as th e season progresses b ecause the clutch size of
renesting females is smaller than initial clutches (Eldridge and Kr apu, 1988; Lokemoen et
al., 1990b). Older females produce larger clutches than do yearlings (Lo kemoen et al.,
1990a). Mallards mate fo r one breeding season, and males typically leave the femal es at
the onset of incubation (Palmer, 1976). Females remain with the brood unt il fledging.
Mallards are serially monoga mous and t hus r emate annually (Palmer, 1976).

Home range and resour ces. Each pair of mallards uses a home range, and the
drake commonly establis hes a territory that he defends against other mallards (Bellrose,
1976). Home-range size depends on habitat, in particular the type and distribut ion of water
habitats (e.g., prairie potholes, rivers), and popula tion de nsity (Bellrose, 1976; Dwyer et al.,
1979; Kirby et al ., 1985).
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Popul ation de nsity. Mallard densities during t he breeding season are positively
correlated with availabilit y of ter restrial cover for nesting and with availa bilit y of wetlands
and ponds th at provide th e aquatic diet of malla rds (Pospahala et al., 1974). Availabilit y of
suitable wetland habitat for breeding a nd wintering de pends on environm ental condit ions
(e.g., rainfall) (Heitmeyer and Vohs, 1984; Lokemoen et al., 1990a). Average densities of
breeding m allards in t he prairie pothole r egion 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 attai n their highest d ensities in prairie and parkland of
the southern prairie provinces and in the Cooper River and Athabasca River deltas of
Canada (Johns on and Grier, 1988).

Popul ation dy namics. Nest su ccess o r failur e is an important facto r affecti ng
mallard popula tions . Mammalian predation is th e main c ause of n est failur e, follow ed by
human disturbance (e.g., farming ope rations ) and adverse weath er condit ions (Kl ett et al .,
1988; Lokemoen et al., 1988). Mammalian predators include fo x, badger, and skunk ; crows
also prey on mallard nests (Johns on et al., 1988). Mallards usually renestif the first nest
fails (Palmer, 1976). Juvenile su rvival depends on food and pr eferred habitat availabilit vy,
factors thatin turn are affected by environmental condit ions. For example, high r ainfall is
related to increased wetland area, which is positively correlated with duckling gr owth
(Lokemoen et al., 1990a). Annual adult mo rtality rates vary with year, location, hunting
pressure, age, and sex. Females suffer greater natural mortality rates (e.g., typical values
of 40 to 50 percent) than do males (e.g., typic al value s of 30 to 40 percent) (Chu and
Hestb eck, 1989). By fall, there is a highe r propor tion of mal es than females in most
popula tions (B ellrose, 1976). Immatu re mortality rates of 70 percent have been recorded in
many areas, although low er immatu re mortality rates are more common (Bellrose, 1976;
Chu and Hestbeck, 1989). Annual mortality rates also are greater in areas with higher
hunting pr essure (Bellrose, 1976).

Similar species (from general references)

. The American black duck (Anas rubripes) is only presentin the wooded
parts of northeastern and north central United States. It nests near
woodla nd lakes and streams or in freshwater and tidal marshes. Itis similar
in size (58 cm) to mallards using t he same h abitats.

. The northern pint ail (Anas acuta) is wide spread, occurring in m ost parts of
North America and br eeding t hroughout Canada and t he north central United
States. Although f ormerly far ily abunda nt, North American pint ail
popula tions h ave declined dramatically during t he past decade (USFWS,
1991). It prefers marshes and open areas with ponds and | akes. Pintails
average slight ly longer (66 cm) th an mallards.

. The gadwall (Anas strepera) (51 cm) occurs throughout mo st of th e United
States. In Canada, its breeding r ange is limited to the sout h central pothole s
region. Itis more common int he west th an in the east.

. The American wigeon (Anas americana) (48 cm) breeds throughout mo st of
Canada and in t he prairie pothole r egions of th e United States. It winters
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along bot h the east and west co asts of the United States as wel | as farther
sout h int o Mexico.

. Northern shovelers (Anas clypeata) (48 cm), inhabitants of mar shes, ponds ,
and bays, breed throughout mid t o wester n Canada and the prairie pothole
regions of the United States. They winter along t he gulf co ast, southern
Atlantic coast, in Texas, and a few other southwester n states as wel | as
throughout Mexico.

. Blue -winge d teal (Anas discors) (39 cm) ar e fairly common in open country
in marshes and on ponds and | akes. Breeding popula tions occur thrroughout
the central United States and Canada, but wintering popula tions ar e
restricted to Atlantic and Pacific coastal areas.

. The green-winge d teal (Anas crecca) (37 cm) is the smallest of the dabbling
ducks. A. c. carolinensis isthe most common subspecies in the United
States. It breeds throughout mo st of Canada and t he prairie pothole r egion
of the United States. It overwinters in the southern half of the United States
and in Me xico.

. Cinnamon teal (Anas cyan optera) (41 cm) breeding popula tions ar e restricted
to the wester n United States and Mexico, with few reaching s outhern
Canada. Some popula tions in Calif ornia and Me xico are year-round
residents.

General references

Allen (1987); National Geographic So ciety (1987); Pospahala et al. (1974); Palmer
(1976); Bellrose (1976).
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Ev-¢

plejen

Mallard Duck ( Anas platy rhy nchos )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight AM 1,225 upto 1,814 throughout North America Nelson & M artin, 1953
(9) AF 1,043 upto 1,633

A M winter 1,246 + 108 SD western Mississippi Delnicki & Reinecke, 1986

A F winter 1,095 + 106 SD (alluvial valley)

A M winter 1,237 +118 SD Texas Whyte & Bolen, 1984

A F winter 1,088 + 105 SD

A F spring 1,197 + 105 SD North Dakot a Krapu & Dot y, 1979

egg 52.2 32.2-66.7 North Dakota Eldridge & Kr apu, 1988

at hatching 324+£24SD central North Dakota Lokemoen et al., 1990a

B at 3.5 days 324+£24SD central North Dakota Lokemoen et al., 1990b

F at 9.5 days 115+ 37 SD central North Dakot a Lokem oen et al., 1990b

F at 15.5 days 265+92 SD

F at 30.5 days 401 +92 SD

F fledging at

56.0 days 740 + 115 SD

M at 9.5 days 92+12 SD central North Dakota Lokemoen et al., 1990b

M at 15.5 days 215+5 SD

M at 30.5 days 460 +£93 SD

M fledging at

56.0 days 817 +91 SD

Body Fat A M winter 174 + 66 SD Texas Whyte & Bol en, 1984
(g lipid) A F winter 171 +56 SD

AF April 106 £ 34 SD North Dakot a Krapu & Doty, 1979

Y F April 82 +37 SD

A F June 22 £22 SD

Y F June 9.6 £+8.3SD
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plejen

Mallard Duck ( Anas platy rhy nchos )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Metabolic Rate | A F basal 77 estimated 1
(kcal/kg-day) A M basal 73
A F winter 280 Texas Whyte & Bolen, 1984 2
A M winter 220
A F free-living 200 (94 - 424) estimated 3
A M free-living 192 (91 - 408)
Food Ingestion 4
Rate (g/g-day)
Water AF 0.058 estimated 5
Ingestion AM 0.055
Rate (g/g-day)
Inhal ation AF 0.42 estimated 6
Rate (m®/day) A M 0.48
Surface Area AF 1,030 estimated 7
(cm? AM 1,148
Dietary Location/Habitat Note
Composition (measure) Reference No.
adults: Winter Loui siana/coast al marsh Dillon, 1959
rice 24 and pr airie
jungl e rice 21
brownseed paspal um 19 (% volume; gullet cont ents)
barnyard grass 8.0
red rice 8.0
knot grass 6.5
signal grass 2.5
coast cockspur 1.9
Mamaica saw grass 1.3
snails 1.0
other 6.8
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plejen

Mallard Duck ( Anas platy rhy nchos )

Dietary Locat ion/Habitat Note
Compositio n (measure) Reference No.
breeding female: April May June south central North Swanson et al., 1985
(total animal) (67.8) (66.8) (89.4) Dakota/prairie potholes
gastropods trace 24.9 16.5
insects 13.1 25.6 48.1 (% wet volume; esophagus
crustacea 7.9 151 13.9 contents)
annelids 38.3 0.2 10.9
misc. animal 8.5 1.0 -
(total plant) (32.2) (33.2) (10.6)
seeds 28.7 28.7 10.6
tubers 2.4 4.3 -
stems 1.1 0.2 -
Population Note
Dynamics Mean Range Locat ion/Habitat No.
Home Range spring:
Size (ha) A F total 468 + 159 SD 307 -719 North Dakot a/prairie Dwyer et al., 1979
A F laying 111 +76 SD 38 -240 potholes
spring:
AF 540 40 - 1,440 Minnesota/wetlands, river Kirby et al., 1985
AM 620 70 - 1,140
Popul ation A B spring 0.036 0.006 - 0.076 central North Dakot a/range Lokem oen et al., 1990a
Density (areal) of 6 years of data from
(pairs/ha) A B spring 0.047 0.031-0.087 two different pothole
(area 2) areas
Clutch yearling 93+1.7SE North Dakot a/prairie Krapu & Dot y, 1979
Size A 10.3+1.1SE potholes
9 1-18 NS/NS Bellrose, 1976
Clutches if lost upto 4.5 North Dakota/experimental Swanson, unpubl ishedin
[Year ponds ( nests pur posely Swanson et al., 1985
destroyed)
if successf ul 1 North America/NS Bellrose, 1976
Days 26 23-29 NS/NS Bent, 1923 8
Incubation 25 North Dakot a/lwetlands Klett & Johnson, 1982
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Mallard Duck ( Anas platy rhy nchos )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Age at 52 -60 NS/NS Bellrose, 1976
Fledging
(days) 56 central North Dakota/ Lokemoen et al., 1990a
potholes
Percent Nests 51-61 South Dakot a/prairie Duebbert & Lokem oen, 1976
Successf ul potholes and fields
9-10 eastern Sout h Dakot a/ Klett et al., 1988
potholes

Number 4.9 NS/NS Cowardin & Johnson, 1979 9
Fledge per 8.4 United States/NS Bellrose, 1976
Successf ul
Nest
Age at lyr United States/NS Krapu & Dot y, 1979
Sexual
Matu rity
Annual AM 27.2 eastern-central flyway/NS Bellrose, 1976
Mortality AF 38.2
Rates
(percent) AM fall 40.1 £+ 3.1 SE 22-51 western mid-Atlantic/NS Chu & Hest beck, 1989

JM fall 41.1+7.2SE 31-59 1971 to 1985

AF fall 499 +3.3SE 20-72

JF fall 48.8 +6.0 SE 15-68

AM fall 39.0+2.3SE 9-60 northeastern United Chu & Hest beck, 1989

JM fall 48.1 + 5.3 SE 7-69 States/NS

AF fall 51.5+1.9SE 33-64 1971 to 1985

JF fall 56.8 + 3.2 SE 38 - 68
Seasonal Note
Activity End No.
Mating May CA, UT, MT, SD, NY, VT Bellrose, 1976

early April early May mid-July south central N Dakota Krapu & Dot y, 1979
Hatching June NW Territo ry, Canada Toftet al.,, 1984
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Mallard Duck ( Anas platy rhy nchos )

Seasonal Note
Activity Begin Peak End Location Reference No.
Molt
spring December March Mississippi Valley Fredrickson & Hei tmeyer, 1988
fall mid-Sept. Novem ber
mid-March mid-May arrive north central US Johnson et al., 1987
mid-October Novem ber leave northern US Palmer, 1976

Estimated usi ng equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from Nelson and M artin (1953).

Estimated daily existence ener gy at 0°C.

Estimated using equat ion 3-37 (Nagy, 1987) and body weights from Nelson and M artin (1953).

See Chapters 3 and 4 for methods of estimating food i ngestion rates from free-living metabolic rate and di etary com posi tion.

Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights from Nelson and M artin (1953).

Estimated using equat ion 3-19 (Lasiewski and Calder, 1971) and body weights from Nelson and M artin (1953).

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Nelson and Martin
(1953).

Cited in Palmer (1976).

9 Citedin Johnson et al. (1987).
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2.1.4. Lesser Scaup (bay ducks)

Order Anseriformes, Family Anatidae. Bay ducks ar e adapted for diving and
characteristically need a running start to become airborne because their legs are located
further back on their body th an on ot her ducks. They breed at mid to high la titude s and
winter in flocks o n large water bodie s and in pr otected coastal bays and river mouths. Bay
ducks dive for their food, and their dietis omnivorous (i .e., both plant and a nim al matter)
and depends on the seasonal and regiona | abunda nce of food r esour ces. Because of their
food ha bits, bay ducks p refer deeper, more permanent ponds th an dabbling duc ks
(Bellrose, 1976). The sexes vary in color ation, and different bay duck sp ecies range in
length from 42 to 53 cm (bill tip to tail tip).

Selected species

The lesser scaup (Aythya affinis) is one of the most abundant North American
ducks (Allen, 1986). They breed principally throughout wester n Canada and Alaska,
although t heir breeding r ange extends into the wester n United States as far south as
Color ado and Ohio. Lesser scaup winter in the United States i n the Mississippi f lyway an d
the Atlantic flyway (B ellrose, 1976). They also winter along all coastal areas in the
southern states an d into Mexico (National Geogr aphic So ciety, 1987).

Body size. The lesser scaup averages 42 cm fr om bill tip to tail tip. Males are
larger and m ore color ful than the brown females (Bellrose, 1976; see table). Follow ing their
postbreeding m olt, scau ps increase their fat reserves in preparation f or migr ation (Austin
and Fredrickso n, 1987; see table).

Habitat. Lesser scaup are found on la rge lakes and bays during t he fall and winter
and are common on s maller bodie s of water (e.g., ponds ) during the spring. They breed in
the prairie pothole s region, most often on permanent or semipermanent wetl ands of 0.85 to
2.0 ha with trees and shrubs bordering at least half of the shorelines (Bellrose, 1976;
Smith, 1971, cited in Allen, 1986). Primary brood ha bitat is characterized by permanent
wetlands dominated by emer gent veg etation (Smith, 1971, cited in Allen, 1986). In a study
of ducks wi ntering in S outh Carolina, Bergan and Smith (1989) found | esser scaup would
forage primarily in areas with submergent veg etation but al so in areas of emergent
vegetation, shallow open water, and floating- leaved vegetation. They found s ome
differences in foraging ha bitat use by seaso n and between males and females. In
particular, femal es tended to use more shallow habitats th an males, and males preferred
open water in late fall (Bergan and Smith, 1989).

Food ha bits. Most popula tions of lesser scaup consume primarily aquatic
invertebrates, both from the water colum n and from th e surfaces o f aquatic veg etation and
other substrates (T ome and Wrubleski, 1988; Bartonek and Hickey, 1969). Common prey
include sn ails, clams, scuds (amphipods ), midge s, chir onom ids, and |eeches (see tab le).
Scaup are omnivorous, however, and the percentage of plant mater ials (almost excl usively
seeds) in the diet varies seaso nally as th e availabilit y of different foods ch anges (Afton et
al., 1991; Dirschl, 1969; Rogers and Kor schge n, 1966). When seeds are locally abunda nt,
they may b e consumed in large quantities (Dirschl, 1969). Breeding females and ducklings
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eat mostly aquatic invertebrates (Sugden, 1973). Young duc klings feed primarily on water -
colum n inv ertebrates (e.g., phantom midges, clam shrimps, water mites), whereas older
ducklings fo rage mainly on bot tom-dwelling inv ertebrates (e.g., scuds or amphipods ,
dragonf lies, caddis flies) (Bartonek and Murdy, 1970). During the winter, there are no

signif icant differences in diet between juveniles and adults or between males and females
(Afton et al., 1991).

Molt. Nonbr eeding a nd pos tbreeding m ales and nonbr eeding females generally
leave the breeding gr ounds in June to molt on lakes. However, some males complete their
molt on the breeding gr ounds (T rauger, 1971, cited in Bellrose, 1976). Large flocks of
molt ing bir ds become flight less during t he wing m olt phase, which begins in July and is
usually complete by late August (McKnight and Bus s, 1962).

Migration. The axis of th e main migr ation c orridor extends from the breeding
grounds on the Yukon Flats, Alaska, to wintering areas in Florida (Bellrose, 1976). Most
scau p winter in the United States, with the greatest numbers in the Mississippi f lyway an d
the Atlantic flyway. They startto arrive at th eir wintering areas in mid-Octo ber (Bellrose,
1976). The timing of northward migrationint he spring v aries from February to May
(Bellrose, 1976). Before migration, scaup ga in weight by increasing t heir body fat co ntent
(Austin and Fredrickso n, 1987).

Breeding activities and social organization. Scaup build n ests on the ground
among t all gr asses, shrubs, or forbs where plant heights range from 20 to 60 cm (Hines,
1977). Nests can be located along t he edge of shor elines to upland areas (Bellrose, 1976).
Courtship a nd pair bonds startto form on the wintering gr ounds , and pairs typic ally r emain
together for only one season. Males do not remain long after incubation c ommen ces
(Trauger, 1971, cited in Bellrose, 1976). The female and her brood | eave the vicinity of the
nest sh ortly after the ducklings h ave hatched. Most broods ar e on their 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; Light body and A nkney, 1984). Females of this species often lay eggs
in other lesser scaup nests (nest parasitism), which can resultin large compound c lutches
of lesser scaup eggs in a single n est (Hines, 1977). Hines (1977) also found t hat mixing of
broods was co mmon in Saskatch ewan; by August, groups of 15 to 40 ducklings led by two
to three hens would be co mmon. Female lesser scaup also occasionally lay eggs inthe
nests o f other ducks (e.g., gadwall; Hines, 1977).

Home range and resour ces. Relatively small ne sting t erritories and large highly
overlapping f oraging r anges are characteristic of lesser scaup (Hammel, 1973, cited in
Allen, 1986). Several pairs can nestin close proximity without aggr ession, each defending
only a small area immediately surrounding t he nest (Bellrose, 1976; Vermeer, 1970). In
Manitoba, Hammel (1973) estimated the mean minim um fo raging hom e range to be 89 £ 6.5
ha. Initial areas occupied by pairs usually cont ain stumps, 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 de nsity. In winter, local densities of scaup ¢ an be very high, aslarge
flocks fl oat on favored feeding areas (Bellrose, 1976). In summer, the density of breeding

2-54 Lesser Scaup



pairs increases with the permanence and size of the ponds (K antrud and Stewart, 1977;
see table).

Popul ation dy namics. In some popula tions , many yearling a nd some 2-year-olds do
not breed; the propor tion br eeding t ends to increase with improving water and habitat
condit ions (A fton, 1984; McKnight and Bus s, 1962). In a 4-year study in Manitoba, Afton
(1984) found t hat, on aver age, 30 percent of 1-year-olds and 1 0 percent of 2-year-olds, did
not breed. Clutch size and r eproduc tive perfor mance of adult females generally increase
with age (Afton, 1984). Most nest failur es are due to predation (e.g., by mink , raccoons , red
fox), and scaup often attemptto renestifthe initial nest fails (Afton, 1984; Bellrose, 1976).
Annual mortality for juveniles is higher than that for adult s, and adult female mortality
exceeds adult mal e mortality (Smith, 1963; see table).

Similar species (from general references)

. The redhead (Aythya americana), a larger bay duck (48 cm), breeds on lakes
and ponds in the northwester n United States and in midwester n Canada.
They winter in coastal areas and the southern United States and Mexico. In
summer, adult female and juvenile r edheads cons ume predominantly anim al
matter (e.g., caddis flie s, midge s, water fleas, snails), while mal es inc lude
more plant mater ials in their diet.

. The canvasback (Aythya valisineria) is the largest bay duck (53 cm). They
are common on lakes and ponds in the northern United States and southern
Canada during t he breeding season and along c oastal areas of the United
States d uring winter. Studie s during t he winter in Nor th and South Carolina
have found v arying di ets for canvasb acks, consuming m ostly anim al matter
(e.g., clams); others eat only veg etation. In summer, adult female and
juv enile can vasb acks eat p redominantly animal material (e.g., caddis flie s,
snails, mayflies, midges), whereas adult mal es may eat p redominantly
vegetable material, particularly tubers of Potamo geton.

. The ring-necked duck (Aythya collaris) is similar in size (43 cm) to the lesser
scaup and prefers freshwater wetlands. They are commonly seen on
woodla nd lakes and ponds , but in winter also use sout hern coastal marshes.
During t he wint er, ring-necked ducks eat mo stly 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 during winter. They are omnivorous, eating 50 to 99 percent
animal matter and the remainder plant foods duringthe winter.

General references

Allen (1986); Bartonek and Hickey (1969); Bellrose (1976); National Geogr aphic
Society (1987); Perry and Uhler (1982).
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Lesser Scaup ( Aythya affinis )

Age/Sex/ Range or Location or Note
Factors Cond./Seas. Mean (95% CI of mean) subspeci es Reference No.
Body Weight F preflightless 688 Manitoba, Canada Austin & Fredrickson, 1987 1
(9) F flightless 647

F postflightless | 693

F migratory 842

F 770 up to 950 United States Nelson & Martin, 1953

M 860 upto 1,100
Adult Body Fat | F preflightless 50.7 (7.4%) Manitoba, Canada Austin & Fredrickson, 1987 1
(grams lipid: F flig htless 37.2 (5.7%)
% of total body F postflightless | 46.5 (6.7%)
weight) F migratory 188.1 (22.3%)
Duckling age in weeks growth in g/day (final body weight) | Utah or Canada Sugden & Har ris, 1972 2
Growth Rate 0-3 6.9 (190 g)

3-6 14 (485 g)

6-9 15 (516 )

9-12 1.2 (542 g)
Metabolic Rate | A F basal 83 estimated 3
(kcal/kg-day) A M basal 81

90
A Bresting Canada McEwan & Koel ink, 1973
20to 30°C
216

A F free-living 211 (102 - 457) estimated 4

A M free-living (99 - 445)
Food Ingestion | juveniles, dry matter intake/ Saskatchewan/ captive: Sugden & Har ris, 1972 5
Rate (g/g-day) both sexes: wet body weight reared in large brooder

1-5weeks 0.162 and in outdoor pens

6 - 12 weeks 0.077
Water AF 0.064 estimated 6
Ingestion AM 0.062
Rate (g/g-day)
Inhal ation AF 0.34 estimated 7
Rate (m°/day) A M 0.36
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Lesser Scaup ( Aythya affinis )

Age/Sex/ Range or Location or Note

Factors Cond./Seas. Mean (95% CI of mean) subspeci es Reference No.
Surface Area AF 842 estimated 8
(cm?) A M 906
Dietary Locat ion/Habitat Note
Composition Winter (measure) No.
(animal) (60.9) Loui siana/lakes, marshes Afton et al., 1991

midges 45.9

snails 7.7 (% dry weight;

grass shrimp 7.3 esophageal & proventricular
(plant - seeds) (36.1) contents)

bulrush 36.0
(plant - vegetative) (3.0)

green algae 2.3
juveniles only: Northwest Territories/lake Bartonek & M urdy, 1970
(animal) (100) (100)

scuds 1+1 57+9 (% wet volume + SE;

phantom midges 54+8 1+1 esophageal contents)

clam shrimps 30+8 212

dragon/damselflies - 17+8

water bugs 4+3 117

water mites 8+3 -

caddis flies - 6+5

water beetles 1+1 4+3

mayflies 2+1 -
(plants) (trace) (trace)
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Lesser Scaup ( Aythya affinis )

Dietary Locat ion/Habitat Note
Composition Spring Summer Fall Winter (measure) Reference No.
adults only: nw Minnesota: spring and fall Afton et al., 1991
(animal) (91.8) (90.5) migrations/lakes, marshes,

scuds (amphipods) 33.2 54.9 pool s

dragonflies - 2.4

caddis flies 8.8 7.6 (% dry weight;

midges 2.3 - esophageal & proventricular

other insects 4.9 - contents)

snails 31.9 10.2

fingernail clams 6.0 5.1

brook st ickl eback - 4.1

fathead minnow - 5.0

otherfish 35
(plants - seeds) (6.0) (9.4)
(plants - vegetative) (2.2) (0.1)
(animal) (90.9) (75.1) (49.6) Saskatchewan, Dirschl, 1969

scuds 66.0 9.8 42.5 Canada/shallow lakes

diptera - 1.3 0.1

leeches 12.0 23.7 1.6 (% dry weight; esophagus

fingernail clams 12.7 25.7 - and proventriculus cont ents)

cyprinid fish - 2.9 -

caddis flies 0.2 1.6 1.9

clam shrimps - 3.1 0.5
(plant - seeds) (9.1) (24.9) (50.4)

Nuphar variegatum - 13.2 42.8

other seeds 9.1 11.7 7.6
Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat No.
Home Range breeding 89+6.5SE Manitoba, Canada Hammel, 1973 9
Size (ha)
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Lesser Scaup ( Aythya affinis )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Popul ation A B seasonal North Dakota/ Kantrud & Stewart, 1977
Density wetland 0.029 prairie potholes
(pairs/ha) A B per manent
wetland 0.061
ABislandin 28.9 13.1-58.5 Alberta, Canada/islands in Vermeer, 1970 10
lake lakes of parklands and
boreal forest

Clutch 9.47 £0.18 SE 7-12 Saskatchewan/marsh island Hines, 1977
Size

2nd yr female 10.0+0.2 SE 8-12 Manitoba/lake Afton, 1984

4th yr female 12.1 +0.2 SE 11-14
Clutches 1, but often NS/NS Afton, 1984
[Year renest if lo st
Days 24.8 21-27 NS/NS Vermeer, 1968 10
Incubation
Age at B 65+ 0.91 SE Manitoba/captive Lightbody & Ankney , 1984
Fledging
(days)
Percent Nests 1st yr female 26.3 Manitoba/lake Afton, 1984
Hatching 2nd yr female 22.2

3rd yr female 455

76 Saskatchew an/marsh islands Hines, 1977

Percent up to 20 days 67.5+4.9 SE Manitoba/lake Afton, 1984
Broods of age
Surviving
Age at First M most in 2nd yr NS/NS Palmer, 1976
Breeding F 1-2years Manitoba/lake Palmer, 1976; Afton, 1984
Annual juveniles 68-71 NS/NS Smith, 1963
Mortality Rates | A males 38-52
(percent) A females 49 - 60
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Lesser Scaup ( Aythya affinis )

Seasonal Note
Activity Begin Peak End Location Reference No.
Mating/Laying early June Manitoba, Canada Afton, 1984

early May early June early July Montana Ellig , 1955 10

early July mid-July early August NW Territory and Toft et al., 1984; Hines, 1977

Saskatchewan, Canada

July September Manitoba, Canada Austin & Fredrickson, 1987

early February | March - April May departing United States Bellrose, 1976

mid-April arriving Manitoba, Canada Afton, 1984

September mid-Novem ber Pacific flyway (s OR, n CA) Gammonley & Heitmeyer, 1990

Bellrose, 1976
mid-October mid- December arriving Uni ted States
Novem ber

g b~ W

Q OVWoo~NO

Four stages of feather molt evaluated.

Duckl ings st opped gr owing at rate typical of wild birds around 6 weeks of age. By 12 weeks, they weighed appr oximately 200 g less than typical
of wild scaup.

Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from Nelson and M artin (1953).

Estimated using equat ion 3-37 (Nagy, 1987) and body weights from Nelson and M artin (1953).

Young duckl ings maintained in 18 to 27°C brooder, then in outdoor pens with same temperature range. Metabolizable energy of amphipods
(estimated to be 3.11 kcal/g dry wt), a typical scaup f ood, is similar to the commercial diet used i n the experiment (3.09 kcal /g dry wt). Ducklings
stopped gr owing as rapidly as woul d wild duckl ings at about 6 weeks of age. For methods of estimating food i ngestion rates for adult scaup, see
Chapters 3 and 4.

Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights from Nelson and M artin (1953).

Estimated using equat ion 3-19 (Lasiewski and Calder, 1971) and body weights from Nelson and M artin (1953).

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, cited in Walsberg and King, 1978) and body weights from Nelson and Martin (1953).
Relatively small, highly overlapping, home ranges. Cited in Allen (1986).

Cited in Bellrose (1976).
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2.1.5. Osprey (Pandion haliaetus )

Order Falconi formes, Family Accipitridae. The only North American member of the
subf amily Pandionina e, these large birds of prey have long na rrow wings , a sharp hook ed
bill, and pow erful talons. Osprey are found ne ar freshwater or saltwater, and their dietis
almost co mpletely restricted to fish. They are adapted for hovering ov er the water and
dive feet-fi rst, seizing f ish with their talons (Robbins et al., 1983). Once very rare owing to
DDT accumulation in t heir food (1950's to early 1970's), osprey now are increasing in
numbers. In the United States, there are five regional popula tions of osprey (in or der of
abunda nce): Atlantic coast, Florida and gulf co ast, Pacific Northwest, wester n interior, and
Great Lakes (Henny, 1983). In North America, osprey breed primarily in a wide band from
coast to coast acr oss 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 d uring t he fall and s pring m igr ations (H enny, 1986).

Body size. The various subs pecies of osprey around t he world differ in size, and in
general femal es are heavier than males (Poole, 1989a; see table). Osprey found int he
United States ar e considered to be of the subspecies carolinenesis and average 56 cm
from bill tip to tail tip (Robbins et al., 1983) and weigh b etween 1.2 and 1.9 kg (see table).

Habitat. In the United States, the majority of osprey popula tions ar e associated with
marine environments, but large inland rivers, lakes, and reservoirs also may s uppor t
osprey (Henny, 1986, 1988b). Good nesting s ites in proximity to open, shallow water and a
plentiful supply of fish are the primary resour ces r equir ed for osprey success (P oole,
1989a). The tops of isolated and often dead trees and man-made structures are preferred
nesting s ites. Osprey often nestin colonie s (Poole, 1989a).

Food ha bits. Osprey are almost co mpletely piscivorous, although t hey have been
observed on occasion taking ot her prey inc luding bir ds, frogs, and crustaceans (Brown
and Amadon, 1968). Their prey preferences ch ange seaso nally with the abundance of the
local fish (Edwards, 1988; Greene et al., 1983). Osprey occasionally will pic k up de ad fish
but only if fresh (Bent, 1937). Osprey are most su ccessfu | catc hing s pecies of slow -
moving fish that eat benthic organisms in shallow waters and fish that remain near the
water's surface (Poole, 1989a). Osprey consume all parts of a fish exceptthe larger bones;
later, bone s and ot her undig estible parts are ejected in fecal pellets (Bent, 1937).

Molt. Juvenile plum age is fully d evelope d by fl edging a t about 60 days of age
(Henny, 1988b). Juveniles unde rgo a gradual molt to adult plum age at approximately 18
mont hs of age (Brown and Amadon, 1968). For adults, the basic molt takes p lace in two
phases; the first phase occurs primarily on the wintering gr ounds prior to spring migr ation.
Completion of th e molt occurs in the summer range prior to fall migration (Henny, 1988b).

Migration. Osprey are year-round r eside nts in t he most sout hern parts of th eir
range (e.g., sout h Flor ida, Mexico) but ar e migr atory over the rest of their range in the
United States and Canada (Poole, 1989a). Studies of banded osprey have shown that the
fall m igr ation be gins in late Augustin the north temp erate zone, with adults and juv eniles
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from the eastern and central United States co mprising a broad front fl ying s outh and then
directly across open ocean to their wintering gr ounds in Central and South America (Poole,
1989a). Spring migration a ppears to follow th e same routes with birds reaching, for
example, the Chesapeake Bay area in mid-March (Reese, 1977) and Minne sota by th e first
half of April (Dunstan, 1973; Henny and Van Velzen, 1972). The majority of migrating
osprey appear to follow th e coastline , perhaps because they come from coastal colonie s or
because the coast offers abunda nt food ( Poole, 1989a). After their first mi gration s outh,
juvenile s remain in t heir wint ering gr ounds fo r about a year and a half, returning nor th to
the breeding gr ounds as 2-year-olds (H enny and V an Velzen, 1972).

Breeding activities and social organization. Nonmigratory (i.e., year-round r eside nt)
popula tions breed during t he wint er; whereas migratory popula tions breed during the
summer (Poole, 1989a). Monogamy i s the general rule for osprey; breeding pa irs remain
together and return to the same nest site year after year (Fernandez and Fernandez, 1977;
Henny, 1988b). Colonie s of osprey occur in areas such as islands, reservoirs, or lakes th at
offer secure nesting s ites and abunda nt food ( Henny, 1986), but mo st osprey are solitary
nesters, often separated from other nests by tens to hundr eds of kilo meters (Poole, 1989a).
The female performs mo st of the incubation and relies completely on the male for food
from just after mating unt il the young h ave fledged (Poole, 1989a). Van Daele and Van
Daele (1982) found t hat os preys at su ccessfu | nests i ncubated 99.5 to 100 percent of the
daylight hour s; disturbance of th e nest during t his ti me can Kkill t he eggs if the adults are
kept from returning t o the nest for some time. After hatching, the female is in constant
attendance atthe nest for the first 35 days but may p erch nearby at intervals after that
(Henny, 1988b). The female distributes th e food de livered by the male by biting of f pieces
to feed to the young (Poole, 1989a). By 30 days, the nestlings h ave reached 70 to 80
percent of th eir adult weight and be ginto be active in the nest (Poole, 1989a). The young
fledge by age 60 to 65 days in nonm igr atory popula tions and by about 50 to 55 days in
migr atory popula tions (H enny et al., 1991). After fledging, the young r emain de pendent on
both parents for food us ually fo r an additional 2 to 3 weeks (P oole, 1989a), but dependency
can continue up to 6 weeks in the more southern popula tions (H enny, 1986).

Home range and resour ces. Osprey build la rge stick nests in the tops of tall trees
or artificial structures such as buoy s and radio t owers (Poole, 1989a). In the Chesapeake
Bay area, less th an one third of the 1,450 breeding pa irs built th eir nests i n trees, while
over half nested on channel markers and duck blinds , and the remainde r on miscella neous
man-made structures (Henny et al., 1974). Osprey build t heir nest at th e top of the chosen
site, which can make it vulnerable to destruction from high w inds (H enny, 1986). If not lost,
the same nest often is used year after year, and it can become quite large (e.g., over 2m
tall and 1.5 m across) (Dunstan, 1973; Henny, 1988a). On islands where no predators are
present, osprey will nest on the ground ( Poole, 1989b). The distance osprey travel from
their nests to forage (i.e., foraging r adius ) depends on the availabilit y of appr opriate nest
sites near areas with sufficient fish; osprey will travel up to 10 to 15 km to obtain food (Van
Daele and Van Daele, 1982).

Popul ation de nsity. Population de nsity depends on the availa bilit y and dis tribut ion

of resources and can be highly var iable. Henny (1988a) reported as many as 1.9 nests p er
hectare in one of the largest osprey colonie s in t he wester n United States in 1899, with an
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estimated 1.0 to 1.2 nests p er hectare occupied that year. Lower densities on the order of
0.005 to 0.1 nests p er hectare are more common (see table).

Popul ation dy namics. Breeding d ata from many locations in the United States and
Canada during t he years 1950 to 1976 show low productivity (fewer than one chick fl edged
per active nest on average). Evidence indicates th e cause to be egg-shell thinning t hat
resulted from the ospreys' exposure to DDT that had bioaccumulated in fish (Henny and
Anthony , 1989; Henny et al ., 1977; Poole, 1989a). Thus, data from reproduc tive studie s
condu cted during t his ti me can only be used with this in mind ( Spitzer et al., 1978).%
Because of their terminal position in t he aquatic food c hain, osprey can be a sensitive
indi cator of to xic contaminants th at bioaccu mulate (Henny et al., 1978; Henny, 1988b).

Osprey are only know n to start a second clutch if th e first one is destroyed (Poole,
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, breeding is delayed
until 4 to 7 years of age in areas such as the Chesapeake Bay, where good nesting s ites
are scar ce (Poole, 1989b).

General references

Poole (1989a); Brown and Amadon (1968); Henny (1986); Henny (1988b).

%n the table beginning on t he next page, data on the number fledged per active nest and the
num ber fledged per successf ul nest are provi ded only for studies of popul ations t hat appeared
to be unaffected by DDT.
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Osprey (Pandion haliaetus )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location (subspeci es) Reference No.
Body Weight AF 1,568 1,250 - 1,900 NS Brown & Am adon, 1968
) AM 1,403 1,220 - 1,600
A F cour tship 1,880 + 20 SE se Massachuset ts Poole, 1984 1
A Fincubation 1,925 + 25 SE
A F late nestl. 1,725+ 25 SE
A M courtship 1,480 + 15 SE
A M late nestl. 1,420 £+ 15 SE
F at fledging 1,510 Maryland, Virginia McLean, 1986
M at fledging 1,210
Egg Weight (g) 72.2 £5.35SD 66.0 - 81.3 North Carolina Whittemore, 1984
(carolinensis)
Metabolic Rate | A F basal 69 estimated 2
(kcal/kg-day) A M basal 71
A F free-living 181 (85 - 384) estimated 3
A M free-living 186 (87 - 395)
Food Ingestion | A F courtship 0.21 se Massachuset ts Poole, 1983
Rate (g/g-day) period
Water Ingest . AF 0.051 estimated 4
Rate (g/g-day) AM 0.053
Inhal ation AF 0.578 estimated 5
Rate (m®/day) A M 0.531
Surface Area AF 1,353 estimated 6

(cm?)
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Osprey (Pandion haliaetus )

Dietary Locat ion/Habitat Note
Composition Spring Summer Fall Winter (measure) Reference No.
alewife 32 Nova Scotia, Canada/ Greene et al.,, 1983 7
smelt 5 harbor, bay
pollock 53
winter flounder 10 (% wet weight; obser ved
captures)
starry flounder 95 se Alaska/NS Hughes, 1983 7
cutthroat tro ut 5
(% wet weight; obser ved
captures, noting fish length)
carp 67 w Oregon/NS Hughes, 1983 7
crappie 33
(% wet weight; obser ved
captures, noting fish length)
gizzard shad 63 Florida/lake Collopy, 1984
sunfish 29
largemouth bass 5 (% of prey caught ; identified
golden shi ner 3 at nests)
brown bul Ihead 37.7 Idaho/reservoir Van Daele & Van Daele, 1982
salmonids 20.8
northern squawf ish 19.3 (% of fish caught ; obser ved
yellow perch 11.6 captures)
largescal e sucker 10.6
Size of fish caught : Idaho/reservoir Van Daele & Van Daele, 1982
<10 cm 3.3
11-20cm 42.1 (% of fish in each size class;
21-30cm 46.7 determined from remains at
31-40cm 6.6 nest)
41 + cm 1.3
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Osprey (Pandion haliaetus )

Popul ation Age/Sex Note
Dynamics Cond/ Seas Mean Range Location/Habitat Reference No.
Foraging AM 1.7 0.7-27 Minnesot a/lakes Dunstan, 1973
Radius (km) A B spring 10 Nova Scotia/coastal Greene et al., 1983
AB 3t0 8 >1 nw California/coast al, bay Koplin, 1981
Popul ation A B sum mer 1.9 Oregon/lake in 1899 only Henny, 1988a
Density A B spring 0.028 Florida/wetland Eichhol z, 1980
(nests/ha) A B spring 0.10 North Carolina/reservoir Henny & Noltemeier, 1975
A B spring 0.005 North Carolina/lake Henny & Noltemeier, 1975
Clutch 3.23+0.03 SE Atlantic Seaboard/NS Judge, 1983
Size 2.84 £0.07 SE Georgia, Florida/NS Judge, 1983
2.67 £0.07 SE s California, n Mexico/NS Judge, 1983
3.23+£0.09 SE ne United States/NS Spitzer, 1980
2.82 1-4 Idaho/river, lakes Henny et al., 1991
Clutches/ Year 1 NS/NS Poole, 1989a 8
Days 38.1+£3.2SD 32-42 Baja California, Judge, 1983
Incubation Mexico/coastal islands
35-43 Massachuset ts/NS Poole, 1989a
Age at non- migr. 62.5+4.9SD 52-76 Baja California, Judge, 1983 9
Fledging pop. Mexico/coastal islands
(days)
54 +3.0SD 48 - 59 Maryland/Cheasapeake Bay Stotts & Henny, 1975 9
migratory
pop.
Number 1.16 0.79-1.47 (10yrs) | N. Carolina/lake Whittemore, 1984
Fledge per 1.34 S. Carolinal/lake Henny & Noltemeier, 1975
Active Nest 1.58 1.17-1.89 (3 yrs) Idaho/reservoir Van Daele & Van Daele, 1982
1.92 e United States/coast al Poole, 1984
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Osprey (Pandion haliaetus )

Popul ation Age/Sex Note
Dynamics Cond/ Seas Mean Range Location/Habitat Reference No.
Number 1.7 Baja California, Judge, 1983
Fledge per Mexico/coastal islands
Successf ul
Nest 2.14 Idaho/river Henny et al., 1991
1.83 Florida/lake Collopy, 1984
1.79 Delaware/coastal bay Henny et al., 1977
2.05 Montanal/lake Henny et al., 1991
Age at B 3-5yrs New York, Spitzer, 1980 10
Sexual B 3yrs Massachuset ts/NS Henny & Wight, 1969
Maturity North America/NS
Annual 1st year 57.3 New York, New Jersey/NS Henny & Wight, 1969
Mortality years 2 - 18 185+1.8
Rates (percent) | JB 41 NS/NS Spitzer, 1980
AB 15
Average if reach sex. 4.8 NS/NS Brown & Am adon, 1968
Longevi ty maturity
Seasonal Note
Activity Peak End Reference No.
Mating late April May mid-June Delaware, New Jersey Bent, 1937
May Minnesot a Dunstan, 1973
early Dec. late February Florida (honmigratory) Poole, 1989a
early January early March Baja California, Mexico Judge, 1983
(nonmigratory)
Hatching mid-March early May late May Maryland, Virginia Bent, 1937
late April mid-May mid-June New York/New England Bent, 1937
February late April Baja California, Mexico Judge, 1983
(nonmigratory)
Migration fall late August September Novem ber most of United States Henny, 1986 11
spring early April Minnesot a Dunstan, 1973

early March

North Carolina

Parnell & Walton, 1977
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Osprey (Pandion haliaetus )

Late nestl. indicates late nestling st age of the breeding season. Cited in Poole (1989a).

Estimated usi ng equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from Brown and Am adon (1968).

Estimated usi ng equat ion 3-37 (Nagy, 1987) and body weights from Brown and Am adon (1968).

Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights from Brown and Am adon (1968).

Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from Brown and Am adon (1968).

Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, cited in Walsberg and King, 1978) and body weights from Brown and Am adon
(1968).

Percent wet weight of food i ngest ed by free-flying ospr ey estimated by identifying speci es of fish capt ured (using bi nocul ars), estimating the
length of each fish capt ured by com parison with ospr ey, and usi ng laboratory measures of weights and | engths of samples of these fish speci es.
Second cl utch produced onl vy if first is lost.

Nestlings i n migratory popul ations fledge at an earlier age than nestlings i n nonmigratory popul ations, such as t hose in Mexico and sout h
Florida.

Cited in Henny (1988b).

Cited in Henny (1986).
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2.1.6. Red-Tailed Haw k (buteo haw ks)

Order Falconiformes, Family Accipitridae. The family A ccipit ridae include s most
birds of prey except falcons, owls, and American vultures. Buteo hawks ar e covered in
this section.” Buteo hawks ar e moderately large soaring h awks th at inhabit open or semi-
open areas. They are the most co mmon daytime avian predators on ground- dwelling
vertebrates, particularly rodents and other small mammals. They range in size from the
broad winged hawk (41 cm bill tip to tail tip) to the ferruginous h awk (58 cm). Hawks eg est
pellets th at contain undigestible parts of th eir prey, such as hair and feathers, that can be
useful in ide ntifying t he types of prey eaten (bones usually are digested completely; Duke
etal., 1987).

Selected species

The red-tailed hawk (Buteo jamaicensis) is the most common Buteo species in the
United States (N ational Geogr aphic So ciety, 1987). Breeding popula tions ar e distribut ed
throughout mo st woode d and semiwooded regions of the United States an d Canada south
of th e tundr a (Adamcik et al ., 1979), although s ome popula tions ar e found in d eserts and
prairie habitats. Six subspecies are recognize d (Brown and Amadon, 1968). Nesting
primarily in woodla nds, red-tails feed in open country on a wide var iety of smal I- to
medium -sized prey.

Body size. Males of this medium-sized buteo (46 cm) weigh about 1 kg, and females
are approximately 20 percent heavier than the males (see table). Otherwise, the sexes look
alike (Brown and Amadon, 1968).

Habitat. Red-tails ar e found in ha bitats r anging f rom woodla nds, wetlands,
pastures, and prairies to deserts (Bohm 1978b; Gates, 1972; MacLaren et al., 1988; Mader,
1978). They appear to prefer a mixed landscap e containing old f ields, wetlands, and
pastures for foraging int erspersed with groves of woodla nds and blu ffs and streamside
trees for perching a nd nesting ( Brown and Amadon, 1968; Preston, 1990). Red-tails build
their nests cl ose to the tops of trees in low-density forests and often in trees that are on a
slope (B ednarz and Dins more, 1982). In areas where trees are scarce, nests ar e built on
other structures, occasionally in cactus (Mader, 1978), on rock pinnacles or ledges, or
man-made structures (Brown and Amadon, 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 ha bits. Red-tails hunt primarily fr om an elevated perch, often near woodla nd
edges (Bohm, 1978a; Janes, 1984; Preston, 1990). Small mammals, including m ice,
shrews, voles, rabbits, and s quir rels, are important prey, particularly during winter. Red-
tails also eat a wide variety of foods depending on availabilit y, including bir ds, lizards,
snakes, and large insects (B ent, 1937; Craighead and Craighead, 1956; Fitch et al., 1946).
In general, red-tails ar e oppor tunis tic and will feed on whatever species are most abunda nt

®Other members of the family Accipitridae, eagles and the osprey, are covered in Sections 2.1.7
and 2.1.5, resp ectively.
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(Brown and Amadon, 1968). Winter food c hoices vary with snow cover; when small
mammal s such as voles become unavailable (under the snow), red-tails may co ncentrate
on larger prey, such as pheasants (Gates, 1972).

Molt. Juvenile s molt into adult plum age in a gradual process fr om the spring (age
about 14 mont hs) to summer or early fall (Bent, 1937).

Migration. The more northerly red-tailed hawk popula tions ar e migr atory while th e
more southerly are year-round r eside nts (Bent, 1937).

Breeding activities and social organization. Red-tails lay one clutch per year
consisting of one to three eggs, although a r eplacement clutch is possible if th e initial
clutch is lost early inthe breeding season (Bent, 1937). Their nests ar e large and built of
twigs (Bohm , 1978b). Both sexes i ncubate, but the male provides food for the femal e
during inc ubation a nd the entire family follow ing h atching ( Brown and Amadon, 1968). The
parents continue to feed their young after fledging w hile th ey are learning t o hunt (B rown
and Amadon, 1968).

Home range and resour ces. Red-tailed hawks ar e territorial throughout th e year,
inc luding w inter (Brown and Amadon, 1968). Trees or other sites for nesting and pe rching
are important requir ements for breeding t erritories and can determine which habitats ar e
used in a particular area (Preston, 1990; Rothfels and Lein, 1983). Home range size can
vary from a few hundr ed hectar es to over 1,500 hectar es, depending ont he habitat
(Andersen and Rong stad, 1989; Petersen, 1979). In a 10-year study in Oregon, Janes
(1984) found t hat the size of red-tail t erritories and the loc ation of bounda ries between
territories varied little from year to year, even though indiv idual bir ds or pairs died and
were replaced.

Popul ation de nsity. Population de nsities generally do not exceed 0.03 pairs per
hectar e, and usually are lower than 0.005 pairs per hectar e (see Appendix). Populations in
southern areas such as Florida can increase substantially in the winter with the influx of
migr ants from th e more northerly popula tions (Boha Il and Collopy , 1984).

Popul ation dy namics. Beginning a t 2 years of age, most red-tailed hawks attemp t to
breed, although t he propor tion br eeding ¢ an vary by popula tion a nd environm ental
condit ions (H enny and W ight, 1970, 1972). Average clutch size varies regionally, tending t o
increase from east to west and from south to north (Henny and Wight, 1970, 1972). In a 10-
year study of red-tails in Alberta, Canada, Adamcik et al. (1979) found t hat the breeding
popula tion of adult s remaine d stable despit e strong cyclic al fluc tuations in the density of
their main prey, the snowshoe hare, over the years. The mean clutch size for the red-tail
popula tion, however, appeared to vary with prey density, from 1.7 to 2.6 eggs/nest
(Adamcik et al., 1979). Over the course of the study, about 50 pe rcent of observed nestling
losses o ccurred within 3 to 4 weeks after hatching due to starvation. Most of th e variance
in yearly mortality of nestlings could be attribut ed to the amount of food s upplie d and the
frequency of rain. Large raptors such as horned owls also can be important sources of
mortality for red-tail ne stlings in some areas (Adamcik et al ., 1979).
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Similar species (from general references)

The ferruginous h awk (Buteo regalis), one of the larger buteos (58 cm),
inhabits the dry open country of th e wester n United States.

The red-shoulde red hawk (Buteo lineatus) is slight ly smaller (53 cm) and
feeds on snakes, frogs, crayfish, mice, and some small birds. Its range is
east of the Rocky Mountains and in Ca lifornia, with moist mixed woodla nds
preferred.

Swainson's hawk (Buteo swainsoni) is restricted to the open plains of the
wester n United States. Although it is as large (53 cm) as th e red-tail, it preys
mostly on insects.

The broad-winge d hawk (Buteo platypterus) is one of the smaller buteos (41
cm) and preys on mice, frogs, snakes, and insects. It prefers woodla nds and
is found a Imost exclusively east o f the Mississippi Riv er.

Harris' hawk (Parabuteo unicinctus) is similar in size (53 cm) to the red-tailed
hawk but is restricted to the semiarid wood and br ushlands of th e sout hwest.
This bird nests i n saguaro, mesquite, and yucca and preys on rodents,
lizards, and small bir ds.

The rough-legged hawk (Buteo lagopus) is one of the larger buteos
(56 cm). It winters throughout mo st of th e United States in open
count ry but breeds only inthe high arctic of North America.

The zone-tailed hawk (Buteo albono tatu s) is slight ly smaller (51 cm)
than most buteos and feeds on rodents, lizards, fish, frogs, and small
birds. It can be found in mesa and mount ain count ry within it s lim ited
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 int he sout hern tip of Florida in mixed
woodla nd and gr assland habitats.

General references

Brown and Amadon (1968); Craighead and Craighead (1956); Fitch et al. (1946);
Nationa | Geogr aphic So ciety (1987).
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Red-Tailed Haw k (Buteo jamaicensis )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight AF 1,224 Michigan, Pennsy lvania Craighead & Cr aighead, 1956
) AM 1,028
AF 1,154 sw ldaho Steenhof, 1983
AM 957
AF 1,235 Ohio Springer & Osborne, 1983 1
AM 1,204
hatchling F 58
hatchling M 57
juvenile F 1,149
juvenile M 962
Metabolic Rate | A B standard 17.7£5.9SD Michigan/metabolism Pakpahan et al., 1989
(10,/kg-day) MR /spring chamber
Metabolic Rate | A F basal 73 estimated 2
(kcal/kg-day) A M basal 77
A M breeding 109 California/mount ains Soltz, 1984 3
A F breeding 102
A F free-living 192 (91 - 408) estimated 4
A M free-living 201 (95 - 426)
Food Ingestion | A F winter 0.11 Michigan/captive outdoors Craighead & Cr aighead, 1956 5
Rate (g/g-day) A M winter 0.10
A M summer 0.086
Water AF 0.055 estimated 6
Ingestion AM 0.059
Rate (g/g-day)
Inhal ation AF 0.48 estimated 7
Rate (m*/day) AM 0.42
Surface Area AF 1,147 estimated 8
(cm? AM 1,021
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Red-Tailed Haw k (Buteo jamaicensis )

Dietary Location/Habitat Note
Composition Spring Summer Fall Winter (measure) Reference No.
summary of 10 years: mean + SD Alberta, Canada/ Adamcik et al., 1979 9
snowshoe har e 25.6+19 farm & wood| ands
Richard's ground
squirrel 30.4+10 (% wet weight of prey
Franklin's ground brought to chicks)
squirrel 51+ 2
voles & mice 48+ 2
other mammals 78+ 6
waterfowl| 16.2+10
ruffed grouse 20x 2
sharp-tailed grouse 12+ 1
other grouse 09+1
other birds 6.3+ 3
(mammals) (78.5) nc Oregon/ Janes, 1984 9
Belding's ground pasture and wheat fields
squirrel 52.8
mtn cot tontail 13.1 (% wet weight of prey
pocket gopher 7.3 brought to nests; March to
Townsend' s ground June)
squirrel 2.9
(birds) (8.5)
Alectoris graeca 3.5
western meadow lark 18
(snakes) (13.1)
gopher snake 6.1
ground squi rrel 60.8 ¢ California/foothills Fitch et al., 1946 9
rabbit 26.5
pocket gopher 4.3 (% wet weight of prey
other mammals 2.6 brought to nests)
gopher snake 3.8
whiptail liza rd 0.3
birds 1.3
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Red-Tailed Haw k (Buteo jamaicensis )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Territo ry A B spring 60 - 160 ¢ Califo rnia/foothills Fitch et al., 1946
Size (ha)
A B winter 697 £ 316 SD 381 -989 s Michigan/fields, woodl ots Craighead & Cr aighead, 1956
ABfall 1,770 957 - 2,465 Colorado/upland pr airie, Ander sen & Rongst ad, 1989 10
pinyon-juniper woodl ands
Popul ation summer: pairs/ha:
Density AB 0.0017 - Colorado/open aspen McGovern & McNurney, 1986
0.0050
ABareaa 0.0004 0.0002 - 0.0005 s Michigan/fields, woodl ots Craighead & Cr aighead, 1956
ABareab 0.0012 0.0010 - 0.0013
AB 0.0012 0.0010 - 0.0015 Alberta, Canada/farm, Adamcik et al., 1979
woodl ands
winter: N/ha:
BB 0.014 Toronto, Canada/mixed ol d Baker & Brooks, 1981
fields
BB 0.0015 £ 0.0012 - 0.0018 s Michigan/fields, woodl ots Craighead & Cr aighead, 1956
0.0003
SD
Clutch 2.0+0.77 SD 1-3 ¢ Califo rnia/foothills Fitch et al., 1946
Size 2.32 Arizona/desert Mader, 1978
2.2 1.9-2.6/10yrs Alberta, Canada/farm, Adamcik et al., 1979
2.11 woodl ands Henny & Wight, 1972
2.96 Florida/NS Henny & Wight, 1970
Oregon, Washington/NS
Clutches/ Year 1 Bent, 1937
Days 32 Alberta, Canada Adamcik et al., 1979
Incubation
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Red-Tailed Haw k (Buteo jamaicensis )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Location/Habitat Reference No.
Growth Rate to 1 week 20 g/day Ohio/free-living, habitat NS Springer and Osborne, 1983 11
1to 2 weeks 34 g/day
2 to 3 weeks 39 g/day
3to 4 weeks 26 g/day
4to 5 weeks 10 g/day
Age at 45 to 46 days Califo rnia/foothills Fitch et al., 1946
Fledging
Number 1.47 +0.25 SE Oregon/pasture Janes, 1984
Fledge 1.15 0.28 - 1.90/ Alberta, Canada/farm, Adamcik et al., 1979
per Active Nest 10 yrs woodl ands
high prey 1.9 Idaho/canyon, shrub steppe Steenhof & Kocher t, 1985
low prey 1.2
Number 2.12 north of 42°N latitude/ Henny & Wight, 1970 12
Fledge per North America
Successf ul 1.85 sout h of 42°N latitude/ Henny & Wight, 1970 12
Nest North America
Age at B 2 years throughout range Henny & Wight, 1970
Sexual
Matu rity
Annual J B 1st year 62.4 north of 42°N latitude/ Henny & Wight, 1970, 1972 13
Mortality AB 206 1.3 SE North America
Rates (percent)
J B 1st year 66.0 south of 42°N latitude/ Henny & Wight, 1970, 1972 13
AB 23.9+2.2SE North America
Longevi ty maximum 18 yrs North America/NS Henny & Wight, 1970, 1972
Seasonal Note
Activity Location No.
Mating mid-February early April Arizona Mader, 1978
mid-April early May mid-May Alberta Canada Luttic h et al., 1971
late March early April south Michigan Craighead & Cr aighead, 1956
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Red-Tailed Haw k (Buteo jamaicensis )

Seasonal Note
Activity Begin Peak End Location Reference No.
Hatching late March early May Arizona Mader, 1978
mid-May early June mid-June Alberta, Canada Luttich et al., 1971
late April early May south Michigan Craighead & Cr aighead, 1956
mid-October Montana, Alberta, Canada Bent, 1937; Luttich et al., 14
1971
late October North Dakota Bent, 1937
late Novem ber Minnesot a Bent, 1937
late February early March south Michigan Craighead & Cr aighead, 1956 15
mid-March Maine, Montana Bent, 1937
early April Alberta, Canada Luttich et al., 1971

1 Estimated from data provided by authors.

2  Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from Craighead and Cr aighead (1956).

3 Estimated from time and ener gy budget s for breeding season onl y.

4  Estimated using equation 3-37 (Nagy, 1987) and body weights from Craighead and Cr aighead (1956).

5 Hawks maintained out door s usi ng falconer's techni ques; fed lean raw beef suppl emented with natural prey. Overall activity levels not described.
Winter temperatures averaged 3 to 5°C and sum mer temperatures averaged 15°C during trials. Females weighed 1,218 g; males in winter
weighed 1,147 g; males in sum mer weighed 855 g.

6 Estimated using equation 3-15 (Calder and Braun, 1983) and body weights from Craighead and Cr aighead (1956).

7 Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from Craighead and Cr aighead (1956).

8 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Craighead and
Craighead (1956).

9 Percent biomass (wet weight) estimated from obser vations of prey brought to the nest (identified to speci es) and remains of prey found at the
nests, using standard wet weights for each speci es of prey from other studies or measured in the lab.

10 Homerange determined by 95 percent ellip se method; radio-tagged hawks, two of each sex.
11 Estimated from figure.

12 Summarizing data from several studies.

13 Summarizing bandi ng recoveries prior to 1951.

14  Late departure dates.

15 Early arrival dates.
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2.1.7. Bald Eagle (eagles)

Order Falconiformes, Family Accipitridae. Eagles have long r ounde d wings, large
hook ed bills , sharp talons, and are the largest birds of prey in the United States. They
swoop dow n on their prey at high s peeds, and t heir diet varies by sp ecies and
considerably by habitat. In most sp ecies, the male is smal ler than the female, but
otherwise the sexes ar e similar in appearance. This family also includes kites and hawks.

Selected species

The bald eagle (Haliaeetus leucocephalus), our national symbol, is a federally
designated endangered species. Relatively common in Alaska, popula tions inthe lower 48
States h ave been serious ly diminis hed, although t hey are recovering in s ome areas. Bald
eagles are most commonly sight ed in coastal areas or near rivers or lakes. Bald eagles are
primarily car rion feeders.

Body size. Females are signif icantly larger than males, but otherwis e the sexes
look alik e (Brown and Amadon, 1968). Body size increases with latitude and is the sole
basis by which the northern and southern subspecies are divided (Snow, 1973). Length
from bill tip to tail tip averages 81 cmin the more northerly popula tions .

Habitat. Bald eagles generally are restricted to coastal areas, lakes, and rivers
(Brown and Amadon, 1968), although s ome may winter in areas not asso ciated with water
(Platt, 1976). Preferred breeding s ites include proximity to large bodie s of open water and
large nest tr ees with sturdy branches (often conifers) and areas of old- growth timber with
an open and dis cont inuous canopy (A ndrew and Mos her, 1982; Anthony et al., 1982;

Grubb, 1980; Peterson, 1986). In an analysis of more than 200 nests, Grubb (1980) found
55 percent within 4 6 m of a shor eline and 9 2 percent within 183 m of shore. During

migr ation a nd in w inter, conif ers often are used for commu nal roosting bot h during t he day
and at night , perhaps to minim ize heat loss (Anthony et al., 1982; Stalmaster, 1980).

Mature trees with large open crowns and stout, horizont al perching lim bs are preferred for
roosting in ge neral (Anthony et al., 1982; Chester et al., 1990). Bald eagles reach maximum
densities in areas of minimal human activity and are almost never found in a reas of heavy
human use (Peter son, 1986).

Food ha bits. Primarily car rion feeders, bald eagles eat dead or dying fish when
available but al so will catch live fish swimming ne ar the surface or fish in shallow waters
(Brown and Amadon, 1968). In general, bald eagles can be described as oppor tunis tic
feeders, taking advantage of wh atever food s our ce is mo st ple ntiful and easy to scavenge
or to capture, including bir ds and mammal s (Brown and Amadon, 1968; Green, 1985;
Watson et al., 1991). In many areas, especially in winter, water fowl, kille d or injur ed by
hunt ers, and s hor e birds are an important food s ource (Todd et al., 1982). Eagles forage in
upland areas in the winter when surface water s are frozen over, consuming c arrion
inc luding r abbit s, squir rels, and de ad domesti c livesto ck su ch as pigs and ¢ hickens
(Brown and Amadon, 1968; Harper et al., 1988). Bald eagles also have been known to steal
food f rom other memb ers of their own species as well as from hawks, osprey, gulls , and
mergansers (Grubb, 1971; Jorde and Lingle , 1988; Sobkowiak and Titman, 1989). This
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may occur when there is a shortage of a primary food s our ce, such as fish, and an
abundance of other prey such as waterfowl being us ed by other predatory bir ds (Jo rde and
Lingle , 1988). Some prey are important to a few popula tions ; for example, in the
Chesapeake Bay region, turtles are consumed during t he breeding season (Clark, 1982),
and at Amchitka Island in Alaska, sea otter pups ar e found r egularly in ba ld eagle nests
(Sherrod et al., 1975). In the Pacific Northwest d uring t he breeding season, Watson et al.
(1991) found t hat bald eagles hunt ed live prey 57 percent of th e time, scaven ged for 24
percent of their prey, and pirated 19 percent (mostly from gulls or other eagles). Because
bald eagles scaven ge dead or dying pr ey, they are particularly vulne rable to environm ental
contaminants and pesticides (e.g., from feeding on bir ds th at died from pesticides,

cons uming le ad shot fr om waterfowl killed or disabled by hunt ers) (Henny and A nthony ,
1989; Harper et al., 1988; Lingle and Kr apu, 1988). Bald eagles also are vulnerable to

biom agnif ication of con tamina nts in food c hains. For example, near Lake Superior (WI),
herring gulls , whic h were cons umed by over 20 percent of n esting ba Id eagle pairs, were
found t o be a signif icant sour ce of DDE and PCB intake by the eagles (Kozie and A nderson,
1991). The gulls cont ained highe r con taminant levels than the local fish because of their
highe r tr ophic | evel.

Molt. Adult eagle s molt yearly. In northern popula tions , molting oc curs from late
spring to early fall; in southern popula tions , molting may be initiated earlier (McCollough,
1989). Itis likely that the moltis not complete, and that so me feath ers are retained for 2
years. Young ba Id eagles generally molt into their adult plum age by th eir fifth year
(McCollough, 1989).

Migration. Bald eagles migrate out of areas where lakes are completely frozen over
in winter, but will r emain as far north as the availabilit y of open water and a reliable food
supply allow (B rown and Amadon, 1968). Areas with ice-fr ee waterways, such as the
Colum bia River estuary in Washingt on and Oregon, may s uppor t bot h resident and
migr atory popula tions in the winter (Watson et al., 1991). The far northern breeding
popula tions migr ate south for the winter and often congr egate in areas with abunda nt food,
partic ularly the Mississippi V alley and the northwester n States (Snow, 1973). Some
popula tions of eagle s that breed in southern latitude s (e.g., Arizona, Florida) show a
reverse migration and migrate north in midsummer (follow ing br eeding) , returning s outh in
early autumn or winter (Brown and Amadon, 1968; Grubb et al., 1983).

Breeding activities and social organization. Bald eagles have been observed to
nest su ccessf ully at 4 years of age, but most do not breed until at least th eir fifth year (Nye,
1983). Breeding pairs remain together as long a s bot h are alive (Brown and Amadon,

1968). Large stick nests (ap proximately 1.5 m across and 0.6 m deep) are built near water
and most often in alarge tree, but sometimes on rocky o utcrops or even on the ground on
some islands (B rown and Amadon, 1968; Grubb, 1980). In the absence of disturbance, the
same nest site may b e used for many years (Nash et al., 1980). In Florida, eggs ar e laid in
late autumn or winter, while over the rest of the eagle's range, mating and egg laying oc cur
in spring (Brown and Amadon, 1968). Clutch sizes are larger in the north, and both sexes
take respons ibilit y for feeding t he young ( Brown and Amadon, 1968). Young f ledge at
about 10 to 12 weeks o f age; after leaving the nest, they are still de pendent on their parents
for several weeks an d often return to the nest for food (Sprunt et al., 1973). After nesting,
large groups will o ften gather at sites with plentiful food
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resources, such as along r ivers follow ing a sal mon s pawn (Fitzner and Hanson, 1979;
Keister et al., 1987; McClelland, 1973).

Home range and resour ces. During t he breeding season, eagles requir e large areas
in the vicinity of open water, with an adequate supply of nestingt rees (Brown and Amadon,
1968). Distance from human disturbance is an important facto r in nest si te selection, and
nests h ave been reported to fail as a result of disturbance (Andrew and Mosher, 1982).
During inc ubation a nd br ooding, eagles show ter ritorial defense of an area around t he nest
site. Follow ing fledging, there is little need for nest d efense, and eagles are oppor tunis tic
in their search for abunda nt sour ces of prey (Mahaffy and Frenzel, 1987). During winter,
eagles roost communally in large aggregations and s hare a foraging hom e range. For
example, Opp (1980) described a popula tion of 150 eagles that fed on meadow volesin a
250-ha floode d field for a 4-week period. This group also establis hed a communa | night
roostin the vicinity.

Popul ation de nsity. Because popula tion de nsity depends str ongly on the
configur ation of th e surface water bodie s used for foraging, few investigators have
publis hed explic it density estimates on an area basis; most report breeding de nsities along
a shor eline on a line ar basis. During the breeding season, 0.03 to 0.4 pairs have been
recorded per km sh ore (see table). Eagles migrating s outh from th eir summer 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 al so contain
large numbers of eagles. Opp (1980) described a group of 150 eagles that roosted and
foraged together in the Klamath Basin (OR/CA), and commu nal night r oosts o f up to 300
eagles in Oregon in | ate winter.

Popul ation dy namics. Not all adults in an area are part of th e breeding popula tion.
Some pairs may esta blis h territories and not breed, while others may not even pair. The
percentage of adult s breeding and the breeding s uccess o f those that do vary with local
food a bunda nce, weath er, and habitat c ondit ions (H ansen, 1987; Hansen and Hodge s,
1985; McAllister et al., 1986). In past year s, bioaccu mulation of organoc hlor ine pollut ants
reduced the reproductive success o f bald eagles. Now, in many areas, these raptors are
reproducing at rates similar to those prior to the widespread use of these pesticides
(Green, 1985). Eagles lay one clutch per year, although r eplacement clutches may b e laid
upon los s of th e initial one (Sherrod et al., 1987). Very little is known about mo rtality rates
of bald eagles; Grier (1980) conclude d from popula tion m odels th at adult su rvival is more
important than reproductive rate to the continued success o f bald eagle popula tions . In
captivity, bald eagles have lived for up to 50 years (Snow, 1973), and one wild e agle,
banded and recaptured in Alaska, was esti mated to be almost 22 year s old (Cain, 1986).
Upon los s of an initial clutch, bald eagles may lay replacement clutches if sufficient time
remains (Sherrod et al., 1987).

Similar species (from general references)
. The golde n eagle (Aquila chrysaeto s) is similar in size (81 cm) to the bald
eagle, and its range encompasses all but the southeastern United States.
Small mammal s, snakes, birds, and carrion are primary prey items, and

golde n eagles prefer mount ainous or hilly ter rain.
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General references

Brown and Amadon (1968); Green (1985); Peterson (1986); Stalmaster and
Gessaman (1982, 1984).
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Bald Eagle ( Haliaeetus leucoce phalus)

Age/Sex/ Range or Location or Note
Factors Cond./Seas. Mean (95% Cl of mean) | subspeci es Reference No.
Body Weight (g) | J F summer 5,089 4,359 - 5,756 Alaska Imler & Kalmbach, 1955 1
J M summer 4,014 3,524 - 4,568
AF 4,500 Florida Wiemeyer, 1991 (pers. comm.)
AM 3,000
Krantz et al., 1970
egg 120.6 +8.2 SD 108 - 134 Wisconsi n Krantz et al., 1970
egg 102.5+17.9 SD 71-125 Florida
Bortolotti, 1984b
at hatching 91.5+5.2SD Saskatchewan, Canada
nestlings: Bortolotti, 1984a,b
M 10 days 500 (est.) Saskatchew an, 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
Bortolotti, 1984a,b
F 10 days 500 (est.) Saskatchew an, 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
Metabolic Rate free-living Connecticut Craig et al., 1988 3
(kcal /kg-day) A winter 99
Jwinter 111
A F free-living 135 (62 - 290) estimated 4
A M free-living 143 (66 - 307)
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Bald Eagle ( Haliaeetus leucoce phalus)

Age/Sex/ Range or Location or Note
Factors Cond./Seas. Mean (95% CI of mean) subspeci es Reference No.
Food Ingestion winter:
Rate (g/g-day) B B sal mon 0.092 £ 0.026 SD Utah (captive) Stalmaster & Gessaman, 1982
B B rabbit 0.075+0.013 SD
B B duck 0.065 +0.012 SD
AB 0.12 Washington (free-flying) Stalmaster & Gessaman, 1984 5
subadul t B 0.10
juvenile B 0.091
AB 0.12 Connecticut (free-flying) | Craig et al., 1988 6
juvenile B 0.14
Water Ingestion AF 0.035 estimated 7
Rate (g/g-day) AM 0.037
Inhal ation AF 1.43 estimated 8
Rate (m°/day) A M 1.19
Surface Area AF 2,970 estimated 9
(cm? AM 2,530
Dietary Location/Habitat Note
Composition Spring Summer Fall Winter (measure) No.
mallard 32 Washington/river Fitzner & Hanson, 1979
American widgeon 9
American coot 9 (% biomass; prey remains
other birds 3 found bel ow com munal
Chinook sal mon 21 roost)
sucker 4
European car p 1
other fish 1
unaccount ed 20
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Bald Eagle ( Haliaeetus leucoce phalus)

Dietary Locat ion/Habitat Note
Composition Spring Summer Fall Winter (measure) Reference No.
brown bul Ihead 24.8 Maine/inland river Todd et al., 1982
white sucker 195
chain pickerel 20.1 (% occur rence in pellets)
smallmouth bass 3.8
white perch 3.6 samples from all seasons
other fish 4.9 except winter
black duck 3.0
other birds 135
mammals 6.8
(fish) (57.6) central Arizona/desert Haywood & Ohm art, 1986
channel catfish 21.8 scrub, riparian
Sonor a sucker 8.6
carp 17.3 (% biomass; prey observed
other fish 8.5 brought to nest or found at
(birds) (14.2) nests)
American coot 8.1
great blue heron 4.4
(mammals) (28.1)
desert cottontail 8.1
jackrabbit 14.9
rock squirrel 1.1
(reptiles) (0.2)
pink salmon 15.5 Alaska/coast al Ofelt, 1975
herring 32.0
trout 4.5 (% frequency of occur rence;
other fish 24.0 prey obser ved br ought to
other animals 24.0 the nest)
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Bald Eagle ( Haliaeetus leucoce phalus)

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Territory Area | pair spring 3,494 £ 2,520 SD 1,821 - 6,392 Arizona/desert, riparian river | Haywood & Ohm hart, 1983
(ha)
Territory pair 3.5 14-7.2 Washington/SJ Islands; Grubb, 1980
Lengt h (km) pair 15.8 11.1-26.6 Grays Harbor
Territory pair incubat. 0.56 £0.18 SE Minnesot a/lake, woods Mahaffy & Frenzel, 1987
Radius (km) pair broodi ng 0.72£0.21 SE
Winter Home J B winter 1,830 + 1,460 SD Missour i/lake Griffin & Basket t, 1985
Range (ha) A B winter 1,880 + 900 SD
Foraging B B winter 3to 7 Connecticut/river Craig et al., 1988
Distance (km)
Popul ation summer 0.38 se Alaska/riverine Hansen, 1987
Density
(pair/km summer WY, ID, MT/: Swenson et al., 1986
shor e) 0.035 Yellowstone
0.026 Continental
0.045 Snake
Clutch 2 1-3 NS/NS Brown & Am adon, 1968
Size 2.3 1-4 PA, DE, MD, NJ Schmid, 1966-67
Clutches/Yea 1 NS/NS Sherrod et al., 1987
r
Days 35 34 -38 Maryland (captive) Maestrelli & Wiemeyer, 1975
Incubation
Age at M 79.9+1.08 SE Saskatchew an/lake Bortolotti, 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
Active Nest 0.90 0.76 - 1.14/7 yr Washington/NS Henny & Anthony, 1989
1.14 Florida/NS McEwan & Hirth, 1979
1.00 + 0.06 SE 0-3 Alaska/NS Sprunt et al., 1973
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Bald Eagle ( Haliaeetus leucoce phalus)

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Number 1.65+0.26 SD Arizonal/desert scrub, river Grubb et al., 1983
Fledge per 1.35+0.11 SD 1.22 -1.48/6 yr Washington/San Juan Island | Grubb et al., 1983
Successf ul 2.2 1-3 PA, DE, MD, NJ/NS Schmid, 1966-67
Nest 1.64 ID, MT, WY'river, lake Swenson et al., 1986
Age at B 4 3-5 United States/NS Nye, 1983
Sexual
Matu rity
Annual AB 5.4 Alaska/Amchitka Island Sherrod et al., 1977
Mortality fledging to 1 yr 89.3
(percent)
Longevi ty AB upto 50 yrs captivity Snow, 1973
Seasonal Note
Activity Begin Peak End Location Reference No.
Mating/Layin late September Novem ber Florida, Texas Mager, 1977 10
g December late December late January Arizona Grubb et al., 1983

late October March se United States USFWS, 1989

February late March late April MD, VA, DE LeFranc & Cline, 1983

early March early April WY, MT, ID Swenson et al., 1986

late March Vancouver BC Brown & Am adon, 1968
Fledging April May s Loui siana Harris et al., 1987

early July late July mid-August WY, MT, ID Swenson et al., 1986

late August se Alaska Hansen, 1987

Fall Migration June Arizona Grubb et al., 1983

early October Novem ber mid-December Montana Crenshaw & McClelland,

late October 1989

December/January sc Oregon, n California Keister et al., 1987

Novem ber December January se Alaska Hodges et al., 1987
Spring December Arizona Grubb et al., 1983
Migration April sc Oregon, n California Keister et al., 1987

late March early April WY, MT, ID Swenson et al., 1986

early March

lllinois

Sabine, 1981




00T-¢

a|be3 preg

A WNER

©O© 00 ~NO®

10

Bald Eagle ( Haliaeetus leucoce phalus)

Cited in Maestrelliand Wiemeyer (1975) and Bor tolotti (1984a); juveniles up to 3 years of age.

Estimated from Figure 4.

Daily energy budget for free-living eagl es based on t ime-activity budget s and metabolic models; assuming 4.5 kg eagl e.

Estimated usi ng equat ion 3-37 (Nagy, 1987) and body weights from Imler and Kal mbach (1955).

Estimated from obser ved capt ures of preweighed sal mon provided at feeding stations. Eagle body weight assum ed to be 4.5 kg. Some feeding
may have occur red elsewhere.

Estimate of food consum ed based on obser ved feeding behavi ors and an eagl e body weight of 4.5 kg.

Estimated usi ng equat ion 3-15 (Calder and Braun, 1983) and body weights from Imler and Kal mbach (1955).

Estimated usi ng equation 3-19 (Lasiewski and Calder, 1971) and body weights from Imler and Kal mbach (1955).

Estimated usi ng equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Imler and Kal mbach
(1955).

Cited in Green, 1985.
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2.1.8. American Kestrel (falcons)

Order Falconiformes, Family Falconidae. Falcons ar e the more streamline d of th e
raptor species, with long point ed wings bent back at th e wrists and large tails that taper at
the tips. They consume many kinds of anim als inc luding in sects, reptiles, small mammal s,
and bir ds. Falcons ar e found in a var iety of habitats, from cities to the most remote areas.
Strong fliers that achieve high s peeds, falcons r ange in size from th e American kestr el (27
cm bill t ip to tail tip) to the peregrine fal con (41 to 51 cm).

Selected species

The American kestr el (Falco sparverius), or sparrow hawk, is the most commaon
falcon in open and semi-open areas throughout North America. There are three recognize d
subspecies: F. s. paulus (year-round r eside nt fr om Sout h Carolina to Florida and s outhern
Alabama), F. s. peninsularis (year-round r eside nt of sout hern Baja California), and F. s.
sparverius (wide spread and migratory) (Bohall-Wood and Collopy , 1986). Predators of the
kestr el include large raptors such as great horned owls, golde n eagles, and r ed-tailed
hawks (M eyer and Balgooy en, 1987).

Body size. Weighing s light ly over one tenth of a kilogr am, the kestr el is the
smallest fal con native to the United States (B rown and Amadon, 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 seaso nally, with maximum weight (and f at
deposits) being achieved in winter and minim um weight s in summer (Bloom , 1973;
Gessaman and Haggas, 1987).

Habitat. Kestrels inhabit open deserts, semi-open areas, the edges of groves
(Brown and Amadon, 1968), and even cities (National Geogr aphic So ciety, 1987). In several
areas, investigators have found t hat male kestr els tend to use woodla nd ope nings an d
edges, while females tend to utilize mo re open areas characterized by short or sparse
ground v egetation, particularly during the wint er (Koplin, 1973, cited in Mills, 1976; Meyer
and Balgooy en, 1987; Mills, 1975, 1976; Smallwood, 1987). In other areas, however,
investi gators have found no s uch differ entiation (Toland, 1987; Sferra, 1984). In Florida,
kestr els appear to prefer sandhill c ommunit ies (particularly pine /oak woodla nds); these
areas provide high- quality foraging ha bitat and the majority of available nest sites (Bohall-
Wood and Collopy , 1986). Kestrels are more likely to use habitats cl ose to centers of
human activities than are most other raptors (Fischer et al., 1984).

Food ha bits. Kestrels prey on a variety of small animals including inv ertebrates
such as worms, spide rs, sco rpions , beetles, other large insects, amphibia ns and r eptiles
such as frogs, lizards, and s nakes, and a wide variety of smal I- to medium -sized bir ds and
mammal s (Brown and Amadon, 1968; Mueller, 1987). Large insects, such as grasshoppe s,
are the kestr els' primary summer prey, although in t heir absence kestr els will s witch to
small mammal s (Collopy , 1973) and birds (Brown and Amadon, 1968). In winter, small
mammal s and birds comprise most of the diet (Collopy and Koplin, 1983; Kopline t al.,
1980). Kestrels usually cach e 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 mammal s are scar ce and reptiles are abundant, lizards are an important compone nt
of th e diet (Bohall-Wood and Collopy , 1987). Kestrels forage by three differ ent tec hnique s:
using ope n perches from whic h to spot and attack g round pr ey, hovering int he air to spot
ground pr ey, and catc hing in sects o n the wing (Rudolph, 1982, 1983).

Molt. Females begin t heir molt during inc ubation and complete it by the end of the
breeding season. Males, who are respons ible fo r capturing m ost of th e prey for the family,
do not begin their molt until near the end of th e breeding season (Smallwood, 1988).

Migration. The American kestr el is a year -round r eside nt over mo st of th e United
States, butis migratory over the northern-most portions of its range (Nationa | Geogr aphic
Society, 1987). Because of their late molt, males migrate and arrive at th e wintering
grounds | ater than females or immatu res (Smallwood, 1988).

Breeding activities and social organization. Adult kestr els are solitary, except
during the breeding season, and maintain territories even in winter (Brown and Amadon,
1968). Kestrels typically build t heir nests in tree cavities, but have used holes in t elephone
pole s, buildings , or stream banks wh en tree cavities are not available (Brown and Amadon,
1968). Both parents participate in incubation, but th e female performs mostofthe
inc ubation, while th e male provides her with food (Brown and Amadon, 1968). Follow ing
hatching, the male brings th e major ity of th e prey to the nestlings (B rown and Amadon,
1968). After fledging, young kestrels remain dependent on their parents for food for at
least 2 to 4 additional weeks (L ett and Bird, 1987). Fledglings o ften perch and socialize
with their siblings prior to dispersal (Lett and Bird, 1987). In Florida, resident kestr els
(paulus subspecies) maintain year-round pa ir bonds and joint ter ritories. The reside nt
pairs have a competitive advantage over winter migrants (sparverius subspecies) in their
territories (Bohall-Wood and Collopy , 1986).

Home range and resour ces. Although s ome investigators have not noted territorial
defense (e.g., Craighead and Craighead, 1956), Mills (1975) demonstr ated that kestr els
defend territories by introduc ing c aptured bir ds into other birds' territories. Winter
foraging t erritories range from a few hectares in productive areas (e.g., in California)
(Meyer and Balgooy en, 1987) to hundr eds of h ectares in less productive areas (e.g., lllinois ,
Michigan) (Craighe ad and Craighe ad, 1956; Mills, 1975). Summer breeding t erritories
probably follow th e same p attern (Craighead and Craighead, 1956).

Popul ation de nsity. Although m uch smaller than red-tailed hawks and bald eagles,
reported kestr el breeding popula tion de nsities can be similarly low (e. g., 0.0003 to 0.004
nests p er hectare; see table).

Popul ation dy namics. Kestrels are sexually mature in the first breeding season
after their birth (Carpenter et al., 1987). Scarcity of suitable nesting cavities probably limits
the size of kestr el popula tions in parts of th e United States (Cade, 1982). Three to four
young may fl edge per nest per year, but mortality of juveniles in the first year is high (60 to
90 percent) (Craighead and Craighead, 1956; Henny, 1972). Adult mo rtality can be low
(e.g., 12 percent per year) (Craighead and Craighead, 1956).
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Similar species (from general references)

. The peregrine fal con ( Falco peregrinus), a rare reside nt of woods ,
mountains, and coasts, preys almost excl usively on birds. Though
uncommon, they can be found w intering in m ost states, but rarely breeding.
These large falcons (38 cm) h ave been reintroduced in some areas in the
United States and have nested in urban environments.

. The merlin ( Falco columbarius), larger (30 cm) th an the kestr el, can be found
in a variety of habitats b ut nests in open woods or woode d prairies.
Wintering along c oasts an d near cities of the Great Plains, it primarily eats
birds.

. The prairie falcon (Falco mexicanus) also is larger (39 to 50 cm) than the
kestr el and inhabits dry, open country and pr airies. A year-round r eside nt of
the wester n United States, prairie falcons prey chiefly on birds and small
mammal s.

General references

Cade (1982); Craighead and Craighead (1956); National Geogr aphic So ciety (1987);
Brown and Amadon (1968).
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American Kestrel ( Falco s parverius )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight F fall 115+ 8.6 SD California, Imperial Valley Bloom, 1973
(9) F winter 132 +13 SD
M fall 103+ 6.7 SD California, Imperial Valley Bloom, 1973
M winter 114+7.8 SD
F laying/inc. 124 Utah Gessaman & Haggas, 1987
F fall 127
F winter 138
M incubate 108 Utah Gessaman & Haggas, 1987
M fall 111
M winter 119
Metabolic F laying/inc. 414.4 +9.84 SE Utah (free-living) Gessaman & Haggas, 1987 | 1
Rate F fall 368.7 +17.0 SE
(kcal/kg-day) F winter 327.2+£5.72 SE
M incubate 337.6 £ 16.8 SE Utah (free-living) Gessaman & Haggas, 1987 | 1
M fall 364.9 £26.9 SE
M winter 386.4 £9.41 SE
A F basal 134 estimated 2
A M basal 140
A F free-living 333 (157 - 706) estimated 3
A M free-living 345 (162 - 733)
Food A B winter 0.29 nw California (free-living) Koplin et al., 1980 4
Ingestion Rate (vert. prey) (0.18)
(g/g-day) (invert. prey) (0.12)
A M summer 0.31 Ohio (seminatural Barrett & Mackey, 1975
enclosur e)
Water AF 0.11 estimated 5
Ingestion AM 0.12

Rate (g/g-day)
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American Kestrel ( Falco s parverius )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Inhal ation AF 0.089 estimated 6
Rate (m®/day) A M 0.079
Surface Area AF 267 estimated 7
(cm?) A M 242
Dietary Locat ion/Habitat Note
Compositio n Spring Summer | Fall Winter (measure) No.
invertebrates 32.6 California/open ar eas, woods Meyer & Balgooy en, 1987
mammals 317
birds 30.3 (% wet weight of prey
reptiles 1.9 obser ved capt ured)
other 3.5
vertebrates 49 Florida/dry pine-oak Bohal I-Wood & Col lopy,
(primarily lizards) woodl ands (sandhiill) 1987
invertebrates 51
(% wet weight of prey obser ved
captured)
Coleoptera 10.8 California/hayfields, pasture Collopy & Koplin, 1983
other invertebrates 14.2
frogs (Rana aurora) 8.0 (% wet weight of prey
other herpetofauna 12.2 obser ved capt ured)
Microtus cal ifornicus 30.2
Sorex vagrans 9.4
other mammals 115
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American Kestrel ( Falco s parverius )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Territory A F winter 31.6 £10.7 SD 18.7-42.0 California/open ar eas, Meyer & Balgooy en,
Size (ha) A M winter 13.1+2.0SD 9.7-14.8 woods 1987
A B winter 154 <452
lllin ois/agricultural area Mills , 1975
A B sum mer 202 +£131 SD 41 - 500 Wyoming/grasslands, Craighead & Cr aighead,
forests 1956
A B sum mer 131+100 SD 21-215 Michigan/woodl ots, fields Craighead & Cr aighead,
1956
Popul ation pairs 0.0026 nests/ha 0.0023 - 0.0031 Missour i/urban Toland & El der, 1987
Density summer 0.0004 nests/ha 0.0003 - 0.0006 Missour i/rural Toland & El der, 1987
pairs
summer 0.0035 pairs/ha Wyoming/grasslands, forest Craighead & Cr aighead,
1956
pairs bird s/ha:
summer 0.0007 £ 0.00004 SD 0.0005 - 0.0012 s Michigan/fields, woodl ots Craighead & Cr aighead,
0.0005 + 0.0001 SD 0.0005 - 0.0006 1956
0.0010 + 0.0002 SD 0.0008 - 0.0011
B B fall
A B winter
A B spring
Clutch 4.3 California/juniper, Bloom & Hawks, 1983
Size sagebrush
4t05 3-7 NS/NS Brown & Am adon, 1968
Clutches/Year 1 Quebec, Canadal/captive Carpenter et al., 1987
Days 33.7+0.33SE 33-35 Maryland/captive Porter & Wiemeyer, 1972
Incubation Brown & Am adon, 1968
29 to 30 NS/NS
Age at 27.4 days 26 - 30 days Maryland/captive Porter & Wiemeyer, 1972
Fledging
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American Kestrel ( Falco s parverius )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Location/Habitat Reference No.
Number 3.1 California/juniper, Bloom & Hawks, 1983
Fledge per sagebrush
Active Nest 3.8 Wyoming/grasslands, forest Craighead & Cr aighead,
1956
Number 3.7 California/juniper, Bloom & Hawks, 1983
Fledge per sagebrush
Successf ul
Nest
Age at Sexual B lyr Quebec, Canadalcaptive Carpenter et al., 1987
Matu rity
Annual AB 12 s Michigan, Wyoming/ Craighead & Cr aighead,
Mortality JB 88 open ar eas, woods 1956
(percent)
AB 46.0 £ 4.6 SE North America/NS Henny, 1972
JB 60.7
Longevi ty upto 9yrs Quebec, Canada/captive Carpenter et al., 1987
Seasonal Note
Activity Peak End Reference No.
Mating/ early May late May late June California Bloom & Hawks, 1983
Laying mid-April early June central US Brown & Am adon, 1968
early April mid-May northern Utah Gessaman & Haggas,
1987
mid-March early June Florida Brown & Am adon, 1968
Hatching early June late June late July California Bloom & Hawks, 1983
early May mid-June northern Utah Gessamen & Haggas,
1987
early May central Missour i Toland & El der, 1987
Molt mid-May mid-September northern Utah Gessaman & Haggas,
1987
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American Kestrel ( Falco s parverius )

Seasonal Note
Activity Begin Peak End Location Reference No.
early early Novem ber northern Utah Gessaman & Haggas,
September 1987
early March south Michigan Craighead & Cr aighead,
1956
mid-April Wyoming Craighead & Cr aighead,
1956

1 Investigators estimated values from time-activity budget studies of kestrels in the field and r ates of energy expendi ture during di fferent activities
measured in the laboratory.

2 Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from winter measurements by Gessaman and Haggas ( 1987).

3 Estimated using equation 3-37 (Nagy, 1987) and body weights from winter measurements by Gessaman and Haggas ( 1987).

4 Authors obser ved prey captured daily, and estimated total wet-weight prey intake using measured or reported weights for identifiable prey and
estimated weights for unidentifiable invertebrate prey (also, assum ed kestrel weighed 119 g) . Also, see Chapters 3 and 4 for methods by
estimating food i ngestion rates.

5 Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights from winter measurements by Gessaman and Haggas ( 1987).

6 Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from winter measurements by Gessaman and Haggas ( 1987).

7 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, cited in Walsberg and King, 1978) and body weights from winter measurements by

Gessam an and Haggas ( 1987).
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2.1.9. Northern Bobw hite (quail)

Order Galliformes, Family Phasiadinae. Quail are ground- dwelling bir ds with short,
heavy bills ad apted for foraging on t he ground f or seeds and insects. Most sp ecies inha bit
brush, abandone d fields, and ope n woodla nds ; some inha bit parklands. Quail and m ost
other gallin aceous birds are poor flyers that seldom | eave the ground a nd do not migr ate.
All species of this family gather in coveys (i .e., flocks of varying size) during s ome part of
the year. Quail range in size from Montezuma's quail (22 cm bill tip to tail tip) to the
mountain and Gambel's quail (28 cm); sexes ar e similar in size but differ in appearance.

Selected species

The northern bobw hite (Colinus virg inianus) feeds mainly on seeds by gleaning on
the ground a nd low veg etation. It ranges from sout heastern Wyoming, east to southern
Minne sota and across to sout hern Maine, sout h through t he central and eastern United
States to eastern New Mexico in the west and to Florida in the east (American
Ornit hologi sts' Union, 1983). Itis the most widespread of the North American quail and
used to be very common, particularly east o f the Rocky Mountains. Over the pastthree
decades, however, popula tions h ave been declining t hroughout its range (Brennan, 1991).

Body size. Northern bobw hite are average-sized quail (25 cm). Wild bobw hites
typic ally weigh b etween 150 and 200 g depending on lo cation a nd season (see table), while
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 co ast of the United States
(Hamilton, 1957; Rosene, 1969; Roseberry and Klimstra, 1971). Females are heaviestin the
spring and summer when they are laying e ggs; males are ligh test at th is time of year
(Hamilton, 1957; Roseberry and Klimstr a, 1971). Juveniles tend t o weigh s light ly less th an
adult s through w inter (Hamilt on, 1957; Roseberry and Klimstra, 1971). Koerth and Guthery
(1987) found bot h males and females to maintain between 9 and 11 percent body fat (as a
percentage of dry body weight ) throughout th e year in southern Texas; more northern
popula tions may mai ntain highe r body fat ratios, particularly just prior to breeding (McRae
and Dimmick, 1982).

Habitat. During t he breeding season, grasslands, idle fi elds, and pastures are the
preferred nesting ha bitat, and bobw hite often nestin large clumps of grasses (R oseberry
and Klimstr a, 1984). Shade, open herbaceous cover, and green and growing v egetation are
requir ed for suit able nest sites (Lehmann, 1984). Bobw hites forage in areas with open
vegetation, some bare ground, and light litter (Stoddard, 1931). Nearby dry powdery soils
are impor tant for dust bathing ( Johns gard, 1988). Shrubby thi ckets u p to 2 m high are
used for cover during midday (Schroeder, 1985). Although t heir range is extensive,
nor thern bobw hite reproduc e poor ly in the arid wester n portions of th eir range and dur ing
drought s elsewhere (Schroeder, 1985). During t he wint er, they requir e woode d cover wi th
understory for daytime cover, preferably adjacent to open fields for foraging (' Yoho and
Dimmick, 1972). They tend to roost at night in more open habitats wi th short and sparse
vegetation (Schroeder, 1985). In the more northern latitudes, cover and food c an be limited
during the winter (Rosene, 1969). Changes in land use, primarily
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the distribution of far ms and farming methods , have eliminated large areas of bobw hite
habitat in the last three decades (Brennan, 1991).

Food ha bits. Bobw hites fo rage during t he day, primarily on the ground or in a light
litter layer lessthan 5 cm deep (Rosene, 1969). Seeds from weeds, woody plants, and
grasses co mprise the majority of the adult bobw hite's diet throughout th e year (Handley,
1931; Bent, 1932; Lehmann, 1984), although in w inter in the sout h, green vegetation ha s
been found t o dominate the plant mater ials in their diet (Campbell-Kissock et al ., 1985).
Insects an d other invertebrates can comprise up to 10 to 25 percent of the adults' diet
during the spring and summer in more northerly areas and year-round int he south
(Campbell-Kissock et al ., 1985; Handley, 1931; Lehmann, 1984). Insects co mprise the bulk
of the chicks' diet; up to 2 or 3 weeks of age chicks may co nsume almost 85 percent
insects, the remainder of the diet consisting of berries and seeds (Handley, 1931). Most
insects co nsumed by bobw hite chicks ar e very smal |, less than 8 mm in length and 0.005 g
(Hurst, 1972). Juvenile bobw hite, on the other hand, may co nsume only 25 pe rcent in sects,
the remainde r of th eir diet being fruit and seeds (Handley, 1931). Quail consume little grit.
Korschgen (1948) found gr it in only 3. 4 percent of over 5,000 crops exami ned, and agreed
with Nestler (1946) that hard seeds can replace grit as th e grinding a gent for northern
bobw hite.

In some areas, bobw hites ap parently can acquir e their daily water needs from dew,
succulent plants, and insects (St oddard, 1931); in more arid areas or in times of drought ,
however, northern bobw hite need surface water for drinking (Johns gard, 1988; Lehmann,
1984; Prasad and Guthery, 1986). Females need more water than males during t he
breeding season, and both sexes may r equir e more water in the winter than in the summer
when their dietis more restricted to seeds with low water content (Koerth and Guthery,
1990). Measurements on captive quail have indi cated a daily water requirement of up to 13
percent of th eir body mass (see tab le); however, water intake r equir ements fo r free-ranging
birds may b e highe r, perhaps 14 to 21 percent of body mass p er day (Koerth and Guthery,
1990). In the absence of adequate water , femal es may fai |l to reproduc e (Koerth and
Guthery, 1991).

Dustb athing. Quail frequently dustbathe, althought he reason for the behavior is
debated.® They scratch in dry dirt or dust, toss th e 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 th at inge stion of materials
preened from feath ers and direct d ermal uptake can be signif icant expos ure pathways fo r
quail expos ed to aerial appli cation of p esticides. Dust bathing might, therefore, provide a
signif icant expos ure route for bobw hites using c ontaminated soils .

Molt. Juveniles attain adult plum age during their first fall m olt at about 3 to 5
months of age (Hamilton, 1957; Stoddard, 1931). Adults unde rgo a co mplete prebasic

‘Stoddard ( 1931) and ot hers have suggest ed that dust bathing hel ps to control ectoparasi tes;
Borchelt and Duncan (1974) suggest that dust bathing hel ps cont rol the amount of oil on the
quails' feathers.
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moltin the late summer and fall into winter plum age; in spring, a limited renewal of
feathers around t he head and throat provides the breeding plum age (Bent, 1932).

Migration. The northern bobw hite is a year-round r eside nt over its entire range but
may disperse locally to a different cover type or altitude with the changing season
(Lehmann, 1984). Most winter in woode d or brushy areas, returning t o more open habitats
in spring for the breeding season (Lehmann, 1984; Rosene, 1969). Populations n esting a t
highe r elevations tend t o0 move to lower ground w here the winters are less sever e
(Stoddard, 1931). The more southerly popula tions may be more sedentary; in a study in
Florida, northern bobw hite were found no f urther than 1 km from wh ere they were banded,
and 86 percent were found w ithin 400 m from their banding s ite over a 1- to 5-year period
(Smith et al., 1982).

Breeding activities and social organization. Northern bobw hite build n ests o n the
ground in ope n woodlands or in or around fields used for foraging. Most nests ar e
constructed in grassy g rowth near open ground, often in areas with scatter ed shrubs and
herbaceous growth (Klimstra and Roseberry, 1975; Stoddard, 1931). Both the male and
femal e scrape out a saucer-shaped depressionint he ground 2to 6 cmdeep and 10 to 12
cm across, lining it wi th dead grasses fr om the previous 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 su ccess b oth decrease as th e season progresses (Roseberry and Klimstr a, 1984).
Family units, cons isting of both the male and female as well as the offsp ring, sometimes
remain intact th rough t he summer, but more often, one or both parents are lost to
predation ( some femal es leave their brood t o the male and be gin another), and ot her pairs
or indiv idual adult s may adopt chi cks fr om other broods (L ehmann, 1984). By fall, northern
bobw hites of all ages gather in larger coveys for the fall and winter. The quail remain in
coveys u ntil the next spring, when they dis perse as mating season begins (L ehmann, 1984;
Roseberry and Klimstr a, 1984). Coveys of northern bobw hite tend t o average 10 to 12 or
15 birds (up to 30) (Johns gard, 1988; Lehmann, 1984; Rosene, 1969). When roosting in
winter, the birds in a covey form a small circle on the ground unde r a tree or in thick brush,
with heads facing ou tward and their bodie s clos ely packed to conserve heat.

Home range and resour ces. Inthe breeding season, the bobw hite's hom e range
include s foraging areas, cover, and the nest site and may encompass sever al hectar es.
Mated males and incubating females have the smallest spring and summer home ranges;
bachelor males and post-nesting m ales and females have much larger foraging r anges (see
table). Bobw hite tend t o use a portion of th eir home range more intensively than the
remainde r of th e range (Urban, 1972). In the fall and winter, the range of each bobw hite
covey mu st include ad equate open foraging areas and cover, typically shrubby or woody
thickets (R osene, 1969). Each covey may u tilize an area of several hectares, although a s in
summer, there tend to be activity centers where the quail spend most of their time (Yoho
and Dimmick, 1972).

Popul ation de nsity. Bobw hite density depends on food and c over availability and

varies from year to year as well as from one location t o anot her (Ros eberry and Kli mstr a,
1984). Densities are highest at th e end of the breeding season in the fall. In the
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southeast, densities may r each values as high as 7.5 birds (adult s and juv eniles) per
hectar e, although average values of 2 to 3 may be more common in these areas (Guthery,
1988; Lehmann, 1984; Smith et al., 1982). Winter and spring de nsities between 0.1 and 0.8
birds per hectare have been recorded in the spring further north (Roseberry et al., 1979).

Popul ation dy namics. Bobw hites attemp tto rear one or two broods per year (up to
three in the south) (Bent, 1932; CKWRI, 1991; Stanford, 1972b). Bobw hite clut ch sizes are
generally smalle r in more sout herly popula tions (Ros eberry and Kli mstr a, 1984) and
smalle r as the breeding season progresses in any given locale (Lehmann, 1984; Simpson,
1976). Predation is a major cause of nestloss; once hatched, chicks | eave the nest
immediately to follow both or one parent (Lehmann, 1984; Roseberry and Klimstr a, 1984).
Juvenile s can survive without parental care after about 6 weeks ofage (Lehmann, 1984).
They reach maturity by 16 weeks o f age in the laboratory although t hey continue to gain
weight th rough a bout 20 weeks (Moor e and Cain, 1975), and they may require 8 to 9
months to mature in the wild (Johns gard, 1988; Jones and Hughe s, 1978). Adult mo rtality
as well as juv enile mo rtality is high, with 70 to 85 percent of birds surviving lessthan 1
year (Brownie et al., 1985; Lehmann, 1984); thus, the bulk of th e popula tion t urns over 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 bobw hite and also gather in coveys d uring
autumn and winter. They are common in ope n woodla nds, brushy foot hills ,
stream valleys, and subur bs, usually near permanent surface water s;
however, their range is restricted largely to the wester n coastal States and
Baja California.

. Gambel's quail (Callip epla gambelii) is larger (28 cm) th an the bobw hite, and
is aresident of the southwester n desert scr ublands, usually near permanent
surface water s. It also gathers in coveys in winter.

. The scaled quail (Callip epla squamata), similar in size (25 cm) to the
bobw hite, is restricted to the mesas, plateaus, semidesert scr ublands, and
grasslands mixed with scrub, primarily of wester n Texas, New Mexico, and
Mexico.

. Mount ain qua il (Oreortyx pictus) are found int he chapparal, brushy ravines,
and mountain slopes of the west up to 3,000 m. These also are large quail
(28 cm). During the fall, they gather in coveys and descend to lower altitudes
for the winter.

. The Montezuma quail (Cyrtonyx mo ntezumae), formerly known as the
harlequin qua il, is a small (22 cm), secretive resident of the southwest. This
species is usually found in gr assy undergrowth of junipe r or oak-pine
woodla nds.
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General references

Johns gard (1988); Lehmann (1984); Nationa| Geogr aphic So ciety (1987); Rosene
(1969); Roseberry and Klimstr a (1984); Stoddard (1931).
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Northern Bobw hite ( Colinus vir ginianus )

Factors Age/Sex/ Range or Location or Note

Cond. /Seas. Mean (95% CI of mean) subspeci es Reference No.
Body Weight ABfall 189.9 + 3.28 SE Kansas Robel, 1969
(9) A B winter 193.9 +4.56 SE

A B spring 190.0 +4.98 SE

A M winter 181 lllinoi s Roseberry & Klimstra, 1971

A M summer 163

A F winter 183

A F sum mer 180

A M winter 161 west Rio Grande, Texas Guthery et al., 1988

A M summer 154

A F winter 157

A F sum mer 157

(weight gain:)

at hatching 6.3 southwest Georgia/both Stoddard, 1931

day 6 9 -10 (0.5 - 0.75 g/day) captive and wild birds

day 10 10-13 living in farms, woods,

day 19 20-25 (1.5 g/day) and thickets

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

JBfall 174.0 + 3.49 SE Kansas Robel, 1969
Body Fat A M winter 155+28SD Tennessee McRae & Dimmick, 1982
(% dry weight) A M spring 8.8+£3.2SD

A F winter 13.8+2.7SD

A F spring 12.7+2.4SD
Body Fat A M winter 10.2+0.6 SE 9.0-11.9 southern Texas/captive Koerth & Guthery, 1987
(% dry weight) A M spring 7.9+0.2SE 6.5-10.0
(continued) A F winter 10.6 + 0.8 SE 8.3-19.9

A F spring 9.7+ 0.3 SE 7.7-11.2
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Northern Bobw hite ( Colinus vir ginianus )

Factors Age/Sex/ Range or Location or Note
Cond./Seas. Mean (95% CI of mean) subspeci es Reference No.
Egg Weight 9.3+0.3SE Texas Koerth & Guthery, 1991
(grams) 8.6 8.0-10.2 southwest Georgia Stoddar d, 1931
Metabolic Rate | A F nonbr eed 183.3 Nebraska/captive Case, 1982 1
(kcal /kg-day) A F laying 243.9
A M basal 129 estimated 2
A F basal 125
A M free-living | 320 (151 -677) estimated 3
A F free-living 311 (147 - 659)
Food Ingestion | A B winter 0.093 £ 0.0032 SE sout hern Texas/captive Koerth & Guthery, 1990 4
Rate (g/g-day) A B spring 0.067 £ 0.0021 SE
A B sum mer 0.079 £ 0.0061 SE
A B fall 0.072 +£0.0017 SE
(kcal /kg-day) A B winter 587 Kansas Robel, 1969 5
A B fall 657
A B spring 519
Water A M summer 0.10 £ 0.023 SD sout hern Texas/captive Koerth & Guthery, 1990
Ingestion Rate A F sum mer 0.13+0.037 SD
(9/g-day)
A M summer 0.11 estimated 6
A F summer 0.10
Inhalation Rate | A M summer 0.10 estimated 7
(m®/day) AF summer 0.11
Surface Area A M summer 298 estimated 8
(cm?) A F sum mer 320
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Northern Bobw hite ( Colinus vir ginianus )

Dietary Locat ion/Habitat Note
Composition Spring Summer Fall Winter (measure) Reference No.
adults:
(total plant foods) (87.2) (78.7) (79.7) (96.8) sout heastern United Handl ey, 1931
misc. seeds 211 6.0 111 2.6 States/NS
other seeds:
legumes 15.2 3.9 10.1 315 (% volume; crop and gi zzard
senna 7.2 0.4 0.2 12.8 contents)
cultivated plants 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 55 0.4
fruits 111 45.8 11.3 9.5
forage plants 12 0.3 0.3 5.2
(total animal foods) (12.8) (19.6) (20.3) 3.2)
grasshopper s 3.2 75 16.6 2.4
bugs 2.8 4.4 0.6 0.1
beetles 4.6 6.3 0.8 0.2
adults:
seeds of weeds 43.64 33.7 30.0 34.3 south Texas/semi-prairie, Lehmann, 1984
seeds of woody 4.03 20.5 39.7 9.5 brushl and
plants 13.2 24.8 0.7 7.2
seeds of grasses 3.7 1.9 8.3 15.4 (% dry volume; crop
cultivated grains, etc. 27.4 4.9 3.4 10.3 contents)
greens 8.03 14.2 17.9 23.3
insects
adults:
seeds of forbs 3.5 19.0 12.0 southwest Campbell-Kissock et al., 1985
seeds of grasses 51.7 42.9 4.9 Texas/grasslands
seeds/fruits of drought condi tions
woody plants 9.7 - 1.4
unidentified seeds 4.6 - 2.3 (% wet volume; crop
green veget ation 4.8 1.8 72.4 contents)
invertebrates 25.8 36.2 6.5
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Northern Bobw hite ( Colinus vir ginianus )

Population Age/Sex/ Range or Note
Dynamics Cond. /Seas. Mean (95% CI of mean) Locat ion/Habitat Reference No.
Home Range summer:
Size (ha/bird) | AB 3.6 lowa/State game area Crim & Seitz, 1972
A M mated 7.6+5.0SD sout h lllinois/idle farms Urban, 1972
A M unmated 16.7 £9.5SD woods, brush, cornfields
A F nesting 6.4+£4.0SD
A F post -nest 15,6 £9.1 SD
(ha/covey) winter:
BB 6.8+2.9SD 40-117 Tennessee/ woods, old fields | Yoho & Di mmick, 1972
cultivated fields
BB 154 12.1-18.6 south lllinois/INS Bartholomew, 1967
Popul ation B B fall 0.21 £0.0031 SE sout h Texas/upland Guthery, 1988
Density rangeland
(N/ha) B B spring 0.10 £ 0.0003 SE
B B fall 0.63 +£0.24 SD 0.28-0.92 south lllin ois/agricultural Roseberry et al., 1979
B B spring 0.24 +0.05 SD 0.18-0.33
B B fall 5.0+0.30 SE sout h Texas/ mixed br ush Guthery, 1988
B B spring 2.2+0.21 SE rangel and
B B winter 0.63+0.18 SD 0.37-0.88 South Carolina/farms, Rosene, 1969
woods
B B winter 225+1.16 SD 0.6-39 Smith et al., 1982
B B winter 3.65+2.22 SD 1.7-7.6 Florida/pine woods
Clutch Size 12.9 4-33 sout h Texas/ prairie, brush Lehmann, 1984
13.7+3.28 SD 6-28 lllinois/agricultural Roseberry & Klimstra, 1984
March 25.0 southwest Georgial/pine Simpson, 1976
August 9.4 woods, farms
Clutches/ Year 1 0-3 NS/NS CKWRI, 1991
Days 23 21-25 sout h Texas/ prairie, brush Lehmann, 1984

Incubation
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Northern Bobw hite ( Colinus vir ginianus )

Population Age/Sex/ Range or Note
Dynamics Cond. /Seas. Mean (95% CI of mean) Locat ion/Habitat Reference No.
Percent Nests 17.5 15.4-19.0 southwest Georgial/pine Simpson, 1976
Successf ul woods, farms
32.6 £+8.1 SD 21.0-52.8 south lllinois/agricul tural Roseberry & Klimstra, 1984

Number Hatch spring/ 12.2 south Texas/semiprairie, Lehmann, 1984
per summer brush
Successf ul March 20.0 southwest Georgial/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 Carolina/lab Jones & Hughes, 1978
Annual AM 78.8 £2.47 SE 64.7 -94.8 Florida/open woods Brownie et al., 1985
Mortality Rates | AF 85.3+2.72 SE 68.4 - 98.6
(percent) JM 81.8+2.46 SE 73.0-93.7

JF 87.2+1.68 SE 67.9-95.8

B B 81 Illinoi s/agricul tural Roseberry & Klimstra, 1984

no hunt ing

B M 52 Florida/pine woods Pollock et al., 1989

BF 56
Longevi ty starting: 9
(months) B Novem ber 10.6 Texas/semiprairie, brush Lehmann, 1984

B October 8.5 central Missour i/NS Marsden & Basket t, 1958
Seasonal Note
Activity End No.
Mating/ Laying March May - June August Florida Bent, 1932

mid-April mid-August south Texas Lehmann, 1984

April mid-May - July September south lllinois Roseberry & Klimstra, 1984
Hatching mid-March May - June mid-September south Texas Lehmann, 1984

late April May - August October sw Georgia, northern Florida | Stoddard, 1931

early May mid-June October Missour i Stanford, 1972a

mid-May

June - August

early October

south lllinois

Roseberry & Klimstra, 1984
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Northern Bobw hite ( Colinus vir ginianus )

Seasonal Note
Activity Begin Peak End Location Reference No.
Molt fall August September October NS Bent, 1932

spring early February | March - April early June sw Geor gia, northern Florida | Stoddard, 1931

1 Metabolized energy requirements of farm-raised birds in captivity: (1) 7 weeks prior to laying (mean weight of hens = 194 g) and (2) during laying

(mean weight of hens =215 g).

Estimated usi ng equat ion 3-28 (Lasiewski and Dawson, 1967) and sum mer body weights from Roseberry and Klimstra (1971).
Estimated using equat ion 3-37 (Nagy, 1987) and sum mer body weights from Roseberry and Klimstra (1971).
Diet of commercial game food wi th only 5 to 10 percent water content; maintained at temperature, humidity, and light cycle typical for Texas.
Gross ener gy intake cal culated from the average vol ume of crop cont ents in shot birds, assuming a 1.5-hour retention period, 2.30 kcal/cm?® for

abwnN

the contents, and const ant foraging throughout the daylight hours, which is likely to overestimate food i ntake.

N e)]

Klimstra (1971).
9 Expected remaining longevi ty for those juvenile quail that survived to the month indicated.

Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights from Roseberry and Klimstra (1971).
Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from Roseberry and Klimstra (1971).
8 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Roseberry and
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2.1.10. American Woodcock (w oodcock and snipe)

Order Charadriformes, Family Scolopacidae. These inland members of the
sandpipe r family have a sto cky build, long bill, and shortlegs. However, their habitats an d
diet are distinct. Woodc ock inha bit primarily woodla nds and a bandone d fields, whereas
snipe ar e found in asso ciation with bogs and f reshwater wetlands. Both species use their
long bills to probe the substrate for invertebrates. The woodc ock and snipe ar e similar in
length, although t he femal e woodc ock weighs al most twice as much as the female snipe.

Selected species

The American woodc ock (Scolopax minor) breeds from sout hern Canada to
Louis iana throughout fo rested regions of th e eastern half of North America. The highe st
breeding de nsities are found in t he northern por tion of this r ange, especially inthe Great
Lakes ar ea of the United States, northern New England, and southern Canada (Gregg,
1984; Owen et al., 1977). Woodc ock winter primarily in the sout heastern United States and
are year-round r eside nts in s ome of th ese areas. Woodc ock are important game animals
over much of their range (Owen et al., 1977).

Body size. Woodc ock are large for sandpipe rs (28 cm bill tip to tail tip), and females
weigh m ore than males (Keppie and Re dmond, 1988). Mostyoung are fullgr own by 5 to 6
weeks after hatching (Gregg, 1984).

Habitat. Woodc ock inha bit both woodla nds and a bandone d fields, particularly thos e
with rich and moderately to poorly drained loamy soils, whic h tend to suppor t abunda nt
earthworm popula tions (C ade, 1985; Owen and Galbraith, 1989; Rabe et al., 1983a). In the
spring, males use early successional open areas and woods openings , interspersed with
low brush and grassy veg etation, for singing dis plays at d awn and dusk (Cade, 1985;
Keppie and Re dmond, 1985). Females nestin brushy areas of secondary growth
woodla nds near their feeding a reas, often near the edge of the woodland or near a break in
the forest canopy (Gr egg, 1984). During the summer, both sexes u se second gr owth
hardwood or early successional mixed hardwood a nd c onif er woodla nds fo r diur nal cover
(Cade, 1985). At night, they move into open pastures and early success ional abandone d
agricult ural fields, including f ormer mal e singing gr ounds , to roost (Cade, 1985; Dunford
and Owen, 1973; Krohn, 1970). During t he wint er, woodc ock us e bottomland hardwood
forests, hardwood t hickets, and upland mixed hardwood a nd conif er forests d uring t he
day. Atnight, they use open areas to some degree, but also forested habitats (Cade, 1985).
Diur nal habitat and nocturnal roosting fields need to be in clos e proximity to be useful for
woodc ock (Owen et al., 1977).

Food ha bits. Woodc ocks feed primarily on invertebrates found in m oist upla nd
soils by probing t he soil w ith their long pr ehensile-tippe d bill (Owen et al., 1977; Sperry,
1940). Earthworms are the preferred diet, but when earthworms ar e not available, other
soil inv ertebrates are consumed (Miller and Causey, 1985; Sperry, 1940; Stribling a nd
Doerr, 1985). Some seeds and other plant matter may also be consumed (Sperry, 1940).
Krohn (1970) found t hat dur ing s ummer most feeding was done in wooded areas prior to
entering fields at night , but other studie s have indi cated that a signif icant 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) found t hat dur ing t he wint er in southern Louis iana, woodc ock
exhibit ed three feeding pe riods : early mo rning (0100 to 0500 hour s) in t he nocturnal
habitat, midday (1000 to 1300 hour s) in t he diur nal habitat, and at dusk (1700 to 2100

hour s) again in t he nocturnal fields; earthworms and millipe des were cons umed in bot h
habitat typ es. Most of the woodc ocks' metabolic water needs are met by their food
(Mendall and Aldous , 1943, as cited in Cade, 1985), but captive birds have been observed
to drink (Sh eldon, 1967). The chicks | eave the nest soon after hatching, but ar e dependent
on the femal e for food for the first week after hatching (Gregg, 1984).

Molt. Woodc ock molt twi ce annually. The prenuptial molt involves body plum age,
some wing c overts, scapula rs, and tertials and oc curs in | ate winter or early spring; the
complete postnuptial molt takes place in July or August (B ent, 1927).

Migration. Fall migration be gins in late September and continue s through
December, often follow ing t he first heavy fr ost (Sheldon, 1967). The migration may take 4
to 6 weeks (Sh eldon, 1967). Some woodc ock wint er in the sout h Atlantic region, while
those that breed west o f the Appalachian Mount ains wint er in Louis iana and ot her Gulf
States (Martin et al., 1969, as cited in Owen et al., 1977). Woodc ock are early sp ring
migr ants, leaving t heir wint ering gr ounds in February and arriving on t heir northern
breeding gr ounds in late March to early April (Gregg, 1984; Sheldon, 1967; Owen et al.,
1977). Dates of woodc ock arrival at their breeding gr ounds var y from year to year
depending on t he timing of sno wmelt (Gregg, 1984). Sheldon (1967) summarizes spring
and fall migr ation d ates by States fr om numerous studies.

Breeding activities and social organization. From their arrival in the spring, male
woodc ock perfor m daily cour tship f light s at dawn and at dus k, defending a si te on the
singing gr ounds in or der to attract femal es for mating (Owen et al., 1977; Gregg, 1984).
Often several males display on a single singing gr ound, with each defending his own
section of th e area. Females construct th eir nests on the ground, usually at the base of a
tree or shrub located in a brushy area adjacent to an opening or male singing gr ound
(Gregg and Hale, 1977; McAuley et al., 1990; Owen et al., 1977). Females are respons ible
for all of th e incubation and care of their brood (Trippe nsee, 1948). The young | eave the
nest soon after hatching a nd can sustain f light by appr oximately 18 days of age (Gregg,
1984).

Home range and resour ces. The home range of woodc ocks encompasses b oth
diur nal cover areas and nocturnal roosting areas and varies in size depending on season
and the distribut ion of feeding s ites and suitable cover. During the day, movements are
usually limited until dus k, when woodc ock fly to nocturnal roost sites. Hudgins et al.
(1985) and Gregg (1984) found s pring and summer diur nal ranges to be only 1 to 10
percent of the total home range. Movement on the nocturnal roost sites also is limited;
however, during winter, woodc ock are more likely to feed and move around at night
(Bortner, pers. comm.). Singing m ales generally r estrict th eir movements mo re than non-
singing m ales, juveniles, and females (Owen et al., 1977).

Popul ation de nsity. The annual singing- ground s urvey conducted by the United
States an d Canada provides information on t he popula tion t rends of woodc ock in the
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northern states an d Canada during t he breeding season (note from B. Bortner, U.S. Fish
and Wildlif e Service, Office of Migrating Bir d Management, to Susan Norton, January 9,
1992). Gregg (1984) summarized results of sever al publis hed singing- ground s urveys and
found estimatesto vary from 1.7 male singing gr ounds per 100 ha in Minne sota (Godfrey,
1974, cited in Gregg, 1984) to 10.4 male singing gr ounds per 100 ha in Maine (Mendall and
Aldous , 1943, cited in Gregg, 1984). Although t his method is appr opriate for assessi ng
popula tion t rends, flus hing s urveys, telemetry, and mark-recapture are better methods fo r
estimating w oodc ock densities because there are variable numbers of femal es and

nons inging m ales asso ciated with active singing gr ounds (Dilw orth, Krohn, Riffenberger,
and Whitcomb pers. comm., cited by Owen et al., 1977). For example, Dwyer et al. (1988)
found 2 .2 singing m ales per 100 ha in a wildlif e refuge in Maine, but wi th mark-recapture
technique s, they found yearly summer densities of 19 to 25 birds per 100 ha in the same
area.

Popul ation dy namics. Woodc ocks attemp t to raise only a single brood ina given
year but may renestifthe initial clutch is destroyed (McAuley et al., 1990; Sheldon, 1967).
In 12 years of study in Wisconsin, Gregg (1984) found 4 2 percent of all n ests to be lost to
predators and another 11 percent lostto 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 Nichols, 1982; Krohn et al.,
1974). Derleth and Sepik (1990) found high a dult su rvival rates (0.88 to 0.90 for both sexes)
between June and Octo ber in Maine, indi cating t hat adult mo rtality may occur primarily in
the winter and early spring. They found low er summer survival rates for young w oodc ock
between fledging a nd migration t han for adult s during t he same mo nths, with most |osses
of young attribut ed to predation.

Similar species (from general references)

. The common s nipe ( Gallin ago gallin ago) is similar in length (27 cm) to the
woodc ock, although light er in weight. Snipe ar e primarily found in
asso ciation with bogs and f reshwater wetlands and feed on the various
invertebrates asso ciated with wetland soils. Snipe breed primarily in bor eal
forest regions and t hus ar e found s light ly north of th e woodc ock br eeding
range, with some areas of overlap in the eastern half of the continent. The
breeding r ange of th e snipe , however, extends westwar d to the Pacific co ast
and throughout mo st of A laska, thus occupying a mo re extensive east-west
range th an the woodc ock.

General references

Cade (1985); Dwyer et al. (1979); Dwyer and Storm (1982); Gregg (1984); National
Geogr aphic So ciety (1987); Owen et al. (1977); Sheldon (1967); Trippe nsee (1948).
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American Woodcock ( Scolo pax minor )

Range or
Age/Sex/ (95% Cl of Note
Factors Cond./Seas. Mean mean) Location Reference No.
Body Weight AM 176 throughout range Nelson & Martin, 1953
) AF 218
A M April 134.6 + 2.9 SE Maine Dwyer et al., 1988
A M May 133.8 £5.8 SE
A M June 151.2+9.5SE
A M summer 145.9 127 - 165 central Massachuset ts Sheldon, 1967
J M summer 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 Marshall (unpubl .) 1
J M fall 164
A Ffall 213
J Ffall 212
at hatching 13.0 Wisconsi n Gregg, 1984
9-16
Egg Weight (g) | atlaying 18-19 Wisconsi n Gregg, 1984
near hatching 14 -16
Chick Growth M 5.1 Maine Dwyer et al., 1982
Rate (g/day) F 6.2
Metabolic Rate | A F basal 115 s Michigan Rabe et al., 1983b 2
(kcal/kg-day)
A M basal 126 estimated 3
A F basal 118
AF free-living 315 s Michigan Rabe et al., 1983b 4
A F nesting 553
A M free-living 313 (148 - 662) estimated 5
A F free-living 296 (140 - 627)
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American Woodcock ( Scolo pax minor )

Range or
Age/Sex/ (95% Cl of Note
Factors Cond./Seas. Mean mean) Location Reference No.
Food Ingestion | A B winter 0.77 0.11-1.43 Loui siana (captive) Stickel et al., 1965
Rate (g/g-day) (earthworm
diet)
Water AM 0.10 estimated 6
Ingestion AF 0.10
Rate (g/g-day)
Inhal ation AM 0.11 estimated 7
Rate (m®/day) AF 0.13
Surface Area AM 314 estimated 8
(cm?) AF 362
Dietary Locat ion/Habitat Note
Compositio n Summer Fall Winter (measure) Reference No.
earthworms 67.8 North America/NS Sperry, 1940
Diptera 6.9
Coleoptera 6.2 (% volume; stomach
Lepidoptera 3.3 contents)
other animals 5.3
plants 10.5
earthworms 58 Maine/fields Krohn, 1970 9
beetle larvae 10
grit (inorganic) 31 (% wet weight; mouth
other organic 1 esophagus, stomach, &
proventriculus cont ents)
earthworms 99+ N Carolina/soy bean fields Stribling & Doer r, 1985
other invertebrates <1 (% wet weight; digestive
tract)
earthworms 87 Alabama/NS Miller & Causey, 1985 10
Coleoptera 11
Hymenopt era 2 (% volume; esophagus
contents)
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American Woodcock ( Scolo pax minor )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Home Range A M inactive 3.1 (median) 0.3-6.0 Pennsy Ivania/mixed forests Hudgins et al., 1985
Size (ha) A M active 73.6 (median) 38.2-171.2 with shrubs and f ields

A M singing 10.5 (median) 4.6-24.1

B B sum mer 32.4+27.6 SD 7 -98 Wisconsi n/woods, open Gregg, 1984

A F with 4.5 areas, brush

brood
Popul ation North Carolina/agricul tural: Connor s & Doerr, 1982
Density B B winter 3.38 untilled soy stubble
(bird s/ha) B B winter 0.20 untilled corn stubble

B B winter 0.034 rebedded cor n fields

nestsin 0.21 (nests/ha) Pennsy Ivania/mixed pine Coon et al., 1982

spring and

0.035 0.026 - 0.046 hardwoods, open fields Dwyer et al., 1988

A M summer 0.056 0.037-0.074 Maine/second gr owth forest,

A F sum mer 0.125 0.108 - 0.143 meadows, and ponds

J B sum mer 0.223 0.190 - 0.250

B B summer
Clutch 4 3-5 throughout range and Bent, 1927
Size habitats

1st clutch 3.8+£0.42 SD Maine/mixed forests, McAuley et al., 1990

2nd clutch 3.0+0.67 SD agricultural fields
Clutches/ 1 but renest if 1st throughout range and McAul ey et al., 1990
Year lost habitats
Percent Nests about 50 Maine/mixed forests, fields McAuley et al., 1990
Hatching
Days 19-21 NS/NS Mendall & Aldous, 1943; 11
Incubation Pettin gill, 1936
Age at 18 - 19 days Wisconsi n/woods, open Gregg, 1984
Fledging areas, brush
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American Woodcock ( Scolo pax minor )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Age at M <1year throughout range and Sheldon, 1967
Sexual F 1year habitats
Matu rity
Annual A M east 65+5.2SD eastern and cent ral United Dwyer & Nichol s, 1982
Mortality A M central 60+ 15 SD States/NS
Rates J M east 80+4.8SD
J M central 64 +12 SD
A F east 51+7.3SD
A F central 47 £9.6 SD
J F east 64 +7.7 SD
J F central 69 +9.4 SD
Seasonal Note
Activity End Reference No.
Mating/Laying early February mid-March Texas Whiting & Boggus, 1982
early April Maine Dwyer et al., 1982
Hatching early February Loui siana Pettingill, 1936 1
late February Virginia Pettin gill, 1936 1
late March Connecticut Pettin gill, 1936 1
mid-April early May early June Massachuset ts Sheldon, 1967
mid-May Maine Dwyer et al., 1982
Molt August to NS/NS Owen & Kr ohn, 1973 12
early
September
Migration
spring mid-February early March leaving North Carolina Connor s & Doerr, 1982
March April arriving in northern range Gregg, 1984
fall October December arriving Nor th Carolina Sheldon, 1967
late mid-December leaving Canada Owen et al., 1977
September
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12

American Woodcock ( Scolo pax minor )

As cited in Sheldon (1967).

Metabolic rate estimated by authors from equation of Aschof f and Pohl (1970).

Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and sum mer body weights from Nelson and M artin (1953).

Estimate of free-living metabolism based on ener gy budget model. Metabolism during nesting estimated for peak needs dur ing eg g-laying.
Estimated using equat ion 3-37 (Nagy, 1987) and sum mer body weights from Nelson and M artin (1953).

Estimated using equat ion 3-15 (Calder and Braun, 1983) and sum mer body weights from Nelson and M artin (1953).

Estimated using equat ion 3-19 (Lasiewski and Calder, 1971) and sum mer body weights from Nelson and M artin (1953).

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and sum mer body weights from Nelson and
Martin (1953).

Grit com prised only 14 percent of total digestive tract contents volume.

Shoul d provide a more accur ate estimate of proportion of soft-bodi ed earthworms consum ed than woul d including ot her portions of the digestive
tract.

Cited in Trippensee (1948).

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 sp ecies of shor ebirds, e.g., sandpipe rs, tattl ers, knots, godw its, curlews,
yellow legs, will ets, and dowitchers. Those known as sandpipe rs tend t o be small with
moderately long le gs and bills . Most sandpipe rs forage on sandy b eaches and mudflats; a
few utilize upland areas. They feed almost excl usively on small invertebrates, either by
probing int o or gleaning f rom th e subs trate. Most sp ecies are highly migr atory, breeding in
arctic and subarctic regions and e ither wint ering along t he coasts or in southern latitudes
and the sout hern hemisphere; therefore, many are only p assag e migrants th roughout mo st
of the United States. Scolapids r ange in size from th e least sandpipe r (11.5 cm billtip to
tail tip) to the long- bille d curlew (48 cm).

Selected species

The spotted sandpipe r (Actitis macu laria) (19 cm) is a very common summer
resident of freshwater and saltwater bodie s throughout mo st of th e United States. These
sandpipe rs are most often encount ered singly but may form smal |l flocks. Most winter in
the neotropics.

Body size. Females (approximately 50 g) are signif icantly larger than males
(approximately 40 g) (Oring and Lank, 1986).

Habitat. Spotted sandpipe rs breed along t he edges of bodie s of water, usually in
open habitats, from the northern border of the boreal forest acr oss North America, south to
the central United States (Oring and Lank, 1986). They requir e open water for bathing and
drinking, semi-open habitat for nesting, and de nse vegetation f or breeding ( Bent, 1929;
Oring et al., 1983).

Food ha bits. In coastal areas, spotted sandpipe rs search the beach and muddy
edges of inlets and creeks, wading | ess fr equently than most sa ndpipe rs; inland they feed
along t he shor es of sandy ponds and a Il types of str eams, sometimes str aying int 0
meadows, fields, and gardens in agricultural areas (Bent, 1929). Their dietis composed
primarily of terrestrial and marine insects (B ent, 1929). While adult fl ying in sects co mprise
the bulk of th e diet, crustaceans, leeches, mollu scs, small fish, and carrion also are eaten
(Oring et al., 1983). Young feed themselves immediately after hatching, conc entrating on
small invertebrates (Oring and Lank, 1986). During in sect o utbreaks, sandpipe rs will
forage in woode d areas near water, and they have been observed eating e ggs and f ish on
occasion (Oring, pers. obs.).

Molt. Partial prenuptial molt of body plumage occurs in March and April, while th e
pos tnupt ial molt begins by August with the body feathers and ends anywh ere from Octo ber
to April with the loss of th e primary flight feathers (Bent, 1929).

Migration. Spotted sandpipe rs generally migr ate in small flocks o r solit arily

(Nationa | Geogr aphic So ciety, 1987). They winter from southern United States to northern
Chile, Argentina, and Uraguay (Oring and Lank, 1986), and breed across North
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America, north from Virginia and s outhern Calif ornia (Nationa | Geogr aphic So ciety, 1987).
In the spring, females arrive at th e breeding gr ounds ear lier than males (in one study , by
about 2 weeks; Oring and Lank, 1982).

Breeding activities and social organization. The primary cons ideration f or nesting
sites is proximity to water, and spotted sandpipe rs have been known to build t heir ground
nests i n such diverse condit ions as de pressions in volcanic r ock and strawberry patches
(Bent, 1929). Spotted sandpipe rs are poly androus (i .e., a single female lays eggs for
mult iple mal es), with males supply ing m ost of th e incubation a nd parental care (Oring,
1982). Thus reproductionis limited by the number of mal es present (Lank et al., 1985).
Spotted sandpipe rs lay a determinate clutch of four eggs. Females may | ay sever al
clutches in a year, often a dozen eggs per season (Maxson and Oring, 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 (Oring et al., 1986). Females so metimes incubate and
brood w hen another male is not available (Maxson and Oring, 1980). Parents brood small
chicks an d protect th em with warning c alls or by distracting or attack ing pr edators (Oring
and Lank, 1986).

Home range and resour ces. Although a var iety of veg etation types are used, nests
usually are placed in semi-open vegetation ne ar the edge of a lake, river, or ocean (Oring et
al., unpubl. , as cited in Oring et al., 1983; McVey, pers. obs.). The suitabilit y of n esting
habitat var ies from year to year in some locations due to levels of precipit ation a nd
predators (Oring et al., 1983).

Popul ation de nsity. Spotted sandpipe r nesting de nsities have been studied well at
only one location, on Lit tle Pelican Island, Leech Lake, Minne sota. At this location,
densities ranged from 4 to 13 females per hectare and 7 to 20 males per hectare over a 10-
year period, depending on weather and other condit ions (Or ing et al., 1983).

Popul ation dy namics. Females may lay one to six clutches for differ ent males over
one season (Oring et al., 1984), averaging 1.3 to 2.7 mates p er year (Oring et al., 1991b).
Female mating and reproduc tive success i ncrease with age, but male success d oes not
(Oring et al., 1991b). Lifetime reproductive success i s most affected by fledging s uccess
and longe vity for both males and females (Oring et al., 1991a).

Similar species (from general references)

. The solit ary sandpipe r (Tringa solitaria) is usually seen singly in freshwater
swamp s or rivers. Present over much of the United States d uring annual
migr ations , this average-sized sandpipe r (18 cm) wi nters along t he sout heast
and Gulf coasts.

. The wester n sandpipe r (Calidris mauri) is a small s andpipe r (13 cm),

common on mudflats and sandbars, th at wint ers on bot h the Atlantic and
Pacific shores of the United States.
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. The least sandpipe r (Calidris minutilla), the smallest of this group (11 cm), is
common in w inter on salt marshes and muddy shor es of rivers and estuaries
in coastal areas across th e United States.

. The semipalmated sandpipe rs (Calidris pusilla) are small birds (13 cm) seen
in the United States p rimarily during migration a nd rarely wint ering on
Florida co asts.

. Most other memb ers of the family Scolopacidae forage by gleaning.

General references

Oring and Lank (1986); Lank et al. (1985); National Geogr aphic So ciety (1987); Oring
et al. (1991a, 1991b).
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Spotted Sandpiper ( Actitis macularia )

Age/Sex/ Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight A F spring 47.1 43 -50 Minnesot a island Maxson & O ring, 1980
(9) A M spring 37.9 34 -41
Metabolic Rate | AF pre-breed 404 - 787 Minnesot a Maxson & O ring, 1980 1
(kcal/kg-day) A F laying 383 -745

AF 368

incubating 440

A M pre-breed | 303

AM

incubating 425

A M brooding

436 (202 - 937) estimated 2

A F free-living | 460 (213 - 994)

A M free-living
Food Ingestion 3
Rate (g/g-day)
Water AF 0.16 estimated 4
Ingestion AM 0.17
Rate (g/g-day)
Inhal ation AF 0.039 estimated 5
Rate (m®/day) A M 0.033
Surface Area AF 131 estimated 6
(cm?) A M 113
Dietary Location/Habitat Note
Composition Spring Summer Fall Winter (measure) Reference No.
mayflies v Minnesot a/island in lake Maxson & O ring, 1980
midges v
Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Territory approx. 0.25 NS/NS Maxson & O ring, 1980

Size (ha)
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Spotted Sandpiper (

Actitis macularia )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Popul ation A F sum mer 10 3.8-125 Minnesot a/island in lake Oring et al., 1983
Density (N/ha) A M summer 13.9 7.5-20.0
Clutch Size 4 3-5 NS/NS Bent, 1929; Oring et al., 1983 7
Clutches/Year 1-6 Minnesota/NS Oring et al., 1983
Days 18to 24 NS/NS Oring, unpubl ished
Incubation
Age at approximately NS/NS Oring et al., 1991a
Fledging 18 days
Number 1.83 0.58-2.76 Minnesotalisland in lake Oring et al., 1984
Fledge per
Nest That
Hatches
Number 2.58 1.67-2.91 Minnesotalisland in lake Oring et al., 1984
Fledge per
Successf ul
Nest
Age at F 1year Minnesotalisland in lake Oring et al., 1983
Sexual M 1year
Matu rity
Annual F approx. 31 Minnesot a/island in lake Oring et al., 1983; Oring &
Mortality M approx. 30 Lank, 1982; Oring,
Rates (percent) unpubl ished
Longevi ty AF 3.7 years Minnesot a/island in lake Oring et al., 1983
Seasonal Note
Activity End No.
Matin g early May late May - early Minnesota Lank et al., 1985
June
Hatching early June late June Minnesota Lank et al., 1985
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Spotted Sandpiper ( Actitis macularia )

Seasonal Note
Activity Begin Peak End Location Reference No.
Molt fall August October NS Bent, 1929
spring March - April Bent, 1929
Minnesota Lank et al., 1985
late June early - mid-July
early July mid-July
1 Estimated by authors; allometric model not specified.
2 Estimated using equat ion 3-37 (Nagy, 1987) and body weights from Maxson and Or ing (1980).
3 See Chapters 3 and 4 for methods of estimating food i ngestion rates; also see Section 4.1.3 and Tabl e 4-4 for sediment ingestion rates for
sandpi pers.
4  Estimated using equation 3-15 (Calder and Braun, 1983) and body weights from Maxson and Or ing (1980).
5 Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from Maxson and Or ing (1980).
6 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Maxson and Oring
(1980).
7 Spotted sandpi pers are determinate layers, with a clutch size of four eggs. Clutches with fewer eggs are not complete or have lost eggs; larger

clutches ar e the result of more than one female laying in a nest.
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2.1.12. Herring Gull (gulls)

Order Charadriif ormes, Family Laridae. Gulls ar e medium - to large-sized sea birds
with long point ed wings , a stout , slight ly hook ed bill, and webbed feet. They are abunda nt
in temp erate coastal areas and throughout th e Great Lakes. Although gulls may feed from
garbage dumps and la ndfills, most take natural prey. Gulls n est primarily in colonie s,
although s ome of th e larger sp ecies also nest solitarily. Many popula tions migr ate
annually b etween breeding and wintering areas. North American gull s pecies range in size
from Bonaparte's gull (33 cm bill tip to tail tip) to the great black-backed gull (76 cm).

Selected species

The herring gull ( Larus argentatus) (64 cm) has the largest range of any North
American gull, from Newfoundla nd south to the Chesapeake Bay along t he north Atlantic
and west th roughout th e Great Lakes into Alaska. Along t he Pacific coast, the similar-sized
wester n gull (L. occidentalis) is th e ecologic al equiv alent of th e herring gull. Both species
take primarily natural foods, especially fi sh, although s ome indiv iduals of both species
forage around f ishing ope rations and la ndfills (Pi erotti, 1981, 1987; Pierotti and Annett,
1987). The increase in number of herring gulls in this cen tury has been attributed to the
inc reasing a bunda nce of year-round f ood s upplie s found in la ndfills (D rury, 1965; Harris,
1970); however, birds specializing on ga rbage have such low reproductive success th at
they cannot r eplace themselves in the popula tion ( Pierotti and Annett, 1987, 1991). An
alternative explanation of th e species' expansion is th at cessation of taking of gulls by the
feather indus try in t he late 1800's has allow ed gull num bers to return to pre-exploitation
levels (Graham, 1975).

Body size. Adult females (800 to 1,000 g) are signif icantly smaller than males (1,000
to 1,300 g) in both the herring gull ( Greig et al., 1985) and the wester n gull ( Pierotti, 1981).
Chicks g row from their hatching w eight of about 60 to 70 g to 800 to 900 g within 30 to 40
days, after which time their weight 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 g©(0.08(t-14.8) for females, and
BW = 1193 g(0075(t-16.3) for males,

where BW equals body weight in grams and t equals days after hatching. Adults show
seaso hal variation in body weight (Couls on et al., 1983; Norstrom et al ., 1986).

Habitat. Nesting c olonie s of herring gulls alongt he northeastern coast of the United
States ar e found pr imarily on sandy or rocky o ffsh ore or barrier beach islands (Kadlec and
Drury, 1968). In the Great Lakes, they are found ont he more remote, seclude d, and
protected islands and shorelines of the lakes and their conne cting r ivers (Weseloh, 1989).
Smaller colonie s or isolated pairs also can be found in ¢ oastal marshes (Burger, 1980a),
penins ulas, or cliffs along seacoasts, lakes, and rivers (Weseloh, 1989), and occasionally in
inland areas or on buildings or piers (Harris, 1964). Gulls ar e the most abunda nt seabir ds
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offshor e from fall t hrough s pring, and are only found pr edominantly inshore during the
breeding season in late spring and summer (Powers, 1983; Pierotti, 1988). Gulls fo rage
predominantly offshor e, within 1 to 5 km of th e coast (Pierotti, 1988). In all seasonsthe
num ber of birds feeding a t sea outhumber those feeding ins hor e (data from Powers, 1983;
Pierotti, pers. comm.). Inshore, herring gulls fo rage primarily in int ertidal zone s but al so
search for food in wet fi elds, around | akes, bays, and rock jetties, and at landfills in some
areas (Burger, 1988). In Florida, herring gull pr esence at landfills is restricted to the winter
months (December through A pril) and may co nsist primarily of first-year birds that
migrated from more northerly popula tions (e. g., from th e Great Lakes) (Patto n, 1988).

Food ha bits. Gulls feed on a variety of foods depending on availa bilit y, inc luding
fish, squid, crustacea, molluscs, worms, insects, small mammals and birds, duck and gull
eggs and chicks, and garbage (Bour get, 1973; Burger, 1979a; Fox et al., 1990; Pierotti and
Annett, 1987). Gulls fo rage on ope n water by aerial dipping a nd s hallow diving around
conc entrations of prey. At sea, such concentrations o ften are associated with whales or
dolphins , other seabir ds, or fishing bo ats (McCleery and Sibly, 1986; Pierotti, 1988). In the
Great Lakes, concentrations of sp ecies such as alewife occur seasonally (e.g., when
spawning) (Fox et al., 1990). Gulls al so forage by stealing f ood from other birds and by
scave nging a round hum an refuse sites (e.g., garbage dumps, fish plants, docks, and
seaside parks) (Burger and Gochfeld, 1981; 1983; Chapman and Parker, 1985). Individual
pairs of gulls may sp ecialize predominantly on a single typ e of food; for example, three
quarters of a popula tion of herring gulls in Newfoundla nd were found t o specialize either
on blue mu ssels, garbage, or adults of Leach's sto rm-petrel, with 60 percent of the
specialists co ncentrating on m ussels between 0.5 and 3 cm in length (Pierotti and Annett,
1987; 1991). Diet choices may ch ange with the age and experience of adult birds as well as
with availabilit y of prey (Pierotti and Annett, 1987; 1991). Females take smal ler 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 region. Adult gulls so metimes attack an d eat chicks of
neighbor ing gulls or other species of seabird (Brown, 1967; Schoen and Morris, 1984).
Juveniles up to 3 years of age forage less effi ciently than adults (Greig et al., 1983;
MacLean, 1986; Verbeek, 1977). In the Great Lakes, herring gulls ' high ¢ ons um ption of
alewife dur ing t heir spawn may result in high e xpos ures of th e gulls to lipophilic
contaminants th at biomagnify (Fox et al ., 1990).

Metabolism. Norstrom et al. (1986) have esti mated an annual energy budget for
free-living female herring gulls th at breed in the Great Lakes and an annual energy budge t
for free-living juv enile herring gulls in the Great Lakes in their first year. Between
September and March, the nonbr eeding season, they esti mate th at adult femal es requir e
250 to 260 kcal/day. Follow ing a dip in e nergy requir ements to 210 kcal/day when the male
feeds the female during c ourtship, the female's needs increase to peak at 280 kcal /day for
egg pr oduc tion, then fall to approximately 210 kcal /day during inc ubation. The energy
requir ed to forage for food f or the chicks i s substantial, rising t hrough J uly to peakin
August at 310 to 320 kcal/day, then declining a gain unt il Septemb er when feeding c¢ hic ks
has ceased . These estimates co mpare well with those derived from Nagy's (1987) equation
to estimate fr ee-living metabolic r ates for seabirds, except that the energy peaks r equir ed
to produce eggs and to feed chicks ar e notincluded in Nagy's model. Readers int erested
in the metabolic r ates of first-year herring gulls ar e referred to Norstrom et al. (1986). Ellis
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(1984) provides an overview of seabird energetics and additional dis cussion of appr oaches
and models for estimating metabolic r ates of free-ranging seabir ds.

Molt. Gull c hicks ar e downy gray with dark brown spotting and molt into a dark-
gray or brown mottled juvenile plumage. Atthe end of th e first year, portions of the
plumage have paled, and by the second year, gray plum age develops alongt he back and
top of wings . By their thir d year, young gulls r esemble dirty adults, and t hey acquir e their
full a dult plumage by 4 years (Harrison, 1983; Kadlec and Drury, 1968). Adult gulls, at least
in some popula tions , begin t heir primary feath er molt during inc ubation a nd complete the
molt by mid- to late fall (Couls on et al., 1983). They molt and replace the large body
feathers from mid-summer to early fall (Couls on et al., 1983).

Migration. Herring gull popula tions along t he northeast co ast of North America tend
to be migr atory, while adult herring gulls of the Great Lakes ar e year-round r eside nts.
Along t he wester n North Atlantic, most herring gulls ar rive on t heir breeding gr ounds
between late February and late April. They remain until late August or early September
when they leave for their wintering gr ounds along t he Atlantic and G ulf co asts or well
offsh ore (Burger, 1982; Pierotti, 1988). Adult and olde r suba dult herring gulls inthe Great
Lakes area are essentially nonmigratory (Mineau et al., 1984; Weseloh et al., 1990). Thus,
in contrast to other fish-eating bir ds in the Great Lakes system th at migrate south in the
wint er, herring gulls ar e expos ed to any contaminants th at may b e in Great Lakes' fish
throughout th e year (Mineau et al., 1984). Postbreeding dis persal away fr om breeding
colonie s begins in late July and ends in August, with all ages traveling s hort distances.
Great Lakes herring gulls | ess than a year old us ually migr ate to the Gulf or Atlantic co ast
(Smith, 1959; Mineau et al., 1984), traveling along r iver systems an d the coast (Moore,
1976).

Breeding activities and social organization. Gulls n est primarily in colonie s on
offsh ore islands, and nest density is strongly affected by popula tion s ize (Pierotti, 1981;
1982; 1987). Typically, males arrive at th e breeding gr ounds fi rst and establis h territories.
Both sexes build t he nest of veg etation on t he ground in a reas that are sheltered from wind
but may b e exposed to the sun (Pierotti, 1981; 1982). Males feed females for 10 to 15 days
prior to the start of egg laying (Pierotti, 1981). From the laying of th e first egg until the
chicks ar e 3 to 4 weeks old, one or both parents will be present at all times (Tinbergen,
1960). Males perform most ter ritorial defense, females perform most incubation, and bot h
parents feed the chicks until they are at least 6 to 7 weeks old (Burger, 1981; Pierotti, 1981,
Tinbergen, 1960). All gulls ar e strongly monoga mous ; pair bonds can persist for 10 or
more years and usually only ar e terminated by the death of a mate or failur e to reproduc e
successf ully (T inbergen, 1960). Males may b e promiscuous in popula tions wi th more
females than males (Pierotti, 1981). Herring gull c olonie s often are found in association
with colonie s of other species, including ot her gulls (Bour get, 1973; Brown, 1967). In some
nesting c olonie s, gulls attack ch icks o f neighbor ing gulls and ot her species (Brown, 1967;
Schoen and Morris, 1984).

Home range and resour ces. During t he breeding season, herring gulls d efend a
territory of sever al tens of square meters around t he immed ate vicinity of the nest (Burger,
1980b). Their daily foraging r ange depends on the availabilit y of prey and on t he foraging
strategy, age, and sex of the gull. Using r adiot elemetry on gulls in the Great Lakes, Morris
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and Black (1980) d emonstr ated that some parents with chicks fo rage at sp ecific locations
within 1 km of th e colony wh ereas other parents make exten ded flight s to destina tions
across a lake more than 30 km away. Similarly, gulls th at feed at sea may r ange tens of
kilometers from their nest wh ereas gulls fr om th e same colony feeding int he intertidal
zone may travel less than 1 km (Pierotti and Annett, 1987; 1991). Males typically range
farther than females and take larger prey items (Pi erotti and Annett, 1987; 1991). At sea
during the nonbr eeding season, gulls may range hundr eds of kilo meters during a day
(Pierotti, pers. comm.).

Popul ation de nsity. As described above, popula tion de nsity is d etermined by
available nesting s pace, size of the breeding popula tion, and quality of habitat. Small
islands wi th good feeding a reas nearby can have sever al hundr ed nests p er hectare
(Kadlec, 1971; Parsons, 1976b; Pierotti, 1982). In poor quality habitat, some pairs nest
solit arily wi thout anot her nest for several kilometer s (Weseloh, 1989).

Popul ation dy namics. Herring gulls and wester n gulls usually do not begin
breeding unt il at least 4 year s of age for males and 5 years of age for females (Burger,
1988; Pierotti, 1981; Pierotti, pers. comm.). Kadlec and Drury (1968) suggestthatin a given
year, 15 to 30 percent of adult s of breeding age do not breed. Most breeding females
produce three-egg clutches, but indiv iduals in poor condit ion may lay only one or two eggs
(Parsons, 1976a; Pierotti, 1982; Pierotti and Annett, 1987; 1991). Herring gulls will la y
replacement eggs if all or a portion of th eir original clutch is destroyed (Parsons, 1976a).
Hatching s uccess ap pears to be influenced by femal e diet, with garbage specialists
hatching a smaller percentage of eggs than fish or intertidal (mussel) specialists (Pi erotti
and Annett, 1987, 1990, 1991). Predation, often by gulls of the same or other species, also
contributes to egg losses (Payn ter, 1949; Harris, 1964; Davis, 1975). Many herring gull
chicks th at hatch die before fledging, most within t he first 5 days after hatching (Harris,
1964; Kadlec et al ., 1969; Brown, 1967). Adult mo rtality is low (ar ound 1 0 percent per year),
and some birds may live up to 20 years (Brown, 1967; Kadlec and Drury, 1968). Subadult
bir ds exhibit highe r mortality (20 to 30 percent per year) (Kadlec and Drury, 1968; Chabrzyk
and Couls on, 1976).

Similar species (from general references)

. The wester n gull ( Larus occidentalis) (64 cm), found on t he Pacific coast of
the United States, is the ecologic al equiv alent of th e herring gull a nd 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 hyperboreus) is larger (69 cm) th an the herring gull
and is th e predominant gull br eeding in t he high arctic. Birds from Alaska
are slight ly smaller than birds from easter n Canada.

. The glaucous-winge d gull ( Larus glaucescen s) is similar in size to the
herring gull (66 cm) and is the primary breeding s pecies nor th of the
Colum bia River. This sp ecies hy bridize s extensively with the herring gull in
Alaska.
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J The California gull ( Larus californicus) is smaller (53 cm) th an the herring
gull. This sp ecies breeds primarily inthe Great Basin Desert and winters
along t he Pacific coast.

. The great black-backed gull (Larus marinus) is the largest sp ecies of gull (76
cm) in North America and breeds from Labrador to Long Is land.

. The ring- bille d gull ( Larus delawarensis) is of aver age size (45 cm) and is the
most common br eeding gull int 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 general inf ormation: Harrison (1983); National Geogr aphic So ciety (1987);

Tinbergen (1960); Graham (1975). For discussion of diet: Burger (1988); Fox et al. (1990);
Pierotti (1981); Pierotti and Annett (1987).
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Herring Gull ( Larus ar gentatus )

Age/Sex Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight A F spring 951 + 88 SD Lake Huron Norstrom et al., 1986
(9) A M spring 1,184 +116 SD

A F sum mer 999 + 90 SD 832-1,274 Newfound! and Threlfall & Jewer, 1978

A M summer 1,232 +107 SD 1,014 -1,618

at hatching 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 Newfoundl and/rocky island Pierotti, 1982 1

30 days old 818 + 99 SD Newfoundl and/grassy island
Chick Growth <5days 8.8-13.1 Newfoundl and/island Pierotti, 1982
Rate (g/day) 5-30 days 26.3+6.5SD Newfoundl and/island Pierotti, 1982

meadow

5-30 days 33.4+4.7SD Newfoundl and/rocky island Pierotti, 1982

5-25 days 30.2+1.75 SD 26.7-31.4 Maine/coastal island Hunt, 1972
Egg Weight (g) | 3 eggclutch 87.2 New Brunsw ick Herbert & Barclay, 1988

2 egg clutch 85.7

in 1983 92.0+£5.9SD Lake Superior, Canada Meathrel et al., 1987

in 1984 98.0 £ 8.0 SD
Metabolic Rate | A M basal 86 estimated 2
(kcal/kg-day) A F basal 91

A standard 99 laboratory Lustick et al., 1978

A M free- 233 (84 - 646)

living

A F free- 248 (92 - 669) estimated 3

living

Also see text for a discussi on of annual variation in free-living m etabolic rate in herring gul |s.
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Herring Gull ( Larus ar gentatus )

Age/Sex Range or Note
Factors Cond./Seas. Mean (95% CI of mean) Location Reference No.
Food Ingestion [ A M breeding 0.20 Newfoundl and - Pierotti & Annett, 1991 4
Rate (g/g-day) A F breeding 0.21 diet of mussels
A M breeding 0.19 Newfoundl and - Pierotti & Annett, 1991 5
A F breeding 0.18 diet of garbage
Water AM 0.055 estimated 6
Ingestion Rate | AF 0.059
(9/g-day)
Inhalation Rate | AM 0.48 estimated 7
(m®/day) AF 0.41
Surface Area AM 1,150 estimated 8
(cm? AF 1,001
Dietary Locat ion/Habitat Note
Composition Summer Summer Summer Summer (measure) Reference No.
months: Mid-May/ Mid-June/ Mid-July/ Newfoundl and/island Haycock & Thr elfall, 1975
Mid-June Mid-July Mid-Aug.
Mytilus edulis 30.9 0.9 9.1 (% occurrence in
sea urchin 5.8 0.0 4.5 regurgitations and
fish 11.4 71.1 18.9 pellets)
Oceanodr oma 22.4 7.0 15.9
leuchor hoa
Fratercula arctica 5.8 0.0 15
adults
Fratercula, Uria 0.0 35 9.1
chicks
Larus sp. eggs 31 0.9 0.8
Vaccinum - 9.9
angust ifolium
Gadus morhua 12.4 1.7 14.4
offal
assor ted refuse 5.8 0.9 6.8
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Herring Gull ( Larus ar gentatus )

Dietary Locat ion/Habitat Note
Composition Summer Summer Summer Summer (measure) Reference No.
year: 1978 1979 1980 1981 Lake Ontario Fox et al., 1990
American sm elt 46.1 18.4 61.2 57.8
alewife 23.1 73.7 16.7 234 (% occur rence in
other fish 20.5 0 34 3.1 regurgitations from and
birds 2.6 2.6 13.8 6.2 stomach cont ents of
voles 2.6 2.6 34 9.4 incubat ing adul ts)
insects & refuse 12.8 0 3.4 0
lake: Ontario Erie Huron Superior Great Lakes Fox et al., 1990
fish 91.8 94.1 75.8 38.6
insects 5.5 5.9 5.6 42.1 (% occur rence in boli
offal, garbage 0.5 2.9 13.6 21.0 regurgitated by chicks)
gull chicks 2.2 0 1.0 0
adult birds 1.6 0 1.0 35
amphibians 0.5 0 0 0
earthworms 2.2 0 11.6 1.7
crayfish 0 0 0.5 0
shails 3 CA,FL,NY,NJ,TX/ Burger, 1988
crabs 14 coastal
garbage 27
offal 5 (% of gulls feeding on i tems)
worms 23
other inverts. 28 offshore feeding on fish was
fish unknown not included i n obser vations
Population Note
Dynamics Reference No.
Foraging AM 10to 15 3-50 NS/coastal Pierotti, pers. comm.
Radius (km) AF 5to 10 3-25
Popul ation summer 227 138 - 350 Massachuset ts/coastal Kadlec, 1971
Density islands
(nests/ha)
summer 217 Newfoundl and/island - rocky [ Pierotti, 1982
75 Newfoundl and/island - Pierotti, 1982
grassy slope
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Herring Gull ( Larus ar gentatus )

Population Age/Sex/ Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Clutch 2.78 2.51-2.90 New Jersey/salt marsh Burger, 1979b
Size (over 8 sites) islands

2.54 1-6 NE United States/coast al Nisbet & Drury, 1984

(per nest)
2.38 23-28 Maine/coastal islands Hunt, 1972
(over 11 years)
2.84 £0.44 SD Lake Superior, Canada/ Meathrel et al., 1987
islands
Clutches/ Year 1 1-2* (* if first eggs | ost) Burger, 1979a; Bour get, 1973
Days 30.5 28 -33 Holland/NS Tinbergen, 1960
Incubation 29 Newfound! and/island Pierotti, 1982 9
Age at 51 35-44t056-61 Massachuset ts/coastal Kadlec et al., 1969
Fledging 43 31to 52 island Paynter, 1949
(days) New Brunswick/island
Number 3 colonies 1.42 1.40-1.44 New Jersey/coastal Burger & Shisler, 1980
Fledge
per 6 colony-yrs 1.65 1.40-2.13 Lake Ontario/lakeshor e Mineau et al., 1984
Active Nest 3 colony-yrs 1.78 1.62-2.10 Lake Erie/lakeshor e (minimum and maximum are
6 colony-yrs 2.19 2.16-2.25 Lake Hur on/lakeshor e yearly means)
Number 3 colonies 1.80 1.79-1.80 New Jersey/coastal Burger & Shisler, 1980
Fledge per
Successf ul
Nest
Age at F 5years throughout range/NS Greig et al., 1983; Pierotti,
Sexual M 4 -5 years pers.comm.
Matu rity
B 4310 5.8 3-8 Scotland/coastal Coulson et al., 1982

Annual AB 8 New Engl and/coast al Kadlec & Drury, 1968
Mortality Rates | J B 22 17 -33
(percent) AB 7.3 Scotland/coast al Chabryzk & Coul son, 1976
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Herring Gull ( Larus ar gentatus )

Population Age/Sex/ Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Longevi ty AB 10 up to 30 years NS/NS Pierotti, pers. comm.
Seasonal Note
Activity End Location Reference No.
Mating/ late April early May early June ne shor e Lake Super ior Morris & Hay mes, 1977
Laying early May mid-May early June Maine Bourget, 1973
early May mid-May mid-June New Jersey Burger, 1977, 1979b
early May late May end May Newfoundl and Pierotti, 1982
Hatching mid - late May Great Lakes Fox et al., 1990
May June July Massachuset ts Kadlec, 1971
early June mid-June end June Newfoundl and Pierotti, 1982, 1987
late June late June mid-July New Brunsw ick Paynter, 1949
Migration
spring February late April northwestern Atlantic Burger, 1982
popul ations
fall August September
Molt June July August Newfoundl and Pierotti, pers. comm.
1 Weight of chicks from first egg laid in 1978 for the rocky island and in 1977 for the grassy area. In some years and som e loc ations, chicks from
the first egg were heavier than the rest, and at other times and | ocations, the first chick was lighter.
2 Estimated using equat ion 3-29 (Lasiewski and Dawson, 1967) and body weights from Threlfall and Jewer (1978).
3 Estimated using equat ion 3-38 (Nagy, 1987) and body weights from Threlfall and Jewer (1978).
4  Estimated using 11.2 meals of mussel consum ed per day per pair, weight of 80 g per mussel meal of which half is shell and not includedin
ingestion rate, assum ing that the female account s for 46 percent of pair's energy requirement and the male account s for 54 percent, and usi ng
the body weights of Threlfall and Jewer (1978).
5 Estimated using 4.2 meals of garbage consum ed per day per pair, weight of 100 g per garbage meal, assuming that the female acc ount s for 46
percent of pair's energy requirement and the male account s for 54 percent, and usi ng the body weights of Threlfall and Jewer (1978).
6 Estimated using equation 3-15 (Calder and Braun, 1983) and body weights from Threlfall and Jewer (1978).
7 Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from Threlfall and Jewer (1978).
8 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Threlfall and Jew er
(1978).
9 Beginning with first egg.



References (including A ppendix)

Belopol' skii, L. O. (1957) (Ecology of sea colony birds of th e Barents Sea). Translated by:
Israel Program for Scientific Translations , Jerusalem (cited in Dunning, 1984).

Bour get, A. A. (1973) Relation of eide rs and gulls n esting in m ixed colonie s in P enobs cot
Bay, Maine. Auk 90: 809-820.

Brown, R. G. (1967) Breeding s uccess an d popula tion gr owth in a colony of herring gulls
and lesser black-backed gulls Larus argentatus and L. fuscus. Ibis 109: 502-515.

Burger, J. (1977) Nesting be havior of herring gulls : invasion int o Spartina salt mar sh areas
of New Jersey. Condor 79: 162-169.

Burger, J. (1979a) Competition and pr edation: herring gulls ver sus laughing gulls . Condor
81: 269-277.

Burger, J. (1979b) Colony size : a test fo r breeding s ynchrony in herring gull ( Larus
argentatu s) colonie s. Auk 96: 694-703.

Burger, J. (1980a) Nesting adaptation of herring gull ( Larus argentatus) to salt marshes and
storm tides. Biol. Behav. 5: 147-162.

Burger, J. (1980b) Territory size differences in relation t o reproduc tive stage and typ e of
intruder in herring gulls ( Larus argentatus). Auk 97: 733-741.

Burger, J. (1981) On becoming inde pendent in herring gulls : parent-young c onflict. Am.
Nat. 117: 444-456.

Burger, J. (1982) Herring gull. In: Davis, D. E., ed. CRC handbook of cen sus methods fo r
terrestrial vertebrates. Boca Raton, FL: CRC Press; pp. 76-79.

Burger, J. (1988) Foraging be havior in gulls : differences in method, prey, and ha bitat.
Colonia | Waterbirds 11: 9-23.

Burger, J.; Gochfeld, M. (1981) Age-related differences in piracy behavior of four species of
gulls, Larus. Behaviour 77: 242-267.

Burger, J.; Gochfeld, M. (1983) Behavior of nine avi an species at a Florida garbage dump.
Colonia | Waterbirds 6: 54-63.

Burger, J.; Shisler, J. (1980) The process of colony fo rmation a mong he rring gulls Larus
argentatu s nesting in Ne w Jersey. lbis 122: 15-16.

Calder, W. A.; Braun, E. J. (1983) Scaling of osmotic regulationin mammals and birds. Am.
J. Physiol. 244: R601-R606.

2-167 Herring G ull



Chabrzyk, G.; Coulson, J. C. (1976) Survival and recruitmentin the herring gull Larus
argentatus. J. Anim. Ecol. 45: 187-203.

Chapman, B.-A.; Parker, J. W. (1985) Foraging areas, technique s, and s chedule s of
wint ering gulls on southeastern Lake Erie. Colonia | Waterbirds 8: 135-141.

Coulson, J. C.; Duncan, N.; Thomas, C. (1982) Changes in the breeding biology of the
herring gull ( Larus argentus) induc ed by reduction in s ize and de nsity of th e colony .
J. Anim. Ecol. 51: 739-756.

Coulson, J. C.; Monaghan, P.; Butterfield, J.; et al. (1983) Seasonal changes in the herring
gullin Br itain: weight , moult and m ortality. Ardea 71: 235-244.

Davis, J. W. (1975) Age, egg-size and breeding s uccess i n the herring gull Larus
argentatus. lbis 117: 460-473.

Drury, W. H., Jr. (1965) Clash of coastal nesters. MA: Audubon.

Dunn, E. H. (1976) The developm ent of endot hermy and existence energy expenditure in
herring gull ¢ hicks. Condor 78: 493-498.

Dunn, E. H. (1980) On the variabilit y in e nergy allo cation of n estling bir ds. Auk 1: 19-27.

Dunn, E. H.; Brishin, I. L. (1980) Age-specific changes in the major body co mpone nts and
calor ic value s of herring gull ¢ hicks. Condor 82: 398-401.

Dunning, J. B., Jr. (1984) Body weight s of 686 species of North American birds. Western
Bird Banding A sso ciation, Monogr aph No. 1. Cave Creek, AZ: Eldon P ublis hing.

Ellis, H. 1. (1984) Energetics of free-ranging seabir ds. In: Whittow, G. C.; Rhan, H., eds.
Seabird energetics. New York, NY: Plenum Press; pp. 203-234.

Erwin, R. M. (1971) The breeding s uccess o f two species of symp atric gulls , the herring
gulland the great black-backed gull. Wilson Bull. 83: 152-158.

Ewins, P. J.; Weseloh, D. V.; Groom, J. H.; et al. (unpublis hed 1991) The diet of herring
gulls ( Larus argentatu s) during winter and early spring on t he low er Great Lakes
(unpublis hed manus cript, Canadian Wildlif e Service, Burlingt on, Ontario).

Fox, G. A.; Allan, L. J.; Weseloh, D. V., et al. (1990) The diet of herring gulls during the
nesting pe riod in Ca nadian waters of the Great Lakes. Can. J. Zool. 68: 1075-1085.

Graham, F. (1975) Gulls : a social history. New York, NY: Random House.

Greig, S. A.; Coulson, J. C.; Monaghan, P. (1983) Age-related differences in foraging
success i n the herring gull ( Larus argentatus). Anim. Behav. 31: 1237-1243.

2-168 Herring G ull



Greig, S. A.; Coulson, J. C.; Monaghan, P. (1985) Feeding s trategies of male and femal e
adult herring gulls Larus argentatus. Behaviour 94: 41-59.

Gross, A. O. (1940) The migration of Kent Island herring gulls . Bird-Banding 1 1: 129-155.

Harris, M. P. (1964) Aspects of the breeding biology of the gulls: Larus argentatus, L.
fuscus, and L. marinus. Ibis 106: 432-456.

Harris, M. P. (1970) Rates and causes of increases of some British gull popula tions . Bird
Study 17: 325-335.

Harrison, P. (1983) Seabirds: an identification guide . Boston, MA: Hought on- Mifflin Co.

Haycock, K. A.; Threlfall, W. (1975) The breeding biology of th e herring gull in
Newfoundla nd. Auk 92: 678-697.

Hebert, P. N.; Barclay, R. M. (1986) Asynchronous and s ynchronous h atching: effecton
early growth and survivorship of herring gull, Larus argentatus, chicks. Can. J.
Zool. 64: 2357-2362.

Hebert, P. N.; Barclay, R. M. (1988) Parental investmen tin herring gulls : clutch
appor tionm ent and c hick survival. Condor 90: 332-338.

Holley, A. J. (1982) Post-fl edging int eractions on the territory between parents and young
herring gulls Larus argentatus. lbis 124: 198-203.

Hunt, G. L. (1972) Influence of food dis tribution and hum an disturbance on t he reproduc tive
success o f herring gulls . Ecology 53: 1051-1061.

Kadlec, J. A. (1971) Effects o fintroduc ing f oxes and raccoons on herring gull ¢ olonie s. J.
Wildl. Manage. 35: 625-636.

Kadlec, J. A. (1976) A re-evaluation of mo rtality rates in adult herring gulls . Bir d-Banding
47: 8-12.

Kadlec, J. A.; Drury, W. H. (1968) Structure of the New England herring gull popula tion.
Ecology 49: 644-676.

Kadlec, J. A.; Drury, W. H.; Onion, D. K. (1969) Growth and mortality of herring gull ¢ hicks.
Bird-Banding 4 0: 222-233.

Keith, J. A. (1966) Reproduc tion in a popula tion of herring gulls ( Larus argentatus)
contaminated by DDT. J. Appl. Ecol. 3(suppl. ): 57-70.

Lasiewski, R. C.; Calder, W. A. (1971) A preliminary allometric analysis of respiratory
variables in r esting bir ds. Resp. Phys. 11: 152-166.

2-169 Herring G ull



Lasiewski, R. C.; Dawson, W. R. (1967) A reexamination of th e relation b etween standard
metabolic r ate and body weight in bir ds. Condor 69: 12-23.

Lustick, S.; Battersby, B.; Kelty, M. (1978) Behavioral thermoregulation: orientation t oward
the sun in he rring gulls . Science 200: 81-83.

Lustick, S.; Battersby, B.; Kelty, M. (1979) Effects o f insolation on juv enile herring gull
energetics and be havior . Ecology 60: 673-678.

MacLean, A. A. (1986) Age-specific foraging a bilit y and the evolut ion of d eferred br eeding
in three species of gulls . Wilson Bull. 98: 267-279.

McCleery, R. H.; Sibley, R. M. (1986) Feeding s pecialization a nd pr eference in herring gulls .
J. Anim. Ecol. 55: 245-259.

Meathrel, C. E.; Ryder, J. P.; Termaat, B. M. (1987) Size and composition of herring gull
eggs: relations hip to position in t he laying s equence and the body condit ion of
femal es. Colonia | Waterbirds 10: 55-63.

Meeh, K. (1879) Oberflachenmess unge n des mensclic hen Kor pers. Z. Biol. 15: 426-458.

Mendall, H. L. (1939) Food ha bits of th e herring gull in r elation t o freshwater game fishes in
Maine. Wilson Bull. 41: 223-226.

Mineau, P.; Fox, G. A.; Norstrom, R. J.; et al. (1984) Using t he herring gull t o monit or levels
and effects o f organochlor ine con tamination in t he Canadian Great Lakes. In:
Nriagu, J. O.; Simmons, M. S., eds. Toxic contaminants in the Great Lakes. New
York, NY: John Wiley & Sons; pp. 425-452.

Moore, F. R. (1976) The dynamics of seaso nal distribution of Gr eat Lakes herring gulls .
Bird-Banding 4 7: 141-1509.

Morris, R. D.; Black, J. E. (1980) Radiotelemetry and herring gull f oraging p atter ns. J. Field
Ornithol. 51: 110-118.

Morris, R. D.; Haymes, G. T. (1977) The breeding biology of two Lake Erie herring gull
colonie s. Can. J. Zool. 55: 796-805.

Nagy, K. A. (1987) Field metabolic r ate and food r equir ement scaling in mammal s and
birds. Ecol. Monogr . 57: 111-128.

Nationa | Geogr aphic So ciety. (1987) Field guide to the birds of North America. Washingt on,
DC: Nationa | Geogr aphic So ciety.

Niebuhr, V. (1983) Feeding s trategie s and inc ubation be havior of wild he rring gulls : an
experiment using ope rant feeding bo xes. Anim. Behav. 31: 708-717.

2-170 Herring G ull



Nisbet, I. C.; Drury, W. H. (1984) Super-normal clutches in herring gulls in New England.
Condor 86: 87-89.

Norstrom, R. J.; Clark, T. P.; Kearney, J. P.; et al. (1986) Herring gull e nergy r equir ements
and body cons tituents in t he Great Lakes. Ardea 74: 1-23.

Olsson, V. (1958) Dispersal, migration, longe vity and death causes of Strix aluco, Buteo
buteo, Ardea cinerea and Larus argentatus. A study based on recoveries of birds
ringed in Fe nno-Scandia. Acta Vertebratica 1. 91-189.

Parsons, J. (1972) Egg size, laying d ate and incubation pe riod in t he herring gull. lbis 114:
536-541.

Parsons, J. (1976a) Factors determining t he number and s ize of eggs laid by th e herring
gull. Condor 78: 481-482.

Parsons, J. (1976b) Nesting de nsity and br eeding s uccess i n the herring gull Larus
argentatus. Ibis 118: 537-546.

Patton, S. R. (1988) Abunda nce of gulls at Tampa Bay landfills. Wilson Bull. 100: 431-442.

Paynter, R. A. (1949) Clutch size and t he egg and chick mortality of Kent Island herring
gulls . Ecology 30: 146-166.

Pierotti, R. (1981) Male and female parental roles in the wester n gull unde r differ ent
environmental condit ions . Auk 98: 532-549.

Pierotti, R. (1982) Habitat sel ection and it s effect o n reproduc tive out put in the herring gull
in Newfoundla nd. Ecology 63: 854-868.

Pierotti, R. (1987) Behavioral consequences of habitat sel ection in t he herring gull. Studie s
Avian Biol. 10: 119-128.

Pierotti, R. (1988) Asso ciations b etween marine birds and mammal s in the northwest
Atlantic Ocean. In: Burger, J., ed. Seabirds and other marine vertebrates. New York,
NY: Colum bia University Press; pp. 31-58.

Pierotti, R.; Annett, C. (1987) Reproductive consequences of dietary sp ecialization a nd
switching in a n ecologic al generalist. In: Kamil, A. C.; Krebs, J.; Pulliam, H. R., eds.
Foraging be havior . New York, NY: Plenum Pr ess; pp. 417-442.

Pierotti, R.; Annett, C. A. (1990) Diet and reproduc tive out put in seabirds: food c hoices by
indiv idual, free-living animals can affect su rvival of offspring. BioSci. 40: 568-574.

Pierotti, R.; Annett, C. A. (1991) Diet choic e in the herring gull: cons traints im pos ed by
reproduc tive and ecologic al factors. Ecology 72: 319-328.

Poole, E. L. (1938) Weight s and wing areas in North American birds. Auk 55: 511-517.

2-171 Herring G ull



Powers, K. D. (1983) Pelagic distributions of marine birds off the northeastern U.S. NOAA,
Tech. Mem. NMFS-F/NED-27: 1-201.

Rubner, M. (1883) Uber den Einfluss d er Korpergrosse auf Stoff- und Kr aftwesch sel. Z.
Biol. 19: 535-562.

Schoen, R. B.; Morris, R. D. (1984) Nest sp acing, colony location, and br eeding s uccessin
herring gulls . Wilson Bull. 96: 483-488.

Sibly, R. M.; McCleery, R. H. (1983) Increase in weight of herring gulls while feeding. J.
Anim. Ecol. 52: 35-50.

Smith, W. J. (1959) Movements of Michigan herring gulls . Bird-Banding 3 0: 69-104.

Threlfall, W.; Jewer, D. D. (1978) Notes on the standard body measurements of two
popula tions of herring gulls ( Larus argentatus). Auk 95: 749-753.

Tinbergen, N. (1960) The herring gull' s world. New York, NY: Harper and Row , Publis hers.

Verbeek, N. A. (1977) Comparative feeding be havior of immature and adult herring gulls .
Wilson Bull. 89: 415-421.

Vermeer, K. (1973) Food ha bits and br eeding r ange of herring gulls in the Canadian prairie
provinces. Condor 75: 478-480.

Walsberg, G. E.; King, J. R. (1978) The relations hip of th e exter nal surface area of birds to
skin surface area and body mass. J. Exp. Biol. 76: 185-189.

Weseloh, D. H. (1989) Herring gull. In: Cadman, M. D.; Eagles, P. F.; Helleiner, F. M., eds.
Atlas of th e breeding bir ds of Ontario. Waterloo, Univ ersity of W aterloo P ress; pp.
182-183.

Weseloh, D. V.; Mineau, P.; Struger, J. (1990) Geographic al distribut ion of con tamina nts

and productivity measu res of herring gulls inthe Great Lakes: Lake Erie and
conne cting ¢ hannels 1978/79. Sci. Tot. Environ. 91: 141-159.

2-172 Herring G ull



2.1.13. Belted Kingfisher (kingfishers)

Order Coraciiformes, Family Alcedinidae. Kingfishers are stocky, short-legged
birds with large heads and bills . They exist on a diet mostly of fi sh, whic h they catch by
diving, from a perch or the air, head first int o the water. They nestin burrows in earthen
banks that they dig us ing t heir bills and feet.

Selected species

The belted kingf isher (Ceryle alcyon, formerly Megaceryle alcyon) is a medium -
sized bird (33 cm bill tip to tail tip) th at eats primarily fish. Itis one of the few sp ecies of
fish-eating bir ds found t hroughout inland areas as wel | as coastal areas. The belted
kingf isher's range include s most of th e North American continent; it breeds from northern
Alaska and central Labrador southward to the southern border of the United States (B ent,
1940). Two subspecies sometimes ar e recognize d: the eastern belted kingfisher (Ceryle
alcyon alcyon), which occupies the range east of the Rocky Mount ains and nor th to
Quebec, and the wester n belted kingfisher (Cercyle alcyon caurina), which occupies the
remaining r ange to the west (B ent, 1940).

Body size. The sexes ar e similar in size and appearance, although t he femal e tends
to be slight ly larger (Salyer and Lagler, 1946). Bent (1940) reported that wester n
popula tions ar e somewh at larger than eastern ones. Nestlings r each adult body weight by
about 16 days after hatching, but th en may lose some weight before fledging ( Hamas,
1981).

Habitat. Belted kingf ishers are typic ally found a long r ivers and streams an d along
lake and pond e dges (Hamas, 1974). They are also common on seacoasts and estuaries
(Bent, 1940). They prefer waters that are free of thick veg etation t hat obs cures the view of
the water and water that is not completely overshadowed by trees (Bent, 1940; White,
1953). Kingfishers also requir e relatively clear water in order to see their prey and are
noticeably absent in areas when water s become turbid (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 foraging s ites even when pools ar e more plentiful because of the
conc entration of fi sh at riffle edges (Davis, 1982). Belted kingfishers nestin burrows within
steep earthen banks devoid of veg etation be side rivers, str eams, ponds , and | akes; they
also have been found t 0 nest in slopes created by human excavations su ch as roadcuts
and landfills (Hamas, 1974). Sandy soil ba nks, whic h are easy to excavate an d provide
good dr ainage, are preferred (Brooks and Davis, 1987; Cornwell, 1963; White, 1953). In
general, kingf ishers nest near suitable fishing areas when possible but will n est away fr om
water and feed in bodie s of water other than the one closest to home (Cornwell, 1963).

Food ha bits. Belted kingf ishers generally feed on fish that swim near the surface or
in shallow water (Salyer and Lagler, 1946; White, 1953; Cornwell, 1963). Davis (pers.
comm. in Prose, 1985) believes th at these kingfishers generally catch fish only inthe upper
12 to 15 cm of the water colum n. Belted kingf ishers capture fish by diving either from a
perch ov erhanging t he water or after hovering abov e the water (Bent, 1940). Fish
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are swallow ed whole , head first, after being b eaten on a perch (Bent, 1940). The average
length of fi sh caught in a Michigan study was lessthan 7.6 cm but ranged from 2.5to 17.8
cm (Salyer and Lagler, 1946); Davis (1982) found f ish caught in Ohio streams to range from
4to 14 cmin length. Several studie s indi cate th at belted kingfishers usually catch the prey
that are most available (White, 1937, 1953; Salyer and Lagler, 1946; Davis, 1982). Diet
therefore varies cons iderably among di fferent water bodie s and with season (see examp les
in Appendix ). Although k ingfishers feed predominantly on fish, they also sometimes
consume large numbers of crayfish (Davis, 1982; Sayler and Lagler, 1946), and in

shor tages of th eir preferred foods, have been known to consume crabs, mussels, lizards,
frogs, toads, small snakes, turtles, insects, salamanders, newts, young bir ds, mice, and
berries (Bent, 1940). Parents bring surprisingly large fish to their young. White (1953)
found t hat nestlings only 7 to 10 days old w ere provided fish upto 10 cm long, and
nestlings only 2 weeks old w ere provided with fish upto 13 cminle ngth. After fledging,
young be Ited kingf ishers fed on flying in sects fo r their first 4 days after leaving the nest,
crayfish for the next week, and by the 18th day post-fl edging, could catch fish (Salyer and
Lagler, 1946).

Molt. The juvenile plum age is maint ained through t he wint er, and y oung bir ds
undergo their first pr enuptial molt in the spring (between February and April) involving
most of th e body plum age (Bent, 1940). Adults have a complete postnuptial molt in the fall
(August to Octo ber) (Bent, 1940).

Migration. This kingf isher breeds over most of th e area of North America and
winters in m ost regions of the continental United States (N ational Geogr aphic So ciety,
1987). Although m ost nor thern kingfishers migr ate to southern regions during t he colde st
months, some may stay i n areas that remain ice-free where fishing is possible (B ent, 1940).

Breeding activities and social organization. During the breeding season, pairs
establis h territories for nesting a nd fishing ( Davis, 1982); otherwise, belted kingfishers are
solit ary. They are not colonia | nesters and will d efend an unus ed bank if it lies within t heir
territory (Davis, 1982). In migrating popula tions , the males arrive before the females to find
suit able nesting t erritories (Davis, 1982). Kingfishers excavate th eir burrows in earthen
banks, forming a tunne | that averages 1 to 2 min length, although s ome burrows may be
aslong as 3to 4 m (Hamas, 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 collapse, and bur rows too low may flood
(Brooks and Davis, 1987). Burrows may b e 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 burrow (Hamas,
1981; White, 1953). Only one adult, usually th e femal e, spends the night in the nest cavi ty;
males usually roost in nearby forested areas or heavy co ver (Cornwell, 1963). Both
parents incubate eggs and feed the young (Bent, 1940). After fledging, the young r emain
with their parents for 10 to 15 days (Sayl er and Lagler, 1946).

Home range and resour ces. During t he breeding season, belted kingfishers requir e
suit able nesting s ites wi th adequate nearby fishing. During s pring and early summer, both
male and femal e belted kingfishers defend a territory that includes both their nest site and
their foraging area (Davis, 1982). By autumn, each bird (including t he young of th e year)
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defends an indiv idual feeding t erritory only (D avis, 1982). The breeding t erritories (length
of water line protected) can be more than twice as long as the fall and winter feeding
territories, and stream territories tend to be longe r than thos e on lakes (Davis, 1982; Salyer
and Lagler, 1946). Foraging t erritory size is inversely related to prey abunda nce (Davis,
1982).

Popul ation de nsity. Breeding de nsities of b etween two and six pairs per 10 km of
river shor eline h ave been recorded, with density increasing with food availability (Brooks
and Davis, 1987; White, 1936).

Popul ation dy namics. Kingfishers are sensitive to disturbance and us ually do not
nestin areas near human activity (White, 1953; Cornwell, 1963). Kingfishers typic ally
breed in the first seaso n after they are born (Bent, 1940). Fledging s uccess d epends on
food availabilit y, sto rms, floods , predation, and the integrity of th e nest burrow but can be
as high a s 97 percent (M. J. Hamas, pers. comm.). Dispersal of young oc curs within a
mont h of fl edging ( White, 1953). No data concerning a nnual survivorship r ates wer e found.

Similar species (from general references)
. The green kingf isher (Chloroceryle americana) is smal ler (22 cm) than the
belted kingf isher and is only co mmon in t he lower Rio Grande Valley. It also
is found in s outheastern Arizona and a long t he Texas co ast, usually during

falland winter.

. The ringed kingfisher (Ceryle torquata) is larger (41 cm) and resides in the
lower Rio Grande Valley in T exas and Mexico.

General references

Bent (1940); Fry (1980); National Geographic So ciety (1987); Prose (1985); White
(1953).
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9.1-¢

laysi Jbury payjag

Belted Kingfisher ( Ceryle alc yon)

Age/Sex/ Range or Location or Note
Factors Cond./Seas. Mean (95% CI of mean) subspeci es Reference No.
Body Weight AB 148 + 20.8 SD 125-215 Pennsy Ivania Powdermill Nature Center 1
(@) (unpubl .)

AB 136 +15.6 SE Pennsy lvania Brooks & Davi s, 1987

AB 158 +11.5 SE Ohio Brooks & Davi s, 1987

at hatching 10-12 Minnesot a Hamas, 1981

at fledging 148 + 13.3 SE Pennsy Ivania Brooks & Davi s, 1987

at fledging 169+ 11.9 SE Ohio Brooks & Davi s, 1987
Nestling 5t0 6 Pennsy Ivania, Ohio/streams Brooks & Davi s, 1987 2
Growth Rate
(g/day)
Metabolic Rate | A B basal 132 estimated 3
(kcal/kg-day)

A B free-living | 327 (154 - 693) estimated 4
Food Ingestion | AB 0.50 northcentral lower Michigan Alexander, 1977 5
Rate (g/g-day)

nestlings 1.0-1.75 Nova Scot ia White, 1936
Water AB 0.11 estimated 6
Ingestion Rate
(9/g-day)
Inhal ation AB 0.094 estimated 7
Rate (m®/day)
Surface Area AB 280 estimated 8
(cm?)




YA Wrd

laysi Jbury payjag

Belted Kingfisher ( Ceryle alc yon)

Note

Dietary Compositio n Spring Summer Fall Winter Location/Habitat (measure) Reference No.
trout 17* lower Michigan/lake Alexander, 1977
non-trout fish 29
crustacea 5 (% wet weight; stomach
insects 19 contents)
ampbhibians 27
birds and m ammals 1 *data from spring and f all
unidentified 2 also
trout 30 Michigan/trout streams Salyer & Lagl er, 1946
other game & pan fish 13

(e.g., perch, (% wet volume; stomach

centrarchids) contents)
forage fish (e.g., 15

minnow, stickleback,

sculpins)
unidentified fish 1
crayfish 41
insects <1
salmon fry 11 Nova Scot ia/riparian - White, 1936
salmon (1-yr-old) 42 streams
salmon (2-yr-old) 1 (% of total num ber of prey;
trout 15 fecal pellets)
stickl ebacks 30
killifis h <1
sucker s <1
crayfish 13 sout hwest Ohio/creek Davis, 1982
cyprinids 76

(minnows) (23) (% of total number of prey

(stonerollers) (38) brought to nestlings)

(unidentified) (26)
other fish 10
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laysi Jbury payjag

Belted Kingfisher ( Ceryle alc yon)

Population Age/Sex/ Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habitat Reference No.
Territo ry Size early summer -
(km shor eline) breeding pairs: 2.19+0.56 SE Pennsy Ivania/streams Brooks & Davi s, 1987
1.03+£0.28 SE Ohio/streams Brooks & Davi s, 1987
late summer - 1.03+0.22 SE sout hwest Ohio/streams Davis, 1980
nonbr eeding
individual s:
0.39 £ 0.093 SE sout hwest Ohio/streams Davis, 1980
Popul ation A B sum mer 0.11-0.19 Pennsy Ivania/streams Brooks & Davi s, 1987
Density
(pair/km shore) [ A B sum mer 0.6 Nova Scot ia/streams White, 1936
Clutch Size 5.8+0.7 SE Pennsy Ivania/streams Brooks & Davi s, 1987
6.8+0.4 SE Ohio/streams Brooks & Davi s, 1987
Clutches/ Year 1 Pennsy Ivania, Ohio/streams Brooks & Davi s, 1987 9
1 Minnesot a/lake Hamas, 1975
Days 22 Minnesot a/lake Hamas, 1975
Incubation
Age at 28 days NS/NS Bent, 1940
Fledging
Number 45+ 19 SE Pennsy Ivania/streams Brooks & Davi s, 1987
Fledge per
Active Nest 53+2.2SE Ohio/streams Brooks & Davi s, 1987
Age at Sexual 1year throughout range Bent, 1940

Matu rity




6.1-C

laysi Jbury payjag

Belted Kingfisher ( Ceryle alc yon)

Seasonal Note
Activity Begin Peak End Location Reference No.
Mating April April to May early July Minnesot a Hamas, 1975
May June late July Minnesot a Hamas, 1975
early June Nova Scot ia White, 1936
August October NS Bent, 1940
February April NS Bent, 1940
mid-October Maine Bent, 1940
mid-Novem ber NY, SD, WI, NE Bent, 1940
mid-December Massachuset ts, New Jersey Bent, 1940
late February PA, RI, MO Bent, 1940
mid-March NY, CT, IL, WI Bent, 1940
early April Maine, Nova Scot ia Bent, 1940

1 Cited in Dunning (1984).

2 Brooks and Davi s (1987) reported fledging wei ghts of 149 and 169 g f or two popul ations. Given a hat ching wei ght of about 10 g and 28 day s
required to fledge, on aver age, chicks must gain 5to 6 g per day. Hamas (1981) found gai ns of approximately 8.5 g per day until day 18, and a
loss of approximately 4.5 g per day until fledging.

3 Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights from Powder mill Nature Center (unpubl .).

4  Estimated using equation 3-37 (Nagy, 1987) and body weights from Powder mill N ature Center (unpubl .).

5 Estimated by author.

6 Estimated using equation 3-15 (Calder and Braun, 1983) and body weights from Powder mill Nature Center (unpubl .).

7 Estimated using equation 3-19 (Lasiewski and Calder, 1971) and body weights from Powder mill Nature Center (unpubl .).

8 Estimated using equation 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Walsberg and King, 1978) and body weights from Powder mill N ature
Center (unpubl .).

9 They are know n to renest up to three times if clutches ar e lost early (Bent, 1940).
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2.1.14. Marsh Wren (w rens)

Order Passeriformes, Family Troglodytidae. Wrens are small insecti vorous birds
that live in a variety of habitats th roughout th e United States. They have long, slender bills
adapted for gleaning in sects fr om the ground a nd vegetation. Most species are migr atory,
although s ome popula tions ar e year-round r eside nts.

Selected species

The marsh wren (Cistothorus palustris) is a common bir d inha biting f reshwater
cattai | marshes and salt marshes. Marsh wrens breed throughout mo st of th e northern half
of the United States and in coastal areas as far south as Florida; they winter in the
southern United States and into Mexico, particularly in coastal areas. Marsh wrens eat
mostly insects, and occasionally sn ails, whic h they gle an from th e surface of veg etation.
This species was fo rmerly known as the long- bille d marsh wren (Telmato dytes p alustris).

Body size. Although w rens are small (13 cm bill tip to tail tip; about 10 g body
weight ), males tend t o be about 10 pe rcent heavier than females (see tab le). Body weight
varies seaso nally; in Georgia, where marsh wrens are resident throughout th e year, they
tend to be heavier in the spring and summer than in the fall and winter (Kale, 1965).

Habitat. Marsh wrens inha bit fr eshwater and saltwater marshes, usually nesting in
association with bulr ushes, cattails, and sedges or on occasion in m angroves (W elter,
1935; Bent, 1948; Kale, 1965; Verner, 1965). Standing water from sever al centimeters to
nearly a meter is typical of the areas selected (Bent, 1948). Permanent water is necessary
to provide a food s upply of insects n ecessary to maintain the birds and as a defense
against predation (Verner and Engelsen, 1970). Deeper water and denser vegetation are
asso ciated with reduced predation r ates (L eonard and Picman, 1987).

Food ha bits. Marsh wrens consume aquatic invertebrates, other insects, and
spide rs, whic h they gle an from th e water surface, on stems an d leaves of emer gent
vegetation, and the marsh floor (Kale, 1965; Welter, 1935). They sometimes also feed by
flycatc hing (Welter, 1935). The insect orders most co mmonly taken include Coleoptera
(both adults and larvae), Diptera (adults and larvae), Hemiptera (juveniles and adults),
Lepidopt era (larvae most co mmonly fed to nestlings ); and Odon ata (newly emer ged) (Bent,
1948; Kale, 1964). When feeding t he young, at first the parents bring m osquit o adults and
larvae, midges, larval tipulids , and ot her small insects (W elter, 1935). As the young
mature, the parents bring larger insects su ch as ground beetl es, diving b eetles, long-
horned beetles, cater pillars, dragonflies, and sawflies to the nestlings (W elter, 1935). In a
popula tion in G eorgia, spiders (usually 1 to 3 mm in s ize, sometimes 12 to 15 mm), small
crabs (5to 7 mm), small snails (1 to 3 mm), and insect eg gs also were consumed and fed
to nestlings (K ale, 1965). Thus, organisms th at are aquatic for all or part of their lives are
an important compone nt of th e diet of mar sh wren adult s and nestlings .

Migration. Marsh wrens are year-round r eside nts in s ome sout hern and c oastal

maritime regions wh ere marshes do not fr eeze. Most migr atory wrens br eed throughout
the northern half of the United States th rough s outhern Canada and winter in Mexico and
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the southern half of the United States (B ent, 1948; Verner, 1965; American Ornthologi sts'
Union, 1983; National Geogr aphic So ciety, 1987).

Breeding activities and social organization. Many popula tions of mar sh wren are
poly gynous , with some males mating w ith two, occasionally th ree, females in a season,
while th e remaining m ales have one mate or remain bachelors. For example, Leonard and
Picman (1987) found 5to 11 percent bachelor males, 41 to 48 percent monoga mous mal es,
37 to 43 percent bigamous males, and 5 to 12 percent trigamous males in two marshes in
Manitoba, Canada. Similarly, Verner and Engelsen (1970) found 1 6 percent bachelors, 57
percent monoga mous, and 25 percent biga mous mal es in eastern Washingt on state. In
contrast, Kale (1965) found m ost males to be monoga mous th rough 4 years of study in
Georgia.

Males arrive at the breeding m arshes before the females to establis h territories that
include both nest sites and foraging areas (Kale, 1965; Verner, 1965; Welter, 1935). Males
build several nests in their territories throughout th e breeding season (Kale, 1965; Verner,
1965). The female usually only adds lining material to a nest of her choic e, although s ome
may help construct th e breeding n est (Kale, 1965). Breeding n ests ar e oblong in s hape,
with a side opening, and are woven of cattails, reeds, and grasses and lashed to standing
vegetation, generally 30 cm to 1 m abov e standing water or high tide (Bent, 1948; Verner,
1965). Incubation | asts ap proximately 2 weeks, as does the nestling pe riod (Kale, 1965;
Verner, 1965). After fledging, one or both parents continue to feed the young f or about 12
days (Verner, 1965). Many popula tions typic ally r ear two broods per year, although s ome
may rear three (Kale, 1965; Verner, 1965). In the more monoga mous popula tions , both
parents regularly feed young, but in the more poly gynous ones, the females may provide
most of th e food, with males assisting only to ward the end of th e nestling pe riod (Leonard
and Picman, 1988; Verner, 1965).

Home range and resour 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 ¢ an range from 0.006 to 0.17 ha, depending on t he habitat and conditions of the
year (see table). Also, there is atrend in poly gynous popula tions fo r poly gynous mal es to
defend larger territories than monoga mous mal es or males that end up as bachelors
(Verner and Engelson, 1970; Verner, 1964, Kale, 1965).

Popul ation de nsity. Because the species is poly gynous, there may be more females
than males inha biting br eeding m arshes. Population de nsity varies with the suit abilit y and
patchiness of the habitat. Densities as high as 120 adult birds per hectare have been
recorded (Kale, 1965).

Popul ation dy namics. Clutch size and number of clutches per year vary with
latitude and climate (see tab le). In some popula tions , marsh wrens commonly d estroy
eggs and k ill t he nestlings of other pairs of th eir own species and ot her mar sh-nesting
passerines (Orians and Wilson, 1964; Picman, 1977; Welter, 1935). Fledging s uccess
depends str ongly on nest location; nests o ver deeper water are less vulnerable to
predation (Leonard and Picman, 1987). Of nests | ostto 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 abandonm ent, and 13 percent unk nown. The
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annual mortality of adult s is lower than that of fi rst-year birds. Both sexes ofthis species
usually commence breeding int he first year follow ing h atching ( Kale, 1965).

Similar species

. The sedge wren (Cistothorus platensis, formerly know n as the shor t-bille d
marsh wren) nests | ocally in wet mead ows or shallow sedge mar shes and
hayfields in the northeastern United States, wintering pr imarily in the
southeastern United States. Itis slightly smaller (11 cm) th an the marsh
wren.

Note: None of th e other wren species inha bit mar shes, although a Il forage
by gleaning in sects fr om veg etation and ot her surfaces. Wrens that inha bit
mois t woodla nds and ope n areas are listed below.

. The house wren (Troglodytes aed on) (12 cm) breeds throughout mo st of th e
United States, into southern Canada. It inhabits ope n habitats wi th brush
and s hrubs and is found in or chards, farmyards, and urban gardens and
parks.

. The winter wren (Troglodytes tr oglodytes) (10 cm) breeds in southern
Canada, where it nests in dense brush, especially along m oist conif erous
woodla nds. It wint ers primarily in the sout heaster n United States, where it
inha bits many typ es of woodla nds.

J The Carolina wr en (Thryothor us ludov icianus) (14 cm) is nonmigratory and
can be found in bot h summer and winter in the eastern United States as far
north as northern Delaware and as far west as Okl ahoma. It inhabits mois t
woodla nds and swamp s and woode d subur ban areas.

. Bewick's wren (Thryomanes bewickii) (13 cm) is more common in western
States th an the hous e wren and is declining east of the Mississippi. It is
found in br ushland, stream edges, and open woods .

General references

Kale (1965); Gutzwiller and Anderson (1987); Leonard and Picman (1987); Verner
(1965), National Geogr aphic So ciety (1987).
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Marsh Wren ( Cistothorus palustris )

Age/Sex/ Range or Location or Note
Factors Cond./Seas. Mean (95% CI of mean) subspeci es Reference No.
Body Weight F breeding 10.6 £ 0.99 SD 9.0-135 New York Tintle (unpubl .) 1
(9) M breeding 11.9+0.72 SD 10.5-13.5

AF 94+1.1SD Georgia Kale, 1965 2

AM 10.6 +0.7 SD

JB 9.4+1.6SD

nestling: New York, 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