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BODY WEIGHTS OF BIRDS: A REVIEW

GEORGE A. CLARK, ]JR.

Although body weights are relevant to many
branches of avian biology, they have not been
recently reviewed. 1 here survey sources
and uses for weight data, with reference to
such variables as time of day, season, year,
sex, migration, geography, climate, buoyancy,
food size, and habitat. In addition, I consider
uses of weights as standards for body size, in
systematics, in assessing the physiological
condition of individuals, and in analyses of
ecological communities. Excellent previous
reviews of this subject by Nice (1938),
Baldwin and Kendeigh (1938), Amadon
(1943), Fisher (1955), Blake (1956), and
Perrins (in Thomson 1964) do not cover many
recent discoveries and interpretations.

OBTAINING WEIGHTS

Pettingill (1970:446), Bub (1967:61-63), and
Giles (1963:4-5) outlined weighing tech-
niques in which beam balances or small
spring scales are used (Berger 1968), with
live birds usually being confined in tubes or
chambers for weighing. Records of age, sex,
fat levels, time, locality, and other variables
are useful in analyzing weights. Baldwin and
Kendeigh (1938), Owen (1962), and others
have properly emphasized the need for large
samples of weights in comparing similar
populations. For some studies weights need
to be taken as uniformly as possible, e.g.,
sampling diurnally feeding species early in
the morning to minimize variation from daily
weight cycles (Kontogiannis 1967). Breeding
birds are best compared at known stages,
because some species (e.g., certain penguins)
vary greatly in weight through the breeding
cycle, and females of many species vary
considerably during the period of egg laying.

After being banded, many, but not all,
migratory birds lose weight for a day or two
(Leberman and Stern 1977). This phenome-
non can, of course, be detected only in re-
captured individuals who are ordinarily a
minority (commonly less than 20%) of the
migrants initially captured. The cause of
weight declines in many recaptured migrants
is not well understood, and the reasons for
the individual variations are unknown. Pos-
sible causes of the weight decreases include
(1) illness or other abnormalities, (2) re-
covery time for migrants that have completed

particularly stressful flights, (3) failure to
locate food in an unsuitable or unfamiliar
area, (4) failure to obtain enough food due
to social subordination (Rappole and Warner
1976), (5) reduction in weight that is adap-
tive for prolonged stopovers, (6) loss of
opportunity to feed through time spent in
nets or being processed by banders, and (7)
handling shock (Mueller and Berger 1966,
Leberman and Stern 1977). Determining the
relative contribution of these factors in any
particular case can be difficult. Further
attention should also be given to the possible
occurrence of weight decreases due to
handling of nonmigratory birds (Rogers and
Odum 1966). To avoid possible effects of
handling, wild birds might in some cases be
weighed without capture by use of weighing
perches (Moore 1953, Ellis and Varney 1974)
and uniquely marked with dye applied by
remote control.

Ornithologists have assumed that a freshly
killed bird weighs the same as a live one, but
this may not be valid. Von Brockel (1973)
weighed 237 Garden Warblers (Sylvia borin)
alive and 80 others within 15 min after death
and found that the dead birds averaged more
than 1 g (5.5%) lighter. Possible differences
in weight between life and death need more
study. Under ordinary laboratory conditions
dead birds gradually lose weight over a
period of hours by desiccation. However,
dead birds that are weighed, then frozen in
sealed plastic bags, kept in humid conditions,
and later thawed and reweighed, lose rela-
tively little weight (2% or less) over a period
of weeks (Grant 1965, Holmes 1976).

Researchers sometimes cannot directly
obtain weight data and therefore turn to the
literature.  Although weights have been
published for thousands of species, they are
often difficult to find. Examples of publica-
tions listing many North American weights
are Irving (1960), Hartman (1961), and
Clench and Leberman (1978), but others are
too numerous to mention. Brief summaries
of weights should ideally include the sources
of data, the mean, standard deviation, range,
and sample size for ten or preferably more
adults of each sex in specified conditions,
e.g., early in the day at a particular stage in
the breeding season. Samples from represen-
tative geographic localities are also desirable.
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However, few published data meet these
standards. Frequently samples are small, and
weights have been obtained at varied, un-
specified times of day and at different times
of year. Data from different investigators are
often not comparable, for some specify age,
sex, fat, migration status, and other variables,
whereas others do not. Moreover, sources
sometimes partially repeat data, e.g., one
reference including weights from another but
not clearly stating the nature of the duplica-
tion. Users of published weights should be
cautious, for pooling heterogeneous data from
the literature can be misleading. Alternatively,
one might use only certain kinds of published
data and omit others, but to do this uni-
formly is often difficult. Explicit details
should be given if weights and other measure-
ments are taken from different published
sources (Blake 1936).

Adequate samples of weights are unavail-
able for many common species. For example,
I know of no published mean weights for
series of males and females for wild or
captive adult Ostriches (Struthio camelus),
which are of special interest as the heaviest
living birds. During the past 40 years weigh-
ing has become common in banding and
collecting, and thousands of weights remain
unpublished and dispersed in the files of
banders and on specimen labels. Regrettably,
most museum specimens collected before 1940
lack data on weights, but collections at the
Museum of Vertebrate Zoology, University of
California, Berkeley, and the Museum of
Zoology, University of Michigan, Ann Arbor,
contain many North American specimens
with field weights.

VARIATION WITHIN SPECIES

Daily. The weight of many birds fluctuates
during a day with daily increases of 5 to 10%
(exceptionally 15%) over minimal weight
occurring in many small land birds of both
temperate and tropical regions (Baldwin and
Kendeigh 1938, Snow and Snow 1963, Ward
1969, King 1972, Blem 1976). Weight is
usually greatest in late afternoon and least
after a night of fasting. This daily cycle in
weight is due to variation in gut contents,
fat deposits, size of various organs, glycogen
stores, and other factors (King 1972, Blem
1976). In winter many small birds must feed
daily to survive the following night (King
1972, Blem 1976) though larger birds can
live longer without food (Kendeigh 1945).
In summer at high latitudes in continuous
daylight, birds can feed at any time and

daily cycles in weight are less pronounced
(Irving 1960). Much remains to be learned
about effects of temperature and photoperiod
in influencing daily weight cycles and about
geographic and taxonomic differences in these
cycles.

Seasonal and migratory. Weights are often
high during winter in north temperate areas
and during dry seasons in tropical regions
(King 1972). A greater weight in winter of
many small, north temperate species reduces
the chance of starving to death in severe
weather (Blem 1973, Calder 1974). In some
species, individuals are heavier during colder
parts of the winter (Baldwin and Kendeigh
1938, King 1972). In contrast, Wood Pigeons
(Columba palumbus) in Scandinavia weigh
less in winter (Ljunggren 1968). Individual
ducks near the northern limits of their winter
range decrease in weight through the winter
while using fat reserves accumulated in fall
(Ryan 1972). Limited evidence suggests that
in uniform tropical conditions resident species
do not vary seasonally in weight (Ward
1969), although such fluctuations do occur
in tropical areas with dry seasons (McNeil
1971). At least some species of birds taken
from the field and kept under constant
laboratory conditions continue to exhibit
seasonal fluctuations in weight for a year or
longer, indicating the presence of endogenous
circannual rhythms that influence weight even
in the absence of immediate environmental
stimuli (King 1968, Gwinner 1977). Under
field conditions the timing of the endogenous
rhythms is entrained by photoperiods to the
natural cycles. The neuroendocrinological
bases for long-term endogenous cycles in
weight remain poorly understood, but for the
White-throated Sparrow (Zonotrichia albicol-
lis) experiments indicate that changes in the
timing of release of corticosterone and pro-
lactin control seasonal variations in fat stores
(Meier and Burns 1976).

In many species reproduction, including
egg production, incubation, and parental care
of young, makes major energy demands some-
times resulting in loss of weight; Ricklefs
(1974) cited examples for grouse and finches.
For the female Snow Goose (Chen caerules-
cens), accumulation of nutrient reserves,
reflected in body weight prior to breeding, is
an important factor in determining clutch
size and even survival of the bird through the
breeding season (Ankney and Maclnnes
1978). Marked shifts in the weight of females
are in some cases associated with the stage
of egg production (Calder and Rowe 1977).
In certain penguins, fat reserves increase



before incubation, and weight then declines
as the fat is consumed. As would be expected,
birds that incubate continually for days or
weeks show major decreases in weight as in
Emperor Penguin (Aptenodytes forsteri),
which loses up to 40% of body weight (Le
Maho 1977). In contrast to such extremes
are birds that carry only small reserves of fat
during much of the breeding season such as
passerines in deciduous forests of New
Hampshire during years of relatively abun-
dant insect food (Holmes 1976); in this case
it would be interesting to know the levels of
fat reserves in summers when food is less
readily available.

Changes in weight during molt differ
markedly among taxa. Species in which molt
interferes with feeding can lose considerable
weight (e.g., penguins; Williams et al.
1977). The extreme contrast is provided by
species that become heavier during molt
[e.g., Bullfinches (Pyrrhula pyrrhula); New-
ton 1966].

Migrants exhibit some of the greatest
weight fluctuations. Although some begin
migrating with little or no extra fat reserves
(Odum et al. 1961, D. W. Johnston 1966,
Berthold 1975), long-distance migrants typi-
cally accumulate large fat deposits just prior
to long flights over unfavorable habitats,
e.g., oceans or deserts for landbirds. In some
species at least, circannual rhythms strongly
influence the timing of weight increase for
migration (Gwinner 1977). The extent of
weight gain before migration appears to be
related to the distance to be flown (Odum
et al. 1961, Berthold 1975) and tends to be
greatest for those parts of the migration that
are fastest and most precise temporally. For
long migratory flights by small birds, weight
can increase from 50% to 100% above non-
migratory values. Although fat as a major
energy source accounts for most of the weight
changes during migration, weights of fat-free
components also change (e.g., see Rogers and
Odum 1966, Fry et al. 1970, Berthold 1975).
In addition, fat-free weights can differ be-
tween spring and fall (King 1963). During
prolonged migratory flight over inhospitable
environments, birds may become emaciated,
sometimes weighing less than ordinary fat-
free levels due to decrease in both fat and
other components (Rogers and Odum 1966,
Pennycuick 1975). Weight increases before
migration are often proportionately greater
for birds flying into relatively severe climates,
e.g., in north temperate birds flying north in
spring as opposed to south in fall (King
1963, Berthold 1975).
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Age. In many species, immature birds re-
main lighter than adults after the end of
parental care. Mueller et al. (1976) sug-
gested that such lower weight and a lower
wing loading of immature Goshawks (Ac-
cipiter gentilis) may reduce energy expendi-
ture and thus lessen the need for prey when
foraging behavior has not yet matured. In
contrast are species whose young outweigh
adults for a brief time after fledging, e.g,
some seabirds in which a high weight at
fledging may provide extra energy reserves
to sustain the young while they learn how to
forage (Lack 1968).

Year-to-year variations. Birds often vary in
weight from year to year depending on cli-
mate and food availability (Cooch et al.
1960, Redfield 1973, Decoux 1976). Such
variations have apparently not yet been re-
ported for small birds (less than 23 g) but
can be expected to occur.

Sexual dimorphism. In most avian species
males are larger (Amadon 1959) as indicated
by linear measurements and frequently con-
firmed by weights. In many species the
sexual differences are slight, however, and
females during egg formation often outweigh
the males (Amadon 1959). Females are con-
sistently heavier in tinamous, the parasitic
Black-headed Duck (Heteronetta atricapilla),
some ratites, certain hawks and owls, button
quail, a number of Charadriiformes, some
hummingbirds, and a few dicaeids (Amadon
1959, Weller 1967, Snyder and Wiley 1976).
The adaptive significance of sexual size
dimorphism doubtless varies among taxa and
remains poorly understood and controversial
with authors differing on the possible roles
of sexual differences in aggressiveness,
parental care, energetics, and foraging (Weller
1967, Selander 1972, Hespenheide 1973,
Downhower 1976, Snyder and Wiley 1976,
Amadon 1977). An analysis by R. F.
Johnston et al. (1972) revealed that sexual
dimorphism in weight of House Sparrows
(Passer domesticus) involves not only sexual
selection but also sexual differences in re-
sponse to selection by climatic variables as
indicated by a severe winter storm that
favored males of larger size but females of
intermediate size.

Geographic variation. Weights of a species
often vary geographically. The Canada
Goose (Branta canadensis) is a well-known,
dramatic example in which birds of the
largest subspecies are, within a sex, two to
three times heavier than those of the smallest
subspecies (Palmer 1976), if indeed such ex-
tremes do still belong to a single species. In
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another example, the Ipswich Sparrow
(Passerculus sandwichensis princeps), which
breeds predominantly on Sable Island off
Nova Scotia, averages slightly more than
25.5 g yet interbreeds to a limited extent on
the mainland with a Savannah Sparrow popu-
lation (P. s. savanna) averaging less than
20 g (Stobo and McLaren 1975).

The intraspecific tendency for landbirds to
weigh more in the cooler and drier parts of
their range (Rand 196la, Tomlinson 1975),
termed Bergmann’s Rule, has been studied
mainly with wing lengths (James 1970), but
weights vary similarly in many cases (Rand
1961a). Indeed, longer wing lengths may in
some cases be closely associated with greater
weights for reasons of aerodynamic efficiency
(Blem 1975). The trend to greater weight in
cooler and drier climates occurs not only over
latitude and longitude but also with altitude
(Moreau 1944, Nottebohm 1975, Koster 1976).
The adaptive significance of geographic
gradients in weight has been and continues
to be highly controversial. Although larger
birds have relatively less surface area and
hence relative advantages in heat retention,
this feature alone does not account for larger
body sizes in cooler climates (McNab 1971,
Calder 1974). One apparent major advantage
of larger size in cooler climates is a lessened
likelihood of starving to death in severe
weather due to greater efficiency in use of
stored energy reserves (Calder 1974, Ketter-
son and Nolan 1976). Furthermore, larger
individuals may carry proportionately greater
fat reserves (Blem 1973) and possibly derive
benefits of added insulation from their large
fat stores (Blem 1974). By contrast, in hot
climates the relatively greater surface area of
small birds should be advantageous in
facilitating cooling (James 1970). However,
McNab (1971) has emphasized geographic
variations in food size and competitors as
determinants of latitudinal gradients in
weights. Although he mentioned also a
tendency for insular populations to be larger
than mainland representatives of a species,
there are many contrary cases (Grant 1968),
and the determinants of body weight in in-
sular populations are not well understood.

Numerous exceptions to Bergmann’s Rule
warrant special attention (Rand 1961a, Niles
1973). In parts of the western continental
U.S., mountainous topography favors great
variation in climate over relatively short
distances. Not surprisingly, many species
there do not follow Bergmann’s Rule (Rand
1961a, Salt 1963). For 33 such species Salt
(1963) found that breeding weights tend to

be least in the center of the geographic range
and to rise peripherally. He considered the
region of lowest weight to be that of maximal
adaptation of a species and also that occupied
the longest. Correspondingly, the higher
peripheral weights indicated bhoth lesser
adaptation and more recent occupation. I
suggest that the species studied by Salt
(1963) be reexamined to look for adaptations
to local climates (cf. James 1970) which are
presumably more severe in peripheral areas
and thus favor greater energy stores in those
areas. In addition, independent evidence
should be sought for the historic directions
of range occupation. The migratory status of
most temperate and arctic species greatly
complicates the analysis of geographic vari-
ations in weight by requiring consideration
of seasonal differences.

Johnston and Selander (see R. F. Johnston
1972) found that largely nonmigratory popu-
lations of House Sparrows in North America
and FEurope generally follow Bergmann’s
Rule except in far northern North America,
where winter day length may limit feeding
time and hence body weight ( Johnston 1972).
The geographic size variation in North
American populations arose within a century
after the species was introduced from
Europe. Johnston and Selander attributed
this variation in part to regional genetic dif-
ferences produced by natural selection, but
obtaining direct evidence for a genetic basis
for the phenotypic variation has been difficult
(Johnston 1975). In contrast, Koster (1976)
interpreted altitudinal weight differences of
apparently recent origin in South America
Smooth-billed Anis (Crotophaga ani) and
Tropical Kingbirds ( Tyrannus melancholicus)
as probably not inherited. Laboratory ex-
periments on captive nidifugous birds from
different geographic areas reared under
various climatic conditions might provide
additional evidence on possible genetic bases
for geographic variation in weights. For ex-
ample, Bobwhites (Colinus virginianus) tend
to be heavier in more northern localities
(Ripley 1960), and the effect of genotype as
opposed to climate on weight might be tested
by rearing northern birds under southern
conditions and vice versa.

EVOLUTION OF TAXONOMIC
DIFFERENCES IN WEIGHTS

Independent gains and decreases of weight
have occurred repeatedly during evolution as
shown by marked weight differences between
species within and among many families and



orders (Clark 1973). Among species with
similar body shapes the relatively smaller
surface area of larger birds reduces buoyancy
for flight (Storer 1955). Accordingly, soaring
and gliding species tend to have large surface
areas for flight relative to their weights
(Hartman 1961). Among diving birds,
greater density (weight/volume) can counter
buoyant tendencies and thus reduce the
energy cost in diving (Storer 1960, Simpson
1976:45). For example, the Green-winged
Teal (Anas crecca carolinensis), a dabbling
duck, and the Bufflehead (Bucephala al-
beola), a diver, have similar body lengths, but
the male Bufflehead regularly outweighs the
male teal by 1.2 times or more (data from
Palmer 1976). Ideally volumetric data should
be used in such comparisons, but they are
unavailable. Reduced buoyancy facilitates
diving but hinders flight; the least buoyant
birds are flightless divers such as penguins
(Simpson 1976).

Biotic factors including size of food and
its distribution greatly influence the evolution
of taxonomic differences in weight. Larger
species have advantages over smaller ones in
usually eating not only larger food items but
also a wider range of sizes of food (Wilson
1975). Although within a species social
dominance is often not directly associated with
weight (Swingland 1975), heavier species
usually dominate lighter ones (Morse 1974)
and thus are likely to win in direct competi-
tion for food or space. Smaller species have
advantages in being able to use food items,
nest sites, and perches too small for heavy
birds, and small birds can also use denser
vegetation for foraging and protection. Dif-
ferences in weight among closely related,
syntopic species help to reduce the likeli-
hood of interspecific competition (IHespen-
heide 1973).

The lightest of birds are certain humming-
birds, a few of which weigh only about 2 g
(Hartman 1961). Lasiewski (1963) reported
that the Cuban Bee Hummingbird (Calypte
helenae) weighs as little as 1.7 g, perhaps
the smallest of all birds. Both miniaturization
and energetics appear to limit minimal
weights for birds (Kendeigh 1972, Greenewalt
1975). The heaviest of living flying birds
reach 12 kg and include Mute Swans (Cygnus
olor), condors (Vultur), and bustards
(Ardeotis), although the Pleistocene fossil
vulture Teratornis merriami and the Miocene
seabird Osteodontornis were larger. The
largest extant flightless birds are Ostriches,
adult males of which often exceed 100 kg
and sometimes more than 140 kg in captivity.
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Rahn et al. (1975) calculated from egg
volumes that the largest of the fossil elephant-
birds (Aepyornithidae) might have weighed
1000 kg, a value twice that estimated by
Amadon (1947) on the basis of body lengths.
However, there is no clear evidence as to
which estimate is more accurate, and weight
estimates for fossils that are unlike modern
genera are generally difficult to test. Factors
limiting maximal size for both {lying and
flightless birds have not yet been critically
analyzed. Biotic environmental factors in
evolution have presumably generally re-
strained weights below the maxima that
might be attainable if only physical factors
were limiting,

USES OF WEIGHTS

Standards for body size. A standard for body
size is frequently useful in comparing either
individuals or species, and numerous refer-
ences discuss this subject for birds (Amadon
1943, Calder 1974). Body size has usually
been measured with weights or linear dimen-
sions, either of which can be useful depending
on the circumstances.

Weight summarizes the total biomass of an
individual and is probably the most con-
venient standard for energetic comparisons.
Furthermore, in comparing properties of
distantly related taxa, e.g., woodpeckers and
nuthatches, weight may he a better standard
of body size than any linear measurement.
Weights are handicapped, however, because
of variation within individuals and within
species. For determining the larger of two
populations with very similar mean weights,
it is sometimes more practical to use numerous
linear measurements (e.g., of long bones)
instead of weights.

If density is uniform, weight is proportional
to volume which in turn is proportional to
the cube of a linear dimension. Hence, for
comparing linear dimensions the cube root
of weight can be an advantageous standard in
providing a clearer indication of proportions
and in reducing variation in weights to a
level more like that of linear measurements
(Amadon 1943).

When weights are unavailable or inade-
quate, linear measures such as wing length
must represent body size. Although wing
length often correlates with weight within a
species (Rand 1961a, b; but see Owen 1962),
exceptions are frequent. For example, Grant
(1965) found wing length to be a poor index
of body weight in intraspecific comparisons
between birds of the Tres Marifas Islands and
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mainland Mexico. Linear measures along the
vertebral column have often been used to
represent body size. However, these measure-
ments can also mislead due to differences in
column length relative to weight, as in the
two closely related species of murres (Uria;
Spring 1971). In other cases, addition of
measurements of numerous bones has yielded
a so-called skeletal sum, or multiplication of
three skeletal measurements has formed an
artificial “cubic” measurement (see Riiger
1972 for references). Such computed indices
should be compared with actual weights, or
their cube roots, to be confident that the
indices do indeed represent overall size
(Riiger 1972). Where many linear measure-
ments are obtainable, as on skeletons,
principal components analysis yields an ab-
stract index of size and hence weight, though
also influenced by shape (R. F. Johnston
1972, Niles 1973).

A major analytic method both within and
among species is the allometric description of
aspects of structure, physiology, and behavior
with body weight as the standard for com-
parison {Calder 1974). Examples of features
thus described include basal metabolism,
dimensions related to flight, respiration,
circulation, and temperature (Calder 1974,
Greenewalt 1975). Ecological properties such
as home range size {Calder 1974) and be-
havioral features such as characteristics of
vocalizations (Bergmann 1978) can also be
stated allometrically, although the scatter
sometimes exceeds that for physiological
properties (Calder 1974). Allometric equa-
tions are basically descriptive but within
empirical limits may predict properties of
species not studied directly. However, caution
is advisable in extrapolating beyond empirical
limits or in assuming causation on the basis
of correlation. For example, both feather
number and egg weight can be significantly
correlated with body weight and with each
other, but this does not indicate that egg
weight determines feather number or vice
versa.

Systematics. Differences in weights can
sometimes serve along with other features to
separate taxa (Amadon 1943, Moreau 1944).
For example, Ripley (1960) used weights in
distinguishing subspecies of the Bobwhite.
Fisher (1952) presented data showing that
Antarctic Fulmars (Fulmarus glacialoides)
on the average outweigh Northern Fulmars
(F. glacialis glacialis), although this differ-
ence has apparently not been used in their
systematics. Many higher categories are also
separable by weights, e.g., titmice (Paridae)

and corvids (Corvidae), but I know of no
case in which weights were explicitly used
as a taxonomic character among the higher
categories. Similar adult weights of different
species might conceivably be a shared, de-
rived character indicating evolutionary af-
finities, but weights themselves are simple
characters and readily subject to convergence.

Assessing physiological condition. Weight
changes often reflect critical events, as in sick
individuals undergoing marked declines.
Weights may indicate levels of metabolic
reserves of breeding individuals (Korschgen
1977). Calder and Rowe (1977), for example,
found indications that changes in weight of
a female Brown Kiwi (Apteryx ausiralis)
were closely associated with stages of egg
production.

Weights have also been used to calculate
potential flight ranges of certain migrant
species in which wing length correlates
strongly with fat-free body weight. Measure-
ments of wing length and total body weight
then enable estimation of fat reserves and
hence of potential flight range (Odum et al.
1961, McNeil and Cadieux 1972). However,
wing lengths and fat-free weights are poorly
correlated in other species so that the method
is not always applicable (Moreau and Dolf
1970, Berthold 1975).

Community analysis. Weights have been
used in analyses of the factors that influence
differences in species diversity between com-
munities (e.g., Karr 1968, 1971, 1976, Pearson
1975, Faaborg 1977). Weights and census
data have often been combined to calculate
the total weight (biomass) of a particular
species or group of species in an area. For
example, Willson (1974) found that total
biomass of birds in Illinois grassland, shrub,
and forest communities was not correlated
with productivity of the vegetation or of the
invertebrates in those communities. In an-
other case, Salt (1957) assessed the relative
efficiency of temperate zone communities
on the basis of their proportion of large birds.
As larger birds have a greater efficiency per
gram (Calder 1974), a given amount of food
can sustain a larger biomass of heavier birds
than of lighter ones. In late successional
stages of Wyoming coniferous forests, Salt
found relatively more large birds and hence
by his criterion a greater efficiency for the
avifauna as a whole compared with earlier
successional stages. Moreover, he suggested
that birds might regularly serve as indices of
metabolism and efficiency for entire biotic
communities, a possibility that merits further
study.



Many ornithologists have used body weights
to estimate energy consumption by avian
communities over periods of time. The cal-
culations require census data on number of
individuals per species, their body weights,
allometric equations relating weight to basal
metabolism, and estimates of other energy
costs to assess total energy requirements (see,
for example, Wiens and Innis 1974, Wiens
and Scott 1975, Holmes and Sturges 1975).
Although several assumptions must be made,
the results lead to predictions that are
potentially independently verifiable, e.g.,
through study of the feeding rates of in-
dividual birds.

SOME TOPICS FOR FUTURE STUDIES

My review of this subject disclosed many
unsolved problems, several of which have
already been mentioned. Weights have been
most extensively reported for European and
North American birds and additional data
are especially needed for other avifaunas.
For all regions, knowledge of geographic
variation in weights is deficient due to lack
of data, particularly for breeding and winter-
ing populations. Relatively extensive data are
available for a few species, such as the House
Sparrow, but even for these species large
populations remain relatively unstudied, e.g.,
the House Sparow populations of the southern
hemisphere. Amadon (1943) provided the
most recent general discussion for birds on
the relative variability of weights both within
and among species, and the subsequently
published data, widely scattered through the
literature, have not been comprehensively
analyzed.

Much research is needed on the deter-
minants of weight of different species in
relation to their food and habitat require-
ments. Rensch (1960) reviewed several
papers reporting better learning abilities for
birds from heavier populations or species (see
also Stichmann 1962); such a tendency if
widespread is of general interest in the evo-
lution of body weights. The buoyancy dif-
ferences among diving birds have not been
extensively studied. Weights should be in-
vestigated as indicators of nutrient reserves
and of energy requirements for individuals
and populations. Moreover, weights should
continue to be of major importance in studies
of community organization.

SUMMARY

This survey covers procedures and problems
in obtaining body weights in the field and
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from the literature. Possible effects of handling
live birds and of postmortem changes are
briefly considered. Weight variation within
species is discussed in relation to time of day,
season, migration, year, age, sex, geography,
and other factors. Evolutionary specializations
include increased buoyancy in gliding and
soaring species and reduced buoyancy in
divers. Body weight is closely related evolu-
tionarily to the foods consumed and to the
structure of habitats. Weights are useful as
standards for body size, in systematics, for
assessing the physiological condition of birds,
and in ecological community analysis.
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1978. University of Washington Press, Seattle. 112 p.
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intriguing of birds to mankind, and they have been
credited with various admirable or sinister qualities.
Angell here pays tribute to them with an easily read-
able text and many striking line drawings. He first
gives a one-page description of each of the North
American species and then discusses certain aspects
of the family as a whole: roles of corvids in art and
mythology, social behavior, feeding habits, and com-
munication. Text and illustrations both reflect the
author’s appreciation for the birds. Speaking of the
drawings in the Foreword, ]J. Fenwick Lansdowne
says that “These are not intended to be portraits but
rather are expressions of the birds’ personalities. . . .”
One of the most attractive bird books to have appeared
in years. Bibliography.

The Gannet—Bryan Nelson. 1978. Buteo Books,
Vermillion, South Dakota. 336 p. $25.00. Following
hard on his encyclopedic The Sulidae (noticed in
Condor 80:456), Nelson has written a new book
that is chiefly about the best-known member of the
family. This work is not an extract from the first;
it is freshly written and is aimed at a more general
audience. Five chapters cover the bird itself, numbers
and distribution, breeding behavior and ecology, and
habits at sea. Other chapters compare the sulids (with
scant attention to other pelecaniformes) and relate the
history of gannets and mankind. Many tables of data,
maps, photographs, and a full bibliography. Illustrated
with fine drawings by John Busby. Although this
book is no substitute for its predecessor, it will amply
serve ornithologists and birders who do not want such
extensive coverage of sulids or cannot afford it.

more extensive bibliography and supplements that
have been filed in the Josselyn Van Tyne Memorial
Library, Museum of Zoology, University of Michigan,
Ann Arbor, and the library of the Division of Birds,
National Museum of Natural History, Washington,
D.C.
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11 September 1978.

The Art of Natural History/Animal Hlustrators and
Their Work.—S. Peter Dance. 1978. The Overlook
Press, Woodstock, New York. 224 p. $60.00. This
sumptuous, oversize volume presents a selective his-
tory of zoological illustration, with emphasis on work
that was duplicated by various means. Except for the
era before printing, the author does not attempt to
consider one-of-a-kind works of art. He restricts his
coverage almost entirely to the work of western Euro-
pean and American artists, from 15th century wood-
cuts to 19th century colored lithographs. The major
part of the book is a chronological account, the re-
mainder being devoted to four special studies which
did not fit into that framework. The volume is lavishly
illustrated with reproductions of the artwork; the color
plates are exceptionally fine. As Dance remarks, if this
“somewhat personal interpretation of zoological art
antagonizes some readers, they will surely find solace
in looking at the illustrations, which are, after all,
what this book is really about.”

The Illustrated Bird.—Edited by Maggie Oster and
designed by Sonja Douglas, 1978. Dolphin Books/
Doubleday & Co., Inc., Garden City, New York. 80 p.
Paper cover. $6.95. This is a picture book about the
portrayal of birds in art—as symbolic, decorative, or
inspirational figures. In contrast to the preceding
book, it is not concemed with illustrations of books
about birds. Many of the examples are unfamiliar and
they represent a wide variety of media, nationalities,
periods, and artists. Reproduction of the color plates
is generally excellent. The text is subordinate to the
illustrations and is a mixture of snippets about natural
history, mythology, and birds in human affairs, treated
in a superficial manner. Essentially a coffee table
book, this work may have value to scholars who will
follow up the material themselves.



