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The ecological morphology of birds: a review

Frances C. James

1. Introduction

James, F. C. 1982: The ecological morphology of birds: a review. — Ann. Zool. Fennici
19: 265-275.

The study of the ecological morphology of birds requires an integration of information
about phylogenetic relationships among taxa and their adaptations to environments.
Parallel or convergent morphological evolution can be demonstrated either by com-
parisons of the size and shape of birds in different lineages that occupy the same micro-
habitat or by comparisons of taxa that occupy similar but distant environments. The
common notion that interspecific constraints affect adaptive radiation in a lineage is
probably incorrect because it rests on unsupported evidence of character displacement.

At the generic level, wherein differences in morphology between species can be judged
against the standard of recent common ancestry, very small differences in the shape of the
feeding, wing, and/or leg complexes may be correlated with species-specific differences in
foraging behavior. Morphological relationships among species in communities are more
difficult to interpret. Many purported regularities in the size ratios of coexisting species
cannot he distinguished from randomly distributed arrays of species sizes. Such size ratios
are too crude a measure of ecological differences to be very meaningful, and the demon-
stration of nonrandomly distributed sizes of coexisting species is not sufficient evidence
that such patterns are caused by interspecific interactions. The analogy between morpho-
logical relationships among species in a community and peaks of fitness in different
populations of a single species is unfortunate because it implies that communities evolve in
concert. Quantitative studies of morphological relationships among coexisting species
should be extended to include consideration of the levels of abundance and rarity of the
species over time.

At the intraspecific level there are many well documented cases of parallel geographic
size variation. Unfortunately, we do not know the extent to which these cases are
regulated by natural selection. Recently developed methods of size and shape analysis,
and the possibility of field experiments designed to estimate the genetic and nongenetic
components of the observed morphological variation, will probably permit new insights
into the mechanisms underlying the morphological differentiation of birds in the next few
years.

Frances C. James, Department of Biological Science, Florida State University, Tallahassee, Florida
32306, USA.

The broader aspects of ecological morphology
use the comparative approach to search for

The study of ecological morphology is an
attempt to understand the functional relation-
ship between morphological variation in animals
and their ecology. It requires an integration of
information about phylogenetic relationships
among taxa (Payne & Risley 1976) and adapta-
tions to environments. Two good examples of
research in this field are the study of Mares (1976)
comparing the morphological relationships in two
desert and one forest assemblage of rodents, and
that by Leisler and Thaler (this issue) comparing
the external morphology, skeletal elements, and
foraging ecology of two species of Regulus.
Additional examples would include comparisons
of families that appear to be filling the same role
on different continents and experiments about the
genetic and nongenetic contributions to clinal
variation within species.

morphological trends in different lineages and
environments. The results are usually presented
in graphic form (e.g. Karr & James 1975) or, most
recently, as statements that can be tested in
relation to null hypotheses (Simberloff &
Boecklen 1981). This approach precludes sta-
tistical replication or randomization of experi-
mental units, so inferences about the causes of
observed patterns in “natural experiments” are
necessarily weak (Simberloff, this volume, Wiley
& Cruz 1980, Orians & Solbrig 1977). Neverthe-
less, proper statistical use of the comparative
approach is useful for formulating empirical
generalizations and making predictions.

The best possibilities for analyzing the
mechanism(s) that underlie the relationship
between morphology and ecology are at the level
of field experiments at the intraspecific level.
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There are surprisingly few cases of natural
selection in which the selective agent and the
object of selection are known with certainty
(Wright 1978, Boag & Grant 1981, Fleischer &
Johnston 1982). My objective is to review the
literature on the ecological morphology of birds. I
will occasionally use examples about mammals,
but will not attempt to discuss related papers on
other groups (e.g. Pianka 1975, Brown 1965,
Patterson 1981). I hope the reader will realize that
comments about methods of analysis and criteria
for tests of patterns of variation apply to research
on other taxa.

Similarities in the skeletal and external
morphology of birds that behave in similar ways
can be demonstrated either by comparisons of the
size and shape of birds occupying the same micro-
habitat or by comparisons of taxa in similar but
distant environments. The tarsometatarsus (distal
leg element) is relatively shorter in most birds that
forage on the trunks of trees (Piciformes, Dendro-
colaptidae, and Certhiidae; Richardson 1942) or
hang from slender branches (Palmgren 1932)
than in birds that forage on the ground (Riigge-
berg 1960, Dilger 1956) or use rigid perches
(Grant 1966, 1971). And the wings are more
rounded in birds that maneuver through closed
habitats (Phasianidae, Strigiformes) than in birds
that forage above the vegetation (Hirundinidae)
(Savile 1957). A particularly striking example of
convergent evolution in unrelated taxa is the
similarity in morphology, plumage, habitat, and
behavior between the American icterid meadow-
larks (Sturnella) and the African motacillid long-
claws (Macronyx, Friedmann 1946). Some of the
other well known examples are the similarities
between the New World wood warbers (Paruli-
dae), certain tyrant flycatchers (Tyrannidae), and
American vultures (Cathartidae) and their
apparent counterparts among the Old World
warblers (Sylviidae), flycatchers (Muscicapidae)
and vultures (of the Accipitridae). Reviews by
Mayr (1946), Lack (1968), Lein (1972), and Cody

(1974) cite many more examples.

The classical works in biogeography contain
insightful observations about patterns of morpho-
logical variation among lineages. First, Alfred
Russel Wallace (1869) noted not only apparent
convergences of taxa in similar but distant
environments but also parallel geographic
variation in pairs of species, a phenomenon he
attributed to mimicry. Second, Rensch (1936)
and Huxley (1942) wrote extensively about
parallel geographic trends of intraspecific varia-
tion in many species of birds. These studies of
parallelism and convergence (Mayr 1963) should
be reviewed thoroughly and integrated with
modern studies of allometric constraints on
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variation (see Wake 1978, Gould 1971, Mosi-
mann & James 1979, Hills 1982).

2. The role of the associated fauna

Assuming wing length to be a general indicator
of size and bill length an indicator of the kind
and sizes of food eaten, Keast (1972) plotted the
species of African and Australian insectivorous
species in the graphic morphological space that
was encompassed by the tyrant flycatchers of
South America. He argued that in South America
the tyrannids were able to radiate widely because
of isolation from competitors, but in Africa a series
of invasions of birds already adapted for catching
insects in certain ways precluded a wide radiation
by any one family. Keast’s argument is weakened
by the fact that approximately the same
number of insectivorous taxa occur in the isolated
continent of Australia as in Africa. Moreover, the
richness of the South American woodpecker fauna
does not seem to have prevented the wood-
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Fig. 1. A comparison of the extent of morphological radiation
in three families of birds in South America: a) Tyrannidae, >
370 species (redrawn from Keast 1972); b) Furnariidae, >215
species (from data in Vaurie 1980); and c) Icteridae, 95 species.
The icterid data include some North and Central American
species but do not include several large icterids in the genus
Psaricolius whose bill and wing measurements (mm) exceed the
maximum shown here (see footnote to Table 1).
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creepers from radiating there, and the absence of
woodpeckers has not led to the diversification of
creeper-like birds in Australia (Lein 1972). The
classical solitary radiations of the honeycreepers
(Drepanididae) on the Hawaiian Islands (Ama-
don 1950) and the Galdpagos finches (Geo-
spizinae; Lack 1947, Bowman 1961) are no more
extreme than those of the South American black-
birds (Icteridae; Beecher 1951) or ovenbirds
(Furnariidae; Vaurie 1980). These last two
families, plus Keast’s example of the tyrant fly-
catchers, have evolved in the midst of the largest
continental avifauna on earth (Fig. 1). Evidence
that the cooccurrence of other species affects allo-
patric speciation seems to be based on selected
examples and many counterexamples are avail-
able.

If preemption of resources by one or more taxa
were restricting the process of speciation in
another taxon (Keast 1977), the phenomenon
would entail successive cases of interspecific con-
straints on morphological differentation (Brown
& Wilson 1956). Lack (1947) and‘many sub-
sequent authors have assumed that such a process
accounts for ecomorphological patterns. Some
authors also contend that interspecific constraints
cause convergences (see Patterson 1981 on
chipmunks, Eutamias; Cody & Mooney 1978). But
Grant (1972) made a detailed review of all
published information about morphological
character displacement and found that there are
no unequivocal cases demonstrating that such a
process exists (see also Grant 1975). The evidence
that interspecific relationships among birds affect
differentiation is very weak.

3. Differences at the generic level

The generic level is especially appropriate for
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the analysis of ecological morphology because
differences among closely related species can be .
judged against the standard of their recent
common ancestry (Inger 1958). The best
examples for birds are the studies of tits (Paridae)
by Partridge (1976) and of warblers (Sylviidae) by
Leisler (1977, 1980a, b, c, 1981). Leisler combines
field work with behavioral studies in aviaries, and
studies of external and skeletal morphology. By
studying many variables of the feeding, wing and
leg complexes, he can show that the reed-dwelling
genus Acrocephalus has differentiated in foot
morphology more than the genus Locustella and
that the major difference between Sylvia and
Hippolais is in the shape of the wing (Fig. 2). Subtle
morphological differences within genera are
correlated with species-specific foraging be-
havior. That these differences are important
correlates of habitat selection is. clear from the
study by Bairlein (1980) showing that each species
occurs in an extremely narrow range of habitats

~even during migration (see also Baker 1979).

Morphological correlates of foraging behavior
are also apparent in the wood warblers
(Parulidae). Small differences in the length of leg
bones divided by the cube root of body weight fit
predictions based on behavioral observations
(Osterhaus 1962). Similarly, Cruz (1978) com-
pared the external morphology of the Jamaican
Blackbird (Neospar nigerrimus) with that of other
icterids. Its relatively long bill, short legs, curved
claws and long hallux permit it to forage efficient-
ly in bromeliads along the trunks of trees, and in
these respects it differs from its closest relatives in
Agelaius (see also Wiley & Cruz 1980). Of course
these detailed studies are also relevant to analyses
of assemblages of species. Norberg (1979) was able
to predict the microlocation of each species within
a feeding assemblage wintering in European
coniferous forests on the basis of subtle differences
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analysis of averages for 42 characters of external and skeletal
characteristics (redrawn from Leisler 1980a, Fig. 9).
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in wing, tail, and leg morphology. But species that
are known to compete for food need not always
differ in morphology. A very detailed study of the
functional morphology of the feeding mechanism
in several species of wheatears (Oenanthe) (Pota-
pova & Panov 1977) revealed no differences.

4. Relationships within and among
assemblages of species -

To analyze morphological relationships within
communities is a far more difficult problem than
to analyze differences within lineages. First, there
are only vague criteria for defining the boundaries
of communities. When these are standardized,
estimates of the resources of a habitat, such as
those based on the structure of the vegetation, can
be used to predict the general species richness and
relative abundance of birds present (James &
Rathbun 1981). But the history of the fauna and
the dispersal capabilities of the species (Pregill &
Olson 1981, Travis & Ricklefs, in press) underlie
the establishment of such patterns.

Wiens & Rotenberry (1980) examined their
data for breeding bird communities in grassland
and shrubsteppe habitats of the central United
States and were unable to find support for several
published generalizations about ecomorpho-
logical relationships at this level. For example,
they found that bill size was not positively
correlated with prey size (Schoener 1965, Hespen-
heide 1966, 1973) and that smaller species were
not more specialized in their diet than larger ones
(Kear 1962). Their tests for clinal variation were
based on only five localities, so in this case their
negative result was not an adequate test of
whether clines exist. In fact, clinal variation has
been well documented elsewhere for two of their
five species (Sturnella magna James 1970; Eremo-
phila alpestris, Niles 1973). Nevertheless, Wiens
and Rotenberry point out that some processes
operating at the community level are not as
tightly coupled to morphological differences
among the member species as was implied by the
analysis of Ricklefs & Cox (1977) in their study of
a community of birds on St. Kitts.

5. Limiting similarity

Whether behavioral interactions between
species result in restrictions on the sizes that occur
in a community or assemblage has been a

" controversial topic. Hutchinson (1959) thought
such regularities occurred and suggested that the

Frances C. James

sizes of coexisting species, when ranked in a de-
creasing array, generally show minimal limits of
similarity. Simberloff & Boecklen (1981) contend
that the published evidence for such purported
regularities in size ratios cannot usually be dis-
tinguished from randomly distributed arrays of
species sizes. But Brown (in press), Schoener
(1965, 1974, in press), and Oksanen et al. (1979)
not only find such patterns, they attribute them to
interspecific interactions. The strongest case is
made by Bowers & Brown (1982) on the basis of
experimental manipulations of desert assemblages
of rodents.

Schoener (1965) does not expect patterns of
limiting similarity among the sizes or bill lengths
of assemblages of breeding songbirds because in
songbird assemblages resources do not seem to be
limiting. This is only one of several possible
arguments. First, single measurements of external
morphology are not adequate to estimate dif-
ferences among species (Root 1967; Wiens, this
issue), and second, morphological differences
need not be adaptations to conditions of the
breeding season (Lack 1954, 1966, Fretwell 1972).
Finches can be used as an example for both of
these cases. Almost all songbirds eat invertebrates
in the breeding season, including the four lineages
that have conical bills and are adapted to eating
seeds in the nonbreeding seasons. Each of the four
groups has a unique method of ingesting seeds.
Fringillids prefer the seeds of dicots, which they
slice with sharp mandibles; emberizids, ploceids,
and estrildids prefer grass seeds, which they
squeeze in different ways against a stiffened
tongue (Ziswiler 1980). The size ratios of the bill
length of birds with conical bills, in all four
groups, are too crude a measure to provide
meaningful estimates of these ecological dif-
ferences (Kear 1962, Newton 1967, Root 1967),
and the relevance of differences in bill length to
patterns of coexistence during the breeding season
1s doubtful. Similar examples could be developed
for other taxa.

Strong et al. (1979), Strong & Simberloff
(1981), and Simberloff & Boecklen (1981) insist
that, before assigning causes to observed morpho-
logical relationships, one should conduct tests of
whether the relationships are different from those
that would occur by chance. Gatz (1981) followed
this advice and demonstrated a nonrandom
pattern of morphological relationships among fish:
communities. Then he assumed that this demon-
stration of a pattern was sufficient evidence that
its underlying cause was interspecific inter-
actions. Obviously, the relative importarice” of
other potential causes needs to be evaluated as
well.
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6. The Hutchinsonian model

In 1957 Hutchinson proposed that the
ecological niches of associated species could be
located in a hypothetical n-dimensional resource
space in such a way that their fitness relationships
would be represented (he was careful to
emphasize that this model could not be used to
test the validity of the Gause-Volterra com-
petition principle on which it is based). In 1968
Hutchinson suggested further that morphological
relationships among coexisting species, as de-
termined by numerical taxonomic methods,
could provide a similar space. Assuming that
functions exist that permit the transformation of
the morphological relationships to values of
environmental variables, the morphological and
niche spaces would be interchangeable, and the
positions of species would correspond to adaptive
peaks in the sense of Wright (1932). This analogy,
between the morphological relationships among
species in a community and peaks of relative
fitness in different populations of a single species,
is unfortunate because it implies that com-
munities evolve in the same neo-Darwinian way
that we think populations and lineages evolve.
Because there is no evidence that species evolve in
concert, the term ‘“‘evolution of communities”
means only the history of species associations.
Nevertheless, the Hutchinsonian model has
focussed attention on the quantitative analysis of
morphological relationships among sets of species
that coexist. Furthermore, ecological and be-
havioral interactions may affect assemblages

" (Cody 1974, 1978, Noon 1981, Pulliam 1975;

Birch 1979 reviews the experimental evidence).

One of the first multivariate comparisons of
morphological relationships among faunas was
constructed by Findley (1973) for bats in order to
discover whether more speciose faunas are more
tightly packed into their overall morphological
niche space than less speciose faunas are. Gatz
(1980) pointed out that the method Findley
(1976) used is preferable because he calculated
Euclidean distances between taxa rather than
summing branches of a Prim network. Using this
method, Gatz (1979) concluded that more
speciose fish communities are not more tightly
packed, confirming a prediction ofSchoener
(1965). Karr & James (1975) showed that the
results of such analyses depend partly on which
characters are selected for study.

There has been a series of attempts to quantify
the extremely complex situation in which sets of
species in similar but distant environments appear
to have ecologically equivalent taxa that are un-
related. But Orians & Solbrig (1977) concluded
that there is as yet no theory that accounts for the
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““evolution of convergent ecosystems.” Cody &
Mooney (1978) and Cody (1974) discussed .
similarities among bird communities occupying
scrub habitats in California, Chile, and the Medi-
terranean region, but gave no comparisons with
communities that are presumed to be less con-
vergent. Karr & James (1975) compared one
temperate and two tropical bird communities in
terms of morphological relationships but give no
tests. Mares (1976) compared a desert assemblage
of rodents in Argentina with another assemblage
in the Sonoran Desert of the southwestern United
States and a nearby assemblage in a coniferous
forest. He showed that the degree of desert
adaptation is apparently less in Argentina than in
the Sonoran desert, as would be expected from the
known history of the faunas. Niemi (ms) is taking a
different comparative approach in his study of
birds breeding in New World (Minnesota) and
Old World (Finland) peatlands. He compares
species in the peatlands with their congeners in
other habitats, in order to discover morpho-
logical trends that may be associated with
adaptations to peatland habitats. Ricklefs &
Travis (1980) analyzed morphological relation-
ships among 11 communities studied by Cody
(1974) in chaparral habitats of California and
matorral habitats in Chile. They presented a
statistical test of community convergence based
on whether the morphology-of birds in presumed
convergent communities 1s more similar than
combinations of the same species that do not
actually cooccur. In one case their model does not
detect the difference between real birds and a
random combination of parts of birds. This result
emphasizes that we do not yet have null models
that are sufficiently sensitive to detect whether the
phenomenon of interest exists.

In most studies of limiting similarity, phenetic
packing, and multivariate morphological re-
lationships among coexisting species, there is no
consideration of the relative abundance of the

‘component species. Certainly if interspecific

interactions affect bird distribution sufficiently to
account for patterns of species distributions
(Diamond 1975), and the relationships are based
on morphological similarities (Cody 1974), we
need studies to determine whether species of
similar morphology have reciprocal levels of
abundance and rarity. James & Boecklen (in
press) examined one community of twenty species
breeding in a 12 ha upland deciduous forest in
Maryland. A few pairs of species showed reci-
procal densities over time, but there was no
morphological evidence that either the com-
munity as a whole or guilds within the community
were organized by interspecific interactions.
Consideration of the abundant versus the rare
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species did not indicate that morphological re-
lationships constrained community structure.

7. Intraspecific variation
There are many well-documented cases of

parallel geographic size variation in different
species of birds (Rensch 1936, 1960, Huxley 1942,

James 1970, and others). Species that vary geo--

graphically are generally larger in either cooler or
drier areas, where the evaporation is greatest
(Hamilton 1958, 1961, Power 1969), such as
deserts, mountains, and high latitude locations
(James 1970). Because these trends can be seen on
a scale of even 1 degree latitude-longitude blocks
across broad continental regions, and because
species of very different ecology (songbirds, owls,
woodpeckers) have the same patterns, adapta-
tions to the physical environment are implicated
(Mosimann & James 1979). Bergmann’s Rule as
formulated by Mayr (1963) (that races in cooler
climates tend to be larger than races of the same
species in warmer climates) is an inadequate ex-
pression of our current knowledge of clinal
variation in birds, because consideration is
limited to dry-bulb temperature. When ad-
ditional avenues of heat exchange between the
organism and the environment are considered,
the size/climate relationships become more im-
pressive, and many exceptions are accounted for.
Nevertheless, judgments about the adaptive
nature of observed patterns often involve circular
reasoning (Rothstein 1982), and the possibility
that the variation is a passive byproduct of other
processes leaves nagging doubts.

There have been only a few attempts to
quantify the total phenotypic variation for a
single species (Johnston & Selander 1973) and a
few hints at its significance (Johnston 1972, 1973,
Gould & Johnston 1972, Baker & Moeed 1979).
Selander (1966) reviewed the arguments for eco-
logical interpretations versus sexual selection in
the analysis of patterns of sexual dimorphism in
size and shape. Baker (1979), Selander &
Johnston (1967), and Johnston & Fleischer (1981)
have made detailed analyses of sexual di-
morphism in the House Sparrow ( Passer domesticus).

In spite of the large literature describing
patterns of ecological and morphological co-
variation and the many neo-Darwinian studies
documenting shifts in gene frequency when
environments change, we do not really know the
extent to which natural selection regulates
variation in adult phenotypes (Maze & Bradfield
1982, Wake 1978, Wright 1978). Changes in the
average phenotypic value of a trait can be caused
by selection for a covarying trait (perhaps physio-
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logical or developmental; Levtrup 1974, Wake
1978) by genetic drift (Lande 1976) and by non-
genetic processes (Harrison 1959). Even the
assumption that clines of character variation are
entirely the result of a balance between natural
selection and gene flow (Endler 1979) is not
sacrosanct. By exchanging eggs of Red-winged
Blackbirds (Agelaius phoeniceus) between nests in
northern and southern Florida, and following the
subsequent development of nestlings, I have been
able to show that a substantial amount of the
differences in shape between the populations of
nestlings is nongenetic (James, unpubl.). Also,
Berven et al. (1979) reported similar results in a
study of variation in the green frog (Rana
clamitans). They showed that a size cline in-
creasing with elevation in the Appalachian
mountains was an environmentally-induced
growth response to a temperature gradient and
that natural selection for early metamorphosis
was operating in the opposite direction from the
cline. The nongenetic effects of food and the
physical environment on the morphology of wild
birds need more study, and we need experiments
designed to compare different populations of the
same species. Recent work on the heritability of
morphological characters in natural populations
is an important contribution to this effort. But
which of the many sets of correlated characters
might be the object of selection is rarely known.
New work by Smith & Zach (1979), Smith &
Dhondt (1980), Van Noordwijk et al. (1980),
Findlay & Cooke (1982), Dhondt (1982) and Boag
& Grant (1981) indicates that this area of research
will develop rapidly in the next few years.

8. Size and shape analysis

Studies of morphological patterns can be ex-
pressed by simple bivariate plots of two of the
characters (e.g. Fig. 1), but such plots show only a
small part of the differences that are apparent
when comparisons are made visually. Fenton
(1972) was able to express more of the observed
variation in his study of bat faunas by using ratios
as variables and having an accompanying index
to size differences. With multivariate methods,
such as principal components analysis, many
variables can be studied simultaneously, and the
resulting plots can express covariation in sets of
characters. Atchley et al. (1976; see also Ricklefs
& Travis 1980) object to using ratios as variables
in multivariate analysis because ratios are
frequently not normally distributed (see Hills
1978 for a response). Ratios and proportions are
very basic variables in morphological analysis, so
their proper mathematical treatment is an
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important concern.

Mosimann (1970, 1975a, b) proposed a method
of defining size and shape in a way that is geo-
metrically meaningful and that permits the study
of their joint statistical distribution. A size
variable can be any measurement, sum of
measurements, or geometric mean that has
intuitive appeal. Shape variables are ratios or pro-
portions, and isometry is defined as the lack of
statistical association of shape with a specified size
variable. The choice of the size variable is very
important, and no one measure is ideal for all
cases (Mosimann & James 1979). If the original
data follow a multivariate lognormal distribution,
their logs jointly follow a multivariate normal
distribution, and a wealth of statistical methods is
available. For example, Mosimann & James

A. p fortis, northern Great Plains;
A. p. floridanus, southern Florida)
fit into the pattern of interspecific
variation.

(1979) used the multiple correlation coefficient to
test for and measure the extent of the association
of shape with a variety of size variables. The goal
of size and shape analysis is not to produce un-
correlated size and shape variables, but to define
size and shape precisely and then analyze how
they are related. It would be interesting to
combine size and shape analysis with studies of
spatial autocorrelation (Cliff & Ord 1973, Sokal
& Riska 1981).

For an analysis of geographical variation in
Red-winged Blackbirds in Florida (Mosimann &
James 1979), wing length was the best size
variable because it had the highest between-
locality/within-locality variance ratio. We could
then analyze bill shape in relation to size
variation. If Beecher (1951) was correct in his idea
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Table 1. Principal components analysis of general shape relationships
among species of the family Icteridae based on single specimens of
each sex.!) PCI accounts for 46% of the vanance, PCII for an
additional 35 %.

Correlations Coefficients
Shape Variable?) PCI PCII PCI PCII
log wing length — log tarsus 0.04 0.84 = 0.02 0.60
log central toe — log tarsus 0.15 0.82 ‘ 0.08 0.59
log bill length — log bill depth 095 —0.07 . 052 —0.05
log bill depth — log bill width 095 —0.10 052 —0.07

') Data include only those 39 species available in the collection of the
Florida State Museum. For a few species no female specimens
were available. The family contains a total of 95 species.

%) Differences between logs are equivalent to ratios. See Mosimann
and James (1979) for methods.

that the Icteridae as a whole have. undergone
radiation from a seed-eating finch-like ancestor
into fruit-, nectar-, and insect-eating forms, the
increase in size mlght have followed a change in
bill shape even in intraspecific differentiation. But
the fact that many other species of. diverse diet
have the same clines of size variation (James 1970)
suggests that the shape variation may be merely
an allometric by-product of clinal size variation.
We cannot choose among these ideas on the basis
of empiricial observations, but to be able to
analyze the covariation of size and shape is a con-
siderable aid in ecomorphological work.

Fig. 3 gives an example of how shape can be
studied by principal components analysis. Fig. 3a
gives the variation in shape among 39 species of
icterids based on a principal components analysis
of shape variables for study skins of one male and
one female for each species (Table 1). (The data
for bill width and wing length dre the same as in
Fig. 1, where size differences dominate the graph.)
I have included the extremes of intraspecific
variation in the shape of the .widespread Red-
winged Blackbird (Agelaius phoeniceus). Fig. 3b
gives outlines of the bill size and shape for a subset
of these species arranged in a comparable way.
Here the extremes of bill shape in populations of
Red-winged Blackbirds, those in the central
Great Plains and southern Florida, can be
compared in the context of variation in the family
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as a whole.

9. Conclusions

At the broad comparative level, studies of
assemblages or between faunas can detect
interesting patterns of parallelism and con-
vergence in the morphology of birds, but the
discovery of such relationships is unlikely to
suggest the mechanisms that underlie the
establishment of these patterns. Ecologists tend to
become either overly concerned with arbitrary
size comparisons or mired in matrices in which
size and shape relationships are confounded, and
systematists seem overly concerned with con-
structing branching diagrams. To cladists the
parallelisms and convergences that are the object
of study in ecological morphology are just a
hindrance to creating a natural classification
(Ashlock 1974) or to understanding historical bio-
geography (Rosen 1978). The job of quantifying
and analyzing the relationship between the legacy
of phylogenetic attributes of taxa in relation to
potential sources of change, and then relating the
results to past and present environmental con-
ditions, requires behavioral studies, analysis of the
covariation of size and shape, quantification of
resources, and determination of the genetic and
nongenetic components of morphological varia-
tion. These are promising areas of research in
evolution, but the analytical problems are so
complex that it is not surprising that comparisons
for members of communities of unrelated birds
are frequently unsatisfying. Evolutionary re-
lationships are best studied within and between
lineages where phylogenetic relationships based
on anatomical comparisons can be used as a
standard against which differences can be judged.
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