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AssTRACT.--Hummingbird species inhabiting restricted geographic regions exhibit mor- 
phological patterns that differ significantly from those predicted by null models in which 
species are selected at random from appropriate species pools. Temperate North American 
hummingbirds are convergent: more similar in bill length, body weight, and wing length 
than predicted by several null models. These temperate species also are more similar to each 
other than they are to more closely related (congeneric) species from subtropical and tropical 
habitats. Hummingbirds of the Greater and Lesser Antilles show a nonrandom distribution 
of species among islands: all islands inhabited by hummingbirds have at least two species, 
and these fall into two distinctly different size categories. Allometric scaling of bill length 
with respect to body mass is distinctive in Antillean hummingbirds; bill length increases 
more rapidly with increasing body weight in West Indian hummingbirds than in random 
samples of hummingbirds of the world or in other birds. These morphological patterns 
appear to reflect two ecological processes: interspecific competition among hummingbirds 
and mutualistic coevolution with flowers. Hummingbird species of similar morphology use 
similar floral resources but rarely coexist in the same local areas. Species of divergent mor- 
phology exploit different food resources and frequently coexist locally. Length of the bill, 
which influences access to different kinds of flowers, is particularly important in the orga- 
nization of these simple hummingbird associations. Received 28 June 1983, accepted 5 July 1984. 

EVOLUTIONARY ecology has a long tradition 
of inferring dynamic processes of ecological in- 
teraction from static patterns in the morphol- 
ogies and geographic distributions of closely 
related species (e.g. Lack 1947, Brown and Wil- 
son 1956, Hutchinson 1959, MacArthur 1972). 
Such patterns have played a particularly im- 
portant role in the development of current ideas 
about the role of competition and other inter- 
specific interactions in the organization of nat- 
ural communities (e.g. MacArthur 1972, Cody 
and Diamond 1975). Recently, however, these 
ideas have been criticized for two reasons. First, 

many of the purported patterns have not been 
rigorously tested against appropriate null 
models that assume they could result from ran- 
dom processes rather than deterministic bio- 
logical mechanisms (e.g. Strong et al. 1979, 
Connor and Simberloff 1979, Simberloff and 

Boecklen 1981). Second, the relationship be- 
tween morphology and ecology often is simply 
assumed or inferred from indirect evidence in- 

stead of being documented rigorously by ob- 
servation and experiment (e.g. Lack 1947, 
Hutchinson 1959, Findley 1973, Cody 1974, 
Brown 1975, Karr and James 1975). These prob- 

lems can be overcome in some cases by reana- 
lyzing information already available for cer- 
tain groups of organisms. Although these 
analyses are no substitute for careful experi- 
mental and observational field studies, they may 
clarify issues and focus future empirical work. 

Hummingbirds, the nonpasserine avian fam- 
ily Trochilidae, provide an excellent system for 
addressing these issues. This presumably 
monophyletic group, containing more than 100 
genera and 300 species, is widely distributed in 
the New World, attaining its greatest diversity 
in tropical latitudes. Hummingbirds are spe- 
cialized for feeding on floral nectar and share 
a suite of characteristics including long, slen- 
der bills, tiny feet, and wings adapted for hov- 
ering flight. Because they are easily observed 
and their food resources can be monitored ac- 

curately, hummingbirds have been the subjects 
of many behavioral and ecological studies. 

Several investigators have suggested that 
species in particular geographic areas exhibit 
morphological patterns that reflect evolution- 
ary adaptations both for competitive interac- 
tions with other hummingbirds and for mutu- 
alistic interactions with bird-pollinated flowers 
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(e.g. Grant and Grant 1968, Kodric-Brown and 
Brown 1978, and Brown and Kodric-Brown 1979 

for temperate North America; Lack 1973, 1976, 
and Kodric-Brown et al. 1984 for Caribbean is- 

lands; Snow and Snow 1972, Colwell 1973, 

Feinsinger 1976, and Stiles 1975 for tropical 
America; and Feinsinger and Chaplin 1975, 
Feinsinger and Colwell 1978, and Feinsinger et 
al. 1979 for hummingbirds in general). Al- 
though these interactions have been studied 
carefully in certain instances, there has been 
little attempt to test the purported patterns of 
morphological organization against alternative 
models that assume no interspecific interac- 
tions. We performed such tests for the species 
inhabiting temperate North America and the 
Antillean islands, and the results are discussed 

here in terms of what is known about the pro- 
cesses of ecological interaction. Our analysis is 
based on three quantitative morphological traits 
that are known to be important in humming- 
bird ecology: culmen (bill) length, which influ- 
ences the kinds of flowers from which the birds 

can forage; body weight, which indicates total 
energy requirements; and wing length, which 
together with body weight affects the aerody- 
namics of flight (Greenewalt 1975). 

TEMPERATE NORTH AMERICAN 

ASSOCIATIONS 

Eight species, belonging to four genera, have 
breeding ranges that extend well into temper- 
ate North America. Several other species, not 
considered further here, are primarily subtrop- 
ical in distribution and reach their northern 

limits just across the Mexican-United States 
border. The collective breeding range of these 
temperate species extends from the deserts of 
the southwestern United States and northern 

Mexico to southern Alaska and from Florida to 

southeastern Canada. All of these species are 
migratory, wintering in Mexico and Central 
America. 

Several investigators have noted that the 
north temperate hummingbirds are extremely 
similar in size and shape. Grant and Grant (1968; 
see also Brown and Kodric-Brown 1979) sug- 
gested that this similarity represents conver- 
gence among species to utilize a common set 
of widely distributed flower species, which also 
have converged in size, shape, and nectar re- 
wards. Hummingbirds compete for these floral 
resources primarily by aggression and territo- 
riality. This interference usually results in ex- 

clusive use of local areas by individuals and 
species, and its outcome depends largely on 
habitat (including flower density) and wing disc 
loading (the ratio of body weight to the area 
swept out by the wings in flight; Feinsinger 
and Chaplin 1975, Kodric-Brown and Brown 
1978, Feinsinger et al. 1979). 

The claim that temperate hummingbirds are 
convergent in morphology has not been tested 
rigorously against a null hypothesis. If the claim 
is correct, then temperate hummingbirds should 
be more similar to each other than a compara- 
ble number of species drawn at random from 
an appropriate species pool. We tested this hy- 
pothesis by comparing measurements of body 
weight, bill (exposed culmen) length, and wing 
length for the temperate species with sets of 
eight species randomly drawn from a large pool 
of species of hummingbirds of the world for 
which measurements were available (see Ap- 
pendix). We conducted three tests of the null 
hypothesis that the temperate hummingbirds 
are no more similar in size than randomly as- 
sembled associations of species. 

First, we used computer simulation tech- 
niques to draw 8 species at random 1,000 dif- 
ferent times from the pool of 123 species for 
which all measurements were available. For 

each set of eight species we computed the vari- 
ance for each of the three measurements, and 
we recorded the number of cases in which the 

variance for a null community exceeded that of 
the observed temperate assemblage. For all 
three characters, variance in the random com- 
munities was greater than in the real commu- 
nity for all 1,000 draws (Table 1). Clearly, tem- 
perate hummingbirds are much more similar 
in size and shape than a random subset of the 
hummingbirds of the world (Fig. 1). 

A random draw from the global species pool 
may not be an appropriate method for evalu- 
ating certain null hypotheses, however. For one 
thing, the temperate species probably are more 
closely related to each other than to certain ex- 
clusively tropical groups. Thus, the similarity 
could be attributed to failure to diverge from a 
recent common ancestor rather than to conver- 

gence in response to similar ecological condi- 
tions. Biogeographic and taxonomic relation- 
ships suggest that temperate North American 
hummingbirds derived from tropical montane 
and subtropical ancestors that colonized from 
Mexico. The morphology of temperate hum- 
mingbirds also might be constrained by the de- 
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TABLE 1. Results of simulations testing the null hypothesis that the eight species of temperate North Amer- 
ican hummingbirds are more similar than expected from a random draw of eight species sampled from 
the world species pool. Simulations compared the actual variances of morphological characters of temperate 
species against variances of the entire world species pool, the species pool that inhabits continental North 
America north of the Isthmus of Tehuantepec (biogeographic constraints), and species pool with wing 
lengths and body weights within the range observed for temperate species (morphological constraints). 

Number of random draws with variances 

greater than observed variance 
World 

Variance in 8 North species Biogeographic Morphological 
American species pool constraints constraints 

Culmen length (mm) 1.75 1,000 996 1,000 
Wing length (mm) 15.21 1,000 999 248 
Weight (g) 0.203 1,000 999 523 

mands of the fluctuating temperate climate or 
by the necessity to migrate from the temperate 
zones to winter in tropical and subtropical re- 
gions and survive in these habitats (see Fein- 
singer 1980). Such constraints would indicate 
that ecological factors influence the morphol- 
ogy and community organization of humming- 
birds, but would suggest that other conditions 
probably are more important than biotic inter- 
actions with flowers or with other humming- 
bird species within the temperate zone of North 
America. 

We then tested two null hypotheses that im- 
pose additional constraints on the species pool. 
Unfortunately there is no modern, generally 
accepted classification of the family Trochili- 
dae that attempts to reconstruct phylogenetic 
relationships among the genera, so we did not 
feel confident restricting our species pool to 
some taxonomic subgroup within the family. 
Instead we drew random communities from a 

species pool limited by either biogeographic or 
morphological consraints. In a second test we 
limited the species pool to those 29 species (for 
which we have measurements out of a possible 
38 species) that inhabit continental North 
America north of the Isthmus of Tehuantepec 
in southern Mexico (Peterson and Chalif 1973). 
Because many biogeographers recognize the 
region between the Isthmus of Tehuantepec and 
the United States-Mexican border as the area 

of subtropical transition between tropical South 
and Central America and temperate North 
America (Brown and Gibson 1983), this proce- 
dure defined a species pool consisting of 8 tem- 
perate North American species and 21 subtrop- 
ical Mexican species. In a third test we limited 
the species pool to only those 28 species that 

had body weights and wing lengths within the 
range (2.66-4.25 g and 39.8-49.7 mm) for tem- 
perate species. Note that both the biogeograph- 
ically and the morphologically constrained 
species pools are also taxonomically con- 
strained, because they contain only 18 and 17 
genera, respectively, of the 70 genera in the 
world species pool for which all measurements 
are available for at least one species. 

When 1,000 draws of 8 species each are taken 
from either the biogeographically or morpho- 
logically constrained pools, the variation in the 
relevant traits is much greater than for the tem- 
perate hummingbirds (Table 1). This is true for 
all three characters in the test with biogeo- 
graphic constraints, but of course only for cul- 
men lengths in the test with morphological 
constraints (since all species in the pool were 
within the range of variation of the temperate 
species in both body weight and wing length). 

The hypothesis that temperate humming- 
birds are similar, not as a result of evolutionary 
convergence but simply because they have not 
diverged substantially from a common ances- 
tor, also can be evaluated by comparing varia- 
tion within and between genera. Two of the 
four genera of temperate hummingbirds have 
other species with exclusively tropical distri- 
butions. If temperate hummingbirds have not 
diverged significantly from a common ances- 
tor, these tropical congeners should also be 
similar in size and shape to their temperate rel- 
atives. Clearly this is not the case (Table 2). 
Tropical species of the genera Selasphorus and 
Calypte are uniformly smaller than their tem- 
perate congeners. The temperate representa- 
tives of these genera are similar to each other 
and to the other two monotypic genera of tern- 
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TEMPERATE NORTH AMERICA 

• GREATER AND LESSER ANTILLES 

WORLD 

LOG BOOY WEIGHT (g) LOG CULMEN LENGTH (f'om) LOG WING LENGTH (ram) 

Fig. 1. Frequency distributions of body weights (g), culmen lengths (mm), and wing lengths (mm) for 
species of hummingbirds from temperate North America, the Greater and Lesser Antilles, and the world. 
Note the small variation among temperate species and the bimodal pattern for Antillean species compared 
to the world species pool. 

perate hummingbirds, especially in bill length. 
The greater similarity among temperate species 
than among congeneric species provides strong 
evidence that the temperate hummingbirds 
have acquired their strikingly similar mor- 
phologies by evolutionary convergence. 

These analyses demonstrate that temperate 
North American hummingbirds are much more 
similar in morphology, especially in bill length, 
than expected on the basis of several different 
null hypotheses. Because bill length is of pri- 
mary importance in determining the kinds of 
flowers from which hummingbirds can forage 
(e.g. Snow and Snow 1972, Colwell 1973, Stiles 
1975, Feinsinger and Colwell 1978, Kodric- 
Brown et al. 1984), these results also provide 
strong support for the idea (Grant and Grant 
1968, Brown and Kodric-Brown 1979) that the 
birds have converged to use the same kinds of 
flowers. It seems highly unlikely that physio- 
logical adaptations to climate or migration 
would result in more precise convergence in 
bill length than in either body size or wing 
length. 

ANTILLEAN COMMUNITIES 

The tropical islands of the Greater and Lesser 
Antilles are inhabited by 14 species and 9 gert- 

era of hummingbirds (Bond 1971). All but 2 of 
these species are endemic to the Greater and 
Lesser Antilles. Other species not considered 
in the present analysis occur on islands around 
the periphery of the Caribbean Sea (the Baha- 
mas, Old Providence, St. Andrew, Trinidad, and 

Tobago), but these islands differ conspicuously 
in habitat and geological history from the An- 
tilles. As noted by Lack (1973, 1976), the Antil- 
lean hummingbirds appear to be distributed 
among the 36 islands in nonrandom patterns. 
Although Mona, a relatively large island be- 
tween Puerto Rico and Hispaniola, has no 
hummingbirds, the remaining 35 have 2-5 
species (Table 3). Lack noted that species oc- 
curring together on the same island tended 
either to differ substantially in body size and 
overlap widely in local distribution or to be 
relatively similar in size but occur in different 
habitats, usually at different elevations. Inten- 
sive work on Puerto Rico and more casual ob- 

servations on other islands suggest that Antil- 
lean hummingbirds have morphologies that 
reflect both interspecific competition with oth- 
er hummingbirds and coevolution with mutu- 
alistic flowers (Kodric-Brown et al. 1984). The 
situation is similar to that in temperate North 
America, except that in the Antilles there are 
two size categories of hummingbirds that are 
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TABLE 2. Mean (œ), range, and coefficient of variation (CV), with standard deviation (Soy) ' in parentheses, 
for temperate hummingbirds and temperate, tropical, and combined species of Selasphorus and Calypte. 

Temperate Temperate Selasphorus Tropical Selasphorus All Selasphorus 
hummingbirds and Calypte and Calypte and Calypte 

(8 species, 4 genera) (5 species) (6 species) (11 species) 

Culmen length (mm) 
œ 17.66 17.61 11.77 14.72 

Range 15.54-19.73 16.57-19.06 10.59-12.90 10.59-19.06 
CV 0.0747 (+0.0188) 0.0521 (+0.0165) 0.0790 (+0.0228) 0.2201 (+0.0469) 

Wing length (mm) 
œ 43.92 45.15 37.86 41.17 

Range 39.77-49.68 39.77-49.68 31.61 -41.57 31.61 -49.68 
CV 0.0887 (+0.0222) 0.0975 (+0.0308) 0.1033 (+0.0298) 0.1329 (+0.0283) 

Weight (g) 
œ 3.29 3.46 2.17 2.98 

Range 2.66-4.25 3.08-4.25 1.90-2.47 1.90-4.25 
CV 0.1370 (+0.0343) 0.1349 (+0.0427) 0.1315 (+0.0379) 0.2578 (+0.0549) 

a S• calculated from Sokal and Rohlf (1969). 

highly specific pollinators of two distinct sets 
of hummingbird-pollinated plant species: small, 
short-billed hummingbirds can forage only 
from short-tubed flowers that have low rates of 

nectar secretion, whereas large, long-billed 
birds feed almost exclusively from long-tubed 
flowers that secrete more copious nectar. 

The relationship between Antillean hum- 
mingbird morphology and ecology can be ex- 
amined more rigorously by comparing the ob- 
served morphologies and distributions of 
species with those expected on the basis of null 
models that assume that insular communities 

are assembled at random, uninfluenced by in- 
terspecific interactions. 

Comparison with the global species pooL--We first 
tested whether the morphologies of Antillean 
hummingbirds differ significantly from a ran- 
dom sample drawn from the entire pool of 
hummingbirds of the world. For each of the 
three measurements (body weight, culmen 
length, and wing length) we drew at random 
from the pool 14 species for which the relevant 
data were available. This was repeated 500 
times. We quantified the maximum difference 
between the actual Antillean distribution and 

that for the entire world species pool, and then 
determined the number of random assem- 

blages that were more different than this when 
also compared to the world species pool. We 
measured the difference using the D-statistic 
from the Kolmogorov-Smirnov two-sample test, 
which is the maximum cumulative deviation 

over corresponding intervals between two dis- 
tributions (Siegel 1956). Depending on the trait, 

approximately 20-50% of the null assemblages 
were more different than the actual Antillean 

species when both were compared to the entire 
species pool (Table 4). This is hardly convinc- 
ing evidence for the nonrandom assembly of 
Antillean communities, but note that fewer 
simulated distributions exceeded the observed 

difference for culmen length (102 out of 500; 
P = 0.2) than for the other two measurements. 

Comparison with a randomized Antillean species 
pool.--We next tested whether the distribution 
of species morphologies differed from that ex- 
pected if the 14 species were redistributed ran- 
domly among islands in the frequencies that 
they actually occur. There are 35 islands inhab- 
ited by hummingbirds, but the same combi- 
nations of species occur together on several dif- 
ferent islands (Table 3). Thus, it is inappropriate 
for most tests to consider each island as an in- 

dependent sample. To be rigorous and conser- 
vative we used only the nine different combi- 
nations to obtain the observed distributions for 

each measurement. We generated an expected 
distribution by drawing nine different combi- 
nations of species at random from the pool of 
14 Antillean species (Table 3). This draw was 
constrained to have the same number of species 
in each combination as the real combinations 

(3 two-species, 4 three-species, 1 four-species, 
and 1 five-species combination). This proce- 
dure was repeated 750 times to generate an ex- 
pected frequency distribution for each mor- 
phological trait. Because the birds in both the 
real and artificial assemblages differ in absolute 
size, and we wanted to evaluate the hypothesis 
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T^BLE 3. The distribution of hummingbird species on 39 islands of the Greater and Lesser Antilles. From 
Bond (1971) and Lack (1973). 
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that coexisting species tend to differ in size 
more than expected on the basis of chance (Lack 
1973, 1976), we expressed the differences in size 
between every pair of species in all combina- 
tions (both real and randomly assembled) as 
the difference in the logarithms for each mea- 
surement. 

The observed and null distributions were 

compared and the significance evaluated with 

a Kolmogorov-Smirnov test (Fig. 2). Differ- 
ences between observed and null are signifi- 
cant for culmen length (P < 0.05), marginally 
significant for body weight (0.05 < P < 0.10), 
and insignificant for wing length (P > 0.10). 
Note that it is particularly with respect to bill 
length that real communities represent non- 
random combinations of morphologies. Also, 
the observed distributions for both culmen 
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TABLE 4. Simulation results that tested whether 3 

morphological characters of Antillean humming- 
bird species differ significantly from a sample of 
14 species drawn at random from the world species 
pool 

Number 

Charac- Number greater •' 
ter D-statistic less or equa! Z 

Wings 0.15 246 254 • 
Weights 0.18 364 136 O 
Culmens 0.20 398 102 • 

h 

length and body weight differ conspicuously 
from the null assemblages in having a pro- 
nounced peak at a difference in logarithms of 
approximately 0.30, which corresponds to a 
body size ratio of about two. This is a conser- 
vative analysis in the sense that it incorporates 
all species within islands. When they occur on 
the same island, species of similar size often 
are segregated into different elevations and 
habitats (Lack 1973, 1975; confirmed on Puerto 
Rico by Kodric-Brown et al. 1984). 

Distribution of species among islands.--We tested 
directly against a null model Lack's (1973, 1976) 
suggestion that the Antillean assemblages are 
nonrandom with respect to the number of 
species per island. Because there is one island 
(Mona) with no hummingbirds and many with 
two species (Table 3), Lack suggested that, in 
particular, the absence of islands with only one 
species was unlikely to be due to chance. 

We tested the observed distribution of num- 

bers of species among islands against a Poisson 
distribution. This null model predicts the in- 
dependent distribution of rare events. It is ap- 
propriate here because the number of species 
per island is small and apparently not influ- 
enced significantly by island area or interis- 
land distance (Lack 1973, Terborgh 1973). Re- 
suits of this analysis indicate that the actual 
distribution differs (P < 0.01) from the pre- 
dicted null distribution in having too few is- 
lands with only one species, too many islands 
with two species, and too few islands with three 
or more species (Fig. 3). This pattern is highly 
nonrandom (X 2 = 27.26, P << 0.01; Fig. 3 shows 
the data plotted by number of species per is- 
land, but some adjacent categories can be 
lumped to give sufficiently high expected val- 
ues to meet the assumption of the Chi-square 
analysis). This pattern suggests that any island 
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DIFFERENCE Of LOGARITHMS 

Fig. 2. Comparisons between observed distribu- 
tions of measurements for Greater and Lesser Antil- 

lean hummingbird species and those measurements 
predicted from a null model that assumes that com- 
binations of species are assembled at random from 
the pool of 14 Anti!lean species. Measurements are 
expressed as differences in the logarithms for each 
pair of species. 

that can support one hummingbird species can 
be invaded successfully by at least one addi- 
tional species. The precise reasons for this are 
obscure, but we suspect they have to do with 
the success in colonization by hummingbird-pol- 
linated plant species as well as hummingbirds, 
and by the coevolution of the hummingbird- 
plant interactions within islands (see Kodric- 
Brown et al. 1984). 

Allometry of bills and body size.--A conspicu- 
ous feature of Fig. 2 is the pronounced peak in 
observed measurements of both body weights 
and culmen lengths of coexisting combinations 
of species that occurs at a ratio of about 2.0, 
whereas the peak in wing length corresponds 
to a ratio of about 1.2. This indicates unusual 

allometric scaling of body parts in Antillean 
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Fig. 3. Comparison between the observed num- 
ber of hummingbird species among 36 islands of the 
Greater and Lesser Antilles and that predicted by a 
Poisson distribution. 

hummingbirds. Because mass and volume scale 
as the cube of linear measurements, body 
weight ratios of about 2.0 usually are associated 
with ratios of linear measurements of 1.2-1.3. 

This typical allometry is observed for the re- 
lationship between body weight (a volumetric 
measurement) and wing length (a linear mea- 
surement), but bill lengths of different-sized 
Antillean hummingbirds are more different 
than would be expected on the basis of body 
weight ratios. 

These relationships can be examined more 
rigorously by deriving the allometric equations 
from regressions fitted to the data. These equa- 
tions take the form l = CW'" where l is a linear 
dimension (bill length or wing length in mm), 
C is a fitted constant, W is a volumetric mea- 
surement (body weight in g), and rn is the ex- 
ponent relating the two variables (or the slope 
of the regression line fitted to log-transformed 
data). In Fig. 4 we have plotted fitted regres- 
sion equations for log-transformed measure- 
ments of Antillean hummingbirds, humming- 
birds of the world, North American corvids 
(crows and jays), and North American owls. We 
included the last two groups because we be- 
lieve they are representative of the general al- 
1ometric scaling of bill length and wing length 
in birds. Each of these two families exhibits a 

wide range of body sizes but does not use its 
bill for foraging in the same specialized way 
that hummingbirds do. The exponent (slope) 
for Antillean hummingbird bills (0.79) is near- 

ly twice as high as the exponents for either 
bills or wings (0.32-0.53) of any of the other 
birds (Fig. 4). Statistically, the exponent for An- 
tillean hummingbird bills can be readily dis- 
tinguished from the exponents of all the other 
allometric relationships (P < 0.01), which are 
all much more similar to each other (Table 5). 
The bills of Antillean hummingbirds are much 
more different in length than would be ex- 
pected on the basis of body weight. Also of 
interest, although it will come as no surprise 
to students of hummingbirds, is the great vari- 
ation around the allometric relationships for 
bills (r 2 = 0.39) of hummingbirds in the global 
pool, compared to comparable relationships for 
either Antillean hummingbirds, owls, or cor- 
vids (all r 2 > 0.79). This indicates that differ- 
ences in bill length (and shape) play such an 
important role in the ecology of hummingbirds 
that selection has produced morphologies of 
many species that deviate greatly from pre- 
dicted allometric relationships (see also Fein- 
singer and Colwell 1978). 

The unusual allometric scaling of bill length 
suggests a final and admittedly ad hoc test of 
the null hypothesis that Antillean humming- 
birds represent a random sample of the hum- 
mingbirds of the world. We used Monte Carlo 
methods to draw 14 species at random from the 
123 species for which both culmen length and 
body weight data were available. Then we cal- 
culated the correlation coefficient for the 14 

pairs of log-transformed data. This procedure 
was repeated 1,000 times. In 996 of 1,000 sets 
of species assembled randomly from the world 
species pool the correlation coefficient was 
lower than the value (0.79) calculated for the 
real Antillean fauna, resulting in unequivocal 
rejection of the null hypothesis (P = 0.004). 

All Antillean hummingbirds appear to con- 
form to a special relationship between bill 
length and body size that is very different from 
comparable relationships both for humming- 
birds in general and for other kinds of birds. 
Why should species that differ in body size be 
even more different in bill length than expect- 
ed on the basis of the allometric relationship 
in other hummingbirds, unless species of dif- 
ferent sizes tend to occur together and have 
been selected to diverge in bill length? Both 
Lack's qualitative observations and our quan- 
titative analyses (Figs. 1-3) show that pairs of 
species of different size usually occur together 
on the same islands. Although these distribu- 
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Fig. 4. Allometric relationships of culmen and wing length against body weight for Antillean humming- 
birds, hummingbirds of the world, and North American owls and corvids. Note that the slope for Antillean 
hummingbird culmens (solid circles) is nearly twice that of either bills or wings of any of the other birds. 

tions may reflect historical and contemporary 
biogeographic constraints as well as contem- 
porary biotic interactions, these species appear 
to have adapted to coexistence by diverging in 
body size and especially in bill length. This is 
supported by taxonomic body size patterns. For 
example, Chlorostilbon ricordii on Cuba and C. 
swainsonii on Hispaniola, where they coexist 
with smaller hummingbirds, are much larger 
than C. maugaeus on Puerto Rico and other con- 
generic species on the tropical American main- 
land (see Appendix). 

This interpretation also is consistent with the 
detailed ecological observations of Kodric- 
Brown et al. (1984) on Puerto Rican humming- 
birds. They confirmed Lack's observation that 
species of similar size are segregated by habitat 
and elevation, whereas species of dissimilar' size 
are broadly and locally sympatric. These pairs 
of coexisting species feed from almost com- 
pletely nonoverlapping sets of flower species, 
and flower utilization is related to bill length. 

Only large hummingbirds with long bills can 
legitimately extract nectar from long-tubed 
flowers, which produce sufficient quantitites of 
nectar to make foraging rewarding for large 
birds. On the other hand, both large and small 
birds can feed from short-tubed flowers, but 

these produce such small quantitites of nectar 
that foraging is economical only for the smaller 
species. Thus differences among coexisting 
species in bill length and body size are func- 
tionally interrelated and appear to reflect se- 
lection both to diverge in resource utilization 
so as to reduce interspecific competition and to 
coevolve with specific flower species so as to 
provide effective pollination. 

DISCUSSION 

Our analyses demonstrate that specific mor- 
phological traits characterize the humming- 
birds from particular geographic areas. Species 
from temperate North America differ from 
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TABLE 5. Results of t-tests that test the null hypothesis that slopes between culmen length or wing length 
and body weight are statistically (P < 0.05) equal. All comparisons were done on log-transformed data (see 
Fig. 3). a 

Culmens Wings 
Hum- Antillean 

Antillean North North ming- hum- 
humming- American American birds of ming- 

birds owls corvids the world birds 

North North 
American American 

owls corvids 

Culmens 

Antillean hummingbirds -- 
North American owls 5.87** -- 
North American corvids 4.63** 1.25 

Hummingbirds of the 
world 3.01'* 2.37* 

Wings 
Antillean hummingbirds 4.37** 1.52 
North American owls 4.75** 1.13 
North American corvids 3.87** 2.01 

Hummingbirds of the 
world 4.63'* 1.26 

1.27 

0.25 !.00 -- 

0.13 1.25 0.37 -- 
0.87 0.36 0.50 1.16 

0.13 1.25 0.25 0.13 1.05 

a, p < 0.01, ** P < 0.001. 

those inhabiting the tropical islands of the 
Greater and Lesser Antilles, and each of these 

groups represents a selected subsample of the 
hummingbirds of the world. These morpho- 
logical patterns indicate that ecological pro- 
cesses severely limit the kinds of humming- 
birds that comprise communities in different 
geographic areas. Ecological constraints, of 
which the most important is probably the num- 
ber and kinds of floral resources, limit the range 
and combinations of morphological traits of the 
species that inhabit a region. Competitive in- 
teractions between hummingbirds, on the oth- 
er hand, require species that coexist in local 
areas to differ in morphology sufficiently to ex- 
ploit substantially nonoverlapping food re- 
sources. The eight hummingbird species in 
temperate North America utilize a large set of 
convergently similar floral resources (Grant and 
Grant 1968, Brown and Kodric-Brown 1979). 
Consequently they exhibit little variation in bill 
length and body size, and only one species 
normally is found within a local habitat (Ko- 
dric-Brown and Brown 1978, Brown and Ko- 
dric-Brown 1979). The Antillean islands are in- 
habited by two body size and bill length 
categories of hummingbirds that have coe- 
volved with two distinct sets of flower species 
(Kodric-Brown et al. 1984). Hummingbirds of 
similar size tend not to occur on the same is- 

land, and when they do are normally found in 
different habitats, whereas hummingbirds of 

different size coexist locally to form the basic 
two-species community that is found on all is- 
lands with hummingbirds (Lack 1973, 1976; 
Kodric-Brown et al. 1984). 

These results suggest that it should be pos- 
sible to predict quite precisely the morpholog- 
ical characteristics of the hummingbird species • 
occupying different habitats and geographic 
regions. Depending on the flowers and per- 
haps on other environmental conditions, only 
species with certain combinations of morphol- 
ogies should be able to coexist to form stable 
communities. We have begun to characterize 
these traits for temperate North American and 
Antillean communities. We expect other hum- 
mingbird associations exhibiting different 
combinations of morphologies to inhabit other 
areas, especially tropical continental habitats 
where several species coexist locally. Available 
information suggests that tropical mainland 
communities often contain morphologically di- 
verse hummingbird assemblages, with species 
exhibiting different combinations of body size, 
wing length, bill length, and bill shape (Snow 
and Snow 1972, Stiles 1975, Feinsinger 1976, 
Feinsinger and Colwell 1978). 

Feinsinger and Colwell (1978) also have been 
impressed by the close correspondence be- 
tween morphology and community ecology of 
hummingbirds. Based largely on their own ex- 
periences in continental tropical America, they 
have attempted to deduce the rules that govern 
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the assembly of species into communities of in- 
creasing diversity. Interestingly, they describe 
the basic two-species tropical community as 
consisting of a territorialist and a low-reward 
trapliner or generalist, but these categories do 
not accurately characterize the two-species 
communities of the Antillean islands, where 

the main differences between locally coexist- 
ing species are in body size, bill length, and 
flower specialization. In fact, both large and 
small species tend to be trapliners, at least in 
the Greater Antilles (Kodric-Brown et al. 1984). 
Nevertheless, the ecological constraints and 
opportunities that affect the occurrence of 
hummingbirds in a particular region obviously 
are reflected in the morphologies of coexisting 
species, suggesting that it eventually may be 
possible to formulate community assembly rules 
that are both precise and general. 

One general result of almost all of our anal- 
yses is that of the three morphological charac- 
teristics studied, bill length consistently shows 
the clearest, most nonrandom patterns. This 
may not seem surprising in view of the obvious 
importance of bill size and shape in the for- 
aging of hummingbirds. Nevertheless, it em- 
phasizes the roles of food resources, inter- 
specific competition for food, and mutualistic 
plant-pollinator interactions in determining the 
morphological attributes and ecological roles 
of those species that coexist to form natural 
communities. Not only do these kinds of eco- 
logical interactions limit the morphological at- 
tributes of the species that occur within certain 
geographic areas, but they also influence the 
evolution of these traits. In the case of hum- 

mingbirds, mutualistic interactions between 
birds and flowers may be at least as important 
as competition among hummingbird species in 
the adaptive radiation of the entire family Tro- 
chilidae and the evolution of those subsets of 

species that inhabit the particular geographic 
regions. In fact, it is probably unrealistic to try 
to assess the relative importance of these two 
kinds of interactions because they are intimate- 
ly interrelated; convergence or divergence in 
bill length and other aspects of morphology 
affect the relative abilities of different species 
to use particular kinds of flowers, and this in 
turn influences both the extent of interspecific 
competition and the efficiency of pollination. 

The relationship between morphology and 
community ecology that we have documented 
for hummingbirds has several general impli- 

cations. Recently there has been much debate 
about whether ecological communities exhibit 
nonrandom patterns of organization that re- 
flect ecological processes such as interspecific 
competition. Several authors (e.g. Connor and 
Simberloff 1979, Strong et al. 1979, Simberloff 
and Boecklen 1981) have pointed out correctly 
that apparent patterns in the morphologies and 
distributions of species seldom have been tested 
to determine whether they differ significantly 
from appropriate null models that assume that 
species associate at random. However, here and 
elsewhere (Bowers and Brown 1982, Brown and 
Bowers 1984) we have shown that communities 
of both rodents and hummingbirds exhibit 
nonrandom organization that apparently re- 
flects the role of interspecific competitive and 
(in the case of hummingbirds) mutualistic in- 
teractions. In both cases there already existed a 
large background of field studies on the ecol- 
ogy of these species that included analyses of 
the relationship between morphological traits 
and processes of resource exploitation and ag- 
gressive interference. This facilitated the for- 
mulation and testing of null hypotheses that 
are not only statistically rigorous but also bio- 
logically appropriate. It is hardly surprising that 
a good knowledge of the biology of the organ- 
isms concerned is a valuable aid in construct- 

ing and testing realistic null hypotheses and in 
elucidating the ecological processes that influ- 
ence community organization. 

In investigating the relationship between 
morphology and community ecology, it is often 
useful to restrict the analysis to closely related 
species. This is not to imply that only closely 
related species interact strongly to influence 
community organization. On the contrary, dis- 
tantly related taxa often are involved in all 
classes of interspecific interactions, including 
competition. However, their morphologies may 
be so different that they provide little clue to 
their specific ecological roles. For example, on 
most Antillean islands a passefine bird, the 
bananaquit (Coereba fiaveola), removes nectar 
from long-tubed flowers and presumably com- 
petes significantly with large hummingbirds 
(Kodric-Brown et al. 1984). In part because of 
its distant phylogenetic relationship, its mor- 
phology is adapted for a different manner of 
foraging: it cuts through the floral tube while 
perched, rather than probing through the flow- 
er opening while hovering as hummingbirds 
do. Consequently, its morphological character- 
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istics provide little indication that it interacts 
much more closely with hummingbirds than 
any other Antillean passefine. 

Closely related species often are so con- 
strained by their common phylogenetic histo- 
ries that they differ substantially in only a few 
characteristics. Often, especially in sympatric 
species, these differences reflect divergent 
mechanisms of resource utilization in response 
to interspecific competition. Thereforeß they tell 
more about the role of ecological interactions 
in causing character displacement and adaptive 
radiation within phyletic lineages than they do 
about the organization of diverse communities 
containing many distantly related taxa. Anal- 
ysis of morphological patterns among closely 
related species is useful because it may suggest 
mechanisms of ecological interaction that affect 
community structure, but other approaches will 
be necessary to explore the consequences of 
these interactions among distantly related taxa. 
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APPENDIXß Wing length (mm), body weight (g), and 
culmen length (ram) of hummingbirds in the world 
species pool. Taxonomy follows the A.O.U. (1983; 
North American species) and Peters (1945). Mea- 
surements were taken from Ridgeway (1904, 1914), 
Wetmore (1968), Stiles (1973), Carpenter (1976), 
Feinsinger (1976), Waser (1978), Brown and Ko- 
dric-Brown (1979), and Feinsinger et al. (1979). J. 
H. Brown, R. K. Colwell, and R. Zusi contributed 
unpublished data. Temperate (T) and Antillean (A) 
hummingbird species are designated, as are those 
used in the biogeographically (B) and morpholog- 
ically (M) constrained tests of null hypotheses for 
the temperate fauna. 

Char- 

Species acter œ SD n 

Doryfera johannae Wing 53.60 1.00 9 
Weight 4.10 0.10 9 
Culmen -- -- -- 

D. ludoviciae Wing 58.16 0.70 35 
Weight 5.72 0.20 20 
Culmen 36.13 -- 16 

Androdon Wing 65.37 -- 15 
aequatorialis Weight 8.00 -- 1 

Culmen 39.77 -- 15 

APPENDIX. Continuedß 

Char- 

Species acter œ SD n 

Glaucis hirsuta (A) Wing 59.22 2.10 76 
Weight 6.82 0.52 96 
Culmen 32ß25 -- 73 

Threnetes Wing 59.13 0.80 20 
leucurus Weight 5.59 0.10 42 

Culmen 29.50 -- -- 

T. ruckeri Wing 56.85 -- 45 
Weight 5.92 0.70 11 
Culmen 30ß92 -- 45 

Phaethornis Wing -- -- -- 
yaruqui Weight 6.00 -- 1 

Culmen -- -- -- 

P. guy Wing 59.85 0.40 40 
Weight 5.66 0.24 64 
Culmen 42.50 -- 20 

P. syrmatophorus Wing -- -- -- 
Weight 5.70 -- 2 
Culmen -- -- -- 

P. superciliosus Wing 59.74 1.34 268 
(B) Weight 6.04 0.27 277 

Culmen 37.65 1.17 255 
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APPENDIX. Continued. APPENDIX. Continued. 

Species 

P. hispidus 

P. anthophilus 

P. ruber 

P. griseogularis 

P. longuemareus 
(M) 

Eutoxeres aquila 

E. condamini 

Phaeochroa 
cuvierii 

Campylopterus 

Char- 

acter œ SD n Species 

Wing 56.90 0.60 22 C. coruscans 
Weight 4.86 0.12 26 
Culmen -- -- -- 

Wing 57.23 -- 23 C. serrirostris 
Weight 4.60 -- 1 
Culmen 35.30 -- 23 

Wing -- -- -- Anthracothorax 
Weight 2.15 -- 4 viridigula (A) 
Culmen -- -- -- 

Wing • -- -- A. prevostii (B) 
Weight 2.00 -- 1 
Culmen -- -- -- 

Wing 49.61 0.30 85 A. nigricollis 
Weight 2.97 0.38 58 
Culmen 31.19 -- 79 

Wing 71.45 -- 29 A. veraguensis 
Weight 10.83 -- 3 
Culmen 27.09 -- 29 

Wing 68.10 0.80 22 A. dominicus (A) 
Weight 9.36 0.27 24 
Culmen -- -- -- 

Wing 69.34 -- 51 A. mango (A) 
Weight 8.87 0.41 37 
Culmen 23.17 -- 51 

Wing 

Char- 
acter œ SD n 

Wing 75.20 -- 2 
Weight 7.55 0.49 17 
Culmen 21.50 -- 1 

Wing -- -- -- 
Weight 6.75 -- 45 
Culmen -- -- -- 

Wing 62.31 2.61 31 
Weight 7.46 0.49 25 
Culmen 24.53 1.70 31 

Wing 65.45 -- 109 
Weight 6.71 0.22 11 
Culmen 26.14 -- 109 

Wing 66.18 -- 89 
Weight 7.00 0.55 51 
Culmen 24.18 -- 88 

Wing 66.75 -- 8 
Weight -- -- -- 
Culmen 24.57 -- 7 

Wing 62.81 1.86 42 
Weight 5.66 0.41 32 
Culmen 24.13 0.75 42 

Wing 68.31 -- 21 
Weight 7.81 0.67 4 
Culmen 26.03 -- 21 

-- -- -- Eulampis jugulaffs Wing 73.21 -- 45 
curvipennis 

C. largipennis 

C. hemileucurus 

Weight 6.40 -- 7 (A) 
Culmen -- -- -- 

Wing 73.20 0.80 12 E. holosericeus 
Weight 8.32 0.21 29 (A) 
Culmen -- -- -- 

Wing 72.56 -- 9 Chrysolampis 
Weight -- -- -- mosquitus 
Culmen 26.20 -- 9 

Wing 76.87 -- 122 Orthorhyncus 

Weight 8.67 0.56 11 
Culmen 23.59 -- 45 

Wing 60.00 2.04 92 
Weight 5.60 0.40 21 
Culmen 22.74 2.20 91 

Wing 54.57 -- 48 
Weight 3.88 0.39 20 
Culmen 12.39 -- 48 

Wing 47.34 1.09 54 
(B) 

C. ensipennis 

C. falcatus 

Eupetomena 

Weight 10.46 0.50 56 
Culmen 32.48 -- 123 

Wing -- -- -- Klais guimeti 
Weight 9.67 -- 3 
Culmen -- -- -- 

Wing -- -- -- Abeillia abeillei 
Weight 7.50 -- 3 
Culmen -- -- -- 

Wing 

cristatus (A, M) Weight 2.71 0.18 23 
Culmen 10.72 1.18 54 

Wing 47.77 -- 64 
Weight 2.54 0.20 7 
Culmen 13.24 -- 64 

Wing -- -- -- 
Weight 2.67 -- 3 
Culmen -- -- -- 

-- -- -- Stephanoxis lalandi Wing -- -- -- 
macroara 

Florisuga 
mellivora 

Melanotrochilus 

f•,lSC•S 

Coh•ff delphinae 

C. thalassinus (B) 

Weight 8.74 -- 29 
Culmen -- -- -- 

Wing 67.41 -- 88 Lophornis ornata 
Weight 7.41 0.63 28 
Culmen 19.60 -- 88 

Wing -- -- -- L. magnifica 
Weight 8.05 -- 150 
Culmen -- -- -- 

Wing 70.55 -- 50 L. delattrei 
Weight 6.66 0.67 9 
Culmen 17.71 -- 50 

Wing 63.79 -- 65 L. helenae 
Weight 5.91 0.34 84 
Culmen 23.20 -- 64 

Weight 4.03 -- 3 
Culmen -- -- -- 

Wing -- -- -- 
Weight 2.20 -- 8 
Culmen -- -- -- 

Wing -- -- -- 
Weight 2.13 -- 3 
Culmen -- -- -- 

Wing 37.54 -- 25 
Weight -- -- -- 
Culmen 10.89 -- 25 

Wing -- -- -- 
Weight 2.60 -- 4 
Culmen -- -- -- 
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APPENDIX. Continued. APPENDIX. Continued. 

Char- 

Species acter •? SD n 
Char- 

Species acter œ SD n 

L. adorabilis Wing -- -- -- 
Weight 2.70 -- 4 
Culmen -- -- -- 

Popelairia Wing -- -- -- 
langsdorffi Weight 3.00 -- 3 

Culmen -- -- -- 

Discosura Wing 40.60 -- 20 
conversii (M) Weight 3.00 0.40 5 

Culmen 13.85 -- 20 

D. longicauda Wing -- -- -- 
Weight 3.00 -- 1 
Culmen -- -- -- 

Chlorestes notatus Wing -- -- -- 
Weight 3.61 -- 14 
Culmen -- -- -- 

Chlorostilbon aure- Wing 43.33 -- 6 
oventris (M) Weight 2.97 0.50 3 

Culmen 13.40 -- 6 

C. gibsoni Wing -- -- -- 
Weight 2.72 -- 5 
Culmen -- -- -- 

C. ricordii (A) Wing 51.50 -- 22 
Weight 4.23 -- 1 
Culmen 17.20 -- 22 

C. swainsonii (A) Wing 54.51 -- 14 
Weight 4.85 -- 1 
Culmen 17.30 -- 14 

C. maugaeus (A, M) Wing 47.53 -- 45 
Weight 2.93 -- 45 
Culmen 13.62 -- 45 

Cyanophaia Wing 58.58 -- 26 
bicolor (A) Weight 4.55 -- 8 

Culmen 16.41 -- 22 

Thalurania Wing 52.61 0.50 52 
furcata (A) Weight 4.35 0.24 72 

Culmen 20.19 -- 36 

T. watertonii Wing -- -- -- 
Weight 4.50 -- 2 
Culmen -- -- -- 

T. glaucopis Wing -- -- -- 
Weight 5.32 -- 60 
Culmen -- -- -- 

T. lerchi Wing -- -- -- 
Weight 2.00 -- 3 
Culmen -- -- -- 

Panterpe insignis Wing 64.47 -- 68 
Weight 5.69 0.39 47 
Culmen 20.86 -- 68 

Damophila julie Wing 43.46 -- 51 
(M) Weight 3.31 0.15 51 

Culmen 15.17 -- 51 

Lepidopyga coeru- Wing 48.76 -- 21 
leogularis (M) Weight 4.20 0.30 3 

Culmen 19.40 -- 20 

L. goudoti Wing 50.00 -- 1 
Weight 3.95 0.30 4 
Culmen 19.10 -- 1 

Hylocharis Wing 49.30 -- 1 
xantusii (B, M) Weight 3.53 0.18 

Culmen 17.00 -- 1 

H. leucotis (B) Wing 57.00 -- 1 
Weight 3.50 0.27 210 
Culmen 17.60 -- 1 

H. eliciae (M) Wing 48.72 -- 59 
Weight 3.60 -- 13 
Culmen 18.24 -- 59 

H. sapphirina Wing -- -- -- 
Weight 4.00 -- 2 
Culmen -- -- -- 

H. cyanus Wing -- -- -- 
Weight 3.47 -- 8 
Culmen -- -- -- 

Goldmania Wing 50.28 -- 26 
violiceps Weight 3.63 0.20 6 

Culmen 18.73 -- 26 

Goethalsia bella Wing 52.94 -- 5 
Weight -- -- -- 
Culmen 17.86 -- 5 

Trochilus Wing 53.90 -- 
polytmus (A) Weight 4.10 -- 1 

Culmen 19.80 -- 1 

Leucochloris Wing -- -- -- 
albicollis Weight 6.45 -- 26 

Culmen -- -- -- 

Polytmus Wing -- -- -- 
guainumbi Weight 4.70 -- 3 

Culmen -- -- -- 

Leucippus Wing -- -- -- 
chionogaster Weight 3.80 -- 7 

Culmen -- -- -- 

Talaphorus Wing 69.90 -- 1 
tuczanowskii Weight 6.00 -- 1 

Culmen 22.80 -- 1 

Amazilia Wing 49.00 -- 1 
candida (B, M) Weight 3.74 0.43 14 

Culmen 17.60 -- 1 

A. chionopectus Wing 54.40 2.20 3 
Weight 4.72 -- 62 
Culmen -- -- -- 

A. versicolor Wing -- -- -- 
Weight 4.00 -- 1 
Culmen -- -- -- 

A. fimbriata Wing 51.60 -- 1 
Weight 4.78 0.48 9 
Culmen 21.10 -- 1 

A. lactea Wing 54.20 1.10 10 
Weight 4.55 0.10 
Culmen -- -- -- 

A. amabilis Wing 52.45 -- 26 
Weight 4.32 0.55 18 
Culmen 19.20 -- 26 

A. cyaneotiocta Wing 61.10 -- 1 
Weight 5.84 0.63 13 
Culmen 19.90 -- 1 
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Species acter œ SD n 

A. franciae Wing 50.60 -- 1 
Weight 5.04 -- 5 
Culmen 23.00 -- 1 

A. leucogaster Wing -- -- -- 
Weight 4.90 -- 6 
Culmen -- -- -- 

A. cyanocephala Wing 61.10 -- 1 
(B) Weight 5.84 0.63 13 

Culmen 19.90 -- 1 

A. beryllina (B) Wing 56.50 -- 1 
Weight 4.94 0.40 7 
Culmen 19.40 -- 1 

A. saucerrottei Wing 53.90 -- 120 
Weight 4.49 0.37 139 
Culmen 23.16 -- 120 

A. tobaci (M) Wing 47.00 -- 1 
Weight 4.10 0.39 35 
Culmen 18.30 -- 1 

A. viridigaster Wing -- -- -- 
Weight 6.70 -- 5 
Culmen -- -- -- 

A. edward Wing 52.40 -- 39 
Weight 4.70 0.20 58 
Culmen 19.43 -- 39 

A. rutila (B) Wing 58.60 -- 1 
Weight 4.71 0.54 11 
Culmen 23.40 -- 1 

A. yucatanensis Wing -- -- -- 
Weight 3.57 -- 7 
Culmen -- -- -- 

A. tzacatl (B) Wing 57.28 -- 26 
Weight 5.03 0.28 105 
Culmen 22.56 -- 36 

A. amazilia Wing 52.45 -- 26 
Weight 4.32 0.55 18 
Culmen 19.20 -- 26 

A. violiceps (B) Wing 58.40 -- 1 
Weight 5.87 0.40 7 
Culmen 21.60 -- 1 

Eupherusa Wing 62.25 -- 2 
poliocerca Weight -- -- -- 

Culmen 18.00 -- 1 

E. eximia (B) Wing 57.32 -- 120 
Weight 4.27 0.30 126 
Culmen 21.37 -- 114 

E. nigriventris (M) Wing 48.05 -- 21 
Weight 3.00 -- 1 
Culmen 15.43 -- 21 

Elvira chionura (M) Wing 49.05 -- 45 
Weight 2.99 0.21 16 
Culmen 15.75 -- 45 

E. cupreiceps (M) Wing 46.58 -- 26 
Weight 3.00 -- 13 
Culmen 15.12 -- 26 

Microchera albo- Wing 40.77 -- 17 
coronata (M) Weight 2.71 0.20 8 

Culmen 12.24 -- 16 

APPENDIX. Continued. 

Char- 

Species acter œ SD n 

Chalybura buffonii Wing 66.65 -- 45 
Weight 6.20 0.40 6 
Culmen 25.39 -- 45 

C. melanorrhoa Wing 66.70 -- 20 
Weight -- -- -- 
Culmen 23.30 -- 20 

C. urochrysia Wing 66.70 -- 18 
Weight 7.00 -- 1 
Culmen 25.54 -- 18 

Aphantochroa Wing -- -- -- 
cirrochloris Weight 7.29 -- 30 

Culmen -- -- -- 

Lampornis Wing -- -- -- 
clemenciae Weight 7.96 -- 268 

Culmen -- -- -- 

L. amethystinus Wing 67.23 -- 13 
(B) Weight 6.73 0.87 26 

Culmen 20.92 -- 13 

L. viridipallens Wing -- -- -- 
Weight 5.42 -- 11 
Culmen -- -- -- 

L. hemileucus Wing 61.69 -- 18 
Weight 5.60 -- 1 
Culmen 20.68 -- 18 

L. castaneoventris Wing 62.15 -- 20 
Weight 5.64 0.27 40 
Culmen 21.80 -- 20 

Adelomyia Wing 50.73 0.50 26 
melanogenys Weight 3.77 0.31 35 

Culmen 16.10 -- 1 

Clytolaema Wing -- -- -- 
rubricauda Weight 7.32 -- 5 

Culmen -- -- -- 

Polyplancta Wing 58.80 0.80 8 
aurescens Weight 6.30 0.10 8 

Culmen -- -- -- 

Heliodoxa Wing -- -- -- 
rubinoides Weight 7.74 -- 8 

Culmen -- -- -- 

H. leadbeateri Wing 66.40 0.70 24 
Weight 7.38 0.18 32 
Culmen -- -- -- 

H. jacula Wing 70.91 -- 47 
Weight 8.30 0.40 10 
Culmen 23.22 -- 47 

Eugenes fulgens Wing 72.61 -- 67 
(B) Weight 6.80 0.46 38 

Culmen 30.68 -- 67 

Sternoclyta Wing -- -- -- 
cyanopectus Weight 9.06 -- 17 

Culmen -- -- -- 

Topaza pella Wing -- -- -- 
Weight 12.12 -- 6 
Culmen -- -- -- 

Oreotrochilus Wing 65.00 -- 1 
melanogaster Weight 4.40 -- 2 

Culmen 17.70 -- i 
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Char- 

Species acter œ SD n 

O. estella Wing 66.40 -- 1 
Weight 8.11 0.39 37 
Culmen 18.50 -- 1 

Patagona gigas Wing 132.30 -- 1 
Weight 20.24 1.29 10 
Culmen 36.30 -- 1 

Aglaeactis Wing 80.10 -- 1 
cupripennis Weight 7.55 0.59 23 

Culmen 20.00 -- 1 

Lafresnaya Wing 63.60 -- 1 
lafresnayi Weight 4.50 -- 2 

Culmen 25.60 -- 1 

Pterophanes Wing 105.70 8.00 3 
cyanopterus Weight 11.17 0.50 6 

Culmen 30.50 -- 1 

Coeligena Wing 70.76 0.60 27 
coeligena Weight 6.75 0.10 34 

Culmen 26.00 -- 1 

C. wilsoni Wing -- -- -- 
Weight 7.00 -- 1 
Culmen -- -- -- 

C. torquata Wing 73.27 0.80 19 
Weight 7.13 0.20 19 
Culmen 31.20 -- 1 

C. helianthea Wing 70.10 -- 1 
Weight 8.17 -- 3 
Culmen 29.40 -- 1 

C. lutetiae Wing 78.80 -- 1 
Weight 8.13 -- 3 
Culmen 33.00 -- 1 

C. violifer Wing 74.78 1.60 6 
Weight 7.44 0.30 7 
Culmen 37.50 -- 1 

C. iris Wing 77.90 -- 1 
Weight 8.00 -- 2 
Culmen 28.00 -- 1 

Ensifera ensifera Wing 77.20 -- 1 
Weight 11.83 0.50 3 
Culmen -- -- -- 

Sephanoides Wing -- -- -- 
sephanoides Weight 5.00 -- 1 

Culmen -- -- -- 

Boissonneaua Wing 74.00 -- 1 
fiavescens Weight 8.05 0.90 8 

Culmen 16.30 -- 1 

B. matthewsii Wing -- -- -- 
Weight 6.65 -- 4 
Culmen -- -- -- 

B. jardini Wing -- -- -- 
Weight 8.20 -- 2 
Culmen -- -- • 

Heliangelus Wing 61.20 0.50 26 
amethysticollis Weight 5.27 0.10 28 

Culmen -- -- -- 

H. exortis Wing -- -- -- 
Weight 4.00 -- 1 
Culmen -- -- -- 

Char- 

Species acter g SD n 

H. viola Wing -- -- -- 
Weight 5.33 -- 3 
Culmen -- -- -- 

H. squamigularis Wing -- -- -- 
Weight 5.00 -- 1 
Culmen -- -- -- 

Eriocnemis Wing 58.90 -- 1 
vestitus Weight 5.17 -- 3 

Culmen 19.10 -- 1 

E. luciani Wing 67.35 0.15 4 
Weight 6.26 0.16 8 
Culmen 21.40 -- 1 

E. mosquera Wing -- -- -- 
Weight 5.80 -- 1 
Culmen -- -- -- 

Haplophaedia Wing 58.75 0.50 41 
aureliae Weight 5.46 0.17 37 

Culmen 20.32 -- 15 

Ocreatus Wing 44.14 0.50 8 
underwoodii (M) Weight 3.03 0.14 19 

Culmen 13.00 -- 1 

Lesbia victoriae Wing 59.10 -- 1 
Weight 5.10 -- 1 
Culmen 15.00 -- 1 

L. nuna (M) Wing 49.70 -- 1 
Weight 3.75 -- 6 
Culrnen 10.40 -- 1 

Sappho Wing 57.50 -- 1 
sparganura Weight 5.88 -- 4 

Culmen 19.20 -- 1 

Polyonymus caroli Wing 56.80 -- 1 
Weight 5.03 -- 4 
Culmen 20.00 -- 1 

Metallura phoebe Wing -- -- -- 
Weight 5.35 -- 2 
Culmen -- -- -- 

M. theresiae Wing 64.10 -- 1 
Weight 5.00 -- 2 
Culmen 11.80 -- 1 

M. eupogon Wing 59.60 0.80 10 
Weight 4.60 0.10 10 
Culmen -- -- -- 

M. williami Wing 55.60 -- 1 
Weight 4.56 0.20 5 
Culmen 11.80 -- 1 

M. tyrianthina Wing 55.24 0.11 10 
Weight 3.52 0.33 21 
Culrnen 10.10 -- 1 

Chalcostigma Wing 66.70 -- 1 
stanleyi Weight 5.84 -- 11 

Culmen 9.80 -- 1 

Oxypogon guerinii Wing 61.40 -- 1 
Weight 5.00 -- 3 
Culmen 7.50 -- 1 

Aglaiocercus kingi Wing 56.85 0.60 4 
Weight 4.76 0.58 17 
Culmen 13.70 -- 1 
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Char- 
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A. emmae Wing 66.90 -- 1 
Weight 5.70 -- 1 
Culmen 14.40 -- 1 

Oreonympha Wing -- -- -- 
nobilis Weight 9.00 -- 1 

Culmen -- -- -- 

Augastes scutatus Wing -- -- -- 
Weight 3.00 -- 1 
Culmen -- -- -- 

A. lumachellus Wing -- -- -- 
Weight 4.00 -- 2 
Culmen -- -- -- 

Schistes geoffroyi Wing 51.40 1.00 8 
Weight 3.62 0.22 13 
Culmen -- -- -- 

Heliothryx barroti Wing 66.15 -- 76 
Weight 5.47 0.20 9 
Culmen 17.98 -- 76 

H. aurita Wing 68.60 0.30 4 
Weight 5.43 0.30 7 
Culmen -- -- -- 

Heliactin cornuta Wing -- -- -- 
Weight 7.80 -- 4 
Culmen -- -- -- 

Loddigesia Wing 38.50 -- 1 
mirabilis Weight 3.00 -- 1 

Culmen 14.70 -- 1 

Heliomaster Wing 68.00 -- 1 
constantii (B) Weight 7.30 -- 2 

Culmen 41.00 -- 1 

H. longirostris (B) Wing 59.24 -- 16 
Weight 6.55 0.68 8 
Culmen 35.18 -- 16 

H. squamosus Wing -- -- -- 
Weight 5.00 -- 1 
Culmen -- -- -- 

H. furcifer Wing -- -- -- 
Weight 5.00 -- 1 
Culmen -- -- -- 

Rhodopis vesper Wing 49.30 -- 1 
(M) Weight 3.88 -- 4 

Culmen 17.40 -- 1 

Thaumastura cora Wing 36.10 -- 1 
Weight 2.00 -- 1 
Culmen 12.80 -- 1 

Calliphlox Wing 36.10 -- -- 
evelynae Weight 2.40 -- 2 

Culmen -- -- -- 

C. bryantae (M) Wing 41.50 -- 8 
Weight 3.29 -- 21 
Culmen 19.30 -- 8 

Philodice mitchellii Wing 37.80 -- 1 
Weight 3.13 0.10 3 
Culmen 15.00 -- 1 

Doricha enicura Wing 35.26 -- 29 
Weight 2.40 -- 1 
Culmen 20.41 -- 29 

Char- 

Species acter œ SD n 

Tilmatura dupontii Wing 34.33 -- 19 
(B) Weight 2.23 0.15 12 

Culmen 13.11 -- 19 

Calothorax lucifer Wing 39.28 -- 19 
(B) Weight 2.80 -- 3 

Culmen 21.05 -- 19 

C. pulcher (B) Wing 37.08 -- 12 
Weight 2.93 0.30 3 
Culmen 18.07 -- 12 

Archilochus colu- Wing 41.05 -- 26 
bris (T,B, M) Weight 3.19 0.30 35 

Culmen 17.96 -- 27 

A. alexandri Wing 44.21 1.19 119 
(T, B, M) Weight 3.20 0.19 76 

Culmen 19.73 0.55 137 

Calliphlox Wing -- -- -- 
amethystina Weight 2.43 -- 24 

Culmen -- -- -- 

Mellisuga minima Wing 37.10 -- 17 
(A) Weight 2.43 0.10 6 

Culmen 10.45 -- 17 

M. helenae (A) Wing 31.61 -- 13 
Weight -- -- -- 
Culmen 10.76 -- 13 

Calypte anna Wing 49.56 0.97 71 
(T, B, M) Weight 4.25 0.33 79 

Culmen 19.06 0.95 71 

C. costae Wing 44.45 0.82 76 
(T, B, M) Weight 3.08 0.29 58 

Culmen 17.71 0.56 107 

Stellula calliope Wing 40.31 0.80 71 
(T,B,M) Weight 2.66 0.32 51 

Culmen 15.54 0.70 71 

Atthis heloisa (B) Wing 35.12 -- 25 
Weight -- -- -- 
Culmen 11.77 -- 25 

Myrtis fanny Wing 40.80 -- 1 
Weight 2.30 -- 1 
Culmen 19.20 -- 1 

Acestrura Wing 39.55 -- 2 
mulsanti Weight 3.75 -- 6 

Culmen 16.20 -- 1 

A. heliodor Wing 32.40 -- 20 
Weight -- -- -- 
Culmen 15.00 -- 20 

Selasphorus Wing 49.68 -- 58 
platycercus Weight 3.43 0.31 86 
(T,B,M) Culmen 17.51 0.45 145 

S. rufus (T, B, M) Wing 42.30 0.84 326 
Weight 3.36 0.31 68 
Culmen 16.57 0.67 326 

S. sasin (T, B, M) Wing 39.77 0.83 111 
Weight 3.16 0.21 38 
Culmen 17.20 0.60 111 

S. fiammula (M) Wing 41.57 -- 40 
Weight 2.47 -- 3 
Culmen 12.90 -- 40 
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S. torridus 

S. simoni 

Char- 

Species acter œ SD n 

Wing 40.50 -- 8 S. ardens Wing 40.17 -- 19 
Weight ! .90 -- ! Weight -- -- -- 
Culmen !!.89 -- 8 Culmen !2.54 -- !9 

Wing 38.68 -- ! ! S. scintilla Wing 34.60 -- 43 
Weight -- -- -- Weight 2.!5 0.!6 39 
Culmen !0.59 -- !! Culmen !!.93 -- 43 

[From "Sexual selection and the nesting of birds," by J. A. Allen (!885 Auk 2: 129-!39): 

"Mr. Wallace, and after him Mr. Dixon and others, 

in discusing [sic] the question How do young birds 
learn to build their first nest? claim that 'instinct' has 

nothing to do with the matter,--that they learn by 
observation and are guided by memory! Says Mr. 
Wallace: 'It has, however, been objected that obser- 
vation, imitation, or memory, can have nothing to do 
with a bird's architectural powers, because the young 
birds which in England are born in May or June, will 
proceed in the following April or May to build a 
nests [sic] as perfect and as beautiful as that in which 
it was hatched, although it could never have seen 
one built. But surely the young birds before they left 
the nest had ample opportunities of observing its form, 
its size, its position, the materials of which it was con- 
structed, and the manner in which those materials 

were arranged. Memory would retain these obser- 
vations till the following spring, when the materials 
would come in their way during daily search for food, 
and it seems highly probable that the older birds 
would begin building first, and that those born the 
preceding summer would follow their example, 
learning from them how the foundations of the nest 
were laid and the materials put together. Again we 
have no right to assume that young birds generally 
pair together,' etc. Mr. Dixon restates the case in much 
the same way. Alluding to 'blind instinct' as a factor 
in the case, he says: 'To credit the bird with such 
instinct, which because it seems so self-evident is 
taken to be matter of fact, is to admit that it possesses 
intellectual powers infinitely superior to those of man; 
whilst the evidence that can be gathered on the sub- 
ject all goes to show that its intellectual powers are 
of precisely the same kind as man's, but some of them, 
of course, are infinitely inferior in degree, whilst 
others are unquestionably superior.' He assumes that 

imitation, memory, and hereditary habit, 'play the mi- 
nor parts.' 'To credit birds,' he says, 'with such mar- 
vellous power as blind and infallible instinct in 
building their nests would be to place them far be- 
yond man himself in intelligence, and allot to them 
a faculty which is superhuman .... A bird's intellec- 
tual powers advance towards maturity much more 
quickly than in the human species. A young bird 
three or four days old is capable of considerable pow- 
ers of memory and observation, and during the time 
that elapses in which it is in the nest it has ample 
opportunity of gaining an insight into the architec- 
ture peculiar to its species. It sees the position of the 
nest, it notes the materials, and when it requires one 
for itself, is it so very extraordinary that, profiting by 
such experience, it builds one on the same plan? 
Again, birds often return to the place of their birth 
the following season, and possibly see the old home 
many times ere they want one for themselves. This, 
aided by the strong hereditary impulse to build a 
nest similar to the one in which they were born, 
inherited from their parents, aids them in their task.' 
This reasoning, I am free to confess, strikes me, to 
say the least, as extraordinary! A degree of mental 
power, at least of memory and of imitation, is ascribed 
to young birds which is not only 'superhuman,' but 
of which there is neither proof, nor even possibility 
of proof. Mr. Dixon has the 'three or four days old' 
nestling taking note of and memorizing its surround- 
ings before, in the case of the higher Oscines, it has 
the power to even open its eyes! Yet with all this ascribed 
precosity and keenness of observation, and this won- 
derful power of memory and imitation in young birds, 
Mr. Dixon finds it neccessary [sic] to call in the aid 
of 'a strong hereditary impulse to build a nest similar 
to the one in which they were born,' which is more 

(continued on p. 322) 


