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Most hypotheses proposed to account for a
latitudinal species-diversity gradient in a par-
ticular taxon (e.g., the “time” hypothesis and
the “predation” hypothesis, after Pianka 1966)
can operate independently of any geographic
difference in the abundances of the resources
partitioned by the taxon. (For theoretical
reviews, see Klopfer 1959; MacArthur 1964,
1969; Whittaker 1965, 1969; Pianka, op. cit.;
MacArthur and Wilson 1967; Slobodkin and
Sanders 1969; Orians 1969.) An important
class of hypotheses, however, postulates that
some resource or set of resources, marginal in
one area, is increased in abundance in a second
area so as to allow more species of a certain
kind to evolve and/or persist (MacArthur’s
category 4, 1969). Implicit in such an hy-
pothesis, of course, is the assumption that at
or below some level, productivity limits, or is
proportional to, species diversity. To detect
such an effect, often a useful procedure is to
subdivide the given taxon into groups of spe-
cies, each largely dependent on a particular
kind of resource, and then to look for differ-
ences between groups in the steepness of their
individual diversity gradients.

In this study I have followed such a proce-
dure in an analysis of the insectivorous birds
of North and Middle America, a group which
shows a marked diversity gradient on a macro-
geographic scale. Some of the results have
been alluded to previously (Moreau 1966;
Orians 1969), but are here quantitatively docu-
mented for the first time. The material below
should be considered supplementary to the
more extensive data and conclusions of Orians’
(1969) study.

Excluding families whose members mostly
probe or excavate for their prey [Picidae
(woodpeckers), Sittidae (nuthatches), Den-
drocolaptidae (woodhewers), and Certhidae
(creepers)], there are ca. 121 breeding bird
species found in the transcontinental belt of
North America (42-44° N) whose food is esti-
mated to consist entirely or primarily (= 70
per cent) of arthropods. In contrast, there are
ca. 225 such species, somewhat less than twice
as many, in the belt 8-10° N traversing Central
America, despite the fact that the area of the
tropical belt is only about one-seventh that of
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the temperate. The species may be plotted
according to the number whose bill lengths
fall into each of several size categories. When
this is done (fig. 1), a striking difference
appears: bill lengths of tropical species are
distributed over a much greater range than
are those of temperate species (about a 40 per
cent extension). Furthermore, the bulk of the
tropical species falls over considerably higher
values (median, about 16.0 mm) than does
that of the temperate species (median, about
11.8 mm). Indeed, below 14 mm, temperate
species are slightly more numerous than trop-
ical ones; it is entirely above this value that
the great increase from 42-44° N to 8-10° N
in tropical insectivorous bird species diversity
takes place.

Before speculating on the causes of this
pattern, the possibility must be considered that
it is merely a consequence of the coarseness of
the aereal transects. That is, perhaps if we
were to examine areas of several hundred
acres, we would find much the same distribu-
tions of bills at all latitudes. This would imply
that the geographic ranges of large-billed
insectivorous birds are relatively smaller than
the ranges of small-billed insectivorous birds
in the tropics than at higher latitudes. In other
words, when moving from one small area to
another, faunal turnover for large-billed spe-
cies would be relatively greater in the tropics,
thus transmuting the phenomenon to be ex-
plained.

One possible way to check for this is to
compare geographic ranges. However, be-
cause of the possibility of patchiness over the
total range, I shall use a different test, that
of comparing avifaunas of small areas with
regard to bill lengths. Nine tropical and 24
temperate censuses were examined. Of the
many possible temperate censuses, I selected
those associated with well-known ecological
studies (Kendeigh 1946, 1948; Odum 1950;
Salt 1957). The tropical censuses include five
Panamanian areas from the MacArthur et al.
(1966) study of tropical bird species diversity,
plus four Mexican censuses published by the
Audubon Society (Davis and Morony 1953a, b;
Davis 1955; Davis and Davis 1957). The
majority of the temperate areas censused fall
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FIGURE 1. Distributions of bill lengths (mm) for
insectivorous (70 per cent or more arthropod food)
species of birds breeding in a tropical (8-10° N) and
a temperate (42-44° N) latitudinal transect. Measure-
ment used is “exposed culmen.” All birds in the
following families whose diets could be classified as
insectivorous are included: Fringillidae, Paridae, Icter-
idae, Parulidae, Tyrannidae, Apodidae, Hirundinidae,
Caprimulgidae, Cuculidae, Strigidae, Cotingidae, For-
micariidae, Furnariidae, Mimidae, Corvidae, Turdidae,
Bucconidae, Galbulidae, Momotidae, Troglodytidae,
Laniidae, Sylviidae, Motacillidae, Vireolaniidae, Cy-
clarhidae, Chaemaeidae, Rhinocryptidae, Thraupidae,
and Vireonidae. Information on diet was taken from
Salvin and Godman (1879-1904), Judd (1901), Beal
(1907, 1910), Carriker (1910), Bryant (1914), Bent,
and sources therein (1919-1968), Hallinan (1924),
McAtee (1926), Van Tyne (1929, 1935), Dickey and
van Rossem (1938), Skutch (1944a,b, 1945, 1946,
1954a, b, 1958, 1960, 1962a,b, 1963, 1964, 1965,
1966, 1967), Wagner (1944), Pough (1949), Martin
et al. (1951), Gross (1952), Craighead and Craighead
(1956), Van Tyne and Berger (1959), and Slud
(1964). Diets of temperate species are classified
according to data from spring and summer months.
Each category spans a 2-mm increase in bill length.
Data on bill length were gathered from Ridgway and
Friedmann (1901-1950) or were measured from speci-
mens at the Museum of Comparative Zoology, Harvard
University.

within 42-44° N; those of MacArthur et al.
fall within 8-10° N. Table 1 lists for each
census: the number of insectivorous species,
the median bill length of the distribution of
species’ bills (counting each species once as
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in fig. 1), and the median bill length of the
distribution of species’ bills, each species being
weighted by its abundance. The medians by
species for all but one temperate census fall
below all those for the tropical censuses. The
exceptional temperate area—grassland—has a
larger median than only one tropical area—the
upland cloud forest. The medians by individ-
uals show a slightly less complete separation.
That for the cloud forest is smaller than those
for almost half the temperate samples, and
that for the temperate grassland is larger than
those for three tropical samples. The tendency,
however, is still highly significant (P < 0.001
by the Mann-Whitney U-Test, Siegel 1956 ).
Orians’ (1969) Costa Rican data, though not
quantitatively analyzed for bill length distribu-
tions, seem to contrast in the same way with
temperate areas, as he points out. We may
conclude that the direction of the difference
certainy holds over fairly small areas. It is
still possible, of course, that microhabitat
differences restrict the species of these small
areas in such a way that in still smaller areas,
large- and small-billed forms occur in the same
proportion regardless of latitude. However,
the upper limit of bill length for most of the
tropical censuses was a good bit higher than
that for most of the temperate ones.

One explanation of figure 1 is that tropical
insectivorous avifaunas may contain a greater
number of pokers and probers than do tem-
perate ones, possibly associated with a greater
complexity of vegetation surface, especially
epiphytical. By excluding woodpeckers,
creepers, woodhewers, and nuthatches from
this analysis, we have reduced considerably
any such possible effect, but we have not, of
course, eliminated it: certain antbirds, wrens,
and others do often use their long bills to
probe. Comparative geographic information
on the feeding habits of birds is not in so
standardized a form that we can rigorously
examine this possibility. However, we can
look at families common to tropical and tem-
perate latitudes whose species are primarily
insectivorous and differ markedly in their
manner of obtaining prey. Figure 2 shows, for
eight bird families, bill length histograms for
tropical and temperate transects across those
latitudes used in figure 1. Species from the
top four families primarily obtain their prey
aerially, whereas those from the bottom four
more often probe or glean. In all but the
Hirundinidae, the tropical group has longer-
billed representatives than does the temperate
group. In two of the four aerial-feeding
groups, but in all of the other groups, the
median is greater for tropical than for tem-
perate faunas. Interpreting the data liberally,
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TABLE 1.

Avifaunal properties of censuses from small tropical and temperate areas.

Median bill length (mm )2

Vegetation and locality No. species Species Individuals
Temperate censuses
North Carolina®
Mesic shrubland, hemlock sere 3 104 10.0
Intermediate hemlock-hardwood 14 11.6 114
Virgin hemlock 13 114 9.9
Xeric shrubland, oak-chestnut sere 4 10.6 9.6
Intermediate deciduous forest 9 11.7 117
Mature climax 11 11.7 11.7
Michigan®
Grassland 4 14.3 14.3
Aspen-red maple 12 13.3 12.7
Pine-aspen 11 11.7 11.7
Cedar-aspen 18 114 114
Cedar-balsam 19 10.2 9.9
Beech-maple-pine 18 115 11.7
Northeast®
Mixed shrubs and small trees (N.Y.) 22 11.9 114
Beech-maple-hemlock (N.Y.) 14 11.6 11.7
Hemlock-beech (N.Y.) 15 11.4 9.9
Pine-hemlock hardwoods (Vt.) 20 11.1 10.7
White-red spruce (Me.) 13 9.8 9.7
Spruce-fir (Ontario) 17 9.9 9.6
Wyoming*
Lodgepole pine 3 10.6 10.6
Lodgepole-spruce-fir 5 10.5 10.5
Spruce-fir 8 11.9 10.6
Willow-sedge swamp 8 12.8 11.4
Scrub-meadow 6 11.9 114
Flatland-aspen 9 12.4 6.3
Tropical censuses
Panama*
Mature forest 21 16.0 134
Second growth 17 18.1 174
High savanna 3 194 17.0
Low savanna 5 154 154
Mangrove 5 145 14.0
México*®
Tropical rainforest (Veracruz) 41 15.8 15.8
Tropical prairie (Veracruz) 37 17.5 14.5
Upland tropical forest (Chiapas) 25 18.9 17.5
Cloud forest ( Chiapas) 14 14.2 11.0

>

2 Measurement used is “exposed culmen.”

Note that in all tropical and all but two temperate censuses the median for individ-

uals is less than that for species. This implies that small-billed species are relatively more numerous in a given small plot. Because
small-billed species are usually small-bodied, the result parallels that obtained for insects (Schoener and Janzen 1968): the mean
for size-abundance curves by species is greater than that by individuals. It is also to be expected from the smaller home range or

territory size of smaller insectivorous birds (Schoener 1968h).
b Odum (1950).
¢ Kendeigh (1946).
4 Kendeigh (1948).
¢ Salt (1957).

f MacArthur et al. (1966) as reproduced in MacArthur and Wilson (1967).
g Davis and Morony (1953a, b), Davis (1955), and Davis and Davis (1957).

there may be some indication that this hy-
pothesized effect plays a part, but it at present
seems insufficient. Incidentally, the fact that
differences within widespread families are not
so extreme as the total difference depicted in
figure 1 leads one to suppose that much of the
latter is due to families largely restricted to
one or the other area, a supposition which is
in fact correct (see Orians 1969, and below).

Rather than being primarily an indicator of
differences in the microenvironment of the
food, the longer bills of tropical species may
be correlated with differences in the food
itself, especially in size. That species with
longer bills than those of closely related forms
do, on the average, eat a greater proportion of
large food items has been shown for honey-
creepers (Baldwin 1953), titmice (Betts 1955),
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FIGURE 2. Frequency histograms of species’ bill lengths (as in fig. 1) for eight bird families with species in
both tropical and temperate regions. Carat marks median bill length.

finches (Bowman 1961, Newton 1967), vireos
(Root 1967 ), sandpipers ( Holmes and Pitelka
1968), and auklets (Bédard 1969a). Experi-
ments {Kear 1962, Hespenheide 1966; Myton
and Ficken 1967) have demonstrated that
some larger-billed species choose larger food
more frequently and show a greater handling
proficiency with such food. Exceptions to this
tendency have been found among less closely
related species (Root 1967; Ashmole and Ash-
mole 1967; Ashmole 1968 ), and other measure-
ments of the bill (width, depth, cross-sectional
area) have been suggested or shown to be
better correlated with food size for some
species (Hespenheide 1966; Johnson 1966;
Newton 1967; Root 1967; Ashmole 1968). In
other species, overall body size (e.g., weight)
is a good predictor of relative food sizes (Lack
1946; Storer 1966; Ashmole 1968; Schoener
1968b; Bédard 1969b). However, because
culmen length, width, depth, and body weight
are all strongly correlated over the range of
bird sizes dealt with in figure 1, it is likely
that tropical and temperate avifaunas show

marked differences in the relative abundance
of species which feed on large arthropods.
That this difference has something to do
with latitudinal variations in the relative abun-
dance or biomass of large insects is supported
by what little published data exist (Schoener
and Janzen 1968). We have reported relatively
more small arthropods in samples from the
understory of a temperate forest (ca. 42° N)
during each of five months of the year than
in understory samples from four tropical areas
(ca.11° N). Figure 3 illustrates the difference
by plotting for sweep samples from three
tropical areas and one temperate area the per
cent dry weight in each of several arthropod
size categories. Data are taken from Janzen
and Schoener (1968) or are unpublished. The
temperate sample plotted is that for June, but
those from July through October contained
more small arthropods. The salient feature of
the graph is the extent to which the curve for
the temperate sample falls below those for the
tropical samples for large-arthropod sizes.
These data need to be supplemented by sam-
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FIGURE 3. Frequency distributions of dry weight by length for arthropods from sweep samples of tropical
and temperate forest understories. Total dry weights for samples in mg are: Temperate, 3444; Tropical dry,

3365; Tropical gallery, 5344; Tropical rainforest, 2661.

ples from many more localities and from
different vegetational strata before a trend
can be conclusively established. However,
unless tropical insects are absolutely much less
abundant than temperate ones (Data from
Schoener and Janzen, 1968, show a partial
trend in this direction, but must be interpreted
very cautiously, since neither differences in
foliage volume nor surface area per sweep
were estimated. ), the data are consistent with
the hypothesis that tropical areas may be able
to support more species of insectivorous birds
in part because they contain a greater biomass
of large-sized arthropods, thus extending the
range of the food-size dimension over which
species niches can viably be placed (Schoener
1965; MacArthur 1969). That is, were there
even a rough correspondence between bill
length and the mean or median prey size
taken, figure 1 could be interpreted as imply-
ing that tropical insectivorous species’ niches
are arranged over a wider range along the
food size dimension, or, at the very least, are

more evenly distributed over that dimension.
Indeed, an increase in the maximum species-
specific bill length often holds within single
genera of insectivorous birds and is associated
with greater bill differences between members
of congeneric associations in tropical than in
temperate areas (Schoener 1965).

As argued elsewhere (Schoener and Janzen
1968), the longer average growing season of
most tropical areas should allow many insects,
especially herbivorous ones, to evolve a larger
size than could similar insect species in tem-
perate areas. Moreover, the greater number
of large insects or greater variance in insect
size distributions was not regularly associated
with an increase in insect species diversity, at
least for our sweep samples from small areas,
though there was, of course, a greater number
of insect species in certain tropical samples.
Thus an increased opportunity for niche diver-
sification based upon increased structural
diversity of resources need not be entirely
dependent upon an increased species number
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comprising that resource, a conclusion which
has been drawn, but for birds as related to
vegetation, by MacArthur and MacArthur
(1961), MacArthur et al. (1966), MacArthur
(1969), and Orians (1969).

A further fact suggesting an effect of arthro-
pod size is that the smallest-billed birds of the
tropical censuses reported in table 1 are those
from upland cloud forest, and the largest-
billed temperate birds are from grassland.
Schoener and Janzen (1968) showed that
samples from certain moist areas contained a
greater number of small arthropods than did
those from adjacent dry areas. Furthermore,
as Orians (1969) suggests, a lower absolute
abundance of all insects in tropical montane
forest than lowland forest could preferentially
eliminate the large-billed species, since their
prey are relatively less abundant. Perhaps also
in wet montane forests climatic restrictions on
the feeding activity of insects limit their size
in the same way as seasonal restrictions were
hypothesized to limit their size in temperate
areas; Janzen, however, has some preliminary
evidence (cited in Orians 1969) against this
idea.

Orians (1969) has demonstrated that a major
difference between tropical and temperate
avifaunas is the much greater proportion in
tropical areas of species which forage pri-
marily by hovering for stationary prey. He
further pointed out that such species are often
big-headed and feed on large insects. Orians
suggested, much as has been argued above,
that a greater absolute abundance of large
insects in tropical areas would favor more
species of such birds there. However, there
is no necessary identity of birds which take
large prey and those which hover, and indeed
Orians has advanced hypotheses for the preva-
lence of hovering in tropical forests which are
independent of the abundance of large insects.
Therefore, we might expect the latitudinal
increase in large-billed forms to involve both
hovering and non-hovering species, since a
greater availability of large insects in tropical
areas should affect the diets and diversity of
all kinds of insectivorous foragers. Data in
figure 2 for the Cuculidae, Troglodytidae,
Vireonidae, and Caprimulgidae, families whose
members do not primarily hover for prey,
support this idea: bills are longer for tropical
species. As Orians mentions, however, many
of the typically tropical families of birds
(Bucconidae, Momotidae) have species that
both are large-billed and hover for prey; some
(e.g., Formicariidae) contributing to the trend
in figure 1 are not, however, comprised of
hovering species.

In conclusion, a large portion of the increase
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in bird species diversity in the tropics is that
involving the addition of large-billed insec-
tivorous forms, and this increase may be due
to a greater availability of food along one end
of a “critical” niche dimension. That an hy-
pothesis involving increased availability of
certain types of foods may be plausibly ap-
plied to diversity gradients in other kinds of
birds, such as frugivorous and nectivorous
species, is suggested in Orians (1969) discus-
sion.

ACKNOWLEDGMENTS

I thank G. Orians for valuable suggestions concern-
ing the manuscript. Research was supported by NSF
grant GB 3167 to the Committee on Evolutionary
Biology, Harvard University, and by the Harvard
Society of Fellows. The author was supported by
NSF predoctoral fellowships during part of this re-
search

LITERATURE CITED

Asumore, N. P. 1968. Body size, prey size, and
ecological segregation in five sympatric tropical
terns (Aves: Laridae). Syst. Zool. 17:292-304.

AsaMmorE, N. P, axp M. J. Asamore. 1967. Com-
parative feeding ecology of sea birds of a tropical
oceanic island. Bull. Peabody Mus. Nat. Hist.,
Yale Univ. 24:1-131.

Barpwin, P. H. 1953. Annual cycle, environment
and evolution in the Hawaiian honeycreepers.
Univ. California Publ. Zool. 52:285-398.

Bear, F. E. L. 1907, 1910. Birds of California in
relation to the fruit industry, pts. 1 and 2. U.S.
Dept. Agric. Biol. Surv. Bull. 30, 34.

Biparp, J. 1969a. Feeding of the l.east, Crested
and Parakeet Auklets around St. Lawrence Island,
Alaska. Can. J. Zool. 47:1025-1050.

Biparp, J. 1969b. Adaptive radiation in Alcidae.
Ibis 111:189-198.

Bent, A. C., anp CoLrAaBORATORS. 1919-1968. Life

histories of North American birds. U.S. Natl.
Mus. Bull.
Berts, M. M. 1955. The food of titmice in oak

woodlands. J. Anim. Ecol. 24:282-323.

Bowman, R. I. 1961. Morphological variation and
adaptation in the Galapagos finches. Univ. Cali-
fornia Publ. Zool. 58:1-302.

Bryant, H. C. 1914. A determination of the eco-
nomic status of the Western Meadowlark (Stur-
nella neglecta) in California. Univ. California
Publ. Zool. 11:377-510.

CARRIKER, M. A, Ja. 1910. An annotated list of the
birds of Costa Rica, including Cocos Island. Ann.
Carnegie Mus. 6:314-915.

CrAIGHEAD, J. J., anp F. C. CraiGHEAD, JR. 1956,
Hawks, owls, and wildlife. Stackpole Co., Harris-

burg, Penn,

Davis, L. I. 1955. Census 27. Audubon Field Notes
9:425-426.

Davis, L. 1., anp A. M. Davis. 1957, Census 18,
Audubon Field Notes 11:448,

Davis, L. I, anp J. Morony. 1953a. Census 30.
Audubon Field Notes 7:351-352.

Davis, L. 1., axnp J. Morony. 1953b. - Census 44.
Audubon Field Notes 7:359-360.

Dickey, D. R, AND A. J. vAN Rossem. 1938. The

birds of El Salvador. Field Mus. Nat. Hist. Publ,,
Zool. Ser. 406.



160 THOMAS W. SCHOENER

Gross, A. O. 1952. Nesting of Hick’s Seedeater at
Barro Colorado Island, Canal Zone. Auk 69:433—
446.

Havivan, T. 1924, Notes on some Panama Canal
Zone birds. Auk 41:304-325.

Hespenaeme, H. A. 1966, The selection of seed
size by finches. Wilson Bull. 78:191-197.

Hormes, R. T., anp F. A. PrteLka.  1968. Food
overlap among coexisting sandpipers on northern
Atlantic tundra. Syst. Zool. 17:305-318.

Janzen, D. H., anp T. W. ScHOENER. 1968, Differ-
ences in insect abundance and diversity between
wetter and drier sites during a tropical dry season.
Ecology 49:96-110.

Jonnson, N, K. 1966. Bill size and the question of
competition in allopatric and sympatric popula-
tions of Dusky and Gray Flycatchers. Syst. Zool.
15:70-87.

Juop, S. D. 1901. The relation of sparrows to agri-
culture. U. S. Dept. Agr. Biol. Surv. Bull. 15.
Kear, J. 1962. Food selection in finches, with
special reference to interspecific difference. Proc.

Zool. Soc. London 138:163-204.

KenpEicH, S. C. 1946, Breeding birds of the beech-
maple-hemlock community. Ecology 27:226-245.

Kenbeich, S. C.  1948. Bird populations and biotic
communities in northern lower Michigan. Ecology
29:101-114.

Kroprer, P. H. 1959. Environmental determinants
of faunal diversity. Amer. Nat. 93:337-342.
Lack, D. 1946. Competition for food by birds of

prey. J. Anim. Ecol. 15:123-129.

MacArTHUR, R. H. 1964, Patterns of species diver-
sity. Biol. Rev. 40:510-533.

MacArTHUR, R. H. 1969. Patterns of communities
in the tropics. J. Linnean Soc. (Biol.) 1:19-30.

MacArTHUR, R. H., axD J. W. MacArTHUR. 1961.
On bird species diversity. Ecology 42:594-598.

MacArTtHUR, R. H., H. REcHER, aND M. L. Coby.
1966. On the relation between habitat selection
and species diversity. Amer. Nat. 100:319-327.

MacARTHUR, R. H., anp E. O. Wison. 1967. The
theory of island biogeography. Princeton Univ.
Press, Princeton.

MarTiN, A. C., H. S. Zim, anp A, L. NeLson. 1951.
American wildlife and plants. Dover, New York.

McATee, W. L. 1926. The relation of birds to
woodlots in New York State. Roosevelt Wild Life
Bull. 4:7-152.

Mogreavu, R. E.  1966. The bird faunas of Africa and
its islands. Academic Press, New York.

Myron, B. A., anD R. W, Ficken. 1967. Seed-size
preference in chickadees and titmice in relation
to ambient temperature. Wilson Bull. 79:319-
321.

NewTton, I.  1967. The adaptive radiation and feed-
ing ecology of some British finches. Ibis 109:
33-98.

OpuMm, E. G. 1950. Bird populations of the high-
lands (North Carolina) plateau in relation to
plant succession and avian invasion. Ecology 31:
587-605.

Orians, G. H.  1969. The number of bird species in
some tropical forests. Ecology 50:783-801.

Pianka, E. 1966. Latitudinal gradients in species
diversity: a review of concepts. Amer. Nat. 100:
33-46.

Pouch, R. H. 1949. Audubon bird guide. Double-

day, New York.

Rmeway, R., anp H. Friepmann. 1901-1950. Birds
of North and Middle America. U.S. Natl. Mus.,
Bull. 50 Pts. 1-11.

Root, R. B. 1967. The niche exploitation pattern of
the Blue-gray Gnatcatcher. Ecol. Monogr. 37:
317-350.

Sact, G. W. 1957. An analysis of avifaunas in the

Teton Mountains and Jackson Hole, Wyoming.
Condor 59:373-393.

SaLvin, O., anp F. D. Gopman. 1879-1904. Bio-
logia Centrali Americana: Aves. Vols. 1-3.
ScHOENER, T. W. 1965. The evolution of bill size
differences among sympatric congeneric species

of birds. Evolution 19:189-213.

ScuoEnNer, T. W. 1968a. The Anolis lizards of
Bimini: resource partitioning in a complex fauna.
Ecology 49:704-726.

ScHoENER, T. W. 1968b. Sizes of feeding territories
among birds. Ecology 49:123-141.

ScHOENER, T. W., anp D. H. JanzenN. 1968. Some
notes on tropical versus temperate insect size
patterns. Amer. Nat. 101:207-224,

SieGErL, S. 1956. Nonparametric statistics. McGraw-
Hill, New York.

Skurch, A. F. 1944a. Life history of the Prong-
billed Barbet. Auk 61:61-88.

SkurcH, A. F. 1944b. Life history of the Blue-
throated Toucanet. Wilson Bull. 56:133-151.
SkurcH, A. F. 1945. Life history of the Blue-
throated Green Motmot. Auk 62:489-516.
Sxkutch, A. F. 1946. Life history of the Costa Rican

Tityra. Auk 63:327-362.

SkurcH, A. F. 1954a. Life history of the White-
winged Becard. Auk 71:113-129.

SkurcH, A. F. 1954b, 1960. Life histories of Central
American birds. Pacific Coast Avifauna, nos. 31,
34.

Skurch, A. F. 1958. Life history of the White-
whiskered soft-wing Melacoptila panamensis. Ibis
100:209-231.

SkurcH, A. F. 1962a. Life history of the White-
tailed Trogon. Ibis 104:301-313.

Skurcw, A. F. 1962b. Life history of honeycreepers.
Condor 64:92-116.

Skurch, A. F. 1963. Life history of the Rufous-
tailed Jacamar Galbula ruficauda in Costa Rica.
Ibis 105:354-368.

SxurcH, A. F. 1964. Life history of the Blue-
diademed Motmot Momotus momota. 1bis 106:
321-332.

Skutch, A. F.  1965. Life history of the Long-tailed
Silky-flycatcher, with notes on related species.
Auk 82:375-426.

SkurchH, A. F. 1966. Life history notes on three
tropical American cuckoos. Wilson Bull. 78:139-
165.

Sxurch, A. F.  1967. Life histories of Central Amer-
ican highland birds. Nuttall. Ornithological Club,
Publ. no. 7.

SrosopkiN, L. B.,, anp H. L. Sanpers. 1969. On
the contribution of environmental predictability
to species diversity. p. 82-95. In Diversity and
stability in ecological systems. Brookhaven Sym-
posia in Biol. No. 22.

Srup, P. 1964. Birds of Costa Rica.
Mus. Nat. Hist. 128:1-430.

SToRER, R. W. 1966. Sexual dimorphism and food
habits in three North American accipiters. Auk
83:423-436.

Vax TynE, J. 1929. The life history of the toucan
Ramphastos brevicarinatus. Univ. Michigan Mus.
Zool., Misc. Publ. 19.

Bull. Amer.

Van Tyng, J. 1935. The birds of northern Petén,
Guatemala. Univ. Michigan Mus. Zool., Misc.
Publ. 27.



INSECTIVOROUS BIRD SPECIES DIVERSITY 161

VaN TynNE, J., anp A. H. Bercer. 1959. Funda-
mentals of ornithology. Wiley, New York.

WaGNER, H. O. 1944, Notes on the life history of
the Emerald Toucanet. Wilson Bull. 56:65-76.

WHITTAKER, R. H. 1965. Dominance and diversity

in land plant communities. Science 147:250-260. Accepted for publication 13 October 1970.

Warrtaker, R. H.  1969. Evolution of diversity in
plant communities. p. 178-196. In Diversity and
stability in ecological systems. Brookhaven Sym-
posia in Biol. No. 22.



