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Neotropical land-bridge avifaunas: new approaches to null
hypotheses in biogeography
Gary R. Graves and Nicholas J. Gotelli
Graves, G. R. and Gotelli, N. J. 1983. Neotropical land-bridge avifaunas: new approaches to null hypotheses in biogeography. — Oikos 41: 322-333.
The construction of null hypotheses and statistical tests for non-random avian distributions has been vigorously debated by island biogeographers. Less attention has
been given to the underlying quality of the data, which often consist of species lists
from islands and adjacent mainland areas. We believe three major problems with past
analyses make it difficult to interpret the results.
1. Source pools for statistical tests are constructed unrealistically. Arbitrary geopolitical units are used to define source pools. Archipelagos are analyzed as "closed"
systems with equivalent source pools for all islands.
2. Habitat preferences and availability are not explicitly incorporated in null models.
3. Estimates of colonization potential based on species incidence functions may not
be satisfactory. Incidence functions do not incorporate available habitat and distance
effects.
We propose new organism-based methods for the analysis of birds on islands that
incorporate geometrically standardized source pools, habitat availability, and geographic ranges of source pool species. We apply these methods in an analysis of seven
Neotropical land-bridge island avifaunas. With few exceptions, land-bridge island
communities appear to be a random subset of the mainland "habitat" pool, at the
family level. A comparison of "total" and "habitat" pool shows that the habitat pool
is a superior predictor of species richness in each family. Finally, species with widespread mainland ranges are disproportionately common on islands. Our results
suggest that habitat availability and area of a species range are responsible for some
of the differences between island and mainland communities.
G. R. Graves and N. J. Gotelli, Dept of Biological ScL, Florida State Univ., Tallahassee, FL 32306, USA.
nocipoeHHe O-rnnoresw H cTamcnwecKaji npaBepxa HeparocMwsooix THHOB pacnpeneneHHH rrmy aicmBHo MeGaiHpyercR ocrpaBtsam worearpaOaMH. MeHuaae BHHMame yqenaerca KaseciBeHHCMy ccmepaaHmo nanyjeHHtm vBxepBSncs, lacro cqpesffCTaBnsHWHX CUHCKH BHH3B rrnm c ccipoBOB H npHneraraaHX MaiepmeOHm TepprooPHfi. Ma nonaraeM, <rro HineprqpeTauHio peayjibTaTOB aaTpyHHraoT ipH, panee npoaHanH3HpoBaHHae npo6na«:
1. nym HCTOWHKOB pacceneraiH nnx cTaracnraecKHX aHamooB cocTaBnaorcw HepeanHCOTJHO. IftXM3Bonbme reorpa#qecKne ejHHHUbi Hcnon&syiorcH ana wneHTmiHKaUHH njOTOB. ApjamenarH paccKQTpHBatarcH Kax "saMKHynae" CHcreMa c SKBHsaneHTHSMI nyJOMH HCTCMHHKOB flTIH BCeX OCTpOBOB.
2. BHOTiwecKHe npe$epeHroN« H wcTyrmocn, He BKJio<iaiOTCH 6e3oraBopomo B 0-
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3. OnpeqenemBincmmuHana KonoHHsauHH Ha ocHceaHHH a&epa $yHKnHOHHpceaHHH BHflOB He waryr 6bm> yaasneTHopHTenbHa. C$epa ^yHKKHOHHpoBaHfw He BKnewaror «3CTynHocTb MecTooeirraHHH H 3$$eK"BH ynaneHHH.
[*j npemnaraeM noEtE MSTCW, ocHcoaHHue Ha ypoBHe opraHHSMa, mm amamsa HaceJKHHH rrrnu. Ha ocipoBax, Koropsoe SKmoiaior recMerpHwecKH craHnapmsMpoBaHHae
nyraa HCTOTHHXOB, aocTynHcen> MecrcoGHTaHHH H rearpaiJuqecKoe pafloHHpoBaHHe
nyjm MacToo&rraHHH Buna. Ma npHMSHneM 3TH MBTOJH ana aHararaa 7-wi Hec/iponHMeaoix aBHa$ayH cyxonyTHoro Mxrra. 3a HeMHonn« BCKJKHeHHHm, oooemecTBa ccpceoB cyxionyTHoro MDcra npeacraanmor paHflcMweocHH sapHaHr NBTepmccBoro nyna
HCTC«HHKOB pacceneHHH Ha ypoBHe ceMSHcrs. CpaBHetnie "ofigero" H "CHOionmecKOTO" nyna ncKaaaBaeT, uro nyn HCTCWHHKOB pacceneHaa - ccwjBHCfl jiaKTOp, ct^jenenHKHWH GoraTCTBo BHBOB Kajjjpro oeMeHcraa. HaKQHeu,, BHHM C raipoKHi*! NarepHKOBtMK apeanaMa wicnpctK^qHOHanbHO cxqm&i Ha ocrpcsax. Hami pe3ym.TaT±j noKasanM, ITO HOCTynHocra. MecTooGnraHHH H TeppHTOPHH apeana Buna onpenenseT
HeKoropae paamwHH Maw coo6wecTBa»« OCTPOBOB H MaTepxxa
OIKOS 41:3 (1983)

1. Introduction
For more than a century, the distribution of birds on
islands has been a focal point in biogeography (Darwin
1859, MacArthur and Wilson 1967). Avian distributions are often claimed to manifest the effects of interspecific competition (Diamond 1975, Lack 1976),
although the evidence has been hotly debated (Simberloff 1978a, Connor and Simberloff 1979, Strong et al.
1979, Grant and Abbott 1980, Wright and Biehl 1982,
Diamond and Gilpin 1982). Island archipelagos, especially the Galapagos, West Indies, and New Hebrides,
have been analyzed in many papers. Different authors
have examined the same data and arrived at opposite
conclusions about the effects of competition (e.g., Connor and Simberloff 1978 vis-a-vis Alatalo 1982). Much
of this debate has been centered on the construction of
null hypotheses and statistical tests for non-randomness. Less attention has been given to the underlying
quality of the data. Consequently, we believe that three
major problems with past analyses make it difficult to
interpret the results:
1) Source pools for statistical tests are constructed unrealistically.
2) Habitat preferences are not explicitly incorporated
into null models.
3) Estimates of colonization potential based on "incidence functions" are inadequate.
We discuss these three points in greater detail below
and outline a new approach to the construction of
source pools for null models in biogeography. We use
this method to analyze avian distributions on seven
Neotropical land-bridge islands.
1.1. Construction of appropriate source pools
Species pools have been constructed from the avifaunas
of the mainland adjacent to an island or archipelago
(Grant 1966, Simberloff 1970, Terborgh and Winter
1978, Faaborg 1979) or from the archipelago itself
(Connor and Simberloff 1978, Gotelli and Abele 1982,
Diamond 1982). With the exception of highly isolated
archipelagos (e.g., Hawaiian and Galapagos islands)
where most extant land bird species evolved in situ, the
establishment of appropriate source pools is problematic. For instance, in an analysis of the Tres Marias Islands, Grant (1966: 452) used the species from an
"equivalent part of the [Mexican] mainland (same area
and range of altitude), similar habitats, etc." as the
source pool. The four Tres Marias Islands parallel the
coastline and span some 80 km, the largest water gap
being ca. 15 km between Maria Magdalena and Maria
Cleofas. Nevertheless, Grant considered the four islands as a unit with identical source pools.
In a reappraisal of species/genus ratios of the Tres
Marias avifauna, Simberloff (1970) included all species
within 300 miles of the islands, excluding Baja California. Simberloff (1983) includes all species resident beOIKOS41:3 (1983)

low 3000 ft. elevation in Nayarit, Sinaloa, and Jalisco
(the adjacent states).
These approaches are not wholly satisfactory. If distance between source pool and island affects colonization probabilities (MacArthur and Wilson 1967), then
source pools for widely separated islands are not identical. This is especially true in speciose regions where
many terminal range boundaries occur on the adjacent
mainland. In other words, source pool species within the
arbitary distance of one island (300 miles in Simberloff's analysis) may be outside that limit for another
island in the same archipelago. This problem is exacerbated in large archipelagos colonized from several
mainland regions (e.g., West Indies, East Indies).
West Indian source pools have traditionally been
constructed from West Indian species only (Simberloff
and Connor 1978, Gotelli and Abele 1982). The substantially larger number of mainland colonists from
nearby areas are excluded, in spite of their close proximity. For example, Grenada is over 2500 km from
western Cuba, but less than 175 km from the diverse
South American mainland, the fauna of which is
excluded from the analysis. Colonization probabilities
may be weighted by observed incidences (Connor and
Simberloff s [1978] Type II null model), but this procedure does not alleviate the problem of distance. For
example, two single island endemics, the Zapata wren
{Ferminia cerverai) and St. Vincent's parrot (Amazona
guildingii), are given equal membership in the source
pool for Grenada. Yet, the distance from Grenada to St.
Vincent is only 145 km, whereas the Zapata Swamp
(Cuba) is over 2400 km away.
Another problem is that biogeographers have relied
too heavily on faunal lists from irregularly shaped
geopolitical units. Admittedly, county, state, and country lists are more easily obtained that those of circular,
standardized areas. However, political states are rarely
comparable on the basis of size or shape. For example,
in studies of land-bridge island birds, Terborgh and
Winter (1978) and Faaborg (1979) used handbooks and
field guides for selected countries to calculate mainland
source pools. Faaborg (1979) defined the mainland
source pool for Coiba, Rey, and San Jose to be all of the
land birds of Panama, even though parts of Costa Rica
and Colombia are much closer to the islands than are
parts of Panama.
In sum, there has been no attempt to construct independent and geometrically standardized source pools
for birds on land-bridge islands and archipelagos.
1.2. Habitat preference
Habitat diversity is a well-known predictor of species
richness in regional avifaunas (MacArthur 1972, Lack
1976). Components of habitat diversity such as the
number of plant species, altitude, or number of habitat
types are cited in scores of publications on species richness.
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We argue that habitat availability on islands is of
primary importance in determining what subset of the
mainland avifauna could successfully colonize and persist on any given island. We further suggest that the
distinction between the "total" pool and the "habitat"
pool is real and important in determining whether island
avifaunas are random or non-random subsets of mainland avifaunas. The "total" pool consists of all mainland
and island species within a geometrically standardized
area. However, the "habitat" pool (a subset of the total
pool) would include only those species that breed in the
spectrum of habitats present on the island. Thus, both
total and habitat pool are viewed from the frame of
reference of the island. Membership in either pool
should be limited to breeding species. The distinction
between total pool and habitat pool is especially important when considering the colonization potential of a
habitat specialist. For example, a bird species restricted
to montane cloud forest would not be expected to successfully colonize a nearby desert island. Likewise,
there is little evidence that avian habitat specialists
broaden their habitat preferences enough to resist extinction during periods of severe environmental instability (Pregill and Olson 1981). The numerical difference between the total pool and habitat pool of a
habitat-depauperate island and a diverse mainland or
archipelago may be several fold.
Of course, all of these factors have been discussed in
other studies of island avifaunas (Connor and Simberloff 1978, Wright and Biehl 1982, Grant and Abbott
1980). Indeed, the call for biologically realistic source
pools has become a platitude in biogeography. The
same data sets are analyzed and reanalyzed without
adequate consideration of habitat preferences and
mainland community organization. This naive reliance
on total pool calculations, with little regard to autecology of the organisms, may distort the analyses of
structure in island communities.
1.3. Differences in colonization potential
Production of dispersing propagules per unit time, their
probability of successfully colonizing an island, and
longevity of subsequent populations are undoubtedly
species specific. Unfortunately, these demographic
parameters are not known for any bird species, much
less all the species of an island's source pool. Incidence
functions (Diamond 1975, Whittam and Siegel-Causey
1981) are often used to weigh a species probability of
colonization (Simberloff and Connor 1978). Usually,
these probabilities are generated from, and used to test,
the same island distributions. This constraint generates
a certain amount of nonindependence (Grant and Abbott 1980), which may or may not affect the power of
statistical tests.
A more serious problem is that the use of incidence
functions implies that all islands are available for colonization, when in reality, appropriate habitat is rarely
324

present on every site. This same criticism applies to the
analysis of "checkerboard" distributions (Gilpin and
Diamond 1982).
One indication of colonization potential is the extent
of a species geographic range. We expect colonization
potential to be roughly proportional to geographic
range: widespread species have more dispersing individuals and are more likely to colonize and persist on
islands than are species with very restricted distributions
(see Hengeveld and Haeck 1981). We predict that
source pool species with restricted distributions will be
under-represented in island communities, everything
else being equal.
Determination of widespread versus restricted distributions has been attempted for source pool species of
Neotropical land-bridge islands (Faaborg 1979).
Faaborg classified species that occur in both Panama
and northeastern Venezuela as "widespread". These
species occurring in either Panama or north-eastern
Venezuela, but not both, were not discussed, but are
implied to be "restricted". This classification technique
is useful because one merely has to compare species
lists. However, some species with tremendous ranges
(>5 x 106 km2) are not classified as widespread by this
criterion. Other species with relatively small areal
ranges (e.g., Phaethornis anthophilus, Melanerpes rubricapillus) occur in both areas, and are classified as
widespread. Ideally, the entire geographic range of each
source pool species should be estimated, or assigned to
a size class. Handbooks and field guides are usually
unsuitable for this purpose.
Problems in the construction of realistic source pools
and in the estimation of colonization probabilities make
it difficult to evaluate the results of previous studies.
This does not imply that null hypotheses are of no value,
as has been suggested (Dunbar 1980, Diamond and
Gilpin 1982, Roughgarden, in press). It does mean that
source pools will have to be carefully designated with
biologically realistic criteria.
Here we construct realistic source pools for seven
Neotropical land-bridge islands. In this paper, we use
these data to ask two questions:
1) At the family level, are island communities a nonrandom subset of adjacent mainland communities?
2) Are species with restricted mainland distributions
under-represented on land-bridge islands?

2. Materials and methods
Present day avifaunas of land-bridge islands are often
viewed as persisting subsets of the avifauna of the once
connected mainland (Diamond 1972, Terborgh 1974,
Faaborg 1979). These analyses assume that the avifaunas of the islands and mainland were identical at the
time of disconnection by rising sea level. In this
scenario, mainland communities have remained stable
since disconnection, whereas the "super-saturated"
OIKOS 41:3 (1983)

land-bridge islands relaxed to an appropriate equilibrium species number. All extant island species are presumed to have been continuous breeding residents since
separation from the mainland. However, there is considerable evidence that the Caribbean coastal region of
South America was much drier during the Pleistocene
(Bradbury et al. 1981). If so, mesic vegetation and the
associated avifauna may have recolonized land-bridge
islands in the Holocene. Extinction of an island species
and its subsequent recolonization cannot be detected.
Faaborg (1979) qualitatively analyzed avifaunas of
four Neotropical land-bridge islands. His methods of
source pool construction and categorization of widespread species were discussed in our introduction. In
this paper, we analyze the distribution of families and
widespread versus geographically restricted species on
seven land-bridge islands (Fig. 1). Whereas Faaborg
(1979) chose islands on the basis of habitat similarity,
we purposely included islands with a diverse array of
habitat types. Our aim is an overview of family distributions in a variety of habitat/island environments.
In our analysis we include only land bird families
(Columbidae through Corvidae). Bird families ecologically dependent on water (Alcedinidae), those possibly
exterminated or transported by Amerindians (Tinamidae, Cracidae, Phasianidae), or those whose breeding
status is routinely questionable (Apodidae, Falconiformes) were excluded. We follow the arrangement of
families and subfamilies and taxonomy of Morony et al.
(1975), unless recent papers suggest otherwise.
We constructed source pools by the following
method. Using the island location nearest the adjacent
mainland as the center point, we drafted circles of various diameters on maps (map scales 1:1,000,000 to
1:250,000). Since Trinidad has the largest avifauna of
the islands examined, it was used as the standard. If
small radii circles are used (ca. 50-100 km), the resulting mainland source pool lacks many species found on
Trinidad. On the other hand, if the radius is increased to

500 km, many habitats are included in the source pool
which do not occur on Trinidad. This situation is more
or less true for all seven islands. As an arbitrary compromise, we chose 300 km as an appropriate radius for
source pool designation for this system. Source pools for
the seven islands range from 399 species for Tobago to
560 species for San Jose and Rey (see Tab. 1). All
land-bird species breeding within the source pool circle
on the mainland and all adjacent land-bridge islands,
were included in a particular source pool. For example,
the breeding birds of Trinidad, Tobago, adjacent South
America, and parts of Margarita were included in the
source pool for Trinidad; birds of oceanic islands (e.g.,
Grenada) were excluded because they could have colonized only over water.
For this analysis we regard Aruba as a land-bridge
island. Oceanographic charts suggest that during the
lowest sea level (—130 m lower) of the Wisconsin glacial, Aruba was separated from the mainland by ca. 3-5
km water. Although this relatively narrow water barrier
may have prevented colonization by some terrestrial
species, we do not believe this greatly affected colonization by land-birds. Antbirds and tinamous regularly
cross large water gaps to recolonize once-flooded islands in the Amazon River (Remsen and Parker 1983).
To calculate the habitat pool, we assume that source
pool species that occur only in habitats not found on
islands would not be expected to occur on the islands.
This is not the same as saying that "if a species does not
occur on an island, one wouldn't expect it to." There are
certain species that for all intents and purposes have
zero probability of colonizing a particular island lacking
its preferred habitat. Furthermore, if the preferred
habitat of a habitat specialist was eliminated by climatic
change, the probability is zero that it would occur on the
island today. For example, burrowing owls (Speotyto
cunicularia) no longer occur in many areas in the Caribbean because the habitat has changed from savannah
and xerophytic scrub to forest (Pregill and Olson 1981).

CARIBBEAN
SEA

SOUTH
21
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AMERICA

Fig. 1. Source pool circles
for 7 Neotropical
land-bridge islands.
Co-Coiba; SJ = San Jose;
Re = Rey; Ar - Aruba;
Mg = Margarita; Tr =
Trinidad; To = Tobago. The
circles have a radius of 300
km and are drafted from the
closest approach of the
island to the mainland. The
same circle was used for San
Jose and Rey.
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Tab. 1. Number of breeding land bird species in the total pool
and habitat pool of seven land-bridge islands.

Trinidad
Tobago
Margarita
Coiba
Aruba
San Jose
Rey

Total pool

Habitat pool

Island

470
399
456
513
434
560
560

445
342
231
348
121
390
390

190
77
63
64
25
36
38

A number of distinctive habitat types occur on the
islands, such as mangroves, palm savannah, xerophytic
scrub, columnar cactus, lowland rain forest, lower
montane cloud forest, and grassland. A habitat was
considered present on an island if the total area of the
habitat exceeded ca. 50 ha. We considered the spectrum
of habitats on each island. Then we compared habitat
availability on the island with the habitat preferences of
non-island species occurring within the source pool circle. We classified each species in the "total pool" or
"habitat pool" on a case-by-case basis.
For islands with great habitat diversity, the difference
between total pool and habitat pool is small (e.g.,
Trinidad, total pool 470 species; habitat pool 445
species). Other large, but habitat depauperate, islands
have much smaller habitat pools (e.g., Aruba, total pool
434 species; habitat pool 121 species). For this system
there is no significant correlation between island area
and size of either total or habitat pools. Additionally,
there is no correlation between distance from the
mainland and the size of total and habitat pools. In this
analysis, we include two of the Pearl islands, San Jose
and Rey, in the Gulf of Panama. The distance between
San Jose and Rey is less than 11 km. These islands were
connected to each other since their separation from the
mainland, so we assume thay share an identical source
pool, which was calculated from the closest point on
Rey. Source pools for the remaining five islands were
calculated separately (see Fig. 1). Lists of species for
islands, habitat pools, and total pools are based on
original technical literature (Appendix 1), gazeteers,
maps, and the examination of museum specimens in the
Louisiana State University Museum of Zoology, and the
American Museum of Natural History.
To assess colonization potential, we categorized the
geographical ranges of all 937 species occurring in the
individual source pools. By definition, the terms
"widespread" and "restricted" are arbitrary. Many
species mentioned by Haffer (1974) as "Amazonian
endemics" have ranges exceeding 1 x 10* km2. Terborgh and Winter (1978) used the criterion of <50000
km2 as a cut off point, although more than one of their
examples exceeds that limit (e.g. Leptosittaca branickii).
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A few mis-classifications are inevitable, and probably
would not affect the results.
In this analysis, we considered the global ranges of all
source pool species. We use two classification types to
categorize geographical range. Assuming that total
areal range is important, but disregarding the shape of
the range boundary, we estimated the number of 1°
latitude x 1° longitude blocks in which a species occurs.
By this classification (Type I), if a species occurs in 100
or more 1° x 1° blocks, it is considered "widespread".
Type I "restricted" species occur in less than 100 1° X
1° blocks (Fig. 2). In a Type II classification, we also
consider the shape of species range. If the entire world
range of a species is contained in a centered 10° latitude
x 10° longitude block, it is considered "restricted". If
the geographical range cannot be fitted in a 10° x 10°
block, the species is "widespread", regardless of the
area of its distribution. We use the Type II classification
because many Neotropical species have long and nar-

Fig. 2. Distributions of three hypothetical South American
species: A, B and C. A 10° longitude x 10° latitude block is
shown for comparison. Species A is considered "restricted" by
Type I classification: its total areal range is less than 100 1° x
1° blocks. However, species A is considered "widespread" by
the Type II classification. Its geographic range does not fit
within a centered 10° x 10° block. Species B is "restricted" by
both Type I and Type II classifications because its areal range
is less than 100 1° x 1° blocks, and is encompassed by a centered 10° x 10° block. Species C is "widespread" by both
classifications: its areal range is greater than 100 1° x 1°
blocks.
OIKOS 41:3 (1983)

row, or highly disjunct, geographical ranges, with small
total areas. These species may be better colonists than
the area of their geographic range would suggest.

3. Results
3.1. The distribution of families on islands
We ask, are individual families over- or under-represented in island communities? We calculate the expected number of species in family I on island J as:
E(IJ) = F(I)N(J)/NN(J)
where NN(J) is the number of species in the source pool

for island J, and F(I) is the number of source pool
species in family I. The total number of species on island
J is given by N(J). In other words, we test the hypothesis
that each family is represented on an island in the same
proportion as in the source pool. Deviations from this
expectation follow a hypergeometric distribution, sampling without replacement (Appendix 2).
For each family on each island, we calculated the
exact tail probabilities for the observed species number,
drawing from the habitat pools. Tab. 2 is a matrix of the
significant tail probabilities. Only two negative deviations were extreme:: parrots are under-represented on
Tobago (expected = 4.4, observed = 1, p = 0.04), and
antbirds are under-represented on Trinidad (expected
= 15.1, observed = 9, p = 0.021). Ten of the 230 cells
also showed significant positive deviations, mostly in the

Tab. 2. Significant deviations from the hypergeometric model, drawing from the habitat pool. A plus (+) means that more species
in a family are present than expected by chance. A minus (-) indicates that fewer species are found than expected. A zero (0)
means the family is not in the available habitat pool for the island. If no entry is given, the probability is >0.10 (0.05,2-tailed) for
that observation.
Family

Island
Tobago

Columbidae
Psittacidae
Cuculidae
Tytonidae
Strigidae
Steatornithidae
Nyctibiidae
Caprimulgidae
Trochilidae
Trogonidae
Momotidae
Galbulidae
Bucconidae
Capitonidae
Ramphastidae
Picidae
Dendrocolaptidae
Furnariidae
Formicariidae
Cotingidae
Pipridae
Tyrannidae
Hirundinidae
Motacillidae
Troglodytidae
Mimidae
Turdinae
Polioptilinae
Vireonidae
Emberizinae
Thraupinae
Tersininae
Parulidae
Icteridae
Corvidae
*
**
***
0

Trinidad

Margarita

++

Aruba

Rey

San Jose

+++

Coiba

++

-

0
0

0

0

0
0

0
0

0
0

++

+

++

++

++

p < 0.05.
p< 0.025.
p < 0.01.
not in habitat pool.
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pigeons and flycatchers. The remaining observations did
not differ significantly from the expected at the 0.10
level (0.05, two-tailed).
To assess the overall distribution of each family, we
combined probabilities across islands using Fisher's test
(Sokal and Rohlf 1969), which has a Chi-square distribution (Tab. 3). By this criterion, pigeons, flycatchers
and warblers are consistently over-represented on islands. All other families are found in about the same
proportions as their mainland source pools. Thus, no
family is consistently under-represented.
Again, the results are similar using both total pools
and habitat pools. However, tail probabilities are generally more extreme for the total pool than for the more
realistic habitat pool. Using the habitat pool, the correlation (R2) between observed and expected species
number for each family is 0.67 (Fig. 3). However, using
the total pool expected values, the correlation between
observed and expected is only 0.62. The difference between these two models is significant (p < 0.01); as
anticipated, values from the habitat pool are a superior
predictor of species richness in each family. At the
family level, some of the differences between island and
mainland avifaunas are directly attributable to differences in available habitat.
3.2. Number of families on islands
One indicator of taxonomic diversity is the species/
genus ratio which has often been used to compare island
and mainland avifaunas (Jarvinen 1982). Species/genus
and species/family ratios have been traditionally interpreted as indicators of interspecific competition, although other mechanisms could also produce non-randomness (Dillon 1981). Here, we used rarefaction
(Simberloff 1978b) to estimate the expected number of
families per island, relative to the mainland habitat
pools. The number of families on each island is consistent with the expected value (Fig. 4); deviations from
the expected are uncorrelated with island area. Thus,
these islands are not depauperate in families, relative to
adjacent mainland communities. The rarefaction results
for habitat pools and total pools are nearly identical.

3.3. Rare and missing families
Of the forty families in our mainland source pools, eight
families are present on no islands, and four families are
found on only one of the seven islands. Here, we test
whether these distributions are anomalous. For five of
the eight missing families, appropriate habitats are absent on all islands. These missing families require no
statistical explanation. For the remaining seven families,
we used the hypergeometric model to estimate P(OI),
the probability of the family being absent from island I.
The probability of occurrence is thus 1 - P(OI). Joint
probabilites for the observed number of occurrences
328

Tab. 3. Fisher's combined probabilities for overall family distributions (-2 2 In (p) = X2, df = 2n). Fisher's test for combining probabilities was used to evaluate the tail probabilities
for each family, across all islands. These tail probabilities are
from the hypergeometric model, sampling without replacement from the habitat pool (see Appendix 2).
Family
Columbidae
Psittacidae
Cuculidae
Tytonidae
Strigidae
Steatornithidae
Nyctibiidae
Caprimulgidae
Trochilidae
Trogonidae
Momotidae
Galbulidae
Bucconidae
Capitonidae
Ramphastidae
Picidae
Dendrocolaptidae
Furnariidae
Formicariidae
Rhinocryptidae
Cotingidae
Pipridae
Tyrannidae
Oxyruncidae
Hirundinidae
Motacillidae
Ptilogonatinae
Cinclidae
Troglodytidae
Mimidae
Turdinae
Polioptilinae
Vireonidae
Emberizinae
Catamblyrhynchinae
Thraupinae
Tersininae
Parulidae
Icteridae
Corvidae

Observed < Observed >
expected
expected
0.48
10.73
4.97
1.06
7.54
0.91
2.71
1.93
7.03
6.06
3.79
6.48
14.94
0.79
7.46
12.70
15.05
10.09
16.39
16.45
10.72
8.38
3.98
3.04
12.48
1.28
1.44
2.56
3.57
10.19
9.71
0.92
2.39
8.17
6.50

41.27**
13.34
9.63
12.10
6.34
1.72
2.60
15.43
9.24
3.27
4.65
2.02
0.98
0.00
0.24
2.51
3.35
2.35
3.27
0.31
2.32
27.25*
10.21
0.00
3.42
8.36
20.26

7.21
14.35
10.37
9.42
1.73
26.12*
8.39
0.00

* p < 0.05.
** p < 0.01.

can be calculated directly as products of the P's and 1 P's (Feller 1968). Thus, the probability of seven absences is the product of the seven P(OI)'s. The probability of one or fewer occurrences is the probability of
seven absences plus the seven combinations of the
probability of occurrence on each island. These tail
probabilities are given in Tab. 4, using both total pools
and habitat pools to estimate the P(OI)'s.
By this test, puffbirds are absent more often than
expected. The only island puffbird, Hypnellus ruficollis,
occurs on Margarita; the probability of this one
occurrence is 0.007. No jays (Corvidae) are found on
OIKOS 41:3 (1983)
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any of these islands. However, the probability of this
event is not too extreme (p = 0.039). If Trinidad is
excluded from the calculation, the probability of no
occurrences on the other six islands is only 0.203. Except for the puffbirds, these families are not missing
more often than one would expect by chance. In par-
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Steatornithidae
Bucconidae
Capitonidae
Ramphastidae
Rhinocryptidae
Oxyruncidae
Motacillidae
Ptilogonatinae
Cinclidae
Catamblyrhynchinae
Tersininae
Corvidae

no. of
occurrences

1
1
0
1
0
0
0
0
0
0
1
0

Tail probability
Total
pool

Habitat
pool

0.778
0.014
0.423
0.056
0.246
0.766
0.316
0.670
0.723
0.816
0.779
0.043

0.695
0.007
0.674
0.081

_

0.218

-

0.817
0.039
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ticular, note that lack of preferred habitats on the islands is directly responsible for five of the eight absences. Again, the results are quite similar if total pools
rather than habitat pools are used to estimate the
P(OI)'s.
3.4. Range distributions
Null models which assume all species are equiprobable
colonists are unrealistic, because species vary in their
ability to disperse, invade, and persist on islands (Baker
and Stebbins 1958).
Using the hypergeometric model, we tested whether
species with restricted distributions (Type I or Type II)
are represented on islands in the same proportion as on
the mainland. For this analysis, we ignored familial
status, and simply considered the total numbers of
widespread and restricted species. Again, the statistics
were calculated using both the total pool and the habitat
pool as reference distributions. We conducted separate
analyses for Type I and Type II classifications.
For Type I distributions, we reject the null for four of
seven islands; Trinidad, Coiba, San Jose, and Rey have
significantly fewer Type I restricted species than expected (Fig. 5). Aruba also has fewer restricted species
than expected, whereas Margarita and Tobago have
slightly more. Surprisingly, the results are nearly identical for Type II restricted species: Coiba, San Jose, and
Rey have fewer Type II restricted species than expected; Trinidad is marginally nonsignificant (p =
0.058). Although Type I and Type II distributions are
similar for total species number, differences may exist at
the family level.
If these analyses are repeated using the total pool, the
deviations are more extreme. For Type I restricted
species, for example, we reject the null on all seven
islands. Using the more realistic habitat pool, we reject
on only four of the seven islands. Using the total pools
artificially inflates the expected number of restricted
species on these islands. But even after taking account
of habitat, there is still a strong tendency for species
with restricted mainland distributions to be underrepresented on islands.
In summary, land-bridge island communities appear
to be a random subset of the mainland habitat pool, at
the family level, with a few exceptions. When geographic range is considered, island communities do not
appear to be a random subset; species with widespread
mainland ranges are disproportionately common on
several islands.

4. Discussion
Interspecific competition has been suggested as a
mechanism limiting the number of confamilial species
occurring on islands (Terborgh 1973, Lack 1976). Implicit in these studies is the assumption that species in a
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family behave like a guild: "a group of species that
exploit the same class of environmental resources in a
similar way" (Root 1967). Several null hypotheses have
been constructed at the family level with the hope of
detecting such competitive effects (Connor and Simberloff 1979, Gotelli and Abele 1982). Gilpin and
Diamond (1982) have criticized this approach; they
correctly observe that bird families are rarely equivalent
to ecological guilds. Their analyses of New Hebrides
bird distributions are based on a "group of ecologically
related species that share food resources and foraging
technique . . ." (Diamond and Gilpin 1982: 65).
Unfortunately, Diamond and Gilpin's groupings also
OIKOS 41:3 (1983)

fail to meet Root's original criterion. Namely, guilds
must not be defined by taxonomic units but by resources
(Jaksic 1981, MacMahon et al. 1981). For example, the
New Hebrides fruit eating guild should include, among
others, all fruit eating bats, rodents, insects and birds in
the community. Fruit eating birds, do not in themselves
constitute a true guild, only an assemblage (sensu Jaksic
1981). Assemblages may represent groups of species
most likely to be competing, but this is not the same
thing as a guild.
For the sake of argument, we assume that Diamond
and Gilpin have correctly identified assemblages of potential competors. This approach may work for a few
well defined groups, but will fail for complex Neotropical avifaunas. There are too many species with poorly
known feeding habits to define resource-based groups.
Moreover, many species are opportunistic feeders with
catholic diets, which may vary seasonally and regionally.
This makes it nearly impossible to define feeding assemblages for entire avifaunas, except perhaps on the
basis of crude dietary categories (e.g. fruits, seeds, nectar), that may not represent true resource overlap.
Consequently, we have limited our analysis to
families. We do not believe families represent units of
interspecific competition. However, species within a
family are usually ecologically and morphologically
similar; therefore non-randomness of island avifaunas
may be detected at the family level.
Using a simple null model which assumes all source
pool species are equiprobable colonists, we find that
three families are unusually common on land-bridge islands: pigeons, flycatchers, and warblers. In contrast to
other studies (Terborgh and Winter 1978, Faaborg
1979) our analysis did not reveal many 'extinctionprone" families. Only one family of 40, the Bucconidae,
was present less often than expected. These results
suggest that the proportional representation of most
families on islands is consistent with mainland source
pools. But in terms of absolute numbers, many species
and families are missing from these islands.
Terborgh (1973) and Faaborg (1979, 1980), have
used linear regressions to examine the problem of missing families on islands. Faaborg (1979) regressed
species number in a family versus total species number
on an island or mainland community. He considered the
x value at the point y = 1, to be the minimum community size in which a given family will persist. Faaborg
does not present confidence bands for these estimates,
although such intervals are notoriously broad for these
sorts of data (Haas 1975, Gilbert 1980, Boecklen and
Gotelli in press). A more serious statistical problem is
that total family size puts a constraint on these regressions. In fact, for Terborgh (1973) and Faaborg's
(1979) analyses, the regression slopes are highly correlated with family size (Gotelli and Abele 1982). This
problem complicates any comparison of regression lines
among families. Our null models avoid these problems
by directly incorporating family size.
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An important constraint in our model is the total
number of species on the island. If this variable is influenced by species interactions, then we have incorporated competitive effects into our null model (Diamond
and Gilpin 1982). However, we are not addressing
species interactions with this test; instead, we are examining whether island avifaunas appear to be a random
subset of adjacent mainland communities. Thus, we are
emphasizing patterns in the data, rather than
mechanisms that have produced them. Island data could
indicate no deviations from randomness, even though
the mainland source pools are highly structured by deterministic mechanisms. Interspecific competition could
influence habitat use on islands (Ricklefs and Cox
1978), as well as determine mainland range boundaries
(Terborgh and Weske 1975). However, these problems
require more data and cannot be addressed with an
analysis of species lists.
Although we are unsure about competitive effects, we
have shown the importance of two factors on landbridge avifaunas: available habitat and mainland geographic ranges. Results from total and habitat pools are
qualitatively similar for all analyses. This is reassuring,
because it means the conclusions are robust to minor
changes in the source pool. However, a statistical comparison of total and habitat pools shows that the habitat
pool is a superior predictor of species richness in each
family. Thus, the presence of available habitat is one
factor which contributes to differences between island
and mainland bird communities. If available habitat
were not an important variable, then the total pool
would have served just as well. Accordingly, we are
suspicious of faunal collapse models for land-bridge islands, because these models imply that habitat changes
since the Pleistocene have not affected extinction or
recolonization.
We have also shown that geographic range is correlated with persistence of species on islands. Namely,
species with restricted mainland distributions are under-represented on land-bridge islands. Although area
of a species range is an important factor, we were surprised to find that shape of the range is not. The Type I
and Type II distributions were nearly identical with respect to the expected values. Although the shape of the
range may be important, we did not detect differences.
In summary, our methods attempt to correct some of
the deficiencies of previous work. Our results suggest
that available habitat and mainland geographic ranges
affect the colonization potential of individual species.
These autecological factors, which must be studied on a
species by species basis, are probably the most important determinants of island community structure. The
excessive attention devoted to inferences of interspecific competition from species lists is unlikely to
reveal much more about island communities. Future
studies should focus on the autecological characteristics
of colonizing species, and on the available habitats and
resources of islands.
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Appendix 1. Principle literature sources for the construction of
source pools
Chapman, F. M. 1917. The distribution of bird-life in Colombia; to a contribution to biological survey of South
America. - Bull. Am. Mus. Nat. Hist. 36: 1-729.
Cherrie, G. K. 1916. A contribution to the ornithology of the
Orinoco region. - Sci. Bull. Mus. Brooklyn Inst. Arts and
Sciences 2: 133-374.
Clark, A. H. 1902. The birds of Margarita Island, Venezuela. Auk 19: 258-267.
Eisenmann, E. 1955. The species of Middle American birds. Trans. Linn. Soc. N.Y. 7: 1-128.
ffrench, R. 1974. A guide to the birds of Trinidad and Tobago.
- Livingston Publ. Co., Wynnewood, PA.
Haffer, J. 1975. Avifauna of northwestern Colombia, South
America. - Bonn. Zool. Monogr. No. 7: 1-182.
Hellmayr, C. E. 1911. A contribution to the ornithology of
western Colombia. - Proc. Zool. Soc. London 1911:
1084-1213.
Hellmayr, C. E. et al. 1924-1949. Catalogue of the birds of the
Americas. - Field. Mus. Nat. Hist., Zool. Ser. 13 pts. 1-11.
Herklots, G. A. C. 1961. The birds of Trinidad and Tobago. Collins, London.
Lanyon, W. E. 1978. Revision of the Myiarchus flycatchers of
South America. - Bull. Am. Mus. Nat. Hist. 161:
429-627.
Lowe, P. R. 1907. On the birds of Margarita Island, Venezuela. - Ibis 1 (ninth series): 547-570.
MacArthur, R. H., Diamond, J. M., and Karr, J. R. 1972.
Density compensation in island faunas. - Ecology 53:
330-342.
Meyer de Schauensee, R. 1948-1952. The birds of the Republic of Colombia, Parts 1-5. - Caldasia 5: 251-1214.
- 1966. The species of birds of South America with the distributions. - Acad. Nat. Sci. Philadelphia, PA.
Peters, J. L. et al. 1933-present. Checklist of birds of the world.
Vols. 1-15. - Harvard Univ. Press, Cambridge, MA.
Phelps, W. H. 1945. Resumen de las colecciones ornitologicas
hechds en Venezuela. - Bol. Soc. Venezolana Cienc. Nat.
9: 325-444.
- and Phelps, W. H., Jr. 1958. Lista de las aves de Venezuela
y su distribucion. Vol. 2, pt. 1, No Passeriformes. - Bol.
Soc. Venezuela Chien. Nat. 19: 1-317.
- and Phelps, W. H., Jr. 1963. Lista de las aves de Venezuela
y su distribucion, second edition, Vol. 1, pt. 2, Passeriformes. - Bol. Soc. Venezuela Cien. Nat. 24: 1-479.
Ridgely, R. S. 1976. A guide to the birds of Panama. Princeton Univ. Press, Princeton, NJ.
Slud, P. 1964. The birds of Costa Rica: distribution and
ecology. - Bull. Am. Mus. Nat. Hist. 128: 1^30.
Voous, K. H. 1957. The birds of Aruba, Curacao, and Bonaire.
- Studies on the fauna of Curacao and other Caribbean
Islands. No. 29: 1-260.
- 1965. Check-list of the birds of Aruba, Curacao, and
Bonaire. - Ardea 53: 205-234.
Wetmore, A. 1946. The birds of San Jose and Pedro Gonzalez
Islands, Republic of Panama. - Smithsonian Misc. Collections 106: 1-60.
- 1957. The birds of Isla Coiba, Panama. - Smithsonian
Misc. Collections 134: 1-105.
- 1965-1972. Birds of the Republic of Panama. Parts 1-3. Smithsonian Misc. Collections Vol. 150.
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Yepez, A. F. 1964. Ornitologia de las islas Margarita, Coche y
Cubagua (Venezuela). - Mem. Soc. Cienc. Nat. La Salle.
- , Benedett, F. L. and Phelps, W. H. 1940. Las aves de
Margarita. - Bol. Soc. Venezuela. Cienc. Nat. 6: 1-42.
Appendix 2. Consider a source pool of N equiprobable colonizing species, and a single family in the pool with F species.
For a community of n species drawn from this pool, the expected number of species in the family is:
E =

nF

(i)

and the variance is:

(2)
The probability of drawing X or fewer species is:

P (X £ c)

0

(3)

We used Eq. 3 to test whether the observed number of species
in any family deviated from the expected. A rough confidence
interval about the expected value is given by ±2 so. We
graphed this confidence interval in Fig. 5, although we used
exact tail probabilities in all statistical tests.
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