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Abstract. In insular faunas, large-bodied species are 
thought to be extinction-prone due to small population 
sizes. We tested for biogeographic patterns of size-related 
avian occurrence on seven Neotropical land-bridge islands 
(Trinidad, Tobago, Margarita, Aruba, San Jose, Rey and 
Coiba). For each island, we classified breeding land-bird 
species into one of six non-overlapping size classes and 
compared size distributions to a source pool of adjacent 
mainland species. 

Both within and between avian families, there was a 
slight excess of large-bodied species on islands, compared 
to mainland source pools. Thus, there was no evidence that 
large-bodied species are extinction-prone and no evidence 
of size-related, ecological truncation at the family level. 
Neotropical land-bridge islands are separated from the 
mainland by relatively narrow water gaps, and there have 
probably been numerous opportunities for recolonization 
during the past 10,000 years of 'isolation'. 

Fifteen mainland species occurred on mesic land-bridge 
islands (Trinidad, Tobago, San Jose, Rey and Coiba) when- 
ever  appropriate  habitat  was  present.   These  persistent 

species were usually associated with second-growth, clear- 
ings, and residential areas. In contrast, thirty-two mainland 
species were never found on land-bridge islands in spite of 
the presence of appropriate habitat. These missing species 
were mostly associated with primary and second-growth 
forest. We believe that at least some of the species that 
never occur on land-bridge islands are extinction-prone. 
This list includes representatives from seventeen avian 
families and several diverse foraging guilds (e.g., insec- 
tivores, carnivores, and frugivores). The range of body 
masses spans almost three orders of magnitude (6-650 g). 
With respect to body size, we conclude that there are no 
simplified 'rules' for predicting the occurrence of most 
Neotropical bird species in insular communities. However, 
species that are often missing from land-bridge islands are 
primarily associated with primary or second-growth forest. 
These species may require additional autecological study to 
ensure their preservation in Neotropical parks. 

Key words. Body size, Neotropics, avian extinction, 
ecological truncation, land-bridge islands. 

INTRODUCTION 

The extinction of species following insularization of a com- 
munity remains a major focus of theoretical ecology and 
conservation biology. Theoretical treatments emphasize the 
effect of insular area, a surrogate variable for population 
size, on the probability of extinction (e.g. Preston, 1962; 
MacArthur & Wilson, 1967). Species-area data are used to 
model equilibrium species number, extinction rates, and 
time to equilibrium following insularization (Terborgh, 
1974, 1975; Soule, Wilcox & Holtby, 1979; Wilson & 
Willis, 1975). 

In contrast, applied conservation biologists focus less on 
area and species number and more on species identity (e.g. 
Lynch & Whigham, 1984; Zimmerman & Bierregaard, 
1986). The important question is not 'what is the equilib- 
rium species number?', but 'which species are likely to go 
extinct following insularization?' or 'are there any ecologi- 

cal or taxonomic similarities among species lost to 
extinction?' Answers to these last two questions may help 
biologists devise plans to save targeted species. 

The faunas of 'land-bridge' islands are a convenient 
model of the extinction process. The rise of ocean levels at 
the end of the Wisconsinan Glacial of the Pleistocene, 
about 10,000 years ago, has provided replicated 'natural ex- 
periments' (sensu Connell, 1975) on the effects of faunal 
insularization. Islands on the continental shelf presently 
separated from the mainland by ocean depths of less than 
120 m were once connected to the mainland and presum- 
ably shared the mainland fauna. Today, these land-bridge 
islands support fewer species than mainland tracts of com- 
parable area. Most biologists assume that land-bridge island 
faunas represent the subset of mainland species that have 
resisted extinction, a premise that has served as the basis of 
numerous analytical treatments (e.g. Diamond, 1972; 
Terborgh, 1974, 1975; Wilcox, 1978; Soule etal., 1979). 
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Many analyses have led to the conclusion that extinction 
of insular avifaunas is non-random. Species in specialized 
families (Faaborg, 1979), frugivorous birds (Terborgh & 
Winter, 1978), ground-dwelling species (Karr, 1982a), ant- 
following species (Willis, 1974), and, especially, species of 
large body size (Willis, 1974, 1980; Terborgh & Winter, 
1978) are thought to be extinction prone in insular commu- 
nities. The loss of specialist species and of large-bodied 
members of ecological guilds has been referred to as 'eco- 
logical truncation' (Wilson & Willis, 1975). 

In higher vertebrates, body size usually correlates with 
territory size and population density: large bird and mam- 
mal species tend to have larger territories and lower popula- 
tion densities than do small species (McNab, 1963; 
Schoener, 1968; Damuth, 1981, 1987; Robinson & Red- 
ford, 1986). Because extinction probability correlates nega- 
tively with population size (MacArthur & Wilson, 1967), 
larger species in any taxonomic group may be relatively 
extinction-prone (Brown, 1971; Willis, 1974; Brown & 
Maurer, 1987; but see Pimm et a/., 1988). 

For very large bodied species, this generalization is prob- 
ably correct. Common sense tells us that a 10,000 or even a 
50,000 ha island or nature reserve will not maintain a viable 
population of the largest carnivore species (e.g. Harpia har- 
py ja (Linnaeus) 1758; see also Figs. 2 and 3 in Brown & 
Maurer, 1987). Fortunately, most vertebrate species have 
small body sizes, and may require far smaller areas for pop- 
ulation persistence. It becomes more of a challenge to pre- 
dict what island population of antbird or cricetid rodent will 
go extinct and whether extinctions are generally related to 
body size for most species in an assemblage. 

In this paper we compare the body size distributions of 
bird species on seven Neotropical land-bridge islands (Trin- 
idad, Tobago, Margarita, Aruba, Coiba, San Jose and Rey) 
to the size distribution of species in mainland source pools. 
We ask two questions: (1) With respect to body size, are 
the species from land-bridge islands a random subset of 
mainland species? (2) If not, are certain size-classes of 
species, both within and between avian families, consistent- 
ly over- or under-represented on islands? 

MATERIALS AND METHODS 

We compiled lists of breeding land bird species (Colum- 
bidae to Corvidae) for the islands of Trinidad, Tobago, 
Margarita, Aruba, San Jose, Rey and Coiba. We excluded 
bird families ecologically dependent on water (Alcedini- 
dae) and those whose breeding status is difficult to establish 
(Falconiformes, Apodidae). We also excluded three taxa of 
large-bodied species (Tinamidae, Cracidae and Phasiani- 
dae) because they are especially susceptible to hunting and 
transportation by Amerindians. For each island, we com- 
piled a list of breeding species on the adjacent South and 
Central American mainlands. To qualify as a potential 
land-bridge island species, a mainland species had to occur 
within 300 km of the island (Fig. 1). We constructed a se- 
parate source pool for each island that was tailored to the 
existing island resources and habitats (Table 1). Details of 
procedures for compiling island and mainland species lists 
can be found in Graves & Gotelli (1983). 

TABLE 1. Number of breeding land bird species in the total pool 
and habitat pool of seven land-bridge islands. From Graves & 
Gotelli (1983). 

Total Habitat 
pool pool Island 

Trinidad 470 445 190 
Tobago 399 342 77 
Margarita 456 231 63 
Coiba 513 348 64 
Aruba 434 121 25 
San Jose 560 390 36 
Rey 560 390 38 

It is unclear whether Tobago (Snow, 1985) and Aruba 
were ever connected to the mainland. Both islands lie 
between the 100 m and 200 m isobaths, so they may have 
remained separated from the mainland during the Wiscon- 
sinan Glacial, when sea level dropped approximately 120 
m. However, for our analysis, we assumed both islands 
were connected to the mainland at some time in the past, or 
at least were close enough so that their avifaunas were, very 
similar to those of adjacent mainland communities. 

Habitat availability on land-bridge islands 

Historical changes in habitat and habitat differences 
between islands and mainland are important sources of bias 
in estimating land-bridge island extinctions. The Neo- 
tropical climate was much drier during the Pleistocene (e.g. 
Haffer, 1974; Bradbury et al., 1981), and some loss of arid- 
adapted bird species may have been caused by the dis- 
appearance of dry scrub habitat (see Pregill & Olson, 1981) 
from presently mesic land-bridge islands (e.g. Trinidad). 
Extinctions caused by habitat change or human activity 
should be distinguished from extinctions caused by insular- 
ization per se (Lynch & Johnson, 1974; Lack, 1976; Olson 
& James, 1982). Even in cases where habitats have not 
changed historically, some species may be absent from 
land-bridge islands because appropriate habitat has always 
been lacking. These species were presumably missing even 
when the islands were connected to the mainland, and 
should not be counted as extinctions. 

Existing habitat differences between Neotropical land- 
bridge islands and adjacent mainland areas are often 
dramatic. For example, of the 434 species in the mainland 
source pool for Aruba, less than one third can be consid- 
ered as potential island residents, based on the availability 
of habitats on Aruba (Table 1). We have incorporated 
habitat effects in our analyses by excluding mainland 
species from source pools when appropriate habitat was 
lacking on a particular isjand (Graves & Gotelli, 1983). 
This technique allows us to standardize island-mainland 
comparisons for islands that differ greatly in habitat 
diversity. 

Crossing and non-crossing species 

Many species of birds are unwilling to cross even small 
water gaps (Diamond, 1972). Consequently, extant land- 
bridge island avifaunas may be comprised of two distinct 
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FIG. 1. Source pool circles for seven 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 mainland approach to the island. The same circle was used for San 
Jose and Rey. Species that occur in a circle and have appropriate habitat on the island are included in the source pool list for that island. Figure adapt- 
ed from Graves & Gotelli (1983). 

subsets: those that do not cross water and have presumably 
resisted extinction, and those that do cross water and may 
have recolonized following an earlier extinction (Diamond, 
1984). Results of total avifauna analyses may be mislead- 
ing if there are different body size patterns within each 
group. 

Unfortunately, it is difficult to determine whether a par- 
ticular species will cross stretches of open water. Several 
arbitrary criteria have been used to delineate crossing and 
non-crossing species. For example, Diamond (1972) 
defined non-crossing species of the New Guinea archi- 
pelago as those species that were never found on oceanic 
islands separated by water gaps from the mainland more 
than 5 miles wide. Mac Arthur, Diamond & Karr (1972) 
defined non-crossing species of the Pearl archipelago (in- 
cluding San Jose and Rey) as those species which did not 
occur on six oceanic islands. For birds of the Solomon 
archipelago, Diamond, Gilpin & Mayr (1976) delineated 
three dispersal groups: (1) non-water crossers (species 
confined to land-bridge islands); (2) superior short-distance 
colonizers (species that occurred relatively infrequently on 
remote versus central islands); (3) superior long-distance 
colonizers (species that occurred relatively frequently on 
remote versus central islands). Finally, Diamond & Gilpin 
(1983) accepted three kinds of evidence for water-crossing 
ability of Phillipine birds: (1) occurrence on an island 
beyond the 100 fathom line (presumably oceanic); (2) 
occurrence on very small land-bridge islands (where popu- 
lation persistence since the Pleistocene would be unlikely); 
(3) occurrence of a species as a migrant or straggler on an 
island where it does not breed. 

We believe that last method is superior because it is not 

entirely derived from the distribution of species on the 
islands under investigation. The other methods are some- 
what circular because the definitions of 'crossing' and 
'non-crossing' species are derived, in part, from the bio- 
geographic distributions being analysed. However, bio- 
geographic data are sometimes all that is available for 
determining crossing status. For our purposes, we catego- 
rized water-crossing species on a family basis. If at least 
one species of a family occurred on a Neotropical oceanic 
island, every species in that family was judged to have the 
latent ability to cross water ('crossing'). 'Non-crossing' 
species are found in families which were never represented 
on Neotropical oceanic islands. 

This classification is tentative at best. With so few Neo- 
tropical land-bridge islands, it is difficult to reliably delin- 
eate crossing status (cf. Diamond & Gilpin, 1983). 
Furthermore, at least some of the individual species in the 
crossing families probably cannot cross water gaps. Never- 
theless, this classification allows for a preliminary compari- 
son of body sizes of crossing and non-crossing bird 
families. 

Estimation of body mass 

The most useful measurement of overall body size is 
body mass (Calder, 1974). Measurements of trophic ap- 
pendages, such as bill length, may correlate well with body 
mass within closely related assemblages of birds but 
correlate poorly across avian families. In many community 
studies, individual body masses are averaged to give popu- 
lation means that are used in Monte Carlo simulations and 
statistical tests of body size patterns (e.g. Strong, Szyska & 
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Simberloff, 1979). However, this procedure incorporates at 
least two potential sources of bias: (1) inadequate sample 
size; and (2) intra- and inter-population variation in mass. 

For many bird species in our study, adequate population 
samples from the source pools of the islands were unavail- 
able. Even when samples were adequate, mean values were 
affected by age, sexual, and seasonal variation in mass. 
Among the families included in this study, for example, 
males of some species were 50-100% heavier than females 
(e.g. oropendolas, Icteridae). Extreme sexual dimorphism 
made it difficult to interpret 'average' values of body mass, 
because such averages often represented a phenotype that 
did not occur in nature (cf. Schoener, 1984). Variation in 
mass as a function of age may also affect mean values of 
body mass. Immature birds, which may disperse and colo- 
nize distant habitats, often weigh substantially less than 
adults. Finally, dispersal and colonization of many source 
pool species is believed to be seasonal. However, "reason- 
able estimates of variation in body mass due to age, sexual 
dimorphism, and seasonality were not available for most 
species. For these reasons we avoided the use of mean 
masses in our analyses. 

From the primary literature and museum specimen tags, 
we compiled body-mass data for the 937 breeding land-bird 
species that occur on the islands and in the source pools. 
With few exceptions, we followed the taxonomy of Moro- 
ny, Bock & Farrand (1975). Masses of at least a few indi- 
viduals (>5) were available for most species. However, 
insufficient data were available to calculate means 
accurately for all age and sex classes, or population means 
for all islands and source pools. Because of these limita- 
tions, we conservatively categorized each species into one 
of six non-overlapping size classes. Each successive size 
class is approximately 1.5 times larger than the previous 
one, forming an approximate geometric scale (see Van Val- 
en, 1973): (1) 0-10 g; (2) 10-25 g; (3) 25-47 g; (4) 47- 
81g;(5)81-130g;(6)>130g. 

When the range of masses for all age and sex classes of a 
species overlapped two size classes, we placed the species 
in the higher size class. As more mass data becomes avail- 
able, we suspect that some species could be shifted into a 
higher size class. Thus, our present data set may be biased 
towards lower size classes, leading to an under- 
representation of 'large-bodied' species. However, this bias 
is probably constant across islands and source pools, so it 
should not greatly affect our analyses. We gave special at- 
tention to species that showed marked geographic variation 
in body mass along the northern coast of South America 
(e.g. Leptotila verreauxi Bonaparte 1855, Xiphorhynchus 
guttatus (Lichtenstein) 1820). No species varied so much 
geographically as to be classified in different size classes in 
different source pools. This was not true, however, when 
we used eight instead of six size categories. We avoided 
classification problems and the excessive dilution of cell 
totals by limiting the number of size classes to six. 

Statistical tests 

With a one-sample Kolmogorov-Smirnov (K-S) test, we 
tested the null hypothesis that the distributions of body 

sizes among species on islands were not different from 
those on the mainland. The two sample K-S test was not ap- 
propriate because it tests the hypothesis that both species 
lists were drawn from the same parent distribution. Because 
the source pools were compiled independently, there was 
no need to resort to Monte Carlo simulations to analyse 
body size patterns. 

For speciose families (Table 3), we pooled data across 
islands and mainland source pools and compared them with 
aggregate distributions of body size. This analysis included 
families with species that occurred on islands at least 10 
times and in at least four size classes. Pooled data were not 
entirely independent because the same species may be 
counted more than once if it occurs on more than one 
island. However, the species would also be counted more 
than once in the mainland source pools, so the cumulative 
curves were directly comparable. Even for speciose fami- 
lies, sample sizes were too small to warrant an analysis of 
individual islands. 

We examined the relationship between body mass and 
island occurrence for a subset of species that occurred in 
the source pools of Coiba, San Jose, Rey, Tobago and Trin- 
idad and could potentially colonize all five islands. Aruba 
and Margarita were excluded because they are covered 
mostly by xerophytic scrub, and the list of species that 
could potentially colonize all seven islands was too small 
for analysis. For the five islands we examined the relation- 
ship between the number of island occurrences (0-5) and 
body size class (1-6). Data were analysed using Fisher's 
exact G test. Adjacent cells were pooled (cell number 
reduced from thirty-six to twenty) to raise the cell expecta- 
tions above 5.0, but the results were identical to the full 
analysis we present here. We analysed the residuals accord- 
ing to the methods of Whittam & Siegel-Causey (1981). 

We did not consider the effects of island area in our 
analyses; island area was uncorrelated with body mass of 
island or source pool species. 

RESULTS 

Most neotropical species are small (86.5% of the source pool 
species were in size classes 1-5), and the median of all island 
and mainland source-pool distributions fell in size class 3 
(25^7 g). Body size distributions of island and mainland 
assemblages did not differ significantly (f>0.20, K-S test; 
Fig. 2). Pairwise differences between source pools and 
between islands were also non-significant (K-S tests, 
?>0.05). However, deviations from the mainland distribu- 
tion were not random: on all islands, there were fewer 
species in the third size class (25^-7 g) and more species in 
the largest size class (>130 g), relative to source pool species 
(Fig. 2, Table 2). 

How likely is this pattern if the deviations in each size 
class were random and followed a binomial distribution 
with P=0.50? Although the deviations in each row of Table 
1 are not entirely independent, the probability of getting 
seven minuses (size class 3, 25^-7 g) and seven pluses 
(size class 6, >130 g) is [(1/2)7]2 =0.00006. Because there 
are six different size classes, there are (6

2)=15 unique size 
class pairs, and four different combinations of pluses and 
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FIG. 2. The relative proportions of island and mainland species in six non-overlapping weight classes (see text for values). D is the Kolmogorov- 
Smirnov test statistic difference between the two distributions. P>0.20 for all seven island-mainland comparisons. 

minuses (++, -+, +- and —). Thus, the probability of 
observing two columns, each with all positive or all 
negative deviations, is 15x4x0.00006=0.0036. If we 
consider only the deviations in the largest weight class 
(which are independent of one another), the probability is 
(l/2yx2=0.0156. In either case, the results suggest that the 
largest species of birds were slightly, but consistently, over- 
represented in island avifaunas. 

The slight excess of large-bodied species on islands 
could be caused by non-random persistence of species in 
certain taxa. Therefore, it is important to distinguish body- 
size patterns that occur within and among avian families 

TABLE 2. Island-mainland differences in the proportion of 
species in each weight class. Positive deviations mean the size 
frequency class was a greater proportion of the total for the island 
species than it was for the mainland. A zero means the size 
frequency class was the same size in island and mainland faunas. 

(Terborgh & Winter, 1978). At least among speciose fami- 
lies, island and mainland distributions do not differ strongly 
and cannot be distinguished statistically (Table 3). Thus, 
the excess of large-bodied birds on islands cannot be attri- 
buted to patterns within one or two families. Instead, the 
positive size deviations seem to be scattered among differ- 
ent bird families. Table 4 gives the deviations of median 
size classes within families for each island. Summing 
across all islands and families, and partitioning ties 
(island=mainland) equally, we find that seventy deviations 

TABLE 3. Kolmogorov-Smirnov tests (D) for weight distributions 
of selected speciose families. Weight distributions were summed 
across islands and mainland habitat pools. P>0.20 for all families. 

Family 

No. of 
mainland 
occurrences 

No. of 
island 
occurrences 

0-10 g 0-25 g   25^7 g 47-81 g  81- -130 g >130g Columbidae 
Psittacidae 

103 
112 

42 
25 

0.0728 
0.0632 

Trinidad -           -            +            - + Cuculidae 61 16 0.1752 

Tobago -           -            +            - + Caprimulgidae 42 15 0.0381 

Margarita -           -            +            0 + Picidae 81 12 0.1605 

Aruba -           -            -            + + Formicariidae 160 19 0.0421 

San Jose + +           -            -            - + Tyrannidae 363 92 0.1060 

Rey 
Coiba 

+ +           -            -            - + Emberiziidae 175 40 0.1850 

+ +           -            -            - + Icteridae 100 21 0.0633 
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TABLE 4. Differences in the body sizes of island and mainland faunas. The left entry is the difference between the mainland and island 
median size classes; the right-hand entry is the difference in the relative proportion of mainland and island species in the terminal size class 
for that family. + = island > mainland. - = island < mainland. 0 = island = mainland. (0) = species occurring in only one weight class. NA = 
no species occurring on island. 

Family Trinidad Tobago Margarita Aruba San Jose Rey Coiba 

Columbidae -/- +/+ 0/- +/+ 0/+ 0/- -/- 
Psittacidae 0/+ 0/+ 0/0 -/+ 0/+ 0/+ 0/+ 
Cuculidae 0/+ +/+ 0/+ 0/- +/+ +/+ +/+ 
Tytonidae (0) (0) (0) NA (0) NA NA 
Strigidae 0/0 0/+ 0/- 0/+ NA 0/+ 0/+ 
Steatornithidae (0) NA NA NA NA NA NA 
Nyctibiidae (0) (0) NA NA NA NA NA 
Caprimulgidae 0/+ 0/+ -/- -/- 0/- 0/- +/+ 
Trochilidae 0/- 0/+ 0/- (0) (0) (0) (0) 
Trogonodae -/- 0/- NA NA NA NA NA 
Momotidae (0) (0) NA NA NA NA NA 
Galbulidae +/- +/+ NA NA NA NA NA 
Bucconidae NA NA 0/+ NA NA NA NA 
Capitonidae NA NA NA NA NA NA NA 
Ramphastidae (0) NA NA NA NA NA NA 
Picidae +/+ 0/- 0/- NA NA 0/- -/- 
Dendrocolaptidae 0/- 0/+ +/+ NA NA NA NA 
Furnariidae 0/- +/+ 0/- NA NA NA -/- 
Formicariidae +/+ 0/- -/- NA -/- -/- 0/- 
Cotingidae +/+ -/- NA NA NA NA 0/- 
Pipridae 0/- 0/+ (0) NA NA NA 0/- 
Tyrannidae 0/+ +/+ +/+ +/+ 0/+ 0/+ 0/+ 
Hirundinidae 0/- +/+ +/+ NA +/+ +/+ +/+ 
Motacillidae NA NA (0) NA NA NA NA 
Troglodytidae 0/- 0/- NA NA 0/- 0/- 0/- 
Mimidae +/+ +/+ (0) (0) NA NA NA 
Turdinae 0/0 (0) 0/+ NA NA NA (0) 
Polioptilinae +/+ NA (0) NA NA -/- -/- 
Vireonidae 0/+ 0/- 0/- (0) 0/- 0/- 0/+ 
Emberizidae 0/- 0/- 0/- 0/- 0/- 0/- 0/- 
Thraupinae +/+ 0/- +/+ NA +/- +/- 0/- 
Tersininae (0) NA NA NA NA NA NA 
Parulidae 0/+ -/- -/- -/- 0/0 0/0 -/- 
Icteridae 0/+ -/+ +/- 0/- +/+ +/+ +/+ 
Corvidae NA NA NA NA NA NA NA 

are positive (median island body size exceeds median main- 
land body size), but only fifty-four are negative (mainland 
body size exceeds island body size). If positive and nega- 
tive deviations were equally likely, the probability of 
obtaining this result by chance is 0.075 (z=1.44; binominal 
test large sample approximation). 

We tested for a pattern of 'ecological truncation' by 
examining the proportion of species in the terminal weight 
class of each family for each island and source pool. If trun- 
cation were prevalent, negative deviations in the terminal 
weight class of families on islands should predominate. 
There were sixty-one cases in which the relative proportion 
of island species in the terminal size class exceeded the 
mainland proportion and sixty-three cases in which the 
mainland proportion was larger (Table 4; z=0.18, P=0A3; 
binomial test large sample approximation). Thus, we found 
no evidence of ecological truncation in body size at the 
family level. 

Although large-bodied species were slightly over- 
represented on islands, both within and among avian fami- 
lies, there seems to be no relationship between body size 

and island occurrence of widespread species (Table 5; 
Fisher's G=22.52, P>0.20). These widespread species were 
found in the source pools of Coiba, San Jose, Rey, Tobago 
and Trinidad. For this subset of the data, there were no sig- 
nificant differences between body size distributions of 
species that occurred on most or all islands and species that 
occurred on few or no islands. Furthermore, there were no 
unusual patterns in the residuals from these data. 

We tested for body-size differences between island and 
mainland birds of crossing and non-crossing species. For 
crossing species, body size patterns were similar to those of 
the total avifauna (Fig. 1): there were no significant differ- 
ences between island and mainland birds (K-S tests; 
P>0.20), and positive deviations were common in the 
largest size class (Table 6). For non-crossing species, there 
were also no significant differences between island and 
mainland pools (K-S tests; f>0.20), although there were 
many more negative deviations compared to the distribu- 
tions of crossing species (Table 7). 

Negative deviations in the largest size class of non- 
crossing species could be taken as evidence for ecological 
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TABLE 5. Island occurrences as a function of size class. For species that were present in the mainland pools of all five islands, frequency of 
occurrence is shown in the six size classes (data from Margarita and Aruba are excluded). The observed number of species in each entry is 
followed by the expected value in parentheses and the standardized adjusted residual in brackets. 

No. of island occurrences 

Size class 0 1 2 3 4 5 

0-10 g 3 
(3.53) 

[-0.34] 

5 
(5.63) 

[-0.35] 

5 
(331) 
[l.H] 

2 
(1.10) 
[0.94] 

1 
(0.77) 
[0.24] 

0 
(1.66) 

[-1.44] 

10-25 g 12 
(10.70) 

[0.37] 

17 
(16.53) 

[0.17] 

6 
(9.72) 

[-1.63] 

2 
(3.24) 

[-0.87] 

2 
(2.27) 

[-0.22] 

8 
(4.86) 
[1.83] 

25-47g 7 
(5.96) 
[0.54] 

7 
(9.50) 

[-1.12] 

7 
(5.59) 
[0.74] 

1 
(1.86) 

[-0.73] 

2 
(1.30) 
[0.69] 

3 
(2.79) 
[0.14] 

47-81g 1 
(4.63) 

[-2.07] 

11 
(738) 
[1.79] 

4 
(4.34) 

[-0.20] 

3 
(1.45) 
[1.45] 

0 
(1.01) 

[-1.12] 

2 
(2.17) 

[-0.13] 

81-130g 6 
(2.43) 
[2.70] 

3 
(3.87) 

[-0.57] 

2 
(2.28) 

[-0.21] 

0 
(0.76) 

[-0.94] 

0 
(0.53) 

[-0.78] 

0 
(1.14) 

[-1.17] 

>130g 3 
(5.08) 

[-1.14] 

8 
(8.09) 

[-0.04] 

6 
(4.76) 
[0.70] 

2 
(1.59) 
[0.37] 

2 
(1.11) 
[0.94] 

2 
(2.38) 

[-0.28] 

TABLE 6. Island-mainland differences in the proportion of 
'water-crossing' species in each weight class. A positive deviation 
means that the size frequency class was a greater proportion of the 
total for the island species than it was for the mainland species. A 
zero means the size frequency class was the same size in island 
and mainland faunas. Negative deviations in parentheses mean 
there was no island species in a particular size class. 

0-10 g   0-25 g   25-47 g 47-81 g  81-130 g>130g 

Trinidad     - - 
Tobago       - - 
Margarita   - - 
Aruba         - - 
San Jose     - + 
Rey            + + 
Coiba         + + 

+ 
+ 
(-) 
(-) 

TABLE 7. Island-mainland differences in the proportion of 'non- 
crossing' species in each weight class. Symbols as in Table 6. 

0-10 g   0-25 g   25-47 g 47-81 g  81-130 g>130g 

Trinidad - + - + + 
Tobago       (- -) + (-) + (-) 
Margarita    (- -)          + - + - - 
Aruba*        ( )         ( ) ( ) ( ) ( ) ( ) 
San Jose      (- -)          + (-) (-) (-) (-) 
Rey             (- -)          + - (-) (-) (-) 
Coiba          (- -)          + - (-) (-) (-) 

* Aruba has no 'non-crossing' species 

truncation, because they suggest large bodied species that 
do not cross water are under-represented on land-bridge 
islands. However, the comparisons are confounded by 
small sample size: nearly all the negative deviations are as- 
sociated with zeroes in the data matrix. Only Trinidad has 
enough non-crossing species for a valid comparison, and in 
that case the deviations are similar to those found for cross- 
ing species. 

DISCUSSION 

The slight excess of large-bodied species on islands con- 
trasts with the results of most previous studies, which sug- 
gested that large-bodied species, or the largest species in a 
particular guild, were extinction prone (Brown, 1971; 
Terborgh & Winter, 1978; Willis, 1974, 1980; but see. 
Faaborg, 1982). The excess of large-bodied species could 
be due to differences in the occurrence of crossing and non- 
crossing species. A loss of large-bodied species in the latter 
group would provide strong evidence for ecological trunca- 
tion. Our analysis of crossing and non-crossing species did 
not reveal any consistent differences between these two 
groups, although the classification scheme was crude. 
Whether or not the non-crossing species show evidence of 
ecological truncation, large-bodied species were over- 
represented in the total avifauna, and this pattern deserves 
explanation. 

Previous studies emphasized demographic aspects of 
body size and extinction: large-bodied birds have low popu- 
lation densities and should therefore be susceptible to local 
extinction (Brown, 1971; Willis, 1974; Pimm et a/., 1988). 
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Large body size, however, is correlated with certain 
behavioural and physiological characters that may enhance 
a species' persistence on islands. Large-bodied birds may 
be able to exploit a wide range of resources, which could 
enhance survival in a variable environment (e.g. Boag & 
Grant, 1981). Because body size correlates with longevity, 
large-bodied species may be able to forego reproduction 
during times of resource limitation and survive extreme 
'resource crunches' (sensu Wiens, 1977) or physiological 
stress (Bumpus, 1899). Finally, many of the large-bodied 
bird species on Neotropical islands (e.g. parrots and 
pigeons) are nomadic and regularly fly back and forth from 
the mainland to take advantage of seasonally distributed 
resources. Consequently, these correlates of large body size 
may counteract the effects of low population density on the 
probability of extinction. Similar mechanisms may account 
for the absence of small-bodied bird species on some 
depauperate West Indian islands (Faaborg, 1982). Pimm et 
al. (1988) discuss other factors that may complicate the 
relationship between body size and extinction probability. 

With few exceptions, our results suggest that avian ex- 
tinction on Neotropical land-bridge islands is not related to 
body size or phylogeny (Graves & Gotelli, 1983). Land- 
bridge islands in our study are presently separated from the 
mainland by water gaps of c. 15-120 km. Some species or 
genera appear to be physiologically or psychologically un- 
able to cross even narrow water channels (MacArthur et al., 
1972). But we suspect that many Neotropical species, even 
those from families that have never been found on oceanic 
islands, occasionally reach land-bridge islands from the 
adjacent mainland (e.g. formicariids on Tobago). Snow 
(1985) suggested that the montane faunas of Trinidad and 
Tobago were derived primarily from mainland coloniza- 
tions, and do not represent 'relict' communities that have 
resisted extinction. 

Repeated colonization from the mainland (the 'rescue 
effect' of Brown & Kodric-Brown, 1971) may be tremen- 
dously important in maintaining island populations of some 
species. For example, Rosenberg (1985) has documented 
the annual recolonization of river islands in the Amazon, up 
to 4 km from shore, by species of the Formicariidae and 
Furnariidae, families thought to be poor dispersers. Al- 
though the distances separating the islands and mainland in 
our study were much greater, occasional colonization may 
have contributed to the persistence of some species on 
land-bridge islands (Snow, 1985). 

Species with high and low persistence on 
land-bridge islands 

Appendices 1 and 2 give the two extremes in island 
occurrence of widespread species: species that occurred on 
all five islands (excluding Aruba and Margarita) whenever 
appropriate habitat was present (Appendix 1) and species 
that never occurred on islands, even when appropriate habi- 
tat was present (Appendix 2). Although these groups do not 
differ significantly with respect to body size (Table 4), 
there are some differences in habitat associations. Species 
that occur on all five islands (Appendix 1) are primarily 
inhabitants of second growth, clearings  and residential 

areas. As the islands were presumably forested before 
human settlement, open habitat formations must have been 
patchily distributed in time and space. This suggests that 
many, if not all, of the species listed in Appendix 1 are 
vagile and have repeatedly colonized land-bridge islands. 
Two of the species on this list, Myiodynastes maculatus 
(Muller) 1776 (streaked flycatcher), and Oryzoborus ango- 
lensis (Linnaeus) 1766 (Lesser seed-finch), have been clas- 
sified as land-bridge relict species (MacArthur et a/., 1973), 
but this designation seems doubtful because of their wide- 
spread occurrence on land-bridge islands. 

In contrast, the majority of species absent from all five 
islands but present in mainland source pools (Appendix 2) 
inhabitat old-growth and second-growth forest (Fig. 3). The 
few grassland species on this list (e.g. Anthus lutescens 
Pucheran 1855, yellowish pipit; Sturnella magna (Linnae- 
us) 1758, eastern meadowlark; Sicalis luteola (Sparrman) 
1789, grassland yellow-finch) have apparently been unable 
to colonize the extensive pastureland now present on the 
islands. Species restricted to forested habitats were prob- 
able island residents at the time of separation from the 
mainland. These species appear to survive poorly on land- 
bridge islands. 

Graves & Gotelli (1983) found that species with restrict- 
ed geographic ranges (total mainland geographic range 
<100-l°xl° blocks) were significantly under-represented 
on these islands. However, this pattern cannot account for 
most of the missing species in Appendix 2; only Atalotric- 
cus pilaris (Cabanis) 1847 (pale-eyed pygmy-tyrant) and 
Thryothorus rufalbus Lafresnaye 1845 (rufous-and-white 
wren) have small geographic ranges, and even for these 
species, the total geographic range is not contained in a 
small contiguous area (Type II restricted; see Graves & 
Gotelli, 1983, for definitions of widespread and restricted 
species). Thus the species in Appendix 2 are missing from 

FIG. 3. Male royal flycatcher {Onychorhynchus coronatus (Muller) 
1776) displaying crest. This species is widespread in humid forest of 
continental Central and South America, but is not known to occur on 
oceanic or land-bridge islands. Photo by Gary R. Graves, Rio Heath, 
Southeastern Peru, 1977. 
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land-bridge islands in spite of their large geographic ranges 
and the presence of appropriate habitat. 

Karr (1982a), also found that lower-storey forest birds 
were extinction-prone on Barro Colorado Island (BCI). For 
example, Dendrocolaptes certhia (Boddaert) 1783 (barred 
woodcreeper), found on none of the islands in our study 
(Appendix 2), is a documented extinction on BCI (Table 1 
of Wilson & Willis, 1975; Table 5a of Karr, 1982a). 
Euphonia minuta Cabanis 1849 (white-vented euphonia), 
also missing from land-bridge islands (Appendix 2), is a 
vagrant on BCI but is a permanent resident in the adjacent 
mainland forest (Table 5b of Karr, 1982a). Karr (1982b) 
has further established that extinction-prone bird species 
are more variable in population size than species that per- 
sist on BCI. A similar conclusion may well hold for the 
species listed in Appendix 2, but appropriate population 
data are lacking. 

Bird species that do not persist on land-bridge islands 
(Appendix 2) share little in common besides a general 
affinity for old-growth and second-growth forest. The list 
includes insectivores (e.g. Tyrannulus elatus (Latham) 
1790, yellow-crowned tyrannulet; Thryothorus rufalbus 
Lafresnaye 1845, rufous-and-white wren), carnivores (e.g. 
Otus guatemalae (Sharpe) 1875, vermiculated screech-owl; 
Ciccaba nigrolineata Sclater 1859, black-and-white owl), 
nectarivores (e.g. Anthracothorax prevostii (Lesson) 1832, 
green-breasted mango [also in scrub]) and frugivores (e.g. 
Columba subvinacea (Lawrence) 1868, ruddy pigeon; 
Euphonia spp., Tityra inquisitor (Lichtenstein) 1823, black- 
crowned tityra). Seventeen avian families are represented, 
and the range of body masses spans three orders of magni- 
tude, from a minimum of 6 g {Anthracothorax prevostii, 
green-breasted mango) to a maximum of 650 g (Ciccaba 
nigrolineata, black-and-white owl). 

implications for conservation of Neotropical 
birds 

Although we found that large-bodied birds were slightly 
over-represented on Neotropical land-bridge islands, we 
cannot conclude that these species are resistant to extinc- 
tion, because of the potential for recolonization from the 
mainland during the past 10,000 years of isolation. With 
respect to body size, there do not appear to be any simp- 
lified 'rules' for predicting which species are likely to go 
extinct in isolated communities. However, species associat- 
ed with old-growth and second-growth forest are often 
missing from land-bridge islands, even when appropriate 
habitat is present. Forest species might have lower popula- 
tion densities than non-forest species (e.g. Damuth, 1987, 
for mammals), which could increase the chances for local 
extinction. 

The species that always occur on land-bridge islands 
(Appendix 1) conform, in some respects, to the 'nested sub- 
sets' hypothesis: species comprising a depauperate fauna 
constitute a proper subset of those in rich faunas (Patterson 
& Atmar, 1986). On large, diverse islands, these species 
constitute a small fraction of the total avifauna (8% of 
Trinidad's 190 species), but on small, depauperate islands, 
they may account for almost half the avifauna (42% of San 

Jose's thirty-six species). For mammal species of several 
island archipelagoes, Patterson & Atmar (1986) suggested 
that selective extinction leads to numerical dominance of 
the nested subset in small communities, but this mechanism 
may not apply to Neotropical avifaunas. The same pattern 
might arise if the 'persistent' species in Appendix 1 are 
superior colonizers from the adjacent mainland. 

Nevertheless, other factors being equal, bird species that 
are never found on land-bridge islands, in spite of the pres- 
ence of appropriate habitat (Appendix 2), are probably 
more extinction prone than species that always occur on 
land-bridge islands (Appendix 1) in this particular area of 
the Neotropics. Autecological studies of demography, 
resource use, and minimal area requirements may help to 
preserve populations of these species in Neotropical parks. 
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APPENDIX 1. Mainland species in the source pools of Trinidad, Tobago, 
Coiba, San Jose, and Rey that occur on all five islands. 

Columba cayennensis Bonnaterre 1792 (pale-vented pigeon) 
Columbina talpacoti (Temminck) 1811 (ruddy ground-dove) 
Crotophaga ani Linnaeus 1758 (smooth-billed ani) 
Tyrannus melancholicus Vieillot 1819 (tropical kingbird) 
xMyiodynastes maculatus (Miiller) 1776 (streaked flycatcher) 
Elaeniaflavogaster (Thunberg) 1882 (yellow-bellied elaenia) 
Mionectes oleagineus (Lichtenstein) 1823 (ochre-bellied flycatcher) 
Progne chalybea (Gmelin) 1789 (gray-breasted martin) 
Troglodytes aedon Vieillot 1808 (house wren) 
Wireo olivaceus (Linnaeus) 1766 (red-eyed vireo) 
Coerebaflaveola Linnaeus 1758 (bananaquit) 
Cyanerpes cyaneus (Linnaeus) 1766 (red-legged honeycreeper) 
Thraupis episcopus (Linnaeus) 1766 (blue-grey tanager) 
Volatinia jacarina (Linnaeus) 1766 (blue-black grassquit) 
]Oryzoborus angolenis (Linnaeus) 1766 (lesser seed-finch) 

'Listed by MacArthur et al. (1972) as a land-bridge relict species, 
includes V.flavoviridis. 

APPENDIX 2. Mainland species in the source pools of Trinidad, Tobago, 
Coiba, San Jose, and Rey that occur on none of these islands. 

Columba subvinacea (Lawrence) 1868 (ruddy pigeon) 
Aratinga pertinax (Linnaeus) 1758 (brown-throated parakeet) 
Dromococcyx phasianellus (Spix) 1824 (pheasant cuckoo) 
Otus guatemalae (Sharpe) 1875 (vermiculated screech-owl) 
Ciccaba nigrolineata Sclater (1859 (black-and-white owl) 
Nyctibius grandis (Gmelin) 1789 (great potoo) 
Anthracothorax prevostii (Lesson) 1832 (green-breasted mango) 
Bucco macrorhynchus Gmelin 1788 (white-necked puffbird) 
Glyphorhynchus spirurus (Vieillot) 1819 (wedge-billed woodcreeper) 
xDendrocolaptes certhia (Boddaert) 1783 (barred woodcreeper) 
Campyiorhamphus trochilirostris (Lichtenstein) 1820 (red-billed scythebill) 
Xenops minutus (Sparrman) 1788 (plain xenops) 
Thamnophilus punctatus (Shaw) 1809 (slaty antshrike) 
Myrmotherula surinamensis (Gmelin) 1788 (streaked antwren) 
Tityra inquisitor (Lichtenstein 1823 (black-crowned tityra) 
Myiozetetes cayanensis (Linnaeus) 1766 (rusty-margined flycatcher) 
Myiozetetes similis (Spix) 1825 (social flycatcher) 
Pitangus lictor (Lichtenstein) 1823 (lesser kiskadee) 
2Onychorhynchus coronatus (Miiller) 1776 (royal flycatcher) 
Rhynchocyclus olivaceus (Temminck) 1820 (olivaceous flatbill) 
Atalotriccus pilaris (Cabanis) 1847 (pale-eyed pygmy-tyrant) 
Tyrannulus elatus (Latham) 1790 (yellow-crowned tyrannulet) 
Thryothorus rufalbus (Lafresnaye) 1845 (rufous-and-white wren) 
Anthus lutescens Pucheran 1855 (yellowish pipit) 
^Basileuterus rivularis Wied 1821 (river warbler) 
Sturnella magna (Linnaeus) 1758 (eastern meadowlark) 
4Euphonia minuta Cabanis 1849 (white-vented euphonia) 
Euphonia laniirostris d'Orbigny and Lafresnaye 1837 (thick-billed euphonia) 
Saltator maximus (Miiller) 1776 (buff-throated saltator) 
Cyanocompsa cyanoides (Lafresnaye) 1847 (blue-black grosbeak) 
Sicalis luteola (Sparrman) 1789 (grassland yellow-finch) 
Carduelis psaltria (Say) 1823 (lesser goldfinch) 

'Extirpated on Barro Colorado Island (Table 5a of Karr, 1982a, and Table 1 of Wilson 
& Willis, 1975). 

includes O. coronatus and O. mexicanus. 
^Includes B.fulvicauda. 
4Vagrant on Barro Colorado Island, but a permanent resident on the adjacent mainland 

(Table 5b of Karr, 1982a). 




