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The choice of nest sites by many species of birds is known to be affected by topographic or climatic 
variables (Welty 1975). Among corvids, nest-sites vary widely and may be chosen with respect to pro- 
tection from predators or weather (Goodwin 1976). Eurasian Crows (Corvus corone cornix), for instance, 
prefer to nest in conifers, where predation is lower than in deciduous trees (Loman 1979). Pition Jays 
(Gymnorhinus cyanocephalus) place their nests to maximize insolation but do not distinguish between 
windward and leeward sides of trees (Balda and Bateman 1972). 

Little is known about the ecological correlates of nest-site selection in neotropical jays. As part of a 
study of the breeding behavior of a montane population of Brown Jays (Psilorhinus toorio) in Monteverde, 
Costa Rica, we found that two opposing factors in nest-site selection are predation and wind. 

Brown Jays are communal breeders with helpers at the nest (Skutch 1935, Lawt0n and Guindon in 
press). Unlike most species, especially in the tropics, Brown Jays are conspicuous and noisy whil• breed- 
ing. Throughout incubation, breeding birds spend extended periods whining loudly from their nests. 
After eggs hatch, nest attendants fly directly to the nest, often calling as they land. That such behavior 
does not result in predation of many nests probably derives from two phenomena. First, Brown Jays are 
large, aggressive birds, well able to defend their nests against many diurnal predators. In Monteverde 
we have seen flocks drive off Broad-winged Hawks (Buteo platypterus), Common Black Hawks (Buteo- 
gallus anthracinus ), red-bellied squirrels (Sciurus variegatoides), white-faced monkeys (Cebus capucinus), 
and domestic cats (Felis catus). Second, the position of nests probably reduces nocturnal predation by 
animals that hunt the forest canopy. In Monteverde these include the opossum (Didelphis virginianurn), 
the margay (Felis weidii), the ocelot (F. pardalis), a weasel (Mustelafrenata), and assorted snakes. 
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Observations of 30 nesting attempts over two breeding seasons showed that the jays most commonly 
(86%) build in isolated trees, well away from windbreaks or patches of woods. All five nests built in trees 
whose crowns touched others were destroyed by nocturnal predators. Only one of the 25 nests built in 
isolated trees failed because of predation of any sort. Brown Jays in other parts of of their range also 
tend to build in isolated trees (Skutch 1960), suggesting that throughout their range Brown Jays choose 
nest sites in response to strong predation pressure. 

In Monteverde, however, the search for a suitably isolated tree is complicated by the presence of strong 
prevailing winds. The study area is located just below the continental divide in the Cordillera de Tilaran. 
Throughout the year the climate is dominated by the Atlantic trade winds. Strong windstorms are 
common in the breeding season, January-May. For instance, during a 4-day storm in mid-April 1978, 
winds blew at 70 kph throughout the study area. Ten of 12 broods under study were destroyed: young 
were blown out of 6 nests, eggs fell out of three, and the entire nest, with eggs, was blown out of another 
tree. We conclude that Brown Jays in Monteverde must be forced to seek nest trees that are isolated but 
also protected from the wind. 

In order to evaluate our ideas, we designed a test of the null hypothesis that nest trees are chosen at 
random with respect to wind exposure. Using a 1977 aerial photograph we numbered all isolated trees 
in pastures or old fields over a 150-ha area. The area corresponded with the known home ranges of four 
flocks whose breeding behavior and success were known for 1977 and 1978. We chose 20 test trees at 
random, 5 from each home range. 

During a 4-day windy spell, 24-27 November 1978, we sampled the effects of wind on the 20 test 
trees; 13 nest trees were also sampled on the same home ranges. These represented all nesting attempts 
of the four flocks over 2 yr. We assessed the wind strength using the Beaufort Scale, an objective measure 
of windiness that allows one to judge relative wind speed from the visible effect on trees (Strahler 1965, 
Miller and Thompson 1970). We used the Beaufort Scale rather than hand-held anemometers because 
the latter give an estimate of the wind only at the observer's level, not at the height at which nests are 
built, which is generally 10-15 m above the ground. Moreover, the topography of the study area is so 
varied that a hand-held gauge would reveal nothing about the windiness of the home ranges in general, 
but rather would be biased by the very microclimatological differences that, if present, are the object of 
the test. 

While samples were taken throughout the study area, a third observer, located in a central portion of 
the study area, sampled a "central control-tree," an emergent canopy tree, at 20-min intervals. The 
control-tree samples indicated strong Atlantic winds (30-60 kph, or 5 to 7 on the Beaufort Scale) through- 
out the sample period. 

The data collected on the 20 test trees showed a population markedly skewed to the higher end of the 
scale ½• = 5, range = 1-7). This demonstrates that isolated trees, chosen at random, tend to be wind- 
shaken. 

The four home ranges examined were, in general, equally windy. Analysis of variance of the effect of 
wind on the 20 test trees revealed no significant differences between home ranges (F = 0.184, P > 0.25). 
The general windiness of the home ranges is, however, less important than the existence of unusual, 
particularly protected trees. 

The average value of wind disturbance on the 13 nest trees was lower ½• = 3.6), and the range was 
more restricted (2-6). A large sample approximation of the Wilcoxon Rank Sum Test (Hollander and 
Wolfe 1973) strongly rejected the null hypothesis that nest trees and randomly selected trees are chosen 
from the same population (W = 2.8, P < 0.003). Brown Jays select nest sites in isolated trees that are 
more protected from the wind than a random sample of isolated trees. 

Using fledging as a measure of success, we divided 20 nesting attempts on eight home ranges into 
successful and unsuccessful. The level of wind disturbance on successful nests ½• = 3.45) was lower than 
the mean for unsuccessful nests ½• = 4.6). Similarly, the range of values for successful nests (2-5) was 
lower than that of unsuccessful nests (3-6). A Wilcoxon Rank Sum Test again rejected the null hypothesis 
that all nest trees are drawn from the same population (W = 132.5, P = 0.022). Nests placed in wind- 
protected trees are more likely to be successful. 

Brown Jays at Monteverde must make complex choices in the selection of nest sites. On the one hand, 
predators force them to seek isolated nest sites. Conversely, strong prevailing winds force them to seek 
relatively sheltered nest sites. We have shown that all flocks build nests in relatively sheltered but isolated 
trees. In addition, we have shown that flocks that build in more wind-protected sites are more likely to 
fledge young than are flocks that build in more exposed sites. This can be explained in two ways: (1) 
some flocks make better choices than others; or (2) some flocks have better choices to make, i.e. they 
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control better home ranges than others, at least with respect to available nest sites. These possibilities 
need not be mutually exclusive, nor can they be distinguished with our data. 

Nest sites have been suggested as a limiting resource in some hole-nesting and colonial species (Lack 
1968, Welty 1975, Brown 1975), but the possibility that they also may be limiting in tree-nesting species 
has received scant attention (Balda 1970). In Monteverde the number of isolated trees is limited. Most 
of these are too greatly disturbed by the strong prevailing winds to be suitable nest sites for Brown Jays. 
Our results do not demonstrate that nest sites are a limiting resource, because they do not show that 
some birds are excluded from good nest sites. They do demonstrate, however, that Brown Jays make 
complex decisions in choosing nest sites, and they suggest a quantitative method for testing the hypothesis 
that nest sites may be a limiting resource in tree-nesting species. 

This study was supported by grants from the Frank M. Chapman Fund of the American Museum of 
Natural History and from the Henry Hinds Fund for Evolutionary Research. We wish to thank Carlos 
Guindon and Susan Trostle for field assistance. Peter Stacey provided valuable comments on the manu- 
script. 
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Seabirds exhibit delayed maturity in that most species do not begin breeding until they are 3 yr or 
older (Lack 1967). One reason often given for delayed breeding is that young have difficulty mastering 
foraging techniques and learning foraging areas (Lack 1968). Orians (1969) first noted age differences in 
the foraging ability of Brown Pelicans (Pelecanus occidentalis): young had lower diving success than 
adults. Similarly, Recher and Recher (1969) found age-related success differences in Little Blue Herons 
(Florida caerulea). The authors in both studies concluded that the inefficiency of juveniles was an ade- 
quate explanation for the deferment of reproduction. Since that time, age-related differences in foraging 
success or abilities have been found in all seabirds examined, including Olivaceous Cormorants (Phala- 
crocorax olivaceus) (Morrison et al. 1978), Royal Terns (Sterna maxima) (Buckley and Buckley 
1974), Glaucous-winged Gulls (Larus glaucescens) (Barash et al. 1975, Searcy 1978), and Herring Gulls 
(L. argentatus) (Verbeek 1977a, b; Ingolfsson and Estrella 1978). Among shorebirds, the foraging behavior 


