The Condor91:689-698
0 The Cooper Ornithological

Society 1989

EFFECT OF EXPERIMENTAL MANIPULATION
OF VEGETATION
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Abstract. We examinednest-siteselectionin SootyTerns(Sternajkscata)in twocolonies
of the CulebraArchipelago,PuertoRico, usingan experimentaldesignto manipulatevegetation density.In 1986 SootyTerns did not nest in six experimentallyclearedplots(0%
vegetationcover).In 1987 they did not usean additionalclearedplot, but usedthe experimental plots from 1986 which had revegetated(25%75% vegetationcover).Compared
with randompoints,SootyTerns selectednestsiteswith taller vegetation(with respectto
total vegetationheight,and heightto canopy),with morecoverdirectlyabovethe nest,and
that were fartherfrom open areas.A worldwidecomparisonof habitat preferences
and
predationacrossislandswhereSootyTernsnestrevealedthat on mostislandsSootyTerns
preferto nestin openareaseven when vegetationis available.The preferencefor nesting
undervegetationat Culebraseemsto be relatedto the degreeof predation,and the presence
of predatorspecieswhichprey upon eggs,young,and adult SootyTerns.
Key words: Habitat preference;nest-siteselection;vegetationdensity;nest concealment;
Sooty Tern; Sternafuscata;Culebra; vegetationmanipulation;predation.

INTRODUCTION
The choice of a nest site is of prime importance
to breeding birds because it directly affects the
survival of offspring, and must therefore be under strongselectivepressure(Hilden 1965, Smith
1974, Buckley and Buckley 1980, Burger 1987).
Individuals placing nests in optimal microhabitats are more successfulin fledging young than
individuals choosing less suitable locations
(Gochfeld 1978, Yahner 1983). Thus, birds that
prefer habitats in which adverse factors are minimal, such as predation or inclement weather
conditions, are selected for (Gibo et al. 1974,
Bekoff et al. 1987).
Many marine birds regularly nest in large colonies on offshore islands which are free from
terrestrial predators, but that offer little or no
vegetation cover (Carter et al. 1984). In many
inaccessible islands, the nesting birds are exposed to aerial predators which may causevarying degrees of damage to the breeding colony
(Kruuk 1964, Lack 1968, Burger and Gochfeld
1981, Jehl and Mahoney 1987).
Vegetation may be important to some seabirds
because it provides protection from predators
and extreme weather conditions (Wray and
Whitmore 1979, Burger and Gochfeld 1986).
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Burger and Gochfeld (198 1) showed that Kelp
Gulls (Larus dominicanus) do not pest randomly
with respect to the available habitat, but prefer
to nest in flat, stable areaswith some cover (rocks
or vegetation). Nesting adults generally avoided
heavily vegetated areas, areas devoid of vegetation, and areas with steep slopes;their habitat
choices seemed to be related to predation and
cannibalism pressure.Martin and Roper (198 8)
found that for the Audubon’s Hermit Thrush
(Catharus@tutus auduboni),nest concealment
(vegetation density) was significantly greater at
low predation neststhan at high predation nests.
They suggestedthat foliage density in the nest
patch may impede nest discovery by inhibiting
the transmission of chemical, auditory, or visual
cuesto potential predators. Whereas the importance of habitat characteristics on nest-site selection in birds has been investigated (Burger and
Gochfeld 1986, Martin and Roper 1988) the
preference for specific vegetation cover has not
been examined experimentally.
One way to determine the importance of habitat characteristicsto birds is to conduct experiments where habitat features are manipulated,
and then monitor the responsesof individuals
to the manipulation (Wiens 1985, Gochfeld and
Burger 1987). The Sooty Tern (Sternafuscata)
is a widely studied seabird that nests in remote
islands usually on areas of exposed sand, coral
rubble, or rockswith little or no vegetation cover
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monitored during the laying period in May and
June (4 weeks) for the presenceof nesting Sooty
Terns. It was not possible to replicate the experiments due to the lack of suitable, homogeneous sitesfor experimental manipulation of the
vegetation.
By 1987, the three experimental plots cleared
in 1986 on Cayo Yerba had revegetated. Before
the arrival of the terns, the vegetation in the three
experimental plots was randomly removed to
create plots with an estimated 25%, 50%, and
75% vegetation cover. An additional experimental plot and its control were added in which all
vegetation was removed. Thus, in 1987, data
were collected on nest-site characteristicsfrom
four experimental (O%,25%, 50%, and 75% vegetation cover) and four control (100% vegetation
cover) plots in Cayo Yerba. The plots in PenSTUDY AREA AND METHODS
insula Flamenco were not monitored in 1987
Culebra is a hilly island 37 km east of Puerto becauseof the great nest desertion and mortality
Rico (18”19’N, 65”18’W) surrounded by 17 keys of terns on that area in 1986.
Nest-site characteristics were measured be(Kepler and Kepler 1977). In the Culebra Archipelago,Sooty Terns nest on four offshorekeys tween the peak of the laying and hatching periods
(Cayos Alcarraza, Molinos, Noroeste, and Yerin May and June 1987. The number of nestsper
ba), and at the northwesternmost tip of Culebra plot was recorded, and for each nest the vegeIsland itself (tip of Peninsula Flamenco). Two
tation height, height to the canopy, percent vegesites were selected:Cayo Yerba and the north- tation cover directly above, orientation of nearwesternmost tip of Peninsula Flamenco. Cay0 est open path from nest, and distance to the
Yerba (11.6 ha) is a small tilted plain 2.35 km nearest open path were measured. The orientaeast of Culebra, and it is densely covered with tion of the nearest open path from the nest was
sedge (Cyperus plunijiAius; Kepler and Kepler recorded with a Suunto MC- 1 Mirror Compass.
1977). The tip of Peninsula Flamenco is a finger Percent cover directly above the nest was estiof land extending 305 m from the base of the mated visually from 1.5 m above each nest.
main peninsula. It is covered with a mixture of
Twelve random points were located in each
plant species of which guinea grass (Panicum experimental and control plot using randomly
maximum), buttonwood (Conocarpus erectus), selectedx and y coordinates. The same habitat
and sea grape (Coccolobauvifea) are the main
characteristicsthat were recorded for nests were
components. These two study siteswere selected recorded for the random points. By comparing
because(1) they were easily accessible,(2) larger the habitat characteristicsof Sooty Tern nests in
numbers of terns nested there than elsewherein each experimental and control plot to random
Culebra, and (3) large areas of relatively homo- points, it is possible to determine which chargeneousvegetation made them suitable for vege- acteristics the terns prefer or avoid. If a chartation manipulation experiments.
acteristic varies similarly for nests and random
Since open areasare scarcewhere Sooty Terns points, then that characteristic is not preferred
nest on Culebra, an experiment was designedto at that site (Burger and Gochfeld.1986).
determine if the terns would prefer to nest in
Kruskal-Wallis testswith significancelevels of
experimentally cleared areas if they were made P < 0.05 were used to determine significant difavailable. In April 1986, before the arrival of the ferencesamong means. Baschelet’s (1965) paraSooty Terns, three experimental (devoid of vege- metric two-sample test applying the F-statistic
tation) and three control (undisturbed) 4-m x
was used to test for a difference in mean orien4-m plots were set up in each study site in areas tation between nestsand random points, and beapproximately 32 m x 40 m. The plots were tween experimental and control plots.

(Sprunt 1948, Chapin 1954, Ashmole 1963, Harrington 1974, Feare 1976). In areas where vegetation has subsequentlygrown, the terns seem to
avoid the vegetatedparts and concentrate on the
exposedsoil (Watson 1908, Chapin 1954, Feare
1976). In the Culebra Archipelago, however,
Sooty Terns nest under very dense vegetation
cover. The objectives of our study were: (1) to
describequalitatively and quantitatively the nest
sites selectedby Sooty Terns in the Culebra Archipelago, and compare them to the available
habitat, (2) to determine how single nest characteristics and combinations of characteristics
play a role in the terns’ choicesof nest sites, and
(3) to examine nest-site selection in Sooty Terns
using an experimental design to manipulate
vegetation density.

MANIPULATION
TABLE 1. Placement of Sooty Tern nests in experimental (E) and control (C) plots in two areasof Culebra
Archipelago.
May
% vegetation
cover
in plot

Plot no.*

1986

NO.
nests
in plot

Flamenco Peninsula
01 (C)
100
02 (C)
100
03 (C)
100
04 (E)
000
05 (E)
:
06 (E)
Cayo Yerba
07 (C)
08 (C)
09 (C)
14(C)
10 (E)

Nests
at plot
edge

40
60
10
:o

4

100
100
100
0

14
16
_’

0
0
0

0

0

0

0

0

0

0
-

11 03
12 (E)
13 (E)

May

0
-

-

% Vegetation
COVeI
in plot

1987
NO.
nests
in plot

------100
100
100
100
25
75
50
0

16
8
11
5
26
19
13
0

* Means and standard deviations for number of nests in control (C)
and experimental(E)
plots at Cayo Yerba in 1987 are I I .65 + 4.04, and
20.97 k 5.22, respectively (x2 = 50.59, P < 0.0001).

RESULTS
NEST PLACEMENT

At the beginning and peak of the laying period
in 1986, Sooty Terns did not nest in the three
experimentally cleared plots on either study site,
but nested within the control plots, and in areas
adjacent to the experimental and control plots
(Table 1). At the end of the laying period, three
pairs of Sooty Terns nested 25-30 cm from the
edge and one pair nested at the edge of an experimental plot in Peninsula Flamenco. Three of
these nests had 100% vegetation cover directly
above, while one nest had no vegetation cover.

OF SOOTY TERN HABITAT

691

No Sooty Terns nestedin the experimental plots
or at a distance less than 30 cm from the edge
of the experimental plots in Cayo Yerba (Table
1).
In the 1987 breeding season Sooty Terns in
Cayo Yerba did not use the additional experimental plot with 0% vegetation cover. However,
they usedthe other experimental plots from 1986
that had revegetated(Table 1). When comparing
the total number of nests in both experimental
and control plots (98 nests), more nests were
found in the experimental (63%) than in the control (37%) plots.
NEST-SITE SELECTION

Nests in experimental and control plots differed
significantly from random points in mean vegetation height, height to canopy, percent cover
directly above, and distance to open path (Table
2). Nests and random points did not differ significantly in mean orientation to an open path.
Sooty Terns selectednest sites with taller vegetation (with respect to total vegetation height,
and height to canopy), with more cover over the
nest, and that were farther from open areas than
the random points.
Nests in experimental plots differed significantly from those in control plots in mean vegetation height, height to the canopy, percent cover
directly above, distance to the nearest open path,
and mean orientation to an open path (Table 3).
Sooty Terns in control plots selected nest sites
with taller vegetation, with more cover directly
above the nest, and nest sites that were farther
from an open path than thosein the experimental
plots. Although mean nest orientation to an open
path was significantly different, the terns chose
nest sites oriented south-southeast in both ex-

TABLE 2. Statistical differencesbetween all nests and random points in experimental and control plots on
Cayo Yerba, Puerto Rico, in 1987.=
Characteristic

Vegetation height (cm)
Height to canopy (cm)
O/oCover directly above
Distance to open path (cm)
Orientation to open pathb

Nests (n = 100)

71.23 + 20.87
29.46 k 9.23
83.65 f 30.04
48.24 -e 33.14
148.7” k 111.2”
(n = 95)

Random

points (n = 84)

60.83 + 37.94
26.09 + 16.69
62.24 k 44.53
43.07 f 40.32
111.3” + 99.6”
(n = 72)

x*

P

11.89
27.72
10.09
29.16
3.84

co.05
<0.0001
CO.05
<0.0001
ns

a Given are means with standard deviations, and x2 values for probabilit
levels.
b Instead ofx’ test we used Bach&t’s
(1965) parametric two-sample test f’or cmxdar data, with significance level ofP < 0.05, to test for a difference
in mean orientation to the nearest open path.
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TABLE 3. Statisticaldifferences
betweenhabitatcharacteristics
for nestsin experimentaland controlplotson
CayoYerba, PuertoRico, in 1987.a
Characteristic

Vegetationheight(cm)
Heightto canopy(cm)
% Coverdirectlyabove
Distanceto openpath (cm)
Orientationto openpathb

Experimentalplots (n = 60)

67.22 * 21.64
26.22 * 8.25
76.42 f 34.09
33.87 +- 21.02
153.5”* 104.7”
(n = 56)

Control plots (n = 34)

77.25 2 18.33
34.33 f 8.55
94.50 & 18.22
69.80 t 36.39
141.9”+ 121.1”
(n = 39)

x’

11.89
27.72
10.09
29.16
4.67

P

<O.OOl
~0.0001
<O.OOl
<0.0001
co.05

aGiven are meanswith standarddeviations,and x2 valuesfor probability levels.
bInsteadof x’ test,we usedBaschelet’s(I 965) parametrictwo-sampletestfor circulardata to testfor a differencein meanorientationto the nearest
openpath.

perimental and control plots (S = 180”, SE =

135”).
Mean percent cover directly above was significantly different between nests and random
points for both experimental and control plots
(Table 4). The Sooty Terns selectednest sitesthat
provided the greatestpercent cover directly over
the nest. Mean vegetation height, and height to
the canopy were significantly different between
nests and random points for the experimental
plots. Nests and random points in experimental
plots did not differ significantly in mean distance
and orientation to the nearest open path (Table
4). In the control plots, nestsand random points
differed significantly only in percent cover directly above, and distance to the nearest open
path (Table 4). Again, the terns selectednest sites
with more percent cover directly above the nest,
and that were farther from an open path than
expected by chance alone.
DISCUSSION
HABITAT PREFERENCE
Nest-site selection is a function of the characteristicswithin the immediate vicinity of the nest
(e.g., concealment, overhead cover, orientation),
as well as characteristicsof the habitat patch surrounding the nest (Burger and Gochfeld 1988a,
Martin and Roper 1988). Birds select nest sites
within certain specific habitats, responding to a
complex pattern of stimuli rather than to simple
variables (McCrimmon 1978, Brennan et al.
1986, Burger and Gochfeld 1987a). The ability
of birds to identify characteristicsof the nest site
that increase reproductive successwould clearly
be adaptive (Heagy and Cooke 1979, Burger and
Gochfeld 1988b).
Sooty Terns throughout the tropicsusually nest
on areasof bare ground with no vegetation cover
(Ashmole 1963). In the Dry Tortugas,SootyTerns

ordinarily avoid areas with dense shrubbery or
heavy herbaceous ground cover (Robertson
1964). Brown (1976) found that on Manana Island, Hawaii, high grassesexcluded Sooty Terns
and Brown Noddies, Anousstolidus,from nesting in the central crater and parts of the western
slope of the island in 1972. Sooty Terns nested
extensively in 1973 when, following a dry winter,
the grasswas much shorter than in 1972.
The Sooty Tern colony in Bird Island, Seychelles, became restricted to the northwest corner of the island when coconuts (Cocos nucifea
L.) were planted over most of the island (Feare
1976). In 1967 the area available for the Sooty
Terns was increased by clearing part of the coconut plantation, and the terns rapidly occupied
the open space.
In view of the differencesbetween the nesting
habits of Sooty Terns at Culebra Archipelago
compared to other islands in the tropics (Burger
and Gochfeld 1986) we experimentally manipulated the vegetation to examine nest placement
and nest-site selection on Culebra. Since on Culebra open areas are scarce, we expected that
Sooty Terns would nest in the experimentally
cleared areas. Such has been the case for Sooty
Tern colonies in the Dry Tortugas (Robertson,
pers. comm.), the Seychelles(Feare 1976), and
Jamaica (Haynes-Sutton, pers.comm.) where the
terns occupied open areas after the vegetation
had been removed. However, in this study Sooty
Terns did not nest in three experimentally cleared
areas (0% vegetation cover). Only at the end of
the laying period, and after some vegetation had
colonized part of the plots, did a few terns nest
at the edge of one experimental plot in the Flamenco colony. No terns nested near the edge of
the experimental plots in Cayo Yerba. This
avoidance of open areassuggests
that Sooty Terns
on Culebra may derive an antipredator or ther-
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ma1advantageby nesting under densevegetation
cover.
PREDATION

Predation pressure may not be exerted equally
throughout an area but vary from habitat to habitat (Martin 1987). Sooty Terns at Culebra may
prefer vegetation cover if they experience higher
predation ratesthan Sooty Terns elsewherenesting in the open. The type and intensity of predation on Sooty Terns varies among colonies
throughout the world. In most colonies studied,
Sooty Terns have very few predators (Table 5).
Some authors suggestthat predation is negligible
becauseof the low number of individuals of the
predator species,or becauseonly a few individual predators of a particular speciesprey upon
Sooty Terns (Serventy 1952, Chapin 1954, Robertson 1962, Harrington 1974, Kepler 1978).
However, they mention that unattended, exposed eggsor chicks are easily preyed upon, and
once the chicks are able to move around they
seek shelter under rocks or vegetation.
Despite the availability of vegetation cover in
most of the colonies examined (Table 5) Sooty
Terns prefer nesting on bare ground. Three colonies have little or no vegetation (Sand, Ascension, and Sahul Shelf islands). However, in the
Culebra, La Orchila, Little Tobago, and Pelsaert
Island colonies, most Sooty Terns selectednest
sites under vegetation. In most colonies where
the terns nest in open areas, there are only four
or fewer predator species, and most only prey
upon eggsor very young tern chicks (except cats
in two colonies, and the isolated caseof a Common Barn-Owl, Tyto alba, on Manana Island).
Three of those colonies where Sooty Terns select vegetated areas for nesting (Culebra, La Orchila, and Pelsaert islands) share four predator
types in common: a gull species,one or two raptor species,cats,and humans (Table 5). The latter
three predator typesnot only take eggsand young,
but also adult terns. These predators can potentially act as a selective force to eliminate terns
that nest in exposedareas.However, the hunting
successof avian predators can be reduced or
eliminated by the presence of vegetation cover
over the nest (Saliva, unpubl. data), therefore
only those terns nesting under protective vegetation would survive.
On Little Tobago, Sooty Tern nestswere scattered under tangled vegetation or in rock crevices
(Morris 1984). Like Culebra, Little Tobago does
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TABLE 5. Predator speciesand nesting habitats of Sooty Terns at different colonies.

Reference

Colony location

Nest
substrate

CCWer
available

Preferred
habitat

Predator species

Tern Island
(24”N, 166”W)
Midway Island
(28”N, 177”W)

rubble

yes unvegetated Fregata minor

sand and
rubble

yes

Monito Island
(18”N, 67”W)

soil and
rock

yes

Saliva (pers. observ.)

Mona Island
(18”N, 67”W)

soil and
rock

yes

Harrington 1974

Sand Island
(16”N, 169”W)
Ascension Island
(SOS,14”W)

sand and
rubble
sand and
rock

no

Serventy 1952

Sahul Shelf
(12”S, 123”E)

sand

no

Schreiberand Ashmole
1970

Christmas Island
(2”N, 157”W)

sand

yes

Vesey-Fitzgerald 1941,
Feare 1973

Bird Island
(3’S, 55”E)

sand

yes

Brown 1973, Burgerand
Gochfeld 1986

Manana Island
(2o”N, 155”W)

sand,
soil,
and
rock

yes

Sprunt 1948, Robertson
1964, Dinsmore 1972,
White et al. 1976

Dry Tortugas
(25”N, 83”W)

sand

yes

van Halewijn 1971

La Orchila Island
(12”N, 66”W)

?

yes

Morris 1984

Little Tobago
(1 l”N, 6O”W)

soil

yes

Serventy and Whittell
1976, Fuller and Burbidge 1981, Lane
1986

Pelsaert Island
(283, 113”E)

sand

yes

Flint 1984
Hadden 1941, Howell
and Bartholomew
1962
Kepler 1978

Chapin 1954, Ashmole
1963

no

Arenaria interpres
unvegetated Fregata minor

unvegetated Larus atricilla
Fregata magnificens
Rat&s rattus
unvegetated Larus atricilla
Fregata magnijcens
Rattus rat&s
unvegetated Fregata minor
unvegetated Fregata aquila
Felis catus
Homo sapiens
unvegetated Larus novaehollandiae
Fregata ariel
Arenaria interpres
unvegetated Fregata minor
Felis catus
Homo sapiens
unvegetated Arenaria interpres
Bubulcusibis
Rattus rattus
crab species
unvegetated Arenaria interpres
Nycticorax nycticorax
Tyto alba
Oryctolaguscuniculus
Ocypodeceratophthalamus
unvegetated Fregata magnificens
Bubulcusibis
Larus atricilla
Arenaria interpres
Falco peregrinus
Ardea occidentalis
Rattus norvegicus
Ocypodaarenaria
Cenobitadiogones
Homo sapiens
unvegetated Larus atricilla
Falco peregrinus
Felis catus
Homo sapiens
Fregata magnijicens
vegetated
Laws atricilla
Coenobitaspp.
Arenaria interpres
vegetated
Larus novaehollandiae
Larus pac$cus
Haliaeetus leucogaster
Rallus philippensis
Ponana tabuensis
Rattus rattus
Felis catus
Egernia kingii
Homo sapiens
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TABLE 5. Continued.

Reference

Salivaand Burger
(this study)

Colonv location

CulebraIsland
(18”N, 65”W)

Nest
substrate

soil

;giy
able

Preferred
habitat

yes vegetated

Predator x&es

Fregata magnzjicens
Law atricilla
Arenaria interpres
Bubulcusibis
Haematopuspalliatus
Nycticorax violaceus
Buteojamaicensis
Falco peregrinus

Asioflammeus
Rat&s rattus
Felis catus
Gecarcinusruricola
Coenobitaspp.
Solenopsisspp.
Homo sapiens

not have available open ground. However, on
this island there are no predators of adult terns
(exceptpossiblyhumans) that would selectagainst
terns nesting in open patches. Although Morris
(1984) reported low reproductive successat this
Sooty Tern colony, he could not determine the
actual fate of eggsand chicksfollowing presumed
desertion by adults. The age of this Sooty Tern
colony is unknown, and neither if open patches
were available in the past (Morris, pers. comm.).
We can only speculatethat this Sooty Tern colony could be a subset of the Culebra colony,
given its relative proximity to Culebra, and thus
the similarity on the terns’ choicesof nest sites.
Nonetheless, there are always exceptions. In
the Dry Tortugas Sooty Tern colony, despite the
presence of 10 predator species (including humans, a gull, and a raptor species),the terns prefer to nest in open areas (Table 5). In the Dry
Tortugas colony the chief predator of adult Sooty
Terns is the Peregrine Falcon, F&co peregrinus
(Dinsmore 1972). Peregrine Falcons, however,
are casual migrants that do not stay in the colony
throughout the tern’s entire breeding season
(Robertson, pers.comm.). Therefore, they would
not be expectedto exert strong selective pressure
on the terns for nesting under vegetation.
Unlike the Dry Tortugas, the raptors on Culebra and Pelsaert islands are permanent breeding residents (except Peregrine Falcons on Culebra Island). The effect of White-breasted Sea
Eagles (Huliaeetus leucoguster) on the Pelsaert
Island Sooty Tern colony is not clear (Lane, pers.
comm.). On Culebra Island, however, Red-tailed
Hawks (Buteo jamaicensis) prey upon Sooty

Terns throughout the tern’s entire breeding season, and they only take terns that are roosting
on the vegetation or in open patches(Saliva, pers.
observ.). Therefore, Sooty Terns could minimize
avian predation by nesting under the shelter of
thick vegetation.
Several authors have suggestedthat open areas
close to the nest allow birds to detect intruders
and predators, but preserve an adult’s ability to
flee rapidly (Yahner 1983, Burger and Gochfeld
1986, Jehl and Mahoney 1987). In our study
Sooty Terns selected nest sites farther from an
open path in the control plots (Table 3). In Culebra, nesting close to an open path could increasethe chancesof avian predation. Red-tailed
Hawks, Laughing Gulls (Larus atricillu), and
Cattle Egrets (Bubulcus ibis) prey upon eggs,
young, or adult terns that are within 60 cm of
open areas (Saliva, unpubl. data).
MICROHABITAT SELECTION
Walsberg (198 1) observedthat the Warbling Vireo (Vireo gilbus) locates its nest with regard to
the vegetation/sky mosaic produced by the plant
canopy so as to create a favorable radiative environment. This favorable environment was not
solely produced by the tree or shrub in which the
nest was placed, but also by any other overhead
vegetation within view of the nest. Besidesmaking the nest less conspicuousto predators, such
placement shelters the nest from wind, excess
nocturnal radiation loss, or excessdiurnal heat
gain from solar radiation (Walsberg 1985). Thus,
we predicted that the Sooty Terns would nest
under taller and denser vegetation that would
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provide easy movement to and from the nest,
and enough cover to avoid heat stress,adverse
climate (e.g., heavy rain), and predators. Sooty
Terns at Cayo Yerba selected nest sites where
the percent vegetation directly above the nest
was higher than in the random points (Table 2).
As suggestedby Burger and Gochfeld (1986), this
preference may relate to maximizing cover for
protection from predators and inclement weather.
In this study, Sooty Terns in the experimental
plots showed a marked preference for nesting
where the orientation of the closest open path
from the nest was south to southeast. Since the
predominant wind blows over Cayo Yerba from
the east or southeast,the terns chose a nest site
where a path for easier departure and arrival was
located (it is easier for the terns to take off and
land facing the predominant wind direction). A
thermoregulatory advantage may also be conferred by orienting the nest in the predominant
wind direction. Orientation into the wind may
increase convection, thus removing the excess
heat from the nest or enhance the evaporative
cooling of the young (Ricklefs and Hainsworth
1968, 1969; Austin 1974, 1976; Burger and
Gochfeld 1987b).
In the control plots the orientation to the nearest open path was not significantly different between nests and random points, apparently becausethe control plots had very few sparseopen
paths, and more than 95% vegetation cover. Given that very little effective wind can penetrate
the thick canopy, the terns would not gain any
particular thermoregulatory advantage by orienting their nests towards the wind.
When the microhabitat around the nest is unfavorable (e.g., lethal temperatures, incident radiation, or exposure to predators), parent Sooty
Terns may become inattentive, exposing eggsor
nestlings to heat stress or predation, and thus
eventually decreasingtheir reproductive success.
In suchcases,only those terns nesting in optimal
microhabitats would nest and fledge young successfully.Sooty Terns at Culebra choosenest sites
under tall vegetation relatively far from open
areas, and which offer the highest percent vegetation cover directly over the nest that is available on the plots. Our study suggeststhat the
Sooty Terns at Culebra select nest sites which
provide: (1) nest concealment from predatorsunder dense vegetation cover, (2) greater distance
from an open path to potential avian predators,

and (3) protection from heat stressand extreme
weather conditions.
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