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The study of nestsite selection is impor-
tant on theoretical and applied conservation
grounds. Breeding bivds are confined o the
nestsite during incubaton and the chick-
rearing period, and the selection of an ap-
propriate nest-site should allow birds to min-
imize the adverse effecs of predation,
inclement weather, or conspecific aggres-
sion, affecting reproductive Atness and sur-
vival {Partridge 1978). Nesting habitat may
be arnhcially manipulated to enhance pro-
ductivity of endangered species such as the
Roseate Tern (Sterma dougallisy. Nestsite se-
lection has been quite well studied in terns,
including Roseate Terns in temperate areas
{ Burger and Gochfeld 1988a; Gochfeld and
Burger 1988; Ramos and del Nevo 1995).
Tropical Roseate Tern populations have re-
ceived much less attention {(but see Burger
and Gochfeld 1988b). This study examines
nestsite selection by Roseate Terns on Aride
Island (Sevchelles), where this species nesws
under a tree (Pisonia grandis) canopy {War-
man 1979).

Habitat variables apparently selected by
temperate Roseate Terms for nesting vary

among colonies, but a common pattern is
the selecion ol certain characteristics, for
example, proximity 1o an elevated item such
as a rock or tall vegettion, that provides
nestsite concealment { Burger and Gochield
1988a, 1988b; Gochfeld and Burger 1988;
Ramos and del Nevo 1995). Nesisites in
tropical colonies such as on Culebra, Puerto
Rico, seem 1o be more open. There, Roseate
Terns nest closer o conspecilics, farther
from vegetation and with greater visibility in-
dices than do those nesting in temperate ar-
cas (Burger and Gochfeld 1988b). This
pattern muy in part be explained by the
greater availability of open habitas in vopi-
cal areas, since Roseate Terns on Culebra
also select concealed sites: their nesis are
closer to overhanging rocks and to waller veg-
etation than would be expected by chance.
Concealment may be beneheial against avian
predators (Burger and Gochfeld 1988b) and
nesi-site competitors (Ramos and del Nevo
19495).

Diespite some plasticity in nesting habitat
by Roseame Terns (Ramos and del Nevo
19495}, previous studies suggest that primary
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features of nestsite selection may be com-
mon to both temperate and tropical Roseate
Tern populations. Therefore, it is important
to study nestsite selection in additonal rop-
ical populations to understand patterns of
nestsite selection and their driving factors.
On Ande Island, wo lizards, Waght Skink
{Mabuya wnghtin and Seychelles Skink
{ Mabuya sechellensis), are the main egg pred-
ators (Ayrion 1994; Maul 1996; Ramos
1998}, waking only unauended eggs (Ramos
18}, Avian predators are not present.
Theretore, Aride Roseate Terns should have
less need o conceal their nests.

Nestsite characteristics of Roseate Terns
on Aride Island are described in relation 1w
available habitat, to compare nest-site selec-
tion between tropical and emperate popula-
tions and to suggest possible manipulations
of the habitat that could enhance breeding
success of this endangered species (Goch-
feld 1985, Nishet 1988}, The Indian Ocean is
the world's stronghold for this species
{Gochfeld 1983), but very linle s known
about its ecology.

METIHDE

Arice Island (410, BA*0°E), s n 7.2 hin Royal Sa
ciety for Mature Conservation reserve rising G 151 m, It
is a denselyvegetated granitic sland, vegetated mainly
with Poeiie, and has a (ew open glade areas. Crpen
gladis were ariginally domimited by o sedige [ Marsow
Frulorish but recently hive been invaded by an acantha-
cecus herb [Amitasia spd, which forms a dense mat of
stens (Warman and Todd [984), Open rocky areas are
restricted o the seashone.

Tern paspabations in breoding geirs ane estimaisd o
172,0M} for Sooty Tem (Stema fuscada), 8,500 for Fairy
Temn {Chyis alba), VI000E for Lesser Moddy (Anous
femuirnadmiad, 0040 Gor Brosm Moddy { Aneas srallds), 70
for Bridbel Term (Srame amaetheiand (Bets 1997 dnal
L11% for Roseate Tern (Ramos 19E), The Lesser Mod-
dy and Fairy Tern nestin wees throughow the island, in-
cluding above the Rodswate Tern colonics. The Sonty
Tern nests in open ghudes and under tie enchsed tree
cankopy [Feare o al 19975 abouit 2030 m froam the Rose-
ate Tern subcolonics, and the Brown Neddy nests on
boulders and in palm trees, There are arge numbers of
Wright Skinks and Seychelles Skinks, which fecd on fe-
ces, dropped fish and egge of seabinds {Brooke and
Houston 1983),

O Aride, Roseate Terns are known to nest in apen
plades and usder the canopy of Piends {Warman 19793,
although the former habitat has not been used dince
1993 {Avrion 1954, Mand 19960, Prior o 1993, the larger
calony (the lodge glade) was an open area. This anca
was invaded by Amstasia and cleared in 183 10 encour
ape Roseate Tems to nest, but was instead colonized by
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Sooty Terms beciuse Arpstasee also inlibis Sooty Tern
nesting (Feare ¢ al 1997). The remaining open glades
are o cupied by Sooty Terns, where thelr nesting densd-
ties are much higher than under the woadland canopy
{Feare «f al 1997), o it & unlikely that Roscate Termns
will re-nest in open glades

This sy was carvied oul from May o July 1997
Three colonies were located in 1997 “western wood-
lands™ [a main colony and wo subecolonies), “hois tor
twe”, and “weitern roosting rocks”. The fimt two
colonies were under a canopy of Piois and the third
was in grass and open feck By the coast Sis chitches
were [ound on the western roosting rocks bat all eggs
were ghandoned soon afier laying. The breeding popu-
Lathon in the nuun colony of the western woodbands was
estirnated at LOBR pairs {Ramos 1993). The two sub-col-
oaiies were small discrere groups abaut 3050 m divant
from the main colony, having six and 19 nests, respec
tively, Bois toriue, about 70 m from the wesiern wisod-
laed colony, had teven nests, Apart froin some iree
stemns, there wis linle ground vegetanon within the
woodland colonies; some fern paitches adjoiming the
nesting arca appeared (0o dense for gerns w walk
through. Thereafter 1refer o ihe larger wesiern wood-
laniels eodory as the main eolony and the others as small
colonies.

Three sudy groups were defined; (1) the small col
onibes, (2] o quadias in the main colony, an edge
quisddrat with A9 m® and a center quadsan with fd m®, and
(3) an aren of abown 180 m? around a blind (i the main
calony (blind area), Nests in the Blind area were studbed
uishng low=ihistirbance methods, All nesis were mapped
at the tme of egg-lasing, (rom a permanent blind, erect-
ed o @ teee iank shout ong meter alove ihe grod;
andd the Fates of eggs and chicks were monitored daily,
The vwo quisdrats in the mam colony were establiabed
withy commer posts and stongg, 160 days alter the firm og
wiss geen (1 Juned, Al pests o the quadeats and tqu
colonies were marked with numbered pegs or wooden
iongue-de presiors, The two quadris were visually iso-
laved Travmm cach other and from the blind area by rocky
barriers, only birds in the one stady plor plus @ fow
neighbors left their nesss during the disworbapee of
eich research visit,

Dierabbed mest-sive eharacteristies were measured dur
ing 20-3) minuwe visits, beoween the 16h and 20th day
alter thee fiest cgg was secn, by minkmize dimarbance,
This vcourred abou gight o ten days alter the peak of
cgg-laying. but nes-mapping from the blind showed
thiar cualy mbie were lost before 20 June, with one
being velaid. Since 148 nests were mapped prior o 18
Jutie, and assuming &0 cqual proporion of ogg loss in
the blind area and quadrats plus small colonies, prokba-
by only about 4% of the nests were lost i the quad-
ratg andd  the small colonies  prior W nestsice
charscterization. This & a small error dhar woubd mol
have affected the study of nesting patterns.

For the small colomes and the edge quaded, data
were collected an all pevix and st a amilar namber of
rarrclom paints, In the cemter guadrat, due 1o high nest
density, nestsites and random points were chamcter
ized only in the first 16 m* of the quadrat. For the edge
andl center quadrats of the main colony, the ¥ coordi-
inate of the random points were establiihed svitematicals
Iy fevery meter) and the v coardinate randomly, usng a
table of random numbers. Fur the small colonies, the
ranctom podnts were determined by using a able of ran-
dom numbers to generate x and v coordinates for the
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Table |. Site variables recorded for nest sites and random points,

COLONIAL WATERBIRDS

=
-_ =

Siee vanablde Prescripiion

CMyect ditance Bistince to the nearsd vertical object {mck or log more than 4 om high) from the
edge of the nest w the base of the rock or log (am).

Ciyect herghi Height of nearest elevated obgect fom),

Vegetation cover Vepeation cover within 1 m radius of nest (%, visual estimation).

Vertical object around nest  Vertical object around the nest within 30 em (%, visual extimation),

Obfect overhanging Ogect overhanging dhe mest (%, visual estimadon).

Visabality from above Mesrsite visible from above (%, visual estimation).

Meighbor diance Diistance W0 nearest neighbor (cm)

poings, This slight difference in samphng was wed b
canse the second technigque should be more Appropri-
aie bor sampling availabde habitat in an area where nesis
are mare aciltered, Seven continuwais varisbles refliod -
ing concealment of the nestaite, shelter, veretation oo
e andl imtrspecitic nest density were recorded  (Table
1}.

Charactenisiics of Roseate Tern nestsites were com-
pared against those of mpdom poanis for the smali col
omies, the edge and the cemer quadras, and
Chanwieristics of noss of the main colony against those
of the small colonies, using RruskalWallis H reses.
Haiching success was registered for each nestsite and
charactenstics compared between suecesdul and unsue
cestiul nesis, uwang logisiic regression,

In the Bhnd area, the cgg-laving scason was divided
into owo pericds (146 June and after G June). 1 noted
whether or not each nest was placed under overhanging
objects (rock or logsh, Young chicks could be prcked by
adults if they wandered from the territory or when left
unguirded by their parents. Young clitcks which were
seen dead or which disappeared after being badly
pocked when last observed were regarded a5 having
ehiedd From pecking. (hverhanging objects provide pro-
tection from inclement weather and should minimize
the cifcons of adult aggression; therelore, nest-=ites with
cverhanging objects may be preferred (e, selectsd by
the carlicst breeders). A chisguare analvsis tesged che
ruull hypesthesiss thit nestsites initiated within each egp-
laving pericd had an equal frequency of nestsites with
cverhanging objects, and that overhang had oo infle-
cice on chick moreality from adule pecking, Chicks in-
izl with ticks {bards oheerved ::Iuh-.'.llh“; on one feot
only) in the blind area, quadras and small colonies
were noted also,

RESULTS
Nestsite characteristics on Aride

In the small colonies, nest sites differed
from random points with respect o all char
acteristics measured, while in the edge quad-
rat, five of seven characteristics differed, and
in the center quadrat only four characteris-
tics were significantly different (Table 2). In
all plots Object distance, Object height and
Object overhanging were the main variables
distinguishing nest sites from random points

(Table 2). Roseate Terns selected nest-sites
closer to aller vertical objects, and with a
higher percemage of rocks, logs or branches
overhanging the nest than were present at
the random points. In small colonies, Rose-
ate Terns selected nestsites with a taller
nearest vertical object, more vegetation cov-
er, more vertical objects around the nest and
more distant from the nearest neighbor than
were present at nestsites selecied in the
main colony.

The center quadrat had 1.23 nests m®
and the edge quadrat 0.63 nesis m®. Aride
Roseate Terns kept, on average, a minimum
distance of about 0.5 m from the nearest
neighbor. Neighbor distance was significant-
Iy carrelated with object height {r,=027, P <
0.01) and vertcal object around the nese (r,
= 0,22, P < 0.05). Observations from the
blind showed that Roseate Tern individuals
built several trial nestcups within the territo-
rv. Among other possible variables that may
have influenced the exact location of the de-
finttive nestsite, the nature of the subsirate
{itis probably easier o make a nest cup if the
ground is soft) and the aggressiveness of
neighbors (hve pairs were seen changing
nestsites after much aggression from neigh-
bors) scemed imporane Several such wial
nestsites seemed to be closer to the nearest
neighbor than were the eventual nest-sites.

Owerall, nesisite characteristics had no
influence on hatching suecess (logistic re-
gression, X%, = 8.08, P = 0.33). Hatching suc-
céss in the small colonies (44.0%, N = 25)
was lower than in the main colony (blind ar-
ea, B6.7%. N = 171} but the difference was
not significant (X%, = 2.21, P > 0.05, Yates cor-
rection). Within the main colony, the hatch-



Table 1. Comparison of characieristics of nest-sites and random poinis ot the three study sites on Aride Ilsad (means & 5D sod Kruskal- Wallis H values, with P values in pares-

thieses).

Wesrern woosflands (main codaomy)

conparion of
fresly odn Lhe Fn

Erokal-WalhsH coloy and small

Kriskal-wallis

Cenier Small colonies

Edge

Randoim  Eraskal-WallisH

colonies

(1. M=48} ()

Random
Nests points

Random  Kroskal WallisH
points il N=545 ()

N0z 2
03xT7H

MNews

(1, N=B1} (P

point

16.2£14.1
10.2£83

]

15,3 (0.001) 1.4 {rs)

I90£ 122

THESS
M6z lhA9

160 (0.001)

6.7T+532
IEB 1158

372ET
2TEI

108 (0.0 )
7.8 ({01

03 imsj

66137
17.417.0
3+1.7

4.1 {0.0%)
4.7 (0.05)
5.4 (0.08)

4.8 (0.050)
3.9 ((u05)
14.9 (0.001)

1£5% 109
332027
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Ja£17.1

438=215

7.7 {00l
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1.4 {ns)

I5+38
o1 B gl

8.4 (0.01)

19.9 £ 206

Caower by vertical object 31.7 2215

(%)

Object hesght (om)
Vegetation cover (%)

Ohject dimance {om)

182140 6.4 (0.01) 0.8 ()

21243 6.8 (00T1) 82=128 13242 T2 (M) 18.5=30.2

10.8 & 184

Object everhanging

(%)

2.3 {nx)

59.7 2380 995+ 156 AT ((hidl)

15.1 {0061 )

§73:74

42245

3.0 (nx)

BRALT0 DO0xI5A

Visibility from above

(%)

19.6 {0.001 )

602846 20002 1088 0.2 (i)

4621170 466%194 0.0 {nsj

2.9 (0.05)

BlLGE33S T4T1339

MNeighbor distance

{em)
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ing success of the center quadeat was
significantly higher than that in the edge
quadrat (73.8% and 51.1%, N = 84 and N =
45; X%, = 5.7, P < 0.05, Yates correction), sug-
gesting that factors other than physical char-
acteristics of the nestsites contributed 10
hatching SUCCEss.

In the Blind area, there was no difference
in the frequency of nestsites with overhang
initiated between the periods 1-6 June and
after 6 June (X, = 3.0, P > 0.05, Yates correc-
tion, Table 3). The presence of overhanging
ohjects (rock or logs) did not have any signif-
icant effect on hatching success for both the
periods 146 June (X* = 0,63, P > 0.05, Yates
correction) and afier 6 June {}:", =19, F>
0.05, Yates correction, Table 3}, but it was sig-
nificantly associated with the proportion of
chicks that died from adult pecking {four
chicks in nestsites with overhang and 15 in
nestsites without overhang; X*, = 5.26, P <
0,05, Yates correction), During this study vir-
tually all chicks died from starvation, and
there was extensive interference from neigh-
bors and Failed breeders during chick leed-
ing (Ramos 1908). Some medinmssized
chicks were seen hiding in overhangs or Fac-
ing vertcal rocks where they could swallow
large prey without being robbed,

Chicks were also heavily infested with
ticks {Amblyomma locwlosum) in July. OfF all
miarked nests, only two chicks fledged, from
an isolated small colony without ticks,

Comparison with Other Colonies

In terms of physical features, nestsite
characteristics on Aride were similar to that
in the United States {Burger and Gochfeld
1988a; Gochfeld and Burger 1988), the
Azores (Ramos and del Nevo 1995) and
soome colonies on Culebra, Caribbean (Burg-
er and Gochfeld 1988b). Vegetation cover
around the nestsite was a major difference
hetween unpita] Roseate Terns on Aride and
those on Culebra, The beneficial effect of
ground cover on Culebra was replaced by
the tree canopy on Aride. Other tropical Ro-
seate Tern populations seem to nest in more
open areas: in the Virgin Islands on unvege-
tated ledges or sealevel coral rubble



444

{Norton 1988), in Parguera, Puerto Rico, on
barren coral rubble cays (Shealer 1995), in
Tanzania and South Africa on bare coral
rock or on mats of detritus (Thomas and El-
liot 1973; Randall and Randall 1981, and on
the Great Barrier Reef, Australia, on flat cays
of coralline sand covered with grass, which
the birds prefer for nesting (Milton # al
1996}, on low vegetated cays with Black-
naped Terns (Stema  sumatrana)  (Smith
1991} and on bare sand near Black-naped
Terns (Gochfeld, pers. comm.).

Mean nearest-neighbor distance found
in this study is consistent with those found
for other wropical colonies: 66 em in South
Africa (Randall and Randall 1981}, 40-70 co
in Parguera (Shealer 1995) and 6397 on
Culebra (Burger and Gochleld 1988b), but
much smaller than those reported lor tem-
perate Roseate Tern populations: 80-126 cm
in the Arores (Ramos 1990) and 143 em in
New York (Burger and Gochield 1988a).

Dscssios

Nestsite selection by Roseate Terns on
Aride resembled that of temperate and some
ropical  counterparts,  Tropical  Roseate
Terns seem o select concealed nestsites il
they are available, but are not constrained
from nesting in open areas (Shealer 1995).

Social factors are important in the selec-
tion of nestsites since Aride Roseate Terns
nested, on average, as close as 0.5 m o
neighbors, when many concealed sites were
available around the colony. At high nest
densities, fewer variables differed between
nest-sites and available habitat, suggesting
that peak-nesting birds were unable 1o select
nestsites differing in physical features from
the available habiiat, due 16 the proximity of
neighbors.

COoLOXIAL WATERBIRDS

Distance to the nearest neighbor was pos-
itively influenced by the amount of rock cow-
er in the area, suggesting that a rugged
terrain will accommeodate more breeding
birds. Tropical Roseate Terns are more ag-
gressive than temperate counterparts {Burg-
er and Gochfeld 1988¢c; Shealer 1995; pers.
observarions). Thiz has been viewed a8 a re-
flection of the more exposed nesting habitats
in tropical areas (Shealer 1995), bur could
simply be a reflection of higher nest densities
in tropical areas. Higher nest densities may
also make social stimulation more important
for Roseate Terns breeding in the ropics.

Predation and interspecific competition
have been invoked to explain variability in
nestsite selection by emperate and tropical
Roseate ‘lerns  (Burger and Gochfeld
1988a.b; Ramos and del Nevo 1995). On
Aride nest-site characteristics, notably over-
hangs, had no influence on hatching success
and predation or interspecific competition
could not explain concealment. The higher
hatching success in the center quadrat may
be explained by older and more experi-
enced birds presumably nesting in the cen-
ter of the colony (Coulson 1968; Burger o af
1996). Ectoparasites were present on Aride
and may also influence nestsite selection,
but this needs svaluating.

Although the primary [eamres of nest
site selection are common to both temperate
and wopical Roseate Terns, the reasons be-
hind nesesite selection may vary among col-
onies. If not for other reasons, concealment
may be less stressful for breeding adulis, The
location of a nest-site should be viewed as a
dynamic procedure depending on the ag-
gressiveness of the neighbors, the softness of
the ground to make a nest cup, and vegeta-
tion and rock cover. Finally, the benefits of
nestsite seleciion to Roseate Terns may be

Tuble 3, Seasonal varistion in the hatching success of Roseate Terns in relation (o nests with and without overhang.

S pnsted within Mumber of nests

Fowith I:h'd!l"l.'.'ill“

Hatching succes and overhang (blind area)

143 Juns:
Adver 6 June

o with overhang that % withour overbang

harched ihat haiched
4.2 L] TG
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difficult o quantify with conventional ap-
proaches like the one nsed in this siudy, It

may be necessary to record adult and chick
behaviors and relate them to nesi-site fea-

tures, to deepen our understanding of nest-
site selection.

In practical terms this study suggests that
partial overhangs may reduce chick mortali-
ty from adult aggression. Artificial shelters
increased the reproductive success of tem-
perate Roseate Terns (Spendelow 1982) and
could be used in the tropics.
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