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The western Indian Ocean supports over 6 200 000 pairs of Sooty Terns, some in very large colonies. During the past two
centuries colonies have exhibited increase, stability, decline and extinction. The main drivers of these trends have been
habitat change and unregulated human exploitation, especially of adults; introduced predators appear to have little effect at
the population level but may have prevented re-colonisation following habitat restoration. Regulated harvesting of eggs,
based on increasing knowledge of Sooty Tern demography, appears to be sustainable. Some colonies now receive protec-
tion but it will be logistically difficult to extend this to all colonies. The main future threats are likely to be climate change and
over-exploitation of tuna, on which Sooty Terns depend to feed. Sooty Terns should be monitored to provide insights into

these and other perturbations of the marine ecosystem.

Introduction

Sooty Terns (Sterna fuscata) nest typically in colonies on
oceanic islands but they also nest on some offshore
islands. Colonies commonly contain hundreds of thousands
of pairs but sometimes house over one million pairs.

Most Indian Ocean Sooty Terns (Sterna fuscata), and the
largest colonies of this species, occur west of longitude
76°E, i.e. west of India and Sri Lanka (Figure 1, Table 1).
Western Indian Ocean colonies are perhaps the best-
surveyed Sooty Tern colonies in the world. Most of the
largest colonies have been recently censused, permitting
revision of data provided by Feare (1984a) and Schreiber et
al. (2002). The histories of some Seychelles colonies are
reasonably well known through records of the local egg
harvesting industry, together with research associated with
that industry (Ridley and Percy 1958, Feare 1976a, 1976b,
1984b). This paper examines historical changes in popula-
tion, and factors that have driven population change.
Potential drivers of future change are also identified.

Extant Sooty Tern colonies of the western Indian Ocean

Recent estimates of colony size have generally been
obtained by measuring nest density and colony area, and
multiplying an average of the former by the latter. Nest
density has been measured in randomly selected sampling
areas (Bowler et al. 2002, Feare 1979a, 1999a, 2003,
Feare and Gill 1995, 1996, Feare in Rocamora et al. 2003,
Le Corre and Jaquemet 2005). In addition to these
estimates that provide a degree of precision, the literature
contains vaguer references to colonies containing ‘tens’,
‘hundreds’, ‘thousands’ or ‘tens of thousands’ of pairs.
These data show that over 6 200 000 pairs currently nest in 35

colonies in the western Indian Ocean (Table 1), most of these
nesting in Seychelles and Mozambique Channel colonies.

Extinctions and historical population changes

Fourteen colonies are known to have become extinct within
the last century (Table 2), with another colony on islands off
Mahebourg, Mauritius, having probably disappeared long
before that time (A Cheke, Oxford, UK, pers. comm.). Most
were small but those on lle Pierrot and Ile Combrani
(Rodrigues), Diego Garcia (Chagos) and Agalega, were
reputedly large, as may have been those on lle Platte
(Seychelles) and Tromelin (Brooke 1981). These colonies
became extinct before good records were available but we
estimate that a minimum of 600 000 pairs would have
nested in them.

Eight extant colonies are known to have been larger in
the past (Table 2). Over 1.5 million pairs have been lost
from these colonies, mainly in the Seychelles and
Mascarenes areas (Table 2).

There is little information on population changes in the
Mozambique Channel. However, the population on Europa
is probably the most stable since it suffers very little human
disturbance; Glorieuses colony may suffer poaching from
Mayotte and Madagascar and the Juan de Nova colony
may have increased following the cessation of guano
exploitation in the 1970s, but there are no data.

The known colony reductions and extinctions suggest
that perhaps over two million additional pairs of sooty terns
may have bred in the western Indian Ocean a century or
more ago, most of these nesting in the Mascarenes and on
Bird Island, Seychelles.
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Figure 1: Sooty Tern colonies in the western Indian Ocean: numbers on the map refer to the localities listed in the text box. More details on
these localities are given in Table 1. Active colonies are indicated with a proportional plot according to the number of breeding pairs and the
number of colonies per size category are indicated in the legend. Extinct colonies are mapped with stars and their numbers are in brackets

It is encouraging to note that there appear to have been
some re-colonisations in recent years, notably on Diego
Garcia’s islets (Symens 1999), lle Coco (Rodrigues) in the
1990s (J Hume, University of Portsmouth, UK, pers.
comm.) and Cousine (Seychelles) in the early 2000s (Q
Hagens, Cousine Island, Seychelles, pers. comm.).

Factors underlying population change and extinction

Many factors, that have differed between island groups,
have driven population changes and extinctions. Some of
the changes pre-dated written records and so we do not
know their timing but some descriptions are available of
changes in progress during early expeditions and from
these the likely impacts can be inferred.

Habitat change
In Seychelles, the most widespread anthropogenic factor
that led to declines in Sooty Tern colonies has been habitat

modification associated with agriculture, especially the
planting of coconuts. The best-documented example is Bird
Island, where the planting of coconuts almost excluded
Sooty Terns, but numbers increased substantially following
partial clearance of the trees (Feare 1976a).

During the late 19th and early 20th centuries coconuts
were planted on most islands in the Seychelles (Procter
1984, Stoddart and Fosberg 1984). On sand cays they
replaced littoral vegetation, as on Bird Island, but on some
of the larger cays they may have replaced littoral woodland.
On at least some of the smaller central granitic islands of
Seychelles all native woodland vegetation was removed to
make way for coconuts (Sauer 1967, Procter 1984). On the
sand cays, ground-nesting seabirds probably had a role in
maintaining the structure and composition of the open herb
and bush communities attractive to Sooty Terns (Stoddart
and Fosberg 1984) but in plantations these communities
were replaced with understorey of either well-maintained
mats of short, dense introduced herbs, such as grasses, or



425

Ostrich 2007, 78(2): 423-434

("wwoo ‘siad

‘so||loyohag ‘puels| paig) Ares o 3 siaquinu abue| ¢, aneldal 1Lz
puels| yinos
Aeme papoia sey pue|s| 3 (sejueliwy) syueg uesuyy  0Z
$0.61 ul
+000 0 wol puels| yuoN
(2661) 9 g 21e0 ‘(BELEL) DJEDH jenuue ‘sunp—Aep\ aieq Ajjenuue Buiyoeod asusiu| paosnpaJ yonpy 000 G> (sejueliwy) syueg ueouyy 6l
ejep paysigndun 41D sleo + ‘@|geynsun mou
‘(8g61) Aotad 3 Aejpry 1elgey ‘pejsenley Apewiod 3 (sepuenwy) (e|be3 =) snwey gl
ejep paysiigndun 41D uoIsola puels| ulepadun snjejs oy /1
Auojo9 Jo
Jley uo jsanley 66s [ebs]  umouyun 8|eds awi}
(2661) Je jo a1ea ‘sisusojewel ejoydiejfyoes ‘ymoub uoneyoban
‘(G661) 19 % alea |jenuue ‘sunp—Ae\ e 10 ymmolb aAIssaoxg 0] @np paonpal ¢, 000 00SG 2 (seenwy) sypneousag 91
eyep paysijgndun 4ro [enuue ‘sunp—Aep sje s|gess ¢, 000 092 (1eynbied) epeleon Gl
(£002) /e }o eijoweooy jenuue ‘sunp—Aep\ aie Buiyoeod Ajgissod ‘sieo ‘sjey a|qess ¢, 000 O¥L L (opsjowso)) 9| pueis |
(se10ads siy}
(0261) 'Ie jo sukeg aunf Jo Yoseng, ¢ Alqissod) |lews (enoisy) encisy ed €l
sa||ayoAasg
eUBURIISIUY JO AW\ PUB BJeljo]
(1002) Y8oloid YINODIZ JO S ‘OuBIUIB JU }SEBOD T JJO
(0661) pueibue] a|geuepn 1soniey paje|nbaiun Buisealoaq spuesnoy| ‘euiseweo] JO S 1Se0d J Yo svIs| gL
Jleosebepepy
(8661) 1owouy Ajjeba)|1 paysenieH ¢ spuesnoy | anbiquezo|y yo spuejs| L}
(g/261) ‘e 3@ uosuag ‘(ssaid ui) a|geLeA Inq 1seney |ebo|l ajqissod
jowenber g a110) 97 judy—yotey Apson ‘pajesipela Ajusoal siey 1A 000 02 esololo ‘sAnp 9|l 0l
(ssaud ui) S}eo |eJsy
yowenber g 81109 o7 |enuue ‘Jawwns |essny ‘uoneyiojdxe ouenfb Jawio 9seaIoul 9)qIssod 0000002 eAON op uenp 6
(ssaud ui) Jpwanbepr
9 81109 97 ‘(100g) 840D 97 lenuue ‘ysnbny—Ainp juasaid syey a|qess ¢, 000 09/ edoing 8
|auueys anbiquezop
(0861) uonug
‘(0261) ‘e 18 suukmo 19qWIBAON juasaud siey ¢, Spuesnhoy} Jo sua| puejs| weyje /
0861 uonlg 3 é uweejegs s Jeqg 9
(9661) ‘[e jo uewlswWIZ Jsaney 663 & 0G0 pueis| eysiy g
(0861) uonug 3 00l pueis| eyey v
(0861) uonug 1snbny é spuesnoy | spue|s| amaua] €
ejuezue] jeAuayy
(8661) IIISIN B USY aunp & 6Ll oysipbnpy Jusyes| ¢
(g661) sButuuar ‘(9y61)
YHON ‘(8661) I1@3SIN 8 UsY aunp S0¥61 Jussaid sjey ¢ siequinu ab.eT (vew =) pueis| uphepy |
eljewos
(pre| sbba) ounxe = 3 (saed)
90IN0S uosess Buipasig sjealy] spuat] az|s uonendod pue|s| ‘ON

| @InBi4 UO SUOIED0| 0} JoJoJ UWIN|OD PUBY Y3] 8y} Ul SIsquinN "Uead uelpu| uidlsam ayy ul suonendod (esojiqnu ejeoasny euig)s) uis] A10og :| ajqeL



Feare, Jaguemetand Le Corre

426

(9661) 21100 o7 juasaid snoibaniou snjjey 3 abue| A|qissod uljowol]  g¢
eale Buisau o) aJiy
}saniey J9S Oym Jaumo pue|si Aq
660 uo (£g8g1) uoymaN ajonb €y61 pajedinxs (pajos||0o
oym (g861) Aoime x axayd Apawioy spJigess ||e jo sbb3 3 Auoj0o abnH eboeby /¢
(9661) 12 spue|s| swos S0/61 Ul
Jo uopauuIMS (0861) SPUBIMOY uo siey ‘sbbo pue synpe spuesnoy} Jo spaipuny
%9 SWwellliM (9261) spueimeN syjuow 3o J0 }sontey pajenfaiun wouy suljpsp Big 000 0C uopueigis 9¢
@oueqJnisip uewny
pue jejiqey psjouisal
(¢661) ‘812 1199 (2861) ®48UD MOU ‘}saAley paje|nbaiun 3 siaquinu abie (senbupoy) lueiquod 8|  G¢
a@oueqgJnisip uewny
pue jejiqey psjouisal
(c661) ‘e Jo 1199 (£861) 848UD mou ‘)seAiey pajenbaiun 3 siequinu ab.en (senbupoy) jousid 8|l ¢
(‘wwoo "s1ad) sauor 9 Jejnbaul| aouUBqJNISIp uewNY JOUlN Buisealtour ¢, 000 Z-00S L (sanbupoy) s000) 9| €€
(e661) ‘[e o |jog (‘wwod
'siad) sauor O {(g661) ploges pabuojoid 8[gess ¢, 000 00€—000 00¢ (snpunep) uedies  zg
saualeasep
1sensey |ebo| oipouad
MOU ‘eaJe Auojoo ul asealoul Biq
(e6661) |0JjUOD JBpUN sjue Uaym aouls ‘sQ96 |
alea ‘(9661) |19 B 2Jea lenuue ‘sunp—Ae|\ 91e7 Azeio ‘pajesipels syey 0] 9SBaldap 9I9NSS 000 00/ 2 (so|oyohkeg) paig  Lg
uones|uojoo-al
(‘wwoo -s1ad) susbeH O pajwi| Jusoay 002
ejep paysiigndun 41D Mou jejigqey pajwil|
‘(8G61) Aolad g As|pry lenuue ‘eunp—Aep\ 91e7 ‘paysanley Allowio4 3 é auisno)  0¢
ejep paysiigndun 41D a|geynsun mou
‘(gge1) Aosad B Asjpry |lenuue ‘sunp—Aep\ a1e7 1enqgey ‘paysanley Ajowio 3 é uIsno) 62
("wwo9 "siad ‘sa|jeyoAas ‘puels| apuy)
‘spag IN ‘erep paysigndun 41D |enuue ‘aunp—Aep\ aje payoeod Apenbay é siaquinu |lews (s9loyohag) 191s] Agoog gz
paonpal mou
(2002) 'Ie 1o 481MOg [enuue ‘sunp—Aely e ‘)sensey [eBs||I olpolad 8|qeIs 000 00€ 2 (sellpyohes) eply  /z
ejep paysiigndun 4o lenuue ‘aunp—Aep a1e7 1S9AJRY DIpolad ¢ Mo (so||oyohag) alebalq 10| 9z
paonpai mou A|geqoid
(ez00g) aJea4 |enuue ‘eunp—Aep\ aje 1soniey |eba||l olpollad  9|gels mou Ajgeqold 000 ¥ 0 (se|yohesg) Joey Gz
ejep paysiigndun 41D
‘(8g61) Aotad p Aajpry 3 slequinu |lews (salieyohag) sayoep xne a|l g
ejep paysiigndun 41D
‘(8561) Aoted 3 Aepry 3 sioquinu |lews (selleyoheg) sojpwwep €z
ejep paysiigndun 41D
‘(8g61) Aotad  Asipry 3 siaquinu |lews (sellpyohes) syoes 8|l zz
(pre| sbba) ounxe = 3 (saed)
20IN0S uosess Buipasig sjealy] spuai] 8zis uoleindod pue|s| ‘ON

(‘o) ) 81qeL



427

Ostrich 2007, 78(2): 423-434

000 062 9 < (Auo yueixe) [ejor.
(€961) sdiud [udy—yolep ¢
(¥661) BosvjeYS B USY & ¢ & ¢ IO}y nusas 9y
SaAIple
(9661) ‘e 1o maylep sjinpe pue

‘(6£61) sweg (9/81) swnH syjuow 1so sbba jo Bunyos||00 swos ¢ spuesnoy md S
daampeysye]
(6961) Aoldry B Il ¢ ¢ ¢ ¢ enyseleye|y ‘syo0y eunbusp by
elpuj
(0661) uospreyory (9661) lleuldsy paa.q jou se0( JoyIsIA 801B0S (lgeya navy) pueys| uleUwIED €

sejeliw3 qely papun
(‘wwoo "siad) saybejes N aunp 1senley 663 ¢, Sou |ews ‘s|qeqoid sileluewAieq gy
("wwoo "siad YN ‘“Aes|eg) Jaybejes |\ aunp 1seniey 663 ¢ o) uleAleq e wwn Ly
uewoQ

Jayjoig yinos

(6661) suswisg JepN—ge4 Buike Slel¢  ¢UONESIUO|0D-8Y 00Z /1L ‘Jayjoig SIPPIN ‘MO eeS

(‘wwoo "s1ad) ey 4 Jeah ||e Ajgissod 1ng SJapue|s| Jo aouapisal

‘(2881) yosuid ‘(98gL) suinog ‘Jusioyep ejeq ydes ‘Ainp Buunp ysensey pejenbaiun 3 000 001 @ eplen ofeIq  oF

(6661) suswAsg JeN—ge4 Buike £SIeY (SISHN0} ‘uswIBys! 008 SS (spueyst

abe|jinboy ayad ‘enbuon

‘loseled) ||0}e soyueg solad

(spuejsi anbuo]

(‘wwoo "siad) 1en 4 slapue|si Jo aouapisal buunp paonpal 9ZIS umouun ‘aka ‘@be|inbo) pueis

‘(Z961) auueje-nes)sno 1deg ‘qe4—AoN % Bny—Aep 1saAey pajejnbaiun yonw Ajqeqold O S8JU0j0) 9 119d) ||l0}e soyueg solod  BE
sobeyn

(pre| sbba) ounxe = 3 (sared)
92In0S uoseas Buipasig sjealy | spuai] az|s uojeindod pue|s| ‘ON

('uo2) 1) @1qeL



428 Feare, Jaguemetand Le Corre

Table 2: Principle factors involved in the extinction or reduction of Sooty Tern colonies in the western Indian Ocean. For locations of islands
see Table 1 and Figure 1

Extinctions Habitat Introduction Human Other factors

Island change of predators exploitation or unknown (?)

Mafia ?

Dar es Salaam ?

Remire v !

African Banks (S) v

lle Platte ?

lle Seche V2

lle aux Vaches (Grand Anse) v?

Mammelles V2

Cousin v NE

Mahebourg islands (Mauritius) v

lle Pierrot v

lle Combrani v

Agalega v Deliberate removal*

Tromelin ?

Diego Garcia v

Reduction Extent of reduction®

Madagascar islets v ?

Desnoeufs v ?

African Banks (N) v 20 000 to 5 000°¢

Cousine v 3 Now c. 2007

Bird v 2 000 000 to 18 000 in 1950s,
now 700 0008

lle Cocos, Rodrigues v? Formerly many thousands®.
Recent re-colonisation,
now to c. 2 000"

St Brandon v 100s of thousands to 30 0002

Chagos islands 2 2 ?

" Introduced predators were not implicated in the extinction of the Remire colony but may have deterred recolonisation along with deteriora-

ting habitat.

2 Human exploitation is assumed to have been involved but there is no direct evidence. Symens (1999) regarded rat infestation as a major

factor limiting present seabird numbers.

3 Eggs were harvested from Cousin and Cousine but changing habitat is likely to have been the main cause of colony decline, with this view
now reinforced by limited recolonisation of Cousine following appropriate habitat creation.

4 The island manager burned the colony area in 1943 — see text.

5 Sources: ®Feare 1979b, 7Q Hagens pers. comm., 8Feare and Gill 1997, éRidley and Percy 1958, °Cheke 1987, '"°Showler 2002, '"C Jones,
Mauritius Wildlife Foundation, pers. comm., J Hume pers. comm., 2Newlands 1976, '2Swinnerton et al. 1996

dense low trees (Stoddart and Fosberg 1984), both of which
would be inimical to Sooty Terns. These habitat changes are
most likely to have underlain the extinction of the small (judged
from egg harvest data in Ridley and Percy 1958) colonies on
Remire (Amirantes), and Cousin and Cousine (Seychelles).
Subsequent dereliction of the coconut plantations at these
localities led to a dense understory that prevented recolonisa-
tion, but a small area that has been cleared on Cousine has
recently been recolonised (Q Hagens pers. comm.).

On Desnoeufs, in most years the birds’ nesting area is
restricted by a dense growth of introduced Stachytarpheta
Jjamaicensis (Feare et al. 1997). On Aride, the nesting area
is restricted in years when introduced Asystasia gangetica
grows densely (Feare at al. 1997).

Geomorphological changes

Sand cays are to varying extents unstable and susceptible
to changes in sea level, storm surges and changes in
currents. In 1976 South Island of African Banks (Amirantes)
was observed to be eroded and was visible only at low tide

as a small rocky protrusion above the water (Feare 1979a);
this situation still prevailed in 1997 (CJF pers. obs.). In
1976 Etoile had also largely eroded away, leaving a large
sea-swept sand bank with a small, c. 0.3ha, vegetated
area, supporting some nesting Common Noddies (Anous
stolidus) but with no evidence of recently-nesting Sooty
Terns (CJF pers. obs). In these two cases erosion had
deprived Sooty Terns of former nesting areas. Conversely,
in the late 1990s and early 2000s accretion of sand on the
northern and north-eastern beaches of Bird Island led to the
development of early and later successional beach vegeta-
tion, which has now (2003 and 2004) been colonised by
Sooty Terns, adding c. 2ha to the colony area. Juan de
Nova, which is also a sand cay, may also experience similar
changes that could affect the Sooty Tern colony.

Introduced mammals and other animals

Most islands have populations of introduced mammals,
including commensals, especially Black and Norway Rats
Rattus rattus and R. norvegicus, mice Mus domesticus, and
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cats Felis catus. Some have domestic animals such as
pigs, goats, chickens and others, while a few have
herbivores, including rabbits Oryctolagus cuniculus and
hares Lepus capensis. There is no evidence that any of
these have been responsible for the extinction of Sooty
Tern colonies from western Indian Ocean islands. From
1967 to 1995, when Black Rats were introduced and
eradicated respectively on Bird Island, Seychelles, the rats
took few Sooty Terns (Feare 1976a) and the colony
increased greatly despite the dense rat infestation.

On Grand lle, Cosmoledo, Sooty Terns coexist with both
rats and cats but there are no data on the extent of
predation or on Sooty Tern population trends. Ridley and
Percy (1958) reported abundant rats on Remire but did not
mention cats. In 1976 cats were abundant and killing large
numbers of Bridled Terns Sterna anaethetus and Lesser
Noddies Anous tenuirostris: many corpses were found over
the island during a brief visit (CJF pers. obs.); cat predation
here might prevent recolonisation by Sooty Terns if suitable
habitat were made available for them. Cats, but not rats,
formerly occurred on Cousine, where their presence may,
along with lack of suitable habitat, have contributed to the
failure to recolonise. Elsewhere in the western Indian Ocean
rats have been reported as common on Latham (Gwynne et
al. 1970, species uncertain), Mait (North 1946), Europa (Le
Corre and Jouventin 1997, R. rattus), Tromelin (Le Corre
1996, R. norvegicus, but some recent control attempts), and
on some of the St Brandon islands (Newlands 1976, R.
norvegicus). On Europa, rats prey on eggs and chicks (SJ
pers. obs.) and goats may sometimes trample eggs and
chicks. On Juan de Nova, feral cats take huge (but unquanti-
fied) numbers of both adults and chicks. On some of these
islands Sooty Terns remain numerous, again suggesting the
Sooty Tern colonies are relatively unaffected by rat infesta-
tions, as seen also on Ascension Island (Atlantic, Ashmole
1963, Hughes 2002) and Raoul Island (Kermadecs, Pacific,
Taylor 1979).

On Desnoeufs Island, Sooty Terns have co-existed with
rabbits for at least 60 years and did so on Bird Island for a few
years until the rabbits were eradicated along with the rats.
Rabbits may help to retain herb vegetation in a condition
attractive to Sooty Terns between breeding seasons, when
seasonal rains promote vegetation growth. Rabbits have been
recorded taking tern eggs on a Pacific island but this appears
to have been an exceptional incident (Brown 1974)

Sooty Tern eggs and chicks are sometimes taken by both
introduced and native birds. Introduced Common Mynas
Acridotheres tristis and migrant Turnstones Arenaria
interpres occasionally take deserted eggs around colony
edges (Feare 1976a). The endemic Seychelles Fody
Foudia seychellarum takes seabird eggs when incubating
adults are absent on Cousin and Cousine Islands.
Seychelles Fodies have recently been introduced (re-
introduced?) to Aride Island, where many Sooty Terns nest
at low density under the tree canopy. Here, Sooty Terns are
much more wary than in more traditional high-density
colonies in open areas (CJF pers. obs.), leaving their eggs
readily when disturbed, potentially rendering these eggs
susceptible to predation by fodies and skinks, Mabuya
wrightii, the latter of which tend to prey on Sooty Tern eggs

after disturbance. Cattle Egrets Bubulcus ibis take both
eggs and chicks, and also kleptoparasitise chicks by
chasing them and forcing them to regurgitate (Feare 1977);
the effect of this is probably minimal. Cattle Egrets also
attempt to drive incubating adults from their nests, usually
without success. During a year with a heavy infestation of
Amblyomma loculosum ticks on Bird Island, however,
incubating adults with engorged ticks on their feet stood
over their nests resting on one wing, with the infested foot
raised. These birds were more wary of intruders than non-
infested birds and left the nest at a Cattle Egret’s approach,
leading to egg loss (CJF pers. obs.). These predation
events are nevertheless comparatively rare. Feare and Gill
(1995) found that Cattle Egrets on Desnoeufs spent most
time foraging for insects around the colony periphery, rather
than in the colony searching for available eggs or chicks. In
Seychelles, frigatebirds Fregate spp. do not prey on Sooty
Tern chicks, but on Europa, frigatebirds, especially juveniles
and males, prey on chicks (Weimerskirch et al. 2004) as
already observed at Ascension (Ashmole 1963). At Europa,
Sooty Tern chicks are also preyed on by Barn Owls (Tyto
alba), as shown by the frequency of bones found in pellets
(MLC pers. obs.). Pied crows also wander in the colony,
usually scavenging but also occasionally preying on
unattended chicks or eggs.

Land crabs (Ocypode sp.) take deserted eggs and weak
or dying chicks and also scavenge dead adults, while on
Europa a hermit crab takes eggs even when adults are
incubating. Heavy tick infestation can lead to desertion of
parts of nesting colonies (Feare 1976¢ on Bird Island, SJ
pers. obs. on Europa and, to a lesser extent, on Juan de
Nova). In 1998-99, an infeatation of introduced Crazy Ants
Anoplolepis longipes led Bird Island Sooty Terns to avoid c.
2ha of their nesting area, most likely due to irritation by the
ants, although the ants were suspected of killing some
young chicks (Feare 1999a).

It seems unlikely that predation alone by these mammals,
birds or invertebrates has played a part in population declines
or extinctions but their presence may have contributed to the
terns’ failure to recolonise after earlier extirpation.

Guano exploitation

Guano was taken from western Indian Ocean islands from
the late 19th century until the 1970s and had ecologically
catastrophic effects on the most seriously affected islands,
i.e. Assumption (Stoddart et al. 1970) and St Pierre (CJF
pers. obs.), where entire seabird communities were
eliminated. Small quantities were taken from Bird and
Desnoeufs islands. Although extraction affected the islands’
topography, the effect on Sooty Terns was probably minimal
since they nest densely on such areas on Desnoeufs.
Guano exploitation occurred on Juan de Nova and lle du
Lys until the 1970s, but its impact on Sooty Terns is
unknown.

Human exploitation

In the Seychelles, Sooty Tern eggs have been commercially
exploited since at least the beginning of the 20th century
(Fryer 1910, Ridley and Percy 1958). In addition, eggs and
juveniles are harvested illegally from some islands.
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Eggs have generally been collected for local consumption
in Seychelles but in the 1930s yolks were separated and
barrelled for export. Ridley and Percy (1958) provided data,
from Seychelles government records, on the number of
eggs collected annually since 1928. The islands from which
eggs were collected are open to debate and some of the
estimates of eggs harvested from some of the islands, and
of the Sooty Tern populations claimed for some islands, are
impossibly high (Feare 1976b). Feare concluded that the
evidence for a major decline in Sooty Tern numbers was
unconvincing, and although some colonies had decreased
or become extinct, factors other than over-exploitation (see
above) were most likely to have been responsible. Both
Bradley (1940) and Ridley and Percy (1958) remarked on
the decline in yield apparent during the 1930s export of
barrelled yolk and during this period exploitation may have
been so great as to reduce populations. Nevertheless,
recommendations made by Ridley and Percy (1958, 1966),
Feare (1976b) and Feare and Gill (1997) on the manage-
ment of the industry to ensure sustainability have been
largely accepted by the Seychelles government and
implemented. Regulations now in operation are (1) the
annual harvest should be restricted to no more than 20% of
the area of Seychelles and Amirantes colonies, (2) vegeta-
tion within colonies should be managed to maximise the
area available for nesting, (3) no more than half of any
island should be cropped, and the non-cropped part should
be strictly protected, (4) 15% of income from the eggs
should be returned to the Division of Environment as a levy
to fund monitoring, policing and research. Since 1976 the
data available indicate that the populations of the major
colonies have remained stable or increased, suggesting
that the harvest as now undertaken is sustainable.

Despite the existence of a managed industry, illegal
harvests continue and have been made easier by improved
boats and navigation equipment. Poaching of eggs and
adults is generally limited to more remote islets that are
difficult to access and difficult to police, such as Booby Islet
(Seychelles) and African Banks (Amirantes). However,
attempts are made annually to poach from the large
(200 000-300 000 pairs) colony on Aride, a strict nature
reserve. The quantity of adults taken from Aride is, due to
the diligence of the island’s managers and staff, small in
relation to the population of the island and limited to sections
of the colony most distant from the settlement. The extent of
poaching from Booby Islet and African Banks, however, is
such that it is remarkable that Sooty Terns continue to
attempt to nest there; it is doubtful whether any chicks ever
leave these islands. The Seychelles islands from which
Sooty Tern colonies have disappeared — lle aux Vaches
(Grand Anse), Mammelles and lle Seche — are close to the
main islands and colony loss was probably due to egg
collection and disturbance, although there is no direct
evidence to support this contention.

Colonies on offshore islands of Madagascar appear to
survive despite unregulated harvesting of their eggs but the
sizes of most colonies and the extent of harvesting are
unknown; some colonies may be declining (MLC pers. obs.).

Sooty Terns formerly nested on islets off Mahebourg,
south-east Mauritius (Cheke 1987). These islets are very

close to the main island and very accessible, and human
disturbance and unregulated egg collecting doubtless led to
very early extinction, possibly before 1750 (A Cheke pers.
comm.). Serpent Island houses Mauritius’s only surviving
colony and its survival may be attributed to the rarity of visits
due to its hazardous landing (Newton 1956, Safford 1993).

Pierrot/Chat (37.5ha) and Gombrani/Combrani (34.5ha),
and at least at certain times lle Coco, all of which are
lagoon islands of Rodrigues, formerly supported large
colonies that were extensively exploited (Staub 1973,
Cheke 1987). Ease of access doubtless contributed to their
demise. The developement of lush introduced vegetation (A
Cheke pers. comm.) may prevent recolonisation. The only
extant Rodrigues colony is small, on Cocos, a sandy island
with open areas that provide suitable habitat, but this colony
is the result of recent colonisation, the island having been
devoid of Sooty Terns from around 1900 to 1980.

St Brandon (Cardagos Carajos Shoals), among the most
isolated of the western Indian Ocean islands, formerly
supported huge Sooty Tern colonies (Newlands 1976),
reduced in the 1990s to only 30 000 pairs (Swinnerton et
al. (1996). The decline is likely to have been due to
extensive harvesting of adults and eggs by employees of a
fishing centre based there, with a significant human
presence throughout the year. However, comparison
between visits is not straightforward on these islands as
Sooty Terns appear to breed all year, with birds at different
stages of development being simultaneously present on
different islands, and even sections of the same island
differing in the stage of the breeding season of its birds
(Newton 1956, Newlands 1976).

There is little information about colonies on islands close
to the East African coast and the causes of extinction of
those that have disappeared are unknown; human distur-
bance and egg cropping can only be suspected (Kromer
1998). In the Lakshadweep, the colony on Pitti appears to
survive unregulated egg harvesting, possibly due to the
prolonged breeding season and the inaccessibility of the
island for parts of the year.

Colonies for which the reason for reduction/extinction
is unclear

Sooty Terns bred in large numbers on Agalega until 1943,
when the island manager set fire to the colony and for
reasons unknown the birds have not returned since then
(Cheke and Lawley 1983); the vegetation is now unsuitable
(A Cheke pers. comm.). Prior to that eggs were harvested
in large numbers, officially for export to Mauritius but also
illegally by labourers on the island.

The extinction of the Sooty Tern colonies on Tromelin and
Chagos are surprising in view of their remoteness and
distance from centres of human population. Fishermen,
however, regularly visit them. Tromelin has a small resident
human population and Le Corre (1996) considered human
disturbance to be currently low. Whether human predation
was involved in the extinction of Sooty Terns is unknown.
On Chagos the large colony found by Finsch (1887) and
Bourne (1886) on Diego Garcia was being ‘severely
persecuted’ and disappeared within the next 20 years
(Bourne 1971), but whether human exploitation alone was
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responsible for the demise of this colony is unknown. In the
1960s smaller colonies were found elsewhere in the Chagos
Group (Lousteau-Lalanne 1962) but their former status is
unknown. In 1996, Symens (1999) found c. 73 000 pairs in
colonies on six of the islands, including some on islets of
Diego Garcia, which may represent recolonisation. P Carr
(Royal Marines, Bicester, UK, pers. comm.) speculates that,
with the departure of the ‘native’ human population following
the decline of the copra industry and the construction of a
military base on Diego Garcia in the 1970s, Sooty Terns
might have been able to return to islands from which they
had disappeared; more detailed surveys, covering all
months, are needed to test this hypothesis.

Changes in food supply

Ridley and Percy (1958) quoted hearsay evidence that in
some years when numbers of birds appeared lower than
usual in Seychelles and Amirantes colonies, more birds were
claimed to occur in the southern colonies of Cosmoledo and
Farquhar. Ridley and Percy thought that this could be related
to changes in food supply. In 2000, several birds that had
been ringed as breeding adults on Aride and Recif islands
nested on Bird Island (Feare and Lesperance 2002). In that
year, the Aride colony contained c. 100 000 pairs fewer than
the usual c. 300 000 pairs (J Bowler, Aride Island, Seychelles
pers. comm.). Aride and Recif are both to the south-east of
Bird Island and these movements of breeding birds might
indicate a redistribution of food within the Seychelles in 2000.
There have been no previous or subsequent appearances of
numbers of ringed birds from these two islands on Bird Island
(CJF pers. obs.). Fluctuations in food supply might therefore
temporarily influence local distributions of Sooty Terns, but
there is no evidence that changes in food supply have been
responsible for population declines or extinctions on particu-
lar islands.

Conclusions

The main causes of extinction and decline in western Indian
Ocean Sooty Tern colonies have been habitat loss and
human exploitation and disturbance (Table 2), with
introduced predators being insignificant with respect to
Sooty Terns (but they have of course been of prime
importance with regard to other seabird species). Diamond
and Feare (1980) found that island size and isolation did
not predict the number of breeding seabird species in the
Seychelles and that the approximate human population was
a better predictor. For Sooty Terns, however, extinction
does appear to have been associated with small islands
close to human populations. Elsewhere in the western
Indian Ocean, however, some large colonies close to
human habitation (e.g. Rodrigues) have been lost, but
some large comparatively-isolated colonies have also been
lost (e.g. St Brandon, Diego Garcia). In all of the cases
where human harvest and disturbance are implicated as
the main factors underlying extinction, the harvesting has
been illegal and unregulated. Under these circumstances,
adults are taken along with eggs.

The taking of large numbers of adults may be the critical
factor in determining population decline and extinction. Sooty

Terns are long-lived seabirds with low fecundity, deferred
maturity and high annual survival (Harrington 1974, Feare
and Doherty 2004). Population growth in species with these
characteristics is considered to be most sensitive to changes
in adult survival (Cairns 1992, Pfister 1998) and least
sensitive to changes in productivity. Temporary reductions in
productivity appear to be a natural feature in the demography
of tropical oceanic birds and arise through unpredictable food
shortages, adverse weather conditions, parasitic infestations,
and cyclic climatic phenomena such as El Nifio events
(Feare 1976a, 1976¢c, White et al. 1976, Schreiber and
Schreiber 1984). Whereas regulated harvests of eggs may
act as a surrogate for these unpredictable or periodic natural
occurrences, to which the Sooty Tern’s demography is
adapted, the harvest of adults could depress average annual
survival below the threshold required for population stability.
Habitat restriction, on the other hand, imposes a density
independent ceiling on the number of adults that can breed,
irrespective of adult survival, and additionally constrains
fecundity below that which could be achieved in the presence
of naturally-occurring limiting factors.

There may also be a relationship between extinction
probability due to unregulated egg harvest and seasonality of
breeding. In the Seychelles and Amirantes, colonies that
have become extinct, purportedly through over-exploitation,
have generally been small (Table 1) and here nesting is
strictly seasonal, allowing an approximate 6-8 week window
during which exploitation is possible. Colonies to the south
and east of Seychelles that appear to have become extinct
through unregulated harvesting have been much larger
(Combrani and Pierrot in Rodrigues, St Brandon, Diego
Garcia) and the St Brandon and Diego Garcia colonies
appear to have had more prolonged, if not all-year, breeding
seasons. All-year breeding could have led to all-year human
disturbance, allowing disturbance during the pre-laying
period — not normally experienced by colonies on an annual
cycle — to deter affected birds from breeding.

Current and future threats, and information require-
ments

Some current threats to Sooty Terns have been or are being
removed. In Seychelles, Aride and Cousine are now
managed as strict nature reserves, Bird Island is managed
as a nature reserve but with periodic managed egg harvest,
Recif receives some government protection during the
breeding season, as does Desnoeufs as part of the
procedure associated with egg harvest (Feare 2003).
Eradication of exotic predators has been undertaken on Bird
and long-term research is continuing there to assure the
sustainability of regulated harvests (Feare 2002b, Feare and
Lesperance 2002, Feare and Doherty 2004). Discussions are
proceeding to find ways to confer protection on Cosmoledo
(Rocamora et al. 2003). Rats were recently eradicated from
lle du Lys (Glorieuses) and future monitoring will provide new
information on the potential impact of such introduced
predators on Sooty Tern population dynamics.

Current threats are likely to remain on other islands and
may even be exacerbated by the greater mobility of seafar-
ers. While difficulty of access helps to protect some
colonies, others are vulnerable and increasing remoteness
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poses great difficulties of enforcing protection measures,
especially on islands where the maintenance of a human
presence is extremely difficult. Recent surveys of
Seychelles and French-administered islands (Feare 1999b,
2000, 2002a, Feare and Gill 1997, Bowler et al. 2002,
Rocamora et al. 2003, Le Corre and Jaquemet in press)
however, have brought concerns out into the open and it is
hoped that these and further surveys will provide sugges-
tions on the protection of these islands, involving restriction
of access, removal of exotics, and maintenance of habitats
for Sooty Terns and other seabirds. The search for funding
for these schemes will then be a priority.

The past 20 years have seen the development of extensive
industrial fishing in the western Indian Ocean. This is commer-
cially important but the prospect of short-term gain, for island
states that otherwise have few prospects for earning foreign
exchange (EMPS 2000), brings the likelihood of over-exploita-
tion of the fish stocks. This is of particular concern with respect
to mid- and shallow-water predatory fish such as tuna, since
many tropical seabird species are dependent on schools of
these fish to drive small fish to the surface, where they become
available to seabirds (Ashmole and Ashmole 1967, Au and
Pitman 1988). A decline in these commercial fish populations
could have serious impacts on the seabirds. Detecting the
onset of such an impact will require regular monitoring of
seabird populations over a wide area of the western Indian
Ocean. As a widely distributed obligate commensal of tuna
shoals, with large colonies available for investigation of
nestling growth, adult body condition, colony size etc., the
Sooty Tern is the ideal species to study in this respect.

With long-lived species like Sooty Terns, investigations
aimed at detecting the effects of marine variables, that are
themselves likely to occur over long time-periods, must be
designed to be long-term. Such studies will also be invalu-
able in researching the effects of climate change on marine
top predators (Ramos et al. 2002). Climate change is likely
to have both acute and more insidious effects on tropical
marine environments. For example, increasing atmospheric
concentrations of carbon dioxide may increase the acidity
of surface waters with unknown effects on surface, and
sub-surface, dwelling fish and their food. More direct effects
are likely to be seen through the predicted rise in sea
levels, to which Sooty Tern colonies on sand cays will be
especially vulnerable. As nesting habitats for them already
seem to be limiting, it seems unlikely that they will be able
to find alternative breeding places.
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