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V o o r w o o r d

Voorwoord

W anneer ik de uren  optel die ik  tu rend  door een kleine opening van een schu ilten t aan de 
rand  van een sternenkolonie o f bij een baltsp laats op G riend heb besteed  en w anneer ik 
daarbij de uren  bij optel die ik schuilend in  Afrikaanse, D eense en Belgische kolonies heb 
doorgebracht, kom ik to t de conclusie dat ik ten m inste  een half jaar van m ijn leven heb 
doorgebrch t in  een toch tige ru im te  n ie t veel g ro ter dan 1 m 3. Toch heb ik  h e t altijd  ais 
een enorm  voorrecht ervaren dat ik  h e t dynam ische kolonieleven van de G rote Stern van 
zo dichtbij m ocht aanschouw en. De nooit aflatende strijd  om voedsel die w ord t gevoerd 
tegen de elem enten en de natuur, en vooral de strijd  m et en tegen de kokm eeuw en blijft 
fascineren. N a 13 jaren onderzoek aan G rote S terns heb ook ik leren leven m et m eeuw en.

Ik heb  G riend  e igen lijk  bij toeval le ren  k en n e n  in  m ijn  s tu d e n te n tijd  aan  de 
K atholieke U n iv ersite it van N ijm egen  toen  P ie t van T ienen  m ij in  1990 vroeg om  een 
d octo raals tud ie  naar energ iebehoefte  van s te rn s  te  doen. H oew el ik toen  d ach t voorbe
s tem d  te  zijn om  aquatisch  oecoloog te w orden, trok  h e t prim itieve leven op een onbe
w oond  eiland tem idden  van vele tien d u izen d en  vogels m e enorm  aan. D ankzij en m e t 
Piet, heb ik  een onvergetelijke tijd op G riend beleefd.

M arcel K laassen h eeft m ij geïn troduceerd  in  h e t s te rn en o n d erzo ek  op G riend. Z ijn 
p ass ie  voo r en b ed re v en h e id  in  d ie reco log isch  o n d erzo ek  heb  ik  ze e r  gew aardeerd , 
M arcel heeft daarm ee de basis gelegd voor m ijn blijvende fascinatie voor de ornithologie. 
H et is Jan Veen gew eest die m e vanw ege m ijn w eigerachtigheid tegenover legerd ienst de 
m ogelijkheid heeft geboden om  een onderzoek naar de G rote S tern te  s ta rten . Hij kreeg 
h e t in  1992 voor elkaar d a t ik  - in  h e t kader van een lite ra tu u rs tu d ie  n o ta  b en e  - d rie 
m aan d en  h e t  vogelleven  op G riend  kon b e s tu d e re n  en ook  nog  eens tw ee m aan d en  
onderzoek kon doen naar overw in terende ste rn s  in G uinee Bissau. Jan heel erg bedank t 
voor de m ogelijkheden die je  m e h eb t geboden en de u ite rs t p re ttige  m an ier van sam en
w erken.

Heel veel heb ik te  danken aan A llix B renninkm eijer. M et veel p lezier denk  ik terug 
aan de zom ers die w e sam en hebben  doorgebrach t op Griend, de expeditie naar G uinee 
Bissau, w erkbezoeken  aan D u itsland  en D enem arken, o f gew oon de tijd  sam en m e t de 
andere  collega’s op h e t in s t itu u t in A rnhem  en la te r in W ageningen. Z ijn ervaring m e t 
v o g els tu d ie s , zijn  w erk lu s t, p o sitiev e  le v en sh o u d in g  en v rien d sch ap p e lijk h e id  w aren  
onm isbaar. Z onder zijn inzet was d it boekje n oo it to t s tand  gekom en.
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V o o r w o o r d

Mijn prom otor, Rudi D rent w ist de stud ie  op afstand en op cruciale m om enten  bij te 
stu ren . Vooral in de eindfase heb ik zeer veel aan hem  te danken. Zelfs N oorse sagen w ist 
hij in de strijd  te  w erpen  om  mij alsnog te  m otiveren  om  deze d isserta tie  a f  te ronden. 
E inar F lensted-Jensen, Kurt & Lene and  Pelle A nderson-H arild  m ade it possib le to  study  
th e  Sandw ich  Terns on th e  b ea u tifu l is lan d  H irsh o lm . T h an k  you  very  m uch  for th is  
o p p o rtu n ity  an d  th e  u n fo rg e tta b le  tim e. B ernd H älte rle in , N o rm an  R atcliffe, S abine 
Schm itt and T horsten  K rüger kindly provided data  on the  evolution of Sandwich Terns in 
th e  UK, Ire land  and  G erm any th a t w as very useful to  u n d ers tan d  th e  popu la tion  deve
lopm en t from  a the broader perspective. Adriaan R ijnsdorp kindly provided d a ta  on fish 
abundance in the  N orth  Sea. G errit Speek heeft de ringgegevens van G riend te r beschik
king gesteld.

D e noodzakelijke , m aar n ie t a ltijd  v an zelfsp rek en d e  w ekelijkse  bev o o rrad in g  m e t 
voedsel, drank, p o s t en gasten  vanaf Terschelling w erd  tijdens de eerste  jaren  op G riend 
verzorgd door Cees de Boer en n a  zijn overlijden overgenom en door D irk de Boer, D irk 
van Hollik en Peter van Tellingen. O ok de bem anning  van de Phoca (Dirk Kuiper en Jan 
van Dijk) en de Rijkspolitie te W ater te H arlingen vonden w e vaak bereid  om  m ensen  of 
m ateria len  over te  ze tten  van o f naar h e t vasteland.

H eel veel co llega-onderzoekers, s tu d e n te n  en vrijw illigers hebben  geholpen  tijdens 
h e t veldw erk en hebben  feitelijk gro te delen van de onderliggende gegevens gegenereerd, 
g en o te e rd  o f g ed ig ita lisee rd . A nne-Jelle  Lyklem a à N ijh o lt, A rie  S paans, A sw in  
B ouw m eester, C hris Klok, Frank H offm an, Gijs D oeglas, H ans Schekkerm an, H ans van 
den  Berg, Jan  de Jong, Jan  van d e r  Kam p, Jan  Veen, Jo h an  Krol, Jo h n  H abraken , Jo h n  
Schobben , Jo o s t Roelse, K arin G eschiere, N oël van Rens, M aaike R aaijm akers, M arcel 
K ersten , M arcel K laassen , Paul E rftem eijer, P e te r van B eers, P e te r B oerkam p, René 
O osterhu is , Teun Baarspul, T ho r Veen en W ou ter B ulthuis heel erg b ed an k t voor ju llie 
in z e t. U ite ra a rd  w aren  T h ea  S m it en W ilm a D ijkm an onze m e e s t tro u w e  bezoekers . 
Z onder hun  steun  in aan- en afw ezigheid w as d it onderzoek n ie t m ogelijk gew eest.

Een b ijzonder w oord  van d ank  w il ik  rich ten  aan  A rie Spaans, n ie t alleen voor zijn 
u itgeb reide  redactionele  hu lp  m aar ook vanw ege zijn onbevangen en th o u sia sm e  en de 
in sp ira tie  d ie  d aa ru it voortv loeide. Ik heb  zeer goede h erin n e rin g en  aan  de d iscussies 
m e t H ans Schekkerm an en onze zoek toch t naar overeenkom sten  en verschillen  tu ssen  
groei- en o v erlev ingsstra teg ieën  bij s te ltlo p e rs  en s te rn s . O ndanks de vertrag ing  w as 
H enk Siepel telkens w eer w elw illend om  de d isserta tie  ais A lterra-bijdrage u it te  geven. 
T enslo tte  w il ik  m ijn  hu id ige  co llega’s op h e t B russelse In s t i tu u t  voor N a tu u rb e h o u d  
Eckhart Kuijken, M are Van de W alle en W outer C ourtens bedanken voor h u n  m edew er
king, h u n  extra inzet en de in teresse  tijdens de afrondingsfase van deze d isserta tie
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General introduction

Chapter

RATIONALE FOR THE STUDY

T he low -lying, sandy  a rea s a long  th e  D u tch  co as t offer im p o rta n t b reed in g  o p p o r tu n itie s  for 
Sandwich Terns Sterna sandvicensis. T h roughout the  tw en tie th  cen tury  Sandwich Terns nested  here in 
fluctuating  num bers. The D utch  population  suffered from  a m ajor kill in  the  1960s due to  pesticide 
p o llu tio n  causing  th e  n u m b er o f  b reed in g  pa irs to  d ro p  from  over 35 000 in  th e  1950s to  875 in 
1965. A fter th e  spill o f pestic ides had stopped  th e  n u m bers slowly increased  b u t after 40 years the 
p o p u latio n  has n o t yet fully recovered. The slow  and incom plete recovery o f th e  D utch  popu lation  
w as a source o f concern and the  p resen t study aim ed a t a b e tte r understand ing  of the  factors regu lat
ing th e  size o f th e  D u tch  Sandw ich Tern popu lation . Follow ing th e  crash  in  1960s, th e  size o f  the  
D utch  popu lation  positively corre lated  w ith  th e  am o u n t o f young herring  p re sen t in the  N o rth  Sea 
(B renninkm eijer & Stienen 1994). This rela tionsh ip  suggests th a t the  D utch  Sandwich Tern popula
tio n  is lim ited  by food availability. For th is  reason we concentra ted  the  study on the  feeding ecology 
o f Sandwich Terns, hoping to  find links w ith  population  dynamics.
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C h a p t e r  1

OUTLINE OF THE THESIS

In th is thesis, I concentra te  on the feeding ecology o f Sandwich Terns during  the b reed
ing season  an d  how  B lack-headed G ulls Larus ridibundus in te rfe re  w ith  th e  food in p u t 
in to  th e  colony and consequen tly  shape the  foraging decisions o f the  te rns. The im pact 
o f variation  in food availability and the  im pact o f the  gulls are dea lt w ith  in term s of fit
ness costs. A lthough som e data  w ere gathered  in a D anish breeding colony and som e in 
th e  w in te rin g  areas o f th e  te rn s , th e  s tu d y  is largely based  on observa tiona l d a ta  th a t 
w ere gathered  in  the  breeding colony on G riend, T he N etherlands. This island of abou t 
57 h a  is s itu a te d  in  the  D utch  p a r t o f th e  W adden Sea, and  h arb o u rs  E u ro p e’s la rgest 
p o p u la tio n  o f Sandw ich  Terns. D u rin g  th e  s tu d y  p e rio d  (1 9 9 2 -1 9 9 9 ), th e  n u m b e r  of 
pairs  f lu c tu a ted  betw een  5 ,000 an d  8,300, b u t fu rth e r  increased  afte rw ards to  11,275 
pairs in  2004. For the  s tudy  I could elaborate on the  s tudy  of Veen (1977), w ho very p re 
cisely described various functional aspects o f the  n es t d istribu tion  in Sandwich Terns on 
G riend. Veen s tu d ied  th e  associative nesting  behaviour o f the  te rn s  and found  th a t the 
non-aggressive te rn s  p ro fit from  the  p resence  o f B lack-headed G ulls (or o th e r  aggres
sors) for th e  p ro tec tion  o f th e ir  eggs and  chicks. For th a t reason  Sandw ich Terns in te n 
tionally se ttle  near or in th e  m iddle o f a Black-headed Guii colony. The associative n es t
ing w ith  the  gulls m eans th a t the  gulls them selves som etim es rob a te rn  egg or a chick 
and steal fish th a t is m ean t for the te rn  chicks.

D uring th e  breeding season Sandwich Terns are highly gregarious and breed  in large, 
very dense colonies. W ith in  a (sub)colony egg laying is highly synchronised  and  conse
q u en tly  m o st chicks h a tch  a t a b o u t th e  sam e date . T he chicks are  sem i-p recocia l and  
som e days after hatch ing  the social s tru c tu re  of the  colony slowly d isin tegrates. Parents 
and the ir chicks s ta rt walking around  and seek new  hiding places; first inside the  colony 
b u t soon also in  its d irect su rround ings. This behav iour m akes it very difficult to  study  
ind iv idual chick  feedings an d  g row th  for a longer period . Previous s tu d ies  on feeding 
ecology of Sandwich Tern chicks therefore only describe sh o rt periods and often involved 
sm aller chicks (e.g. Pearson 1968, Isenm ann 1975, Veen 1977, C am predon 1978, G arthe 
& Kubetzki 1998). To prevent the chicks from  leaving the colony site  w e held them  inside 
enclosures o f chicken wire, w here they could be followed from  hatching un til fledging.

F ood  sp e c ia lis ts
Being s tric tly  p isc ivorous, Sandw ich Terns are n ea r  th e  top  o f th e  m arin e  food chain . 
T hey p red o m in an tly  feed on an exclusive d ie t d o m in a ted  by a few  m arine  fish species 
w ith  a high n u tritiv e  value. This res tric ted  choice m akes them  extrem ely  vu lnerab le to 
variation in the abundance an d /o r  th e  availability o f the ir food. This m akes th e  Sandwich 
Tern a good in d ica to r o f th e  prevailing  food s itu a tio n . In c h a p te r  2  w e describe som e 
general p a tte rn s  in  th e  am o u n t and  th e  com position  o f the  food th a t is tran sp o rte d  to 
the  Sandw ich Tern colony on G riend. D ue to  the  specialised  food choice o f the  p aren ts  
and  the  fact th a t they bring fish to  the  colony one by one, changes in the  availability of 
the  prey  fish are likely to  be instan tly  reflected in the d ie t com position  o f the chicks.
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In t r o d u c t i o n

K le p to p a ra s itis in g  g u lls
Sandwich Terns are single prey loaders th a t carry the  fish one a t a tim e to  the ir nestlings 
ho ld ing  it crossw ise in  th e  bill w ith  the  fish ’s head  held  on one side. T he feeding areas 
m ay be up to 25 km  from  the colony and  in  som e colonies even further. W hen arriving in 
the  colony prey-carrying paren ts are often heavily attacked by Black-headed Gulls th a t try  
to  s te a l th e  fish . P rey s te a lin g  or k le p to p a ra s itism  is re la tive ly  com m on  in  seab ird s  
(B rockm annn  an d  B arnard  1979, F u rn ess  1987). G ulls a re  f re q u e n t k le p to p a ras ite s , 
w hereas species th a t n e s t in  h igh ly  co n cen tra ted  co lon ies an d  consp icuously  carry ing 
the ir prey are frequen t victim s (Brockm ann and Barnard 1979, Duffy 1980, Barnard and 
T hom pson  1985). Sandw ich Terns evoke k lep toparasitism  even m ore than  o th e r hosts , 
because they in ten tionally  seek the presence o f Black-headed Guii colonies to  build  the ir 
nes ts . As a consequence they  are forced to  live w ith  th e  consequences o f h igh  ra tes of 
food loss to  k lep toparasitising  Black-headed Gulls. In c h a p te r  3 the  consequences of the 
prey  stealing behaviour o f th e  gulls are trea ted  from  the perspective of a te rn  chick. We 
describe how  prey stealing  evolves w ith  the  aging o f th e  te rn  chicks and how  it depends 
on the  food choice o f the adu lt terns as well as on w eather conditions. Finally the  effects 
o f prey loss to  the  gulls are expressed in term s of grow th and survival o f the  chicks.

I t is assum ed  th a t an im als seek  to  m axim ise forage in take and  th a t individuals th a t 
forage m ore effectively than  o thers will be a t an advantage (Schoener 1971, Krebs 1973, 
Charnov 1976). A nim als th a t m u st re tu rn  to  a  central place in  o rder to  feed the ir young 
are res tric ted  by travel tim e costs because they  m u s t perfo rm  ro u n d -trip s  betw een  the  
b reeding  g round  and  the  foraging patches. Single prey  loaders m u s t re tu rn  to  a central 
place each tim e they catch a  prey and  are thus even m ore restric ted  (O rians and Pearson 
1979, Lessels and  S tephens 1983). Sandw ich Terns are specia list cen tra l place foragers 
w ith  a  restric ted  choice o f p rey  species and  prey  size. They are single prey loaders th a t 
perform  long foraging trips and face additional costs o f losing prey to  k lep toparasitising  
gulls w hen  arriv ing in  th e  colony. In c h a p te r  4  it is explained how  th is  influences the  
foraging decisions of Sandw ich Tern paren ts  nesting  on Griend. P aren t te rn s  are largely 
able to  buffer fluctuations in food availability and counterbalance the  negative effects of 
the  food losses to  the gulls.

Birds have adop ted  several behavioural stra teg ies to  reduce food loss th rough  k lep
to p a ra s itism  (B arnard  1984). T hey  m ay to le ra te  th e  lo sses, co m p en sa te  for th e m  by 
in c reasin g  th e ir  fo raging effo rt o r evade th e  a ttacks. T he avoidance s tra teg y  inc ludes 
faste r handling  of prey, sh ifting  th e  diet, synchronizing feeding activities and  increasing 
the  distance from  the  p irates (Am at 1990). Sandwich Tern paren ts often lead the ir chicks 
away from  the  nesting  site  (Cullen 1958; C hestney 1970; Veen 1977, C am predon 1978) 
and  thus away from  the  k lep toparasitising  gulls, b u t the  reason for th is behaviour is n o t 
w ell understood . In c h a p te r  5 w e experim entally  tested  w h eth er leaving the  colony site  
m igh t be an evasive strategy  th a t leads to  a reduced incidence of robbery  by the gulls.

Because seabirds depend on highly unpredictable food resources th a t show  large tem 
poral and spatia l varia tions one w ould  expect them  to be very flexible in  the  grow th  of 
th e ir  chicks. In m any  b ird  species slow  g row th  can, how ever, increase  chick  m o rta lity
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C h a p t e r  1

an d  m ay have n ega tive  effects on  p o st-fled g in g  su rv iva l o r re c ru itm e n t (G eb h ard t-  
H enrich  & R ichner 1998). In c h a p te r  6 the  fitness consequences o f g row th  ra te  varia
tion  in Sandwich Tern chicks are explored. W e suspected  th a t the chicks had w ide m ar
gins w ith in  w hich body m ass could  vary w ith o u t having stro n g  effects on pre- o r post- 
f ledging  m orta lity . W e also  exam ined  if  v a ria tio n  in  g ro w th  ra te  d u rin g  th e  n es tlin g  
phase had  effects on the  size an individual reached as an adult. In c h a p te r  7 w e focus on 
the  various causes of chick loss in relation  to  the  laying sequence of the egg from  w hich 
the  chick orig inated  and  the  chick’s rank  w ith in  the  brood. W e try  to  answ er the  q u es
tion  w hy Sandw ich Terns th a t lay norm ally tw o egg-clutches seldom  raise tw o chicks to 
fledging.

W ad d en  S ea  v e rsu s  w in te r in g  a re a
Sandwich Terns spend  m o st o f the year in the  w in tering  areas and only a few m on ths in 
th e  b reed ing  co lonies. M ost E uropean  Sandw ich Terns w in te r  along  th e  w es t coast o f 
Africa, w ith  G hana and Senegal being the m ajor strongholds (M üller 1959, M öller 1981, 
N ob le-R o llin  & R edfern  200 2 ). A m in o rity  o f  th e  b ird s  sp e n d  th e  w in te r  in  T he 
M ed ite rran ean  an d  som e travel a ro u n d  S o u th  A frica to  w in te r  along th e  A frican east 
coast. In chap te r 8 w e search  for evidence o f food s tress  in  the  w in te ring  areas and  for 
th a t  rea so n  w e s tu d ie d  th e  feed ing  ecology o f  te rn s  in  th e  coasta l w a te rs  o f  G u inea 
B issau. T hese  w ate rs  ho ld  im p o r ta n t n u m b e rs  o f w este rn  Palaearctic te rn s  as w ell as 
local te rn  species. T he d iffe ren t feeding s tra teg ies  o f L ittle Tern S. albifrons, Sandw ich 
Tern and Royal Tern S. maxima are discussed and placed in an energetic context.

In the  final chapter o f th is thesis the  underlying causes for population  fluctuations in  the 
Sandw ich  Tern are exam ined  in  th e  lig h t o f m y ow n study. My conc lusion  is th a t  th e  
recovery o f the  D utch population  after the  collapse in  the  1960s due to  the  po llu tion  of 
the  coastal w aters w ith  organochlorine was initially halted  by p oo r prey stock availability. 
A fterw ards, m arked changes in the D utch W adden Sea popula tion  correlated  w ith  fluctu
ations in the availability o f herring  and sp ra t indicating th a t the grow th of the population  
is lim ited  by the  availability o f prey fish. T he d istribu tion  o f Sandwich Terns over the  dif
fe ren t p o p u la tio n s in  E urope is p robably  de te rm in ed  by changes in  th e  N o rth  A tlantic 
O scillation being the  driving force th a t changes th e  d istribu tion  and  com position  o f fish 
s to ck s in  th e  N o rth  Sea an d  u ltim a te ly  d e te rm in e s  food  ava ilab ility  fo r E u ro p ean  
Sandwich Terns.
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ASTRACT

H ighly specialised piscivorous seabirds, like Sandwich Terns Sterna sandvicensis have lim ited  capacity 
to  sw itch  to  a lte rn a tiv e  p rey  species w h en  th e  av a ilab ility  o f a p a rticu la r  p rey  spec ies is low. 
Therefore, varia tions in the  d ie t o f  such species are likely to  reflect fluctuations in  food availability. 
W e stud ied  food provisioning o f Sandw ich Tern chicks on G riend in  1992-98. The chicks w ere p re 
dom inantly  fed w ith  Clupeidae and A m m odytidae. A bout 75% o f th e  fish b rough t to  th e  colony w ere 
eaten  by th e  chicks. The re st w as lost, m ainly to  robbing Black-headed Gulls Larus ridibundus. Parents 
m et the  increasing energy dem ands o f the  grow ing chicks by adjusting  prey size, ra ther th an  increas
ing the  rate  o f prey tran sp o rt to  the  chicks. D istinct p a tte rn s in  food tran sp o rt rate, d iet com position 
and prey size w ere associated  w ith  w eather conditions and diurnal o r tidal rhythm s. Food tran sp o rt 
to  the  colony w as severely curtailed by strong w inds, b u t w as also relatively low  a t low  w ind speeds. 
W ind speed also had a large im pact on prey size and d ie t com position, w ith  a decreasing proportion  
o f C lupeidae b rough t to  the  chicks as foraging conditions becam e w orse. D istinct diurnal rhy thm s in 
food  tra n s p o r t  co inc ided  w ith  d iel vertica l m ig ra tio n  p a tte rn s  in  C lupeidae  and  A m m odytidae. 
C lupeidae w ere m ostly  b rough t to  the  colony early in the  m orning and late in the  evening, w hile the 
tran sp o rt o f A m m odytidae w as h ighest a round  noon. Tidal pa tte rn s in food delivery rate  w ere p roba
bly re la ted  to  tide-specific  foraging areas used  by th e  tern s . A fish -m on ito ring  program m e show ed 
considerable variation in  food abundance w ith in  the  foraging area o f th e  terns. Especially C lupeidae 
had  a patchy  d is tr ib u tio n  and  m o st c lupeids w ere cau g h t in  th e  coasta l a reas a ro u n d  V lieland. In 
accordance to  the  p a tte rn  found in  the  colony, C lupeidae caught in  1996 and 1997 tow ards fledging 
o f the  chicks and in 1998 ju s t  after hatching of the  chicks in  1998 w ere relatively small.
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INTRODUCTION

Seabirds are h ighly  suscep tib le  to  changes in  food availability, in  p a rticu la r du ring  the 
breed ing  season, w hen  they are confined to  feeding areas relatively close to  the  colony, 
and perhaps w ork  close to  th e  lim its of the ir capacity. They have evolved several life h is
to ry  s tra teg ie s  th a t  m ay help  to  overcom e difficu lties in  foraging. C om pared  to  o th e r  
b irds, seabirds lay sm aller clu tches, have a delayed m a tu ra tion  and are long-lived (Lack 
1968). M oreover, they often breed  in  dense  colonies, w hich m ay enhance th e ir  chances 
o f finding sufficient food for th e ir  offspring w hen food is irregularly  d is trib u ted  (Evans 
1982; W altz 1987; G ötm ark  1990). D esp ite these  adap ta tions several w ell-docum ented  
cases describe m arked changes in  breeding perform ance and popu la tion  size o f seabirds 
due to  the collapse o f com ponents of the ir food stock (e.g. H eubeck 1988; M onaghan et 
al. 1989; Vader et al. 1990; Bailey 1991; Suddaby & Ratcliffe 1997). G eneralists am ong 
seabirds m ay be able to  buffer fluctuations in  th e  availability o f a particu lar prey species 
by sw itch ing  to  a lternative  prey. H ighly specialised  p isc ivorous seab irds like Sandw ich 
Terns Sterna sandvicensis, how ever, face th e  d isad v an tag e  o f re s tr ic te d  choice, w hich  
m akes them  particularly  vulnerable to tem poral and  spatial variation in one o f the ir food 
com ponents. D uring the  breed ing  season, Sandw ich Terns p redom inan tly  feed on a few 
high quality  prey species (e.g. Isenm ann  1975; C am predon  1978; Shealer 1998); in the 
so u th e rn  N o rth  Sea th e se  p rey  are m ain ly  Clupeidae an d  Ammodytidae (Pearson  1968; 
Veen 1977; G arthe & Kubetzki 1998).

M any m arine  fish exh ib it a  specific rh y th m ic ity  o f activ ity  (Thorpe 1978). D iu rnal 
and tidal p a tte rn s  in  the  behaviour o f the  fish m ay force seabirds to  ad ju st the ir activities 
to  th e  cyclic b eh av io u r o f th e ir  p rey  in  o rd er to  ra ise  successfu lly  th e ir  chicks (D aan 
1981). S hort-te rm  changes in the  accessibility of one of the Sandwich Tern’s prey species 
m u s t be tack led  w ith  p ro p e r  sw itch in g  to  o th e r  fo rag ing  areas  o r a l te rn a tiv e  prey. 
B ecause Sandw ich Terns are sing le prey  loaders, such  sh ifts , if  no ticeab le , w ill a lm ost 
in stan tly  be no ticed  in  th e  d ie t o f the  chicks. Food provision ing  to  a te rn  colony is n o t 
only  d ic ta ted  by th e  energy  re q u ire m e n ts  o f  th e  ch icks (K laassen  et al. 1992), b u t as 
show n by various s tu d ies  is also in fluenced  by env ironm enta l cond itions. D istinc t diel 
an d  tidal rh y th m s in  food tra n sp o r t to  th e  colony have been  described , an d  bo th  food 
in take  ra te  and  g row th  o f th e  chicks have been  re la ted  to  adverse w ea th e r  cond itions 
th a t  in flu en ce  fish ing  success o f th e  p a re n ts  (Pearson  1968; D u n n  1972, 1973; Veen 
1977; C am predon  1978; Taylor 1983). However, nearly  all these  stud ies  covered only a 
sm all p a r t o f the  chick-rearing period. O nly Veen (1977) com pared  the  p resence o f d if
fe re n t p rey  species in  th e  ch ick  d ie t over a p e rio d  o f 3 years. O u r 7-year s tu d y  on 
Sandw ich Terns b reed ing  on G riend, D u tch  W adden Sea, allow s a d e ta iled  analysis o f 
param eters affecting prey size and food delivery rate, and  p a tte rn s  in  food tran sp o rt will 
here be d iscussed in rela tion  to  changes in the availability o f the prey fish.
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STUDY AREA AND METHODS

T he isle o f G riend, The N etherlands (53°15’N, 5°15’W ), is s itu a ted  in  the  cen tre  o f the 
w estern  D utch W adden Sea (Fig. 2.1). T he sm all island (about 57 ha during  norm al high 
tide) is in h ab ited  by several species o f colonial n es tin g  te rn s  an d  gulls. T he Sandw ich 
Tern’s feeding ecology w as s tu d ied  du ring  the  breed ing  season  o f 1992-98. D uring the  
s tu d y  p erio d  th e  p o p u la tio n  o f S andw ich  Terns f lu c tu a te d  b e tw een  5600 (1996) and  
8300 (1994) pairs , cons isting  of several subco lon ies. In each year p a r t  o f a  subcolony, 
con tain ing  50-100 nes ts , w as fenced (fu rth e r referred  to  as ’enc lo su re’) to  p rev en t the  
chicks from  walking away from  the  n es t site.

Chicks h a tched  in the  enclosures w ere ringed  and  aged im m ediate ly  afte r hatching. 
Each year, a b o u t 20 ch icks w ere  co lo u r-m ark ed  fo r in d iv id u al reco g n itio n . D ata  on 
ch ick s’ d ie t w ere  co llec ted  from  an  e leva ted  b lind , p laced  a t a few  m e tre s  from  the  
colony. C o n tin u o u s  o b se rv a tio n s  on food p ro v is io n in g  w ere  m ade  from  4 :30  a.m . to  
10:30 p .m . In m o s t years ch icks w ere  fo llow ed from  h a tch in g  u n til fledging. O nly  in 
1992, chicks w ere follow ed un til 21 days and  in  1995 the  age of the chicks ranged from  
15-26 days. Prey size w as e s tim a ted  in  q u arte rs  o f the  p a re n t’s bill size (BL =  5.43 ± 
0.25 cm, N  =  679). E stim ating prey size w as calibrated per observer by holding fishes of

NORTH SEA

Terschelling

»00
V

zs

VL

G rie n d
Vlie land

F ig u re  2 .1 . Map o f th e  w estern  W adden Sea, indicating  the  location o f G riend and the  fish sam pling 
p o in ts  (do ts). The grey area roughly  ind icates th e  foraging area o f th e  Sandw ich Terns b reed ing  on 
G riend. ZS =  Z uider S tortem elk , VS = V liesloot, VL = V liestroom , W M  = W est M eep and O O  = 
O osterom .
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different species and various lengths in fron t o f a stuffed te rn ’s bill a t distances com para
ble to  the s itua tion  in  the  colony. C alibration  greatly  increased the  accuracy of the  esti
m ates, and the  largest error an experienced observer u ltim ately  m ade w as 0.25 BL. Both 
for Clupeidae and  Ammodytidae an allom etric  equation  rela ting  fish leng th  to  fresh  m ass 
w as obtained, using least square analysis on fish found  in the  colony and fish sam pled in 
th e  W adden Sea in  1993 and  in  1994 (Fig. 2 .2 ). W e use the  te rm  ‘delivery  ra te ’ w hen  
referring  to  th e  n u m b er o f food item s b ro u g h t to  th e  chicks and  th e  te rm  ‘m ass prov i
sio n in g ’ w hen  referring  to  the  am o u n t o f m ass b ro u g h t to  th e  chicks. T h ro u g h o u t the 
experim ental w ork  w e recorded  w ind  speed  w ith  a calib rated  cup an em o m ete r a t s ta n 
dard  m eteorological level (10 m ).

In 1995-98, a fish-sam pling program m e w as perform ed a t five locations in  the forag
ing area o f the  te rn s  (V liestroom , W estm eep, S tortem elk , V liesloot and  O osterom ; Fig. 
2 .1). The locations covered an im p o rtan t p a r t o f the  foraging area o f the Sandw ich Terns 
breeding on Griend. Fish sam pling periods corresponded w ith  the courtsh ip  period (end 
of A pril), the early chick stage (first w eek of June) and the late chick stage (end of June) 
o f the  terns. W e used an Isaac’s Kidd M idw ater Trawl n e t (IKMT-net) w ith  a m esh size of 
6 m m  th a t sam pled only th e  upper 2 m  of the  w ater layer, in  accordance w ith  the  diving 
dep th  of terns (Borodulina 1960; D unn 1972). Each haul lasted  approxim ately  30 m in 
u tes. T he vo lum e o f w ate r passed  th ro u g h  th e  IKM T-net w as m easu red  by m eans o f a 
flow  m e te r  m o u n te d  in  th e  m o u th  o f the  net. C atches w ere  converted  to  n u m b ers  per
10,000 m 3 water.

To avoid an unrealistic  bias of observation  duration , only w hen  observations on fish 
b ro u g h t to  th e  ch icks la s te d  m ore  th a n  30 m in u te s  (effects o f tim e o f  day an d  w ind  
speed) o r m ore  than  9 hou rs (age effects) w ere  they used  in th e  graphs. U nless o th e r
w ise indicated , for sta tistica l te s ts  all d a ta  w ere used, using pro toco l d u ra tion  as offset

Clupeidae Ammodytidae

_i_l L
20 0 5 10 15 20

length (cm)

F ig u re  2 .2 . L eng th -m ass re la tio n sh ip  in  h e rrin g  and  sandeel found  in th e  colony in  1992-97 and 
sam pled in  th e  W adden Sea in 1993-94. H erring: fresh  w e ig h t= 0 .0 0 6 8 2 " len g th 2-996 (n = 825, r2 = 
94.0); sandeel: fresh w e igh t= 0 .00296*length2-982 (n =  73, r2 = 97.4).
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variable. For logistic regression analysis of the  effects o f hatching order, year, tim e o f day, 
w ind  speed, age o f th e  chicks an d  tide  on delivery  ra te  o r m ass p rov ision ing  ra te  d a ta  
w ere  separa ted  in to  1 h o u r periods (only periods lasting  m ore than  30 m inu tes) using 
protocol duration  as offset variable. S tatistical tests  w ere perform ed using the  SPSS/PC+
4.0 (N orusis 1990) and the  G enstat sta tistica l package (G enstat 5 C om m ittee 1993).

RESULTS

Diet composition and prey size
In 1992-98, food b ro u g h t to  th e  colony m ain ly  co n s is ted  o f  Clupeidae (h errin g  Clupea 
harengus an d  sp ra t Sprattus sprattus) an d  Ammodytidae (sandeel Ammodytes tobianus and 
g rea ter sandeel Hyperoplus lanceolatus). In to ta l these prey species am ounted  to  99.3%  of 
th e  d ie t (Table 2 .1 ). U nless o th e rw ise  s ta ted , w e fu rth e r  use th e  te rm  ‘h e rr in g ’ w hen  
referring  to  Clupeidae and  ‘san d ee l’ w hen  referring  to  Ammodytidae. O th e r  p rey  species 
co n s is te d  o f goby Gobies spp ., cod Gadus morhua, w h itin g  Merlangius merlangus, sm e lt 
Osmerus eperlanus, e e lp o u t Zoarces viviparus, th re e -sp in e d  s tick leb ack  Gasterosteus 
aculeatus, p ipefish Sygnathus spp., sea lam prey Petromyzon marinus, flounder Platichthys fle 
sus, cephalopods Sepia spp. and brow n sh rim p  Crangon crangon. Prey species o th e r than  
herring  and sandeel will only be included in th is paper if  relevant.

T he size o f the  h e rring  an d  sandeel p rov ided  to  th e  chicks varied  betw een  0.25 BL 
an d  4 .00  BL (Fig. 2 .3 ), co rresp o n d in g  w ith  1.5-21.5 cm  an d  37 g as a m ax im um . On 
average sandeel w ere  so m ew h at longer than  h erring  (1.98 ± 0.42 BL an d  1.59 ± 0.31 
BL, respectively; tw o-d irectional S tu d en t’s t- test, t  =  63.27, P <  0 .001), corresponding  
w ith  11 and  9 cm, respectively, and prey  m asses o f 3.5 g and 4.5 g, respectively. Prey size 
significantly differed betw een  years (Table 2 .2), w ith  relatively sm all herring  b ro u g h t to 
th e  co lony  in  1996 an d  1998 an d  re la tive ly  sm all san d ee l in  1993. Both h e rr in g  an d  
sandeel w ere relatively long in  1995, b u t th is w as partly  an effect of the age of the chicks 
follow ed in  th a t year. However, if  effects o f chick age and  o ther effects influencing prey 
size w ere taken in to  account, year effects are still p re se n t (Table 2 .3), b u t then  sandeel 
appeared to  be relatively sm all in  1995.

Table 2 .1 . The p roportion  o f herring, sandeel and o th er prey species in th e  chicks’ d ie t on  G riend in 
1992-98.

1992 1993 1994 1995 1996 1997 1998

H erring 49.5 55.0 84.0 69.7 32.7 79.0 63.3
Sandeel 49.7 44.7 14.9 29.8 66.6 20.3 36.0
O ther 0.8 0.3 1.1 0.5 0.7 0.7 0.8

Total nu m b er o f fish 630 3469 3279 1290 3262 2579 2520
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F ig u re  2 .3 . Length d istrib u tio n  o f herring  and sandeel b rough t to  th e  chicks on  G riend in  1992-98. 
BL = bill leng th  o f ad u lt terns.

T ab le  2 .2 . V ariation in prey size (BL) o f Sandw ich Tern chicks on  G riend in 1992-98. Scheffé-test 
deno tes significant differences (P <  0.05) w ith  o th er years.

Year M ean herring  
leng th  ±  SD

Scheffé-test
Fb, 10373 = 171.39

M ean sandeel 
length  ±  SD

Scheffé-test 
Fb,6263 = 71.66

1992 1.63 ±  0.31 98,96 2.08 ±  0.34 93,98
1993 1.63 ±  0.30 98,96,94,97 1.83 ±  0.38
1994 1.59 ±  0.29 98,96 2 .17 ±  04.6 93
1995 1.86 ±  0.30 98,96,94,97,92,93 2.12 ±  0.32 93,98,96
1996 1.51 ±  0.30 2.02 ±  0.40 93
1997 1.59 ±  0.19 98,96 2.09 ±  0.40 93,98,96
1998 1.49 ±  0.41 1.96 ±  0.46 93

Fate of fish brought to the colony
O f all fish b ro u g h t to  the  colony (n =  17,029) on average 69.8%  w ere eaten  by the  chicks 
(Table 2 .4 ). M o st fish  th a t  w ere  n o t ea ten  by th e  ch icks w as ro bbed  by B lack-headed 
Gulls Larus ridibundus (18.7% ) or d isappeared  o u t o f the  observer’s s igh t (7.9% ). Som e 
fish w ere robbed  by neighbouring  Sandw ich Terns, b u t each year th is w as less than  2% 
o f th e  to ta l n u m b er o f fish. O ccasionally o th e r species, m ainly  C om m on Gulls L. canus 
an d  C om m on Terns S. hirundo, succeeded  in  robb ing  fish o f arriv ing  Sandw ich Terns. 
Som e fish fell in the  n es t or w as eaten by the p a ren t (in to ta l 2 .9% ). The la tte r  could be 
divided in to  fish eaten  by the  p a ren t under p ressu re  o f the robbing gulls (1.0% ) and  for

I  herring

n  sandeel

1 2
fish length (BL)

20



Pa t t e r n s  i n  d ie t  c o m p o s i t io n

Table 2 .3 . P-values o f  m ultip le or logistic regression  analyses exam ining the  effects o f hatching order 
(single chick, first hatchling, second hatchling), year (1992-98), tim e o f day (hour 4-22), w ind speed 
(in m  s '1), chick age (in days) and tide  (hours before and afte r h igh  tide) on  the  leng th  o f  herring  
and sandeel (m ultiple regression, n =  9957 and 5901, respectively), the  n u m b er o f herring  and san
deel and th e  to ta l n u m b er o f fish  (p o isson  d is tr ib u te d  log istic  reg ression , n =  35983, 35004 and 
35004, respectively) and m ass (m ultiple regression, n = 35004) provisioned to  Sandwich Tern chicks 
on  G riend. For th e  analysis o f th e  p rov ision ing  ra te  o f h e rrin g  and  to ta l prey h o u r 4 w as o m itted  
because o f th e  deviate p a tte rn  (see tex t). Sim ilarly h o u r 4-5 w ere o m itted  from  the  analysis exam i
ning th e  p a tte rns in m ass provisioning.

Prey length  N um ber o f  prey
Param eter d f  H erring Sandeel H erring  Sandeel Total Prey m ass

Hatching order 2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Year 6 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Time of day 1 < 0.001 < 0.001 NS < 0.001 < 0.001 NS
Time of day2 1 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Wind speed 1 NS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Wind speed2 1 < 0.001 < 0.001 < 0.01 < 0.001 < 0.001 < 0.001
Age 1 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Age2 1 < 0.001 < 0.001
Tide 11 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Table 2 .4 . Fate (%) o f fish b rough t to  G riend by Sandwich Terns in  1992-98.

1992 1993 1994 1995 1996 1997 1998

E aten by chick 81.0 72.6 70.4 80.3 63.9 72.1 64.2
Robbed by Black-headed Guii 11.4 16.1 20.5 14.7 22.9 11.6 24.0
Robbed by Sandwich Tern 1 .01 1.6 0.8 0.2 0.5 0.1 0.1
Robbed by o th er species 0.1 0.2 0.0 0.1 0.1 0.0
D isappeared o u t o f sight 5.1 6.9 5.4 4.1 11.5 8.6 9.4
Left in nest 0.4 0.1 0.2 0.6 0.4
E aten  by paren t (guii pressure) 1.62 2.72 1.6 0.4 0.5 0.5 1.7
E aten  by pa ren t (o ther reason) 0.7 0.2 0.6 6.4 0.2

Total nu m b er o f fish 630 3469 3279 1290 3262 2579 2520

^ o  d istinction  m ade betw een ‘robbed by Sandwich te rn s’ and ‘robbed by o th er species’
2no d istinction  m ade betw een ‘eaten  by paren t un d er guii p ressu re ’ and ‘eaten  by paren t because o f 
o th er reasons’.

o ther reasons (1.6% ). Prey size differed betw een  the  various categories o f fate (Fig. 2.4). 
Fish robbed by Black-headed Gulls w ere significantly larger than  fish eaten by the  chicks, 
and  fish lo st from  view  w ere larger than  fish eaten by the p aren ts  (Scheffé-test, herring  
and  sandeel F = 66.6 and  84.7, respectively, P < 0.05).
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F ig u re  2 .4 . Length o f herring  and sandeel (m ean ±  SD) brough t to  the  chicks on  G riend in 1992-98 
according to  the  fate o f the  fish. N est =  fallen in nest, parg =  eaten  by p aren t as a resu lt o f guii p res
sure, paro  =  ea ten  by p a ren t for o th e r  reasons, e a t =  ea ten  by chick, ro b t =  robbed  by Sandw ich 
Tern, lo st =  d isappeared  o f th e  o b se rv er’s sight, robg =  robbed  by B lack-headed Guii and robo  = 
robbed by o th er species.

Food provisioning in relation to the age of the chicks
In 1994 and  1996, prey delivery ra te  significantly increased tow ards the  end o f the  chick- 
rea rin g  p e rio d  (P earson  reg ress io n , r2 =  0 .03 , P = 0 .003 an d  r2 = 0 .45 , P <  0 .001 , 
respectively). In 1994, however, the  increase w as sm all. In all o ther years, the re  w as no 
general tren d  or delivery ra te  slightly  decreased  (1998) w ith  ongoing age of the  chicks 
(Pearson regression , r2 = 0 .05, P = 0.001 in 1998). A logistic reg ression  analysis also 
accounting for effects o the r than  chick age show ed a sligh t b u t significant increase in  the 
delivery ra te  o f herring , sandeel and  total fish w ith  age (Table 2.3). Instead  o f bringing in 
m ore fish, in  all years p a re n ts  b ro u g h t in  longer fishes to  keep pace w ith  th e  grow ing 
energy dem ands o f th e ir  grow ing chicks (Fig. 2.5, Table 2 .3). O n average the  daily prey 
m ass b ro u g h t to  th e  co lony  a m o u n te d  less th a n  15 g a t  h a tch in g  to  a b o u t 55 g n ea r 
fledging (Fig. 2.5). Prey o ther than  herring  and  sandeel w ere m ainly supplied  during  the 
firs t days afte r hatch ing , b u t on average never am o u n ted  m ore th an  0.25 p rey  c h ic k '1 
day-1 (Fig. 2.5).

herring

sandeel

nest pa rg  pa ro  ea t rob t 
destination

lo s t robg robo
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Figure 2.5. Effects o f  the  age o f Sandwich Tern chicks on  G riend in 1992-98 on th e  provisioning rate 
o f herring  and sandeel (±  SE, graph A), m ean leng th  o f herring  and sandeel ( + /-  SD, graph B), m ean 
daily  a m o u n t o f m ass (±  SD, g raph C) and  m ean  p rov ision ing  ra te  o f preys o th e r  th an  h e rrin g  o r 
sandeel (±  SE, graph D).
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Effects of hatching order
H atching order had  a large effect on th e  num ber of fish b rough t to  the chicks (Table 2.3). 
T he average daily n u m b er of fish offered to  single chicks (9.56 ± 4.03, n =  1789) was 
slightly, b u t significantly low er than  th a t offered to  first hatched  chicks in  a brood of two 
(10 .16  ± 5 .22, n =  20 7 ). S ince also  th e  le n g th  o f th e  h e rr in g  sig n ifican tly  d iffe red  
b e tw e en  th o se  g ro u p s, th e re  w as no  d iffe rence  in  m ass p ro v is io n in g  ra te  (m u ltip le  
regression , t =  0.94, n =  35004, n .s .) . Second hatch lings w ere  fed less th an  3 fish per 
day (2.83 ± 2.80, n =  155) and  although  they w ere fed som ew hat larger fish than  the ir 
o lder sib ling , th e re  w as s till a  large d ifference in  m ass p rov ision ing  ra te  be tw een  firs t 
and second hatchlings in  a brood o f tw o (m ultip le regression, t =  11.40, n =  35004, P < 
0 .001). T he difference in prey  length  betw een first and  second hatchling w as only p res
e n t in  th e  firs t 12 days a fte r ha tch in g  (Fig. 2 .6 ). In th is  period , fish offered to  second  
hatchlings w as ab o u t the  sam e size as th a t offered to  the ir th ree  days older sibling (the 
difference in hatching date  is abou t 3 days, Veen 1977). In o the r w ords, paren ts seem  to 
ad ju st prey  size to  the  age o f th e ir  f irs t chick and  as a consequence the  second  chick is 
fed w ith  fish th a t is m ean t for its 3 days older sibling.

Food provisioning in relation to wind speed
T he n u m b e r o f fish tran sp o rted  to  th e  colony w as particu larly  low  a t w ind  speeds less 
than  3 m  s '1 and a t w ind speeds h igher than  14 m  s '1 (Fig. 2.7, Table 2 .3). In betw een, 
food delivery to  the  colony w as fairly stable a t a ra te  o f abou t 0.5 fish ch ick '1 h '1. W ind 
speed had  also m arked effects on the  com position  of the  chicks’ diet: the  p ropo rtion  of 
herring  gradually  decreased  from  ab o u t 65% w hen  w ind  w as w eak to  less than  50% a t 
w in d  sp eed  o f 16 m  s '1. W h en  w in d  w as even s tro n g er, th e  p ro p o rtio n  o f h e rrin g  
inc reased  again. T h ese  changes w ere  th e  re su lt o f d iffe ren t changes in  th e  n u m b e r of 
he rrin g  an d  sandeel b ro u g h t to  the  colony w ith  increasing  w ind  speed  (Fig. 2 .7 ). The
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F ig u re  2 .6 . D ifferences in prey length  in  relation  to  hatching o rder and age of Sandwich Tern chicks 
on  G riend in 1992-98. M eans + / -  SE are p lotted.
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delivery ra te  o f herring  gradually decreased, w hile th a t o f sandeel initially increased w ith  
increasing  w ind  speed. Sm all hatch lings w ere  fed an increasing  n u m b er o f o th e r preys 
w ith  increasing w ind  speed, a lthough  th is trend  w as broken w hen  w ind  speed exceeded 
11 m  s '1 (Fig. 2.7). A t in te rm edia te  w ind speeds (5-12 m  s '1) significantly longer herring 
w ere b ro u g h t to  the  chicks than  a t low er and  h igher w ind  speeds (Fig. 2 .7 ). W ind  had 
sim ilar effects on sandeel leng th , b u t th e  slope o f th e  effect d id  n o t significantly  differ 
from  zero (m ultip le regression, t =  0.13, n =  5901, n .s.). The am o u n t of m ass b rough t 
to  the  colony in itially  increased  to  2.5 g h '1 a t w ind  speeds o f 6-8 m  s '1, b u t gradually  
decreased afterw ards (Fig. 2.7).

Food provisioning in relation to the time of the day
N o feeding w as observed before 4:30 a.m . A lm ost no  feeding occurred afte r 10:30 p.m . 
and it  com pletely ceased before 11:00 p.m . The ra te  o f food tran sp o rt to  the  chicks was 
ra th e r low  in first h o u r o f the day, b u t increased to  high values directly afterw ards (hour 
5-6; Fig. 2 .8). As the  day p rogressed  delivery ra te  gradually  decreased and w as m ore or 
less stab le from  9 a.m . onw ards. N o te  th a t in the  first and  la s t h o u r o f the  day delivery 
ra te  was actually low er than  the  ex trapolated  figures p lo tted  in figure 2.8 because these 
periods lasted  less than  60 m inu tes. H erring and  sandeel peaked a t d ifferent tim es of the 
day. If for a  m o m en t n o t considering the first h o u r of the day, w hen  the  tran sp o rt o f bo th  
prey  types w as low, tra n sp o rt o f h erring  w as high early in  th e  m orn ing  and  la te  in  the 
evening, w ith  less herring  b ro u g h t to  the  chicks in the in tervening period  (Fig. 2.8). The 
delivery ra te  of sandeel show ed m ore or less the opposite pa tte rn , w ith  a particu lar high 
delivery ra te  ju s t  before noon  and  a gradual decrease tow ards dusk . T he p ro p o rtio n  of 
h e rr in g  in  th e  d ie t varied  from  m o re  th a n  82%  early  in  th e  m o rn in g  an d  la te  in  th e  
evening to  50% ju s t before noon. D istinct d iurnal p a tte rn s  w ere also found in the  size of 
bo th  prey  species (Fig. 2.8, Table 2.3). M ost obvious, w ere the sm all sandeel b ro u g h t to 
th e  colony in  th e  firs t few  h o u rs  o f th e  day. C om bin ing  delivery  ra te  an d  p rey  leng th  
resu lted  in an increasing food m ass in  the  early m orning, follow ed by a decrease betw een 
6 and 8 a.m . (Fig. 2.8). From  8 a.m . onw ards the am oun t o f m ass b rough t to the  colony 
w as practically stab le a t a rate  o f abou t 2.2 g ch ick '1 h '1.

Food provisioning in relation to tide
The nu m b er o f fish transpo rted  to  the  colony w as relatively low  a t incom ing tide, w hen 
delivery rates of bo th  herring  and sandeel w ere low  (Fig. 2 .9). M ost sandeel w as brough t 
to  the colony during  high tide, w hile the  delivery ra te  o f herring  w as h ighest a  few hours 
after high tide. In a lm ost all years, an analogous tidal pa tte rn  in delivery rate  w as found. 
In 1997 and  in 1998, however, a  d ifferent pa tte rn  w as found in  the  delivery ra te  o f h e r
ring and  in 1996 an additional peak in  the delivery rate  o f sandeel w as found  around  low 
tide . T he p ro p o rtio n  o f h e rrin g  in  th e  d ie t varied  b e tw een  53%  a t low  tide  to  78%  a t 
incom ing tide. T he length  of the  sandeel fluctuated  during  the tidal cycle, w ith  relatively
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F ig u re  2 .8 . D iu rna l p a tte rn s  in p rov ision ing  ra te  o f h e rrin g  and  sandeel (A), prey  len g th  (B) and 
m ass provisioning rate (C) o f Sandwich Tern chicks on  G riend (1992-98). M eans ±  SE are p lo tted . It 
w as assum ed th a t no  feeding occurred during the  n igh t (shaded areas).

la rge  sa n d ee l b ro u g h t to  th e  co lony  a ro u n d  h ig h  tid e  (Fig. 2 .9 , Table 2 .3 ). H erring  
b ro u g h t to  th e  colony d u ring  incom ing  tide  w ere  slightly, b u t significantly  la rger than  
th o se  su p p lied  d u rin g  o th e r  p a r ts  o f th e  tid a l cycle (Fig. 2 .9 , Table 2 .3 ). F ish  m ass 
b ro u g h t to  the  colony peaked around  high tide and  w as relatively low  a few hours after 
low  tide (Fig. 2.9, Table 2.3).
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F ish  sa m p lin g
A t all sam pling  locations fish abundance show ed  large s tan d ard  dev iations (Table 2 .5), 
probably  reflecting a com bined  effect of large variation  in  the occurrence o f prey  fish in 
th e  u p p e r w a te r  layer, a pa tch y  d is tr ib u tio n  o f th e  p rey  an d  th e  sm all sam p le  size. 
Especially h e rring  had  a patchy  d is trib u tio n  and  th e ir  occurrence a t the  surface seem s 
very irregular. M ost herring  w ere caugh t in  th e  coastal areas a round  V lieland, w hereas
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Table 2.5. Differences in abundance and occurrence o f herring  and sandeel betw een 5 sam pling loca
tions in the  foraging area o f Sandwich Terns breeding on  Griend, 1995-98. Fish w ere caught w ith  an 
IKM T-net in  th e  up p er w ater layer. C atches w ere converted  to  n u m b er o f fish pe r 10,000 m 3 w ater 
passed th rough  th e  net.

Sam pling Location C atch per u n it effort % hau ls w ith  > 1 0  fish N um ber o f hauls

H erring
V liestroom 0.9 ±  4.3 2.3 88
W estm eep 1.0 ±  4.5 2.2 92
Stortem elk 1181.6 ±  6896.8 11.1 81
V liesloot 2832.4 ±  11966.5 53.0 83
O osterom 30.6 ±  96.9 10.0 10

Sandeel
V liestroom 25.8. ±  98.2 17.0 88
W estm eep 18.4 ±  76.7 18.5 92
Stortem elk 32.2 ±  138.5 21.0 81
V liesloot 66.7 ±  449.4 19.3 83
O osterom 1.3 ±  2.6 0.0 10

the  tw o sam pling locations near G riend held relatively few herring. In the  V liesloot m ore 
than  ha lf o f the  hauls contained  a t least 1 0  herring, indicating a high predictability  of the 
occurrence o f th is prey  species. In the  S tortem elk  herring  w ere relatively abundan t, b u t 
occurred only in 11% o f the  hauls. Sandeel seem  to have a m ore predictable d istribu tion . 
M ost sandeel w ere caugh t near V lieland, b u t in  co n tra st to  herring  they w ere also p res
en t in relatively high num bers a t the  tw o sam pling locations near Griend. A t all sam pling 
locations they occurred in  17-21%  of the hauls, except for the  O osterom , w here  alm ost 
no  sandeel w ere caught.

Size d is tr ib u tio n  o f th e  san d ee l sam p led  w ith  th e  IK M T-net closely  m a tch e d  th a t 
b rough t to  the  te rn  colony (Fig. 2 .10). In contrast, the herring  sam pled in the IKMT-net 
was m uch  sm aller than  those  caugh t by the terns. It is, however, n o t clear w h e th e r this 
re flec ts  se lec tive  feed ing  on la rge h e rr in g  by th e  te rn s  o r p o o r sam p lin g  m e th o d s . 
N evertheless som e parallels can be seen betw een variation  in herring  length  as found in 
th e  co lony  an d  v aria tio n  in  h e rr in g  le n g th  as is re flec ted  in  th e  IK M T-sam ples (Fig. 
2 .11). For exam ple th e  IKM T-catches ind icate th a t the  available herring  w ere relatively 
sm all du rin g  th e  firs t w eek  o f Ju n e  in  1998, an d  in  th e  la s t w eek  o f Ju n e  in  1996 and  
1997. In these  periods also herring  b rough t to  the  colony w as relatively sm all. The catch
es fu rth e r  in d ica te  th a t th e  inc rease  in  p rey  leng th  as observed  in  th e  colony w as n o t 
alw ays accom pan ied  by an  inc rease  in  le n g th  o f  th e  fish  available. U nfortunate ly , th e  
num bers o f sandeel caught in June  w ere n o t sufficient for p roper com parative analysis.
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d i s c u s s io n

T he d ie t co m p o sitio n  o f th e  Sandw ich Terns on G riend  reflects th e  h ighly  specia lised  
prey  choice o f th is species. T he observed range in fish size on G riend coincided closely 
w ith  o ther stud ies conducted  around  the  N orth  Sea (Pearson 1968; Veen 1977; G arthe & 
Kubetzki 1998), a lthough  average prey length  varies betw een sites and  years. Part o f the 
varia tion  in  prey  leng th  in  ou r s tu d y  arises from  differences in  age com position  of the  
chicks observed, as paren ts ad justed  prey  length  to  m eet the  increasing energy dem ands 
o f the ir grow ing offspring. Parents w ith  tw o chicks seem  to ad just prey  size to  the  age of 
th e ir  o ld est chick and  fed too  large fish to  th e ir  second  hatch ling . However, w hen  age 
d iffe rences an d  effects o f h a tch in g  order, tim e o f  day, w in d  an d  tid e  w ere  taken  in to  
accoun t a year effect w as s till p re se n t (Table 2 .3). If  such  varia tion  in  prey  size indeed  
reflects fluctuations in food abundance, w e w ould  expect to find sim ilar variations in the 
fish-sam pling  p rogram m e. However, g rea t care m u s t be taken in  in te rp re tin g  th e  sam 
pling program m e in term s of fluctuations in  the  food availability o f the terns. In the first 
p lace th e  sam pling program m e only covered a p a rt of the  foraging areas o f th e  te rns. It 
w as, for exam ple, n o t possib le to  sam ple in the  shallow  coastal w aters n o rth  of V lieland 
and  Terschelling w here Sandwich Terns from  G riend also frequently  foraged. A lso in  the 
W adden Sea only the  deeper parts  could  be sam pled, w hereas the  te rn s  also foraged in 
shallow  w aters. In the  second place by using a m esh size of 6  m m  w e selectively sam pled 
for certain  prey lengths. M oreover, fish abundance in  the  upper w ater layer appears to be 
h ighly  variable, w hich requ ires eno rm ous sam ple sizes to  ob ta in  accurate es tim ates of 
food abundance. W ith  som e care, one can conclude th a t large variation in food availabili
ty  an d  p rey  leng th  ex ists w ith in  th e  foraging area  o f th e  te rn s , an d  also  b e tw een  and  
w ith in  seasons. As expected, the largest variation  w as found in  herring . The occurrence 
o f su itab le  herring  for Sandw ich Terns breeding  on G riend depends on a poorly  u n d er
s tood  system  of influx o f larvae in to  the  W adden Sea and  m igration of older herrings to 
the  coastal areas (C orten & Van de Kamp 1976; Fonds 1978). The tim ing o f these  events 
seem s crucial for the  breeding perform ance of the  terns as young chicks critically depend 
on sm all prey, w hereas older chicks need  to  be fed w ith  larger fish.

Sm all hatch lings are ra th e r  clum sy in  hand ling  th e  fish. A fter several trials p aren ts  
som etim es give up feeding the fish to  the ir chick, leaving the  fish in  the  n es t or eating it 
by them selves. W hen the  chicks grow  up, supplied  fish th a t are n o t robbed, are a lm ost 
in stan tly  eaten by the  chick and it  practically never happens th a t a fish is left in  the  n es t 
or is ea ten  by the paren ts. O n Griend, the  average chick age of fish th a t fell in the  n es t or 
was eaten by the  paren ts, e ither w ith  or w ith o u t guii p ressu re  w as 4.7, 8.0 and 3.5 days, 
respectively ; m uch  low er th an  th e  overall age o f chicks du rin g  th e  observa tions (15.2 
days), thus probably largely explaining th e  sm aller fish in these  categories. The large size 
o f  th e  fish  ro b b ed  by B lack-headed  G ulls an d  by species o th e r  th a n  S andw ich  Terns 
reflects a preference of these  p irates for longer fishes. Several stud ies confirm  th a t p ira t
ing Black-headed Gulls m ainly take larger prey (e.g. Fuchs 1977; Veen 1977; Gorke 1990; 
Ratcliffe et al. 1997), and  also w hen  age differences of the chicks are taken in to  account
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ro bbed  p rey  w ere  sign ifican tly  longer th an  o th e r  p rey  (th is  s tu d y ). Sim ilarly, p ira tin g  
gulls m ay have con tribu ted  to  the  relatively large size of the fish categorised as ‘lo st ou t 
o f s igh t’. In m any occasions, a fish-carrying p aren t chased by a guii flew o u t o f sigh t and 
su b se q u en tly  re tu rn e d  to  th e  co lony  w ith o u t fish . In d eed  in  years w h en  ro bbery  w as 
severe m ore prey w ere lost o u t o f sigh t (Pearson regression, r 2 =  0.30, P < 0 .05).

Effects of wind
W ind m ay have several effects on foraging terns. Firstly, te rns hovering above a prey may 
have d ifficulties rem ain ing  s ta tio n a ry  a t low  w ind  speeds (D unn 1972), b u t also w hen  
w in d  is s tro n g  m o re  v igo rously  hov erin g  m ay be re q u ire d  to  m a in ta in  s ta tionary . 
Secondly, w ind  affects th e  sea  surface itse lf  and  the  tu rb id ity  o f the  w ater, w ith  conse
quences for the  te rn s’ visibility of the  fish and  vice versa. M oreover, w ind can influence 
th e  d is trib u tio n  and  sw im m ing  activity  o f th e  prey  fish (C orten  & van de Kamp 1996; 
B égout A nras & L agardère 1998). Several s tu d ies  investiga ting  th e  in fluence o f w ind  
speed  on fishing ability  o f te rn s  found  th a t fish ing success (% o f successful dives) and 
cap tu re  ra te  (num ber of fish caugh t p e r  u n it o f tim e) in  Sandw ich Terns increase  w ith  
increasing w ind  speed  (D unn 1972, 1973). Taylor (1983), however, found  th a t cap tu re 
ra te  in  Sandwich Terns decreases w ith  increasing w ind speed. T hese contradicting  resu lts 
m ay be due to  differences in  d ie t com position  or in characteristics o f th e  foraging area, 
b u t th e  m o s t p lau sib le  exp lana tion  is th a t they  investiga ted  a d iffe ren t range  o f w ind  
speed . D u n n ’s (1972, 1973) s tu d ies  covered w ind  speeds rang ing  from  0.5-7 .0  m  s '1, 
w hile  in  Taylor’s (1983) s tudy  w ind  speeds ranged  from  3-16 m  s '1. In o u r study, food 
tra n sp o r t to  th e  co lony  in itia lly  im proved  an d  g radually  d ecreased  w ith  w in d  speeds 
h igher than  8  m  s '1, b u t w as only seriously affected w hen  w ind speed exceeded 14 m  s '1, 
thus far ou tside D u n n ’s (1972, 1973) range. This also explains w hy D unn (1975) did n o t 
find any adverse effects o f w ind  speed (0-9 m  s '1) on chick grow th.

A nalogous to  our study, Frank (1992) found th a t C om m on Tern chicks on M insener 
O ldeoog (G erm an W adden Sea) w ere fed few er clupeids and m ore sandeel a t high w ind 
speeds. D uring bad w eather, clupeids show  a dow nw ard m igration  (Ehrenbaum  1936 in 
F rank  1992), w h ile  sh o a ls  b reak  up  (B irkhead  1976), as a re s u lt  o f  w h ich  h errin g  
becom e less available to  the  foraging te rns. A lso the  horizon tal d is trib u tio n  o f the  prey 
fish provides a p lausib le  explanation  for the  effects of w ind  on the  d ie t com position  of 
terns. O ur IKMT-catches show ed th a t herring  w as predom inantly  available in the coastal 
areas around  V lieland. These coastal w aters also held  relatively large am ounts o f sandeel, 
b u t in  co n tra s t to  h e rrin g  sandeel w ere  also  cau g h t in  rela tively  large n u m b ers  in  th e  
W adden Sea directly no rth  o f Griend. U nder sto rm y conditions dom inated  by n o rth w est
erly w inds, th e  sea  surface in  th e  coasta l areas is ex trem ely  rough . U n d er such  cond i
tio n s , th e  less exposed  W adden  Sea p ro b ab ly  p rov ides b e t te r  fo rag ing  c o n d itio n s  for 
te rn s  th an  th e  coasta l areas. T hus, if  indeed  te rn s  sw itch  to  forage in  th e  W adden Sea 
w ith  s trong  w inds, one sh o u ld  expect an increasing  p ro p o rtio n  o f sandeel. This w ould  
also explain the  decrease in  herring  length  w ith  strong  w inds as the  W adden Sea typical
ly holds sm all herring  (Fonds 1978; C orten  1996)). F urther observations on the d istribu 
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tion  of foraging terns and  m ore insigh t in to  the  behaviour o f the ir prey fish are, however, 
needed  to  effectively explain the observed changes.

W h en  w ind  sp eed  increased , chicks o f less th an  6  days old w ere  fed an  increasing  
n u m b e r o f p rey  o th e r  th an  h errin g  an d  sandeel, p red o m in an tly  sm all an d  energy low  
species, like Goby and Brown Shrim p. These a lternate preys contribu te to  fulfil the energy 
dem ands o f sm all chicks, b u t becom e u n im p o rta n t w hen  th e  chicks grow. Even u n d er 
extrem ely  rough  foraging conditions w hen  the  provisioning o f h igh energetic preys was 
severely affected, the  paren ts o f older chicks did no t sw itch to less profitable prey species.

Diurnal rhythms
Several au tho rs found d iurnal rhy thm s in feeding activity in  fish-eating b irds (e.g. Cairns 
1987; H am er & T hom pson  1997). In terns, peaks in  feeding activity w ere found early in 
th e  m orn ing  an d  la te  in  th e  evening (D unn 1972; H u lsm an  1977; Frank 1992). D unn  
(1972) a rgued  th a t  such  d iu rn a l p a tte rn s  cou ld  re su lt  from  chang ing  energy  re q u ire 
m e n ts  o f  th e  ch icks d u rin g  th e  day, th e  p eak  in  feed ing  ac tiv ity  a t daw n  w o u ld  th e n  
re su lt from  th e  h u n g er s ta te  o f adu lts  and  chicks afte r a  n ig h t w ith o u t food, w hile  the  
peak  a t dusk  follows the  need  for a final feeding b o u t before the n igh t falls. A few s tu d 
ies have rela ted  the  diel p a tte rn  in feeding activity in b irds to  vertical m ovem ents o f their 
p rey  (Sjöberg 1985; P iersm a et al. 1988; R ichner 1995). M any fish show  d iu rnal rhyth- 
m ic ity  an d  m ove vertically  in  th e  w a te r  co lum n  as lig h t o r feeding co n d itio n s change 
(Thorpe 1978). Clupea harengus m igrates upw ards to  the  surface a t dusk  w here they tend  
to  d isperse near the  surface; they reform  and m ove to deeper w aters a t daw n (Blaxter & 
P arrish  1965; L aevastu & Hayes 1981). D iving Sandw ich Terns can reach a m ax im um  
d ep th  o f 2 m  (B orodulina 1960; D unn  1972), an d  th u s  are dep en d in g  on fish p re se n t 
n ea r  th e  w a te r  surface. F u rth e rm o re , fo raging Sandw ich Terns u tilise  v isual cues and  
therefo re  do n o t feed during  darkness (Sm ith 1975), w hen  herring  is m o st available in 
th e  u p p e r w a te r  co lum n . T h u s para lle l to  th e  p a tte rn  in  h e rrin g  tra n sp o r t to  G riend, 
Clupea harengus is typically available for foraging te rn s  du ring  th e  early m orn ing  hours 
and  before the  n igh t falls. Ammodytes tobianus, like o ther Ammodytes spp. (Thorpe 1978; 
Y am ashita et al. 1985), are  b u ried  in  th e  se d im e n t a t n ig h t an d  sw im  n ea r th e  surface 
during  daylight (M acer 1966; Reay 1970). So, the  p a tte rn s  o f vertical m igration  in  Clupea 
harengus and Ammodytes perfectly m atch the  p a tte rn s  found in the  colony. U nfortunately, 
w e do n o t kn o w  o f any p u b lic a tio n s  on v ertica l m o v em en ts  in  Sprattus sprattus an d  
Hyperoplus lanceolatus, b u t it is likely th a t they resem ble th e  m igration  p a tte rn s  o f Clupea 
harengus and Ammodytes tobianus. This strongly  suggests th a t th e  observed diel p a tte rn s  
in  food tran sp o rt to  the  te rnery  are re la ted  to  the vertical m ovem ents of the  te rn ’s prey 
fish . A lthough  th is  p leads ag a in st D u n n ’s (1972) hyp o th esis  th a t th ese  p a tte rn s  arise 
from  changing energy requ irem en ts  of the  chicks, h is view  can n o t be excluded. In th is 
respect, it w ould  be in te resting  to  investigate how  Sandwich Terns organise the ir activi
ties during  the day in colonies w here only sandeel is available.

Interestingly, in  th e  firs t tw o hou rs o f the  ligh t period  relatively sm all sandeel w ere 
b ro u g h t to  th e  colony. T h is su g g e sts  th a t  th e se  sm all p rey  w ere  fo u n d  c lo se r to  th e
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colony an d  as a consequence p are n ts  re tu rn e d  to  th e  colony sooner. In th is  way som e 
paren ts could partly  satisfy the  hunger o f the ir chicks, b u t the low  ra te  o f food transpo rt 
in the first h o u r o f th e  day suggests th a t m o st p aren ts did n o t chose for th is  option.

Tidal rhythms
Several stud ies on te rns rep o rt variation  in food tran sp o rt to  the  colony th ro u g h o u t the 
tidal cycle (D unn 1972; H u lsm ann  1977; Frank 1992). C om bining observa tions in  the 
colony w ith  radio-tracking resu lts, Becker et al. (1993) show ed th a t C om m on Terns v isit
ed specific fo rag ing  areas  in  th e  W adden  Sea an d  N o rth  Sea d ep en d in g  on th e  tide . 
Sandeel w ere m ainly caught by these te rns a t th e  N orth  Sea during  incom ing tide, w hile 
h e rrin g  w ere  m ain ly  cau g h t in  th e  W adden Sea a t h igh  tide . A erial co u n ts  o f foraging 
Sandw ich Terns perform ed in  1994 ind icate th a t te rns breed ing  on G riend also use  dif
fe ren t foraging areas du ring  a tidal cycle (Essen et al. 1998). D uring low  tide, foraging 
te rns concentra ted  around  the  gullies in the  W adden Sea and  N orth  Sea. O bservations in 
the  colony show ed th a t fish ing success w as low  du ring  th is  p a r t  o f th e  tidal cycle. Ju s t 
before h igh  tide  te rn s  w ere  m ain ly  seen  foraging in  th e  deep w aters be tw een  V lieland 
and Terschelling. Colony observations show ed th a t herring  and  sandeel could be caught 
h ere in  equal num bers and  th a t relatively long sandeel w ere available here. D uring reced
ing tide, relatively high num bers o f herring  w ere b rough t to  G riend and according to  the 
aerial counts in 1994 during his stage of the  tidal cycle the te rns m ainly foraged around  
the  w est p o in t o f Terschelling. Surprisingly, the  w aters around  the east p o in t o f Vlieland, 
w here  IKM T-catches ind icate a  high abundance o f herring , w ere largely avoided during  
receding tide. W e have no explanation  for th is than  herring  being only available around  
V lie land  d u rin g  o th e r  p a r ts  o f th e  tid a l cycle, s ince  th e  fish -sam p lin g  p ro jec t d id  n o t 
accoun t for differences during  the  tidal cycle. M any species o f fish, how ever, have syn
chronised  th e ir  activities w ith  the  tidal cycle or show  horizon tal m ovem ents oscillating 
w ith  th e  tide  (G ibson 1978; A praham ian  et al. 1998). I t w as beyond  th e  scope o f th is  
study, b u t i t  w ould  be challenging to  fu rth e r extend the  sam pling program m e and  to  pay 
m ore a tten tio n  to  the  d istribu tion  o f the foraging te rns during  the en tire  tidal cycle.
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Chapter 3
Living with gulls: the consequences for 
Sandwich Terns of breeding in association 
with Black-headed Gulls

Eric W .M. Stienen, A llix  Brenninkm eijer and Karin E. Geschiere

Waterbirds 24: 68-82 (2001)

ASTRACT

We studied  the  feeding ecology o f Sandwich Terns (Sterna sandvicensis) in th e  presence of kleptopara- 
sitising  Black-headed Gulls (Larus ridibundus) on  th e  Isle o f Griend, The N etherlands, betw een 1992 
and 1998. A bout 30% o f all o f the  food paren ts transported  to  the  colony w ere lost, m ainly th rough  
in terven tion  o f B lack-headed Gulls. The gulls m ainly took  the  larger fish, b u t show ed no  preference 
for the  energetically m ore profitable herring. A pparently  th e  gulls selected for prey leng th  or visibili
ty  o f the  prey, ra th e r th an  for energy con ten t o f  the  fish. The p roportion  o f food robbed by the  gulls 
increased  w ith  th e  age o f th e  te rn  chicks and paralleled  th e  increase  in  prey leng th  Sandw ich Tern 
p aren ts b rough t to  the  colony. K leptoparasitism  show ed a clear p a tte rn  w ith  tim e o f the  day, tide and 
w ind speed. D uring  the  first few ho u rs o f th e  day, a lm ost no  k lep toparasitism  occurred, w hile rob 
bery w as h igh a round  09.00 and a t dusk. This bim odal p a tte rn  in k lep toparasitism  m igh t be related  
to  th e  foraging activity o f th e  gulls. A tidal effect on  food loss w as less pronounced, a lthough  klep
toparasitism  was significantly h igher during  high tide, w hen  foraging activity o f gulls for o th er foods 
w as low  and the  nu m b er o f potential p irates in th e  te rn  colony w as high. W ind streng th  had signifi
c an t negative  e ffec ts on  th e  a m o u n t o f  food tra n sp o rte d  to  th e  colony, w h ile  k lep to p a ra s itism  
increased . T herefore, w ind  speed severely affected energy in take o f th e  te rn  chicks and had strong  
negative effects on  chick grow th. D uring  the  first tw o w eeks post-hatch ing  k leptoparasitism  was rel
atively low  and had only small effects on  chick grow th, even un d er unfavourable w eather conditions. 
From  th e n  on, however, th e  negative effects o f  k lep to p a ra sitism  on  g ro w th  becam e considerab le . 
E specially  w ith  s tro n g  w inds, ch ick  g ro w th  w as severely  affected . Sandw ich  T erns show  several 
behavioral strategies in o rder to  reduce the  ra te  o f food loss by the  gulls and to  m inim ise the  effects 
on  chick grow th and survival.
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INTRODUCTION

K leptoparasitism  or food piracy, th e  stealing  o f already p rocu red  food by individuals o f 
one species from  in d iv id u als  o f  a n o th e r  species, is w idely  sp rea d  am ong  b ird s 
(Brockm ann and  Barnard 1979). This is especially com m on in seabirds, w hich generally 
b reed  in  dense  colonies and  often  form  aggregations w hen  feeding (Furness 1987). In 
con trast to  m o st o the r seabirds, nesting  Sandwich Terns (Sterna sandvicensis) in ten tiona l
ly seek  th e  prox im ity  o f p o ten tia l k lep toparasites. In T he N etherlands, m o st Sandw ich 
Tern colonies are s itu a te d  in  the  vicinity  o f o r are su rro u n d ed  by n es ting  Black-headed 
Gulls (Larus ridibundus; Veen 1977). In th is way, the  non-aggressive Sandwich Terns ben
efit from  th e  an ti-p red ato r behavior o f the  gulls. By seeking the  prox im ity  o f th e  gulls, 
p reda tion  on eggs and freshly hatched  chicks is greatly reduced (Lind 1963; Veen 1977). 
However, soon after hatching o f the  te rn  chicks, som e nearby breeding gulls develop in to  
specialised k leptoparasites, resu lting  in  serious losses o f food th a t the te rn  paren ts bring 
for the ir offspring. W ith  the grow ing of th e  chicks, the te rns becom e less susceptib le to 
p red a tio n , th u s the  advantages o f associative nes ting  w ith  B lack-headed G ulls becom e 
less im portan t. A t the sam e tim e, the  d isadvantage from  food robbery  strongly  increases 
(this study). S tienen and B renninkm eijer (1999) show ed by experim ent th a t the  cu rren t 
ra te  o f food  p a ra s itism  in  th e  S andw ich  Tern co lony  on th e  Isle  o f  G riend , T he 
N etherlands, has negative effects on chick grow th and  body condition a t fledging. In this 
study, w e give a  detailed  analysis o f various factors influencing food parasitism  by gulls. 
A s im ple  m odel is p re se n ted  th a t show s the  com bined  effects o f k lep to p aras itism  and 
w ind speed on the  grow th o f th e  te rn  chicks on Griend. W ind speed and sea surface con
d itions influence the  fishing ability o f ad u lt Sandw ich Terns (D unn 1973; Taylor 1983). 
In accordance w ith  this, S tienen et al. (2000) found strong  effects o f w ind  speed on die t 
com position  and the  am o u n t o f food transpo rted  to  Sandwich Tern chicks on Griend. As 
w in d  sp eed  also  in flu en ces th e  ra te  o f food loss to  k le p to p a ras itis in g  gu lls , adverse  
effects on chick g row th  are expected , a lth o u g h  D unn  (1975) d id  n o t find  an effect o f 
w ind speed on the w eight increase of Sandw ich Tern chicks.

METHODS

Study Area
T he s tu d y  w as co n d u c te d  on  th e  Isle o f G riend , s itu a te d  in  th e  D u tch  W adden  Sea 
(53°15’N, 5°15’E). G riend (about 57 ha a t norm al h igh tide) consists o f a low  sa lt m arsh  
area , p a rtly  su rro u n d e d  by a so m e w h a t h ig h e r  d u n e  ridge. T h e  isle  su p p o rts  several 
species o f colonial nesting  te rns and gulls. D uring the s tudy  period  (1992-1998) 5,600- 
8,300 pairs o f Sandwich Terns and  16,000-28,500 pairs o f Black-headed Gulls nes ted  on 
the  island. Each year, th e  Sandwich Terns form ed several subcolonies, w hich w ere sepa
rated  from  each o ther e ither in space or tim e. Each year, a subcolony of Sandwich Terns 
in  w hich hatch ing  fell a ro u n d  th e  firs t o f Ju n e  w as chosen  for s tu d y  o f the  food tra n s
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p o rted  to  the  n es t and  also k lep toparasitism . Ju s t before hatching, 50-100 n es ts  w ith in  
the  subcolony w ere enclosed to  preven t th e  chicks from  m oving from  the study  site. The 
enclosures w ere m ade of 50 cm  high w ire netting  of w hich the low er 20 cm  was covered 
w ith  plastic, to  avoid injuries to  th e  chick’s head and bill.

W ind speed a t 10 m  was recorded every 5 m inu tes w ith  a calibrated cup-anem om eter 
in  th e  v ic in ity  o f th e  colony. For m o s t s ta tis tica l analyses w e used  th e  average hou rly  
w ind  speed. However, to  analyse the effects o f w ind speed on the daily energy in take of 
the  chicks w e used the  average w ind  speed during  the daylight period.

Chick Observations
W ithin  th e  enclosures, all chicks w ere banded w ith in  th ree days o f hatching. At banding, 
the  chicks w ere aged using the  size o f yolk sac, the length  o f the bill to  head and feather 
characteristics. Each year, chicks from about 20 nests w ere dyed w ith  picric acid or ink for 
individual recognition. The chicks w ere followed daily from hatching until fledging. Except 
in  1992 and 1995, only chicks younger than  21 days and older than 15 days, respectively, 
w ere followed. Each day, observations lasted  from  approxim ately 04.30 to  22.30. If possi
ble, th e  sam e ch icks w ere  ob se rv ed  each  day, b u t w h en  a ch ick  d ied  a n ew  ch ick  of 
know n age w as s tud ied . O bservations w ere perform ed from  an elevated blind  p laced a t 
ab o u t 2 m  from  the  enclosure. D uring the  observations w e reg istered  prey species, prey 
leng th  and  th e  fate o f the  prey  (for m ore  details see S tienen et al. 2000). Prey size was 
estim ated  in  quarte rs o f the  p a re n t’s bill size (bill leng th  =  5.43 ± 0.25 cm, N  =  679). 
O bservations w ere sto red  in data  loggers w ith  a tim e reso lu tion  o f 1 sec. Food tran sp o rt
ed to  th e  colony and food in take rate  o f the  chicks w ere transform ed in to  energy values 
according to the allom etric rela tionsh ips given by S tienen and  B renninkm eijer (2002).

Growth and Condition of Chicks
W h en  w ea th er cond itions allow ed it, chicks w ere w eighed a t in te rvals o f th ree  days to 
the  nearest g using an electronic balance. The length  o f the to ta l head (head + bill, ± 0 . 1  
m m ) w as m easured  w ith  a vern ier calliper. W hen  intervals betw een  tw o m easurem ents 
lasted  less than  five days, in  betw een body m ass was calculated assum ing  linear grow th.

For each age, the  expected body m ass ( M e x p ,  g) w as com puted  by taking the  average 
body m ass of all s tudy  chicks w hich survived to  fledging (i.e. >  24  days old). A n index 
for chick cond ition  (Cl) w as ob ta ined  by calculating the  deviation  in  body m ass ( M ,  g) 
from  the  expected body m ass for th a t age:

M - M e x n
CI =  „  exp X 100%

M e x p

Data Analysis and Statistics
D ata analyses w ere perfo rm ed  using SPSS/PC + 4.0 s ta tistica l package (N orusis 1990). 
A ll s ta tis tic a l te s ts  w ere  p e rfo rm ed  u sin g  th e  G e n s ta t s ta tis tic a l package (G e n s ta t 5 
C om m ittee  1993). In all logistic reg ression  analyses, the  sta tistica l param ete rs  o f prey
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species, tide and  year w ere trea ted  as factor-variables. D epending on the  param eter, the 
factor-variables w ere subdivided in to  2-12 categories or levels. To analyse the effects prey 
length  (in bill length), prey energy con ten t (in k j), prey species ( 2  types, nam ely herring 
Clupea harengus/Sprattus sprattus or sandeel Ammodytes tobianus/Hyperoplus lanceolatus) , 
w ind  speed  (in m  s '1), tim e o f day (in h ), tide ( 1 2  classes, rela tive to  high w ater) and 
year (7 categories, 1992-98), respectively. The fate of th e  prey b rough t to  the  colony we 
analysed using  a  s tepw ise  logistic reg ression  approach . In all cases, th e  variables w ere 
en tered  in to  a logistic m odel in  th e  order given above. Prey species, o the r than  Clupeidae 
(in fu tu re  called herring) and  A m m odytidae (in fu tu re  called sandee ls), w ere  o m itted  
from  all analyses since they  am o u n ted  less than  1 . 1 % of all food item s supp lied  to  the 
chicks (Stienen et al. 2000).

RESULTS

O f all herring  and sandeels b ro u g h t to  the colony (n =  16,650) 70.7%  w ere eaten by the 
Sandwich Tern chicks. Food item s n o t eaten by the  chicks could be classified as follows:

1. robbed  by Black-headed Gulls (18.0% ),
2. eaten by the te rn  p a ren t under p ressu re  of robbing gulls (1.4% ),
3. lo s t by th e  ad u lt w hen  o u t o f th e  observer's view  and  p a re n t th en  re tu rn ed  w ith o u t 

fish (7.7% ),
4. robbed  by species o th e r  th an  B lack-headed G ulls, m ain ly  Sandw ich Terns, b u t also 

som e C om m on Terns (Sterna hirundo) and C om m on Gulls (Larus canus; 0.7% ), and
5. o th e r  losses, such  as p rey  th a t fell to  th e  g ro u n d  or th a t w ere  ea ten  by th e  p a re n t 

w ith o u t in te rven tion  of gulls (1.5% ).

T hus, ju s t  over 6 6 % o f the  food losses could  be d irectly  linked to  robbing  activ ities of 
gulls (robbed by gulls or eaten  by the  p a ren t un d er p ressu re  of gu lls). The m ost com m on 
event was prey robbed  by a guii w hen  a p a ren t te rn  e ither a ttem p ted  to  land nex t to  its 
chick or p resen ted  a fish to  its chick. Loss of prey w hen  o u t of the observer’s view often 
h appened  w hen  gulls chased an arriving p a re n t te rn  away from  th e  colony and  the  te rn  
su b seq u en tly  re tu rn e d  to  the  colony w ith o u t a fish. However, losing prey  w hen  o u t o f 
view also occurred w hen a chick refused food and the  fish-carrying p aren t left the colony 
or w hen  the p a ren t w as chased away from  the  colony by “p ira tes” o ther than  Black-head
ed G ulls. T h ese  cases o ccu rred  rarely, th u s  th e  m ain  reaso n  for th e  loss o f fish  w as 
because of in te rven tion  by gulls.

The length  of the  fish b rough t to  the colony varied betw een  0.25 and 4.0 bill length. 
However, p rey  sm alle r than  0.75 bill leng th  (0.2%  o f all prey) exclusively consis ted  of 
b roken  p ieces o f fish . T h e  p ro p o rtio n  o f  p rey  ro b b ed  by B lack-headed  G ulls o r o th e r  
species an d  th e  p ro p o rtio n  lo s t w h en  o u t o f  v iew  sig n ifican tly  in c re ase d  w ith  p rey  
length, w hile th e  p roportion  of food eaten by the p a ren t and o ther losses decreased w ith
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F ig u re  3 .1 . Fate o f  fish b ro u g h t to  Sandw ich Tern chicks o n  G riend in 1992-98 in  re la tio n  to  prey 
length . The lines rep resen t the  regression equations given in  Table 3.1. The low er righ t graph show s 
th e  num ber o f fish considered.

prey  leng th  (Fig. 3.1, Table 3 .1). Since th e  p ro p o rtio n  o f food robbed  by B lack-headed 
Gulls and lost o u t o f view  w ere by far the m o st im p o rtan t causes o f food loss, the proba
bility o f consum ing prey sharply decreased w ith  prey  size. If the  prey  species w as includ
ed in  th e  logistic reg ression  m odel afte r p rey  leng th , i t  had  s ign ifican t effects w hen  it 
concerned prey  taken by Black-headed Gulls and prey lo st w hen  o u t o f view  (Table 3.1).
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Table 3.1. Logistic regression analyses examining the effect of prey length and prey species on the 
occurrence of various fates of fish (n = 16,650) brought to Sandwich Tern chicks on Griend in 1992- 
98. Prey length in adult bill length units.

Variable Change in deviance df P-value Estimates of coefficients ± SE

Proportion eaten
Constant 3.33 ± 0.095
Prey length 989.8 1 < 0 .0 0 1 -1.38 ± 0.055
Species 0 .8  1 n.s. 0.036 ± 0.044 for sandeels

Proportion robbed by Black-headed Gulls
Constant -4.85 ± 0.10
Prey length 1171.8 1 < 0 .0 0 1 1.87 ± 0.059
Species 17.4 1 < 0 .0 0 1 -0.207 ± 0.047 for sandeels

Proportion lost when out ol view
Constant -3.37 ± 0.10
Prey length 65.3 1 < 0 .0 0 1 0.443 ± 0.059
Species 1 0 .1  1 < 0 .0 1 0.215 ± 0.049 for sandeels

Proportion eaten by parent
Constant -2.41 ± 0.11
Prey length 40.2 1 < 0 .0 0 1 -1.156 ± 0.071
Species 0 .6  1 n.s. 0.120 ± 0.058 for sandeels

Proportion robbed by other species
Constant -5.64 ± 0.12
Prey length 4.5 1 < 0.05 0.393 ± 0.073
Species 0.3 1 n.s. 0.119 ± 0.061 for sandeels

Proportion rest
Constant -2.91 ± 0.11
Prey length (BL) 23.8 1 < 0 .0 0 1 -0.714 ± 0.072
Species 1 .1  1 n.s. -0.155 ± 0.060 for sandeels

C om pared  w ith  h e rrin g , san d ee ls  w ere  less o ften  ro b b ed  by B lack-headed  G ulls, b u t 
m ore often lo st w hile o u t of view. These effects annu l each other, so th a t no  significant 
effect w as fo u n d  b e tw e en  p rey  species an d  th e  p ro b ab ility  o f co n su m in g  th e  prey. 
Further, adding prey  energy co n ten t to  the  m odel had  no significant effects on the p roba
bility o f consum ption  o f prey  (logistic regression: change in deviance =  0 .2 , d f  =  1 , n .s.). 
If th e  prey  energy co n ten t was en tered  in to  the  m odel first, i t  had  a significant effect on 
the  consum ption  probability  o f a  prey  (logistic regression: change in deviance =  500, d f 
=  1, P <  0 .0 0 1 ), b u t rem oved  on ly  2.5%  o f th e  variance , w h ile  a n o th e r  2 .4%  w as 
rem oved by then  entering  prey length. If the  order o f inclusion w as reversed, prey  length 
rem oved 4.9% , w hile only 0.002%  o f the  variance was rem oved by prey  energy conten t. 
So, food co nsum ption  by the  te rn  chicks depends on th e  size o f th e  fish offered ra th e r 
than  on its energy conten t.
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Age of the Chicks
D uring the  first five days post-hatch ing , food loss w as relatively high (Fig. 3.2). Freshly 
hatched  chicks w ere ra th e r clum sy and  it  took them  a relatively long tim e to  handle prey. 
T his re su lted  in  a h igh  p ro p o rtio n  o f the  food robbed  by e ith e r  neig h b o u rin g  te rn s  or 
S andw ich  Terns v is itin g  th e  colony, b u t  p ro b ab ly  hav ing  no  ch icks o f  th e ir  ow n. 
F u rtherm ore , freshly ha tch ed  chicks som etim es refused  food. T he fish w as th en  left in 
the  nest, consum ed by the  p a ren t or the  p a ren t left the  colony still carrying the  fish.

K lep toparasitism  by B lack-headed Gulls gradually  increased from  hatch ing  un til day 
15 and  rem ained  m ore or less co n stan t thereafter (Fig. 3.2). This parallels the increase in 
the  length  of the  prey b rough t to the  colony from  day 0-15 (Stienen et al. 2000). D uring 
th e  en tire  chick  period , p rey  con su m ed  by chicks w ere, on average, sm alle r th an  prey  
robbed  by gulls (Fig. 3.3). The average size of the  prey  taken by the  gulls increased w ith 
th e  age o f the  te rn  chicks. Prey o f relatively  sm all size, w hich w ere  som etim es robbed  
from  freshly hatched  chicks, w ere never taken from  older chicks. This suggests th a t gulls 
selected  the  largest prey available a t th a t m om ent, ra th e r than  show ing a fixed th reshold  
o f prey size, above w hich they m ade a ttem p ts  to  steal a fish.

A dding the  age o f th e  chicks in to  a logistic regression  m odel after inclusion o f prey 
size  an d  species had  s ig n ifican t effects on th e  p ro b ab ility  o f  p rey  c o n su m p tio n  
(A ppendix  3 .1). In F igure 3.2, th e  difference be tw een  the  expected  p robab ility  o f prey  
co n su m p tio n  (ob ta ined  w hen  average prey  leng th  for a specific age is en tered  in to  the  
logistic curve show n in Fig. 3.1) and  observed prey  consum ption  is p lo tted  aga in st the 
age o f the  chicks. I t show s th a t, du ring  th e  firs t few days afte r hatch ing , co nsum ption  
probabilities o f bo th  prey  species w ere low er than  expected, reflecting the  high food loss
es to  causes o ther than  k lep toparasitism  by Black-headed Gulls. From  day 5-15 sandeels 
w ere consum ed m ore often than  expected, w hile consum ption  probabilities of herring  fit 
th e  expected p a tte rn . From  day 15 onw ards, sandeels w ere consum ed  less often, w hile 
herring  was consum ed m ore often than  expected on th e  basis o f average prey  length. We 
do n o t know  w hat m echanism  underlies these pa tte rn s, b u t it m igh t have som eth ing  to 
do w ith  e ither a learning process by the  gulls, variation  in food com position , o r both .

Energy provision ing  to  each chick increased  from  62 kj chick ' 1 day ' 1 a t ha tch ing  to 
ab o u t 300 kj chick ' 1 day ' 1 near fledging (Fig. 3.2). D uring the  first five days after hatch
ing, abou t 74%  of th e  energy w hich paren ts b rough t to  the  colony w as consum ed by the 
chicks, decreasing  to  a b o u t 55% n ea r fledging. In th e  la st w eek before fledging, m ax i
m um  energy in take am oun ted  to  195 kj chick ' 1 d ay '1.

Effects of Wind
T he p roportion  of food consum ed by the  chicks decreased from  ab o u t 74% a t low  w ind 
sp eed  (< 5 m  s '1) to  a b o u t 6 8 % a t h igh  w in d  speeds (>  11 m  s '1; Fig. 3 .4 ). T his w as 
m ainly due to  an increase in the  proportion  of food robbed  by Black-headed Gulls, w hile 
th e  p ro p o rtio n  o f  food  lo s t o u t o f  v iew  sig n ifican tly  dec reased  w ith  in c reasin g  w in d  
sp eed  (A ppend ix  3 .1 ). T h e  decreas in g  p ro p o rtio n  o f food c o n su m ed  by ch icks w ith  
increasing w ind  speed is rem arkable considering th e  decrease in  prey leng th  b ro u g h t to
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F ig u re  3 .2 . Top graph: fate o f prey b rough t to  the  colony in re la tion  to  the  age o f th e  Sandwich Tern 
chicks on G riend in 1992-98. M iddle graph: deviation from  the  expected p a tte rn  in prey consum ption  
probabilities (i.e. observed prey consum ption  -  consum ption  probability  as expected from  the  obser
ved prey length, see text) during  the  chick period. Bottom  graph: the  daily am o u n t o f energy brought 
to  th e  colony and  co n su m ed  by th e  te rn  chicks (m ean  ±  SE) in re la tio n  to  th e  age o f  th e  chicks. 
R obbed BHG = robbed  by B lack-headed G ulls, lo st =  lo st w h en  o u t o f th e  o b se rv er’s view, eaten  
p a re n t =  co n su m ed  by th e  Sandw ich  Tern p a ren t, ro b b ed  o th e r  = ro b b ed  by species o th e r  th a n  
Black-headed Gulls, o th er = o th er losses, eaten  =  consum ed by chick.

the  chicks (Stienen et al. 2000). The effect o f w ind  speed on the  consum ption  probability  
o f a p rey  is even m ore  p ro n o u n ced  a fte r co rrec ting  fo r p rey  len g th  (Fig. 3 .4 ). A t h igh  
w ind  speeds, th e  co n su m p tio n  o f sandeels w as m uch  low er th an  expected , w h ile  th is  
effect w as less pronounced  in  herring  (Fig. 3.4).
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F ig u re  3 .3 . The leng th  o f  th e  prey (m ean ±  SE) consum ed  by Sandw ich Tern chicks on  G riend in 
1992-98 com pared w ith  the  leng th  o f th e  prey (m ean ±  SE) lo st to  k lep toparasitising  Black-headed 
Gulls in relation  to  the  age o f the  chicks. BL = bill length  o f parent.

W in d  sp eed  had  a s tro n g  effect on th e  a m o u n t o f  energy  su p p lied  to  th e  ch icks. 
H ighest inpu ts w ere found w ith  w ind speed around  7 m  s '1, w hile energy supply strong 
ly decreased a t speeds h igher than  8  m  s ' 1 (Fig. 3.4). A t high w ind speeds, the  low  trans
p o r t ra te  coincided w ith  high food losses, th u s the  energy in take ra te  o f the  chicks was 
severely affected.

Diel Pattern in Kleptoparasitism
D uring the  first few hours o f the day, alm ost all food b rough t to  the colony w as eaten by 
th e  ch icks (Fig. 3 .5 ). A t th a t  tim e, th e  gu lls  sh o w ed  a lm o s t no  in te re s t  in  th e  fish 
b rough t to  the colony. U ntil 09.00, robbing activity of the  gulls increased, resu lting  in an 
increasing p roportion  o f th e  food being robbed by the gulls and o f th e  proportion  of the 
food lo st w hen  o u t o f view, and a decreasing p ropo rtion  o f the  food being consum ed by 
the  chicks (Appendix 3.1). The h ighest losses w ere found around  09.00 and  a t the end of 
th e  day. This typical b im odal p a tte rn  w as found  in  all years, a lthough  th e  exact tim ing
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F ig u re  3 .4 . Top graph: the  effect o f w ind speed on th e  fate o f  food b rough t to  Sandwich Tern chicks 
on  G riend in 1992-98. M iddle graph: th e  deviation  from  th e  expected p a tte rn  in  prey consum ption  
probabilities (i.e. observed prey consum ption  -  consum ption  probability  as expected from  the  obser
ved prey length, see text) in  relation  to  w ind speed. Bottom  graph: the  am o u n t o f energy brough t to  
the  colony and consum ed by the  chicks (m ean ±  SE) in relation  to  w ind speed. Robbed BHG = rob
bed by Black-headed Gulls, lo st =  lo st w hen  o u t o f the  observer’s view, eaten  p aren t =  consum ed by 
the  Sandwich Tern parent, robbed o th er =  robbed by species o th er th an  Black-headed Gulls, o th er = 
o th er losses, eaten  =  consum ed by chick.

varied som ew hat from  year to  year. Since prey  length  did n o t vary m uch during  the  day 
(Stienen et al. 2000), a correction for prey  length  gave a lm ost identical resu lts (Fig. 3.5).

Energy tran sp o rt ra te  to  the colony peaked around  06.00 (Fig. 3.5). A t th a t tim e, food 
loss to  robbing gulls w as still low, resu lting  in high energy intake rates by the  chicks. In
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F ig u re  3 .5 . Top graph: variation in  th e  fate o f the  prey brough t to  the  colony during the  course o f the 
day. M iddle graph: th e  dev ia tion  from  th e  expected  diel p a tte rn  in prey co n su m p tio n  probab ilities 
(i.e. o b se rv ed  p rey  c o n su m p tio n  -  c o n su m p tio n  p ro b a b ility  as ex p ec ted  from  th e  o b se rv ed  prey  
length, see tex t) . Bottom  graph: fluctuations in th e  am o u n t o f  energy b rough t to  th e  colony and con
su m ed  by th e  te rn  ch icks (m ean  ±  SE) d u rin g  th e  day. R obbed  BHG = ro b b ed  by B lack-headed 
Gulls, lo st =  lo st w hen  o u t o f th e  observer’s view, eaten  pa ren t =  consum ed by the  Sandwich Tern 
parent, robbed o th er = robbed by species o th er th an  Black-headed Gulls, o th er = o th er losses, eaten  
=  consum ed by chick.

contrast, the peak in  energy tran sp o rt a t th e  end of the  day coincided w ith  high p ropor
tions o f food loss, so th a t no peak in energy intake rate  w as found a t th e  end o f the day. 
Energy intake ra te  of chicks w as low est around  09.00, w hen  low  rates o f food tran sp o rt 
coincided w ith  high p roportions of food loss.

49



C h a p t e r  3

Tidal Effects
Tidal influences on the probability  o f food consum ption  w ere significant (Appendix 3.1), 
b u t the effect was m uch sm aller than  the  effect o f chick age, w ind  speed and tim e of day. 
Relatively high p roportions of food loss w ere found around  high w ater (Fig. 3.6). A t th a t 
tim e, sandeels b rough t to  the  colony w ere relatively long (Stienen et al. 2000), w hich to 
som e e x ten t m ig h t explain  th e  h igh  ra tes  o f k lep to p aras itism . W h en  p rey  len g th  w as 
taken in to  account, food loss o f bo th  sandeels and  h erring  w as so m ew h at h igher than  
expected  a t  h igh  tide  (Fig. 3 .6). T he high ra te  o f food loss a ro u n d  h igh  tide  coincided 
w ith  a  peak  in  energy tra n sp o r t to  th e  colony, so  th a t energy in take  ra te  o f th e  chicks 
show ed only sm all fluctuations during the  tidal cycle (Fig. 3.6).

Effects on Chick Growth
In th is paragraph, w e will analyse to  w h a t ex ten t food losses influence body m ass grow th 
of the chicks. Also, th e  effects o f w ind speed are included in th e  analyses, as w ind speed 
has stro n g  effects on bo th  th e  am o u n t o f food b ro u g h t to  chicks and  th e  p ropo rtion  of 
food actually  consum ed  by chicks. In all years, m o st o f th e  fluctuations in  chick condi
tion  closely follow ed th e  fluctuations in  w ind  speed  (Fig. 3 .7 ). W ith  stro n g  w inds, the 
average co n d itio n  o f  th e  ch icks rap id ly  d ecreased , b u t  w h en  w e a th e r  co n d itio n s  
im proved, body condition  of surviving chicks increased again.

To investigate to  w h a t ex ten t the  loss o f food to  Black-headed Gulls affected grow th 
of the  te rn  chicks, a curve w as fitted  describing body m ass grow th in rela tion  to  the age 
of the  chicks and  daily gross energy intake:

GR =  8.07 ± 0.59 - 0.32 ± 0.09 * age - 0.0040 ± 0.0030 * age2 + 0.024 ± 0.0020 * GEI 
(n =  1,093 chick m easurem ents, r2 =  0.28, F 3 4 0 9 0  =  152.1, P < 0 .001),

w here GR is the  daily grow th of a  chick (g day-1), age is the age of th e  chick in days and 
GEI is the  daily gross energy in take rate  (kj d ay '1).
Subsequently , th e  effects o f w ind  speed  on energy tra n sp o rt to  th e  colony and  energy 
in take ra te  o f the chicks w ere com puted:

GET =  66.3 ± 20.1 + 7.42 ± 0.28 * age + 16.36 ± 5.04 * w ind  speed  - 1.30 ± 0.30 *
w ind speed2 (n =  1,583, r2 =  0.33, F3 4 5 7 9  =  287.5, P < 0.001)

GEI =  88.5 ± 16.5 + 4.01 ± 0.22 * age + 5.24 ± 4 .16  * w ind  sp eed  - 0 .70  ± 0.25 *
w ind speed 2 (n =  1,583, r 2 =  0.19, F3 4 5 7 9  =  124.8, P < 0.001),

w here  GET is the  daily am o u n t o f energy tran sp o rte d  to  a chick (kj d a y '1), GEI is the 
daily am oun t of energy consum ed by a chick (kj d ay '1), age is th e  age of the  chick in days 
and w ind speed is the average daily w ind speed (m s '1) .

U sing these form ulae, w e com puted  tw o m easurem ents o f chick grow th, namely:
1. A ssum ing th a t all food transpo rted  to  the  chick w as actually eaten by the  chick, and
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F ig u re  3 .6 . U pper graph: tidal effects on  the  fate o f th e  prey supplied  to  th e  colony. M iddle graph: 
th e  dev ia tion  from  th e  expected  p a tte rn  in  prey  co n su m p tio n  p ro b ab ility  (i.e. o bserved  prey  con
su m p tio n  -  consum ption  probability  as expected from  th e  observed prey length , see tex t) during  a 
tidal cycle. Lower graph: tidal influence on the  am o u n t o f  energy b ro u g h t to  the  colony and consu 
m ed by th e  chicks (m ean ±  SE). Robbed BHG = robbed by Black-headed Gulls, lo st =  lo st w hen  ou t 
o f th e  observer’s view, eaten  p aren t =  consum ed by the  Sandwich Tern parent, robbed o th er =  rob
bed by species o th er th an  Black-headed Gulls, o th er =  o th er losses, eaten  = consum ed by chick.

2. W hen  food loss (i.e. all food th a t is n o t consum ed by the chick) is taken in to  account. 
F urtherm ore, w e m odelled grow th in calm  and in  sto rm y w eather s ituations (wind speed 
5 m  s ' 1 and  15 m  s '1, respectively). Second hatched  chicks w ere om itted  from  th is exer
cise and  m axim um  body m ass grow th  w as se t a t 13 g day -1 (i.e. m axim um  grow th ra te
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Figure 3.7. Development of the condition of Sandwich Tern chicks (dots, right axis) on Griend in 
1992-98 in relation to wind speed (circles, left axis).

recorded  in  the  laboratory; K laassen et al. 1992). T he re su lts  are show n  in F igure 3.8. 
U n d er favou rab le  w e a th e r  co n d itio n s  an d  in  th e  ab sen ce  o f  B lack-headed  G ulls, th e  
chicks w ould  theoretically  reach a m axim um  body m ass o f 256 g a t day 36. If, however, 
food loss is taken in to  account, m axim um  body m ass w ould  be reached w hen  the chicks
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F ig u re  3 .8 . Body m ass grow th  (circles, m ean ±  SE) of first-hatched and single Sandwich Tern chicks 
on G riend in  1992-98. The line represen ts th e  average o f th e  five low est m easurem ents o f body m ass 
o f surviving chicks (i.e. chicks w hich reached an age o f a t least 25 days). The tw o shaded areas show 
a m odel o f body m ass grow th th a t incorporates effects o f  k leptoparasitism  and w ind speed (see text). 
T he upper shaded area encloses the  m axim um  body m ass grow th (i.e. assum ing th a t all food brough t 
to  the  colony is actually consum ed by the  chicks) and norm al body m ass grow th (i.e. accounting for 
prey  losses) u n d e r favourable w eath e r co n d itions (i.e. w ind speed 5 m  s '1); th e  low er shaded  area 
encloses the  m axim um  and m in im um  body m ass grow th o f the  chicks under storm y w eather condi
tions (i.e. w ind speed 15 m  s_1).

are 29 days old, b u t m axim um  body m ass w ould  be 186 g, a decrease of 27%  com pared 
w ith  th e  s itu a tio n  w ith o u t food loss. T he p red ic tion  o f g row th  u n d er th ese  cond itions 
(w ind speed =  5 m  s " 1 and  accounting for food loss) closely follows the  observed grow th 
o f th e  chicks (Fig. 3 .8). This is n o t su rp rising , since du ring  ou r s tu d y  th e  w ind  speed  
averaged 7.7 ± 2 .4  m  s '1, close to  5 m  s ' 1 u sed  in  th e  m odel. U n d er p e rs is te n t w indy  
co n d itio n s  (w ind  sp eed  15 m  s '1) m a x im u m  body  m ass w o u ld  be 179 g a t day 31, 
a s su m in g  th a t  all food b ro u g h t to  th e  co lony  is ac tua lly  c o n su m ed  by th e  ch icks. 
However, since k lep to p aras itism  is h igh  u n d er s to rm y  cond itions, g row th  w ou ld  s tag 
n a te  a t day 25. A t th a t tim e, m axim um  body m ass w ould  am o u n t to  only 139 g, w hich is 
below  the body m ass o f the  four slow est growing chicks Klaassen et al. (1992) raised in 
th e  la b o ra to ry  u n d e r a  re s tr ic te d  food reg im e. A lso, i t  is close to  th e  m in im u m  body 
m ass of surviving chicks on G riend (Fig. 8 ). The m odel fu rthe r p redicts th a t chicks older 
than  25 days w ould  quickly lose w eigh t under sto rm y  conditions and  w ould  fall beh ind  
th e  m in im um  body m ass recorded  on G riend. A dverse w ind  cond itions do  affect chick 
g row th  during  th e  firs t tw o w eeks post-hatch ing , b u t th e  effects are n o t d isa stro u s for 
the  average chick. Even w hen strong  w inds blow  for a long period, m ost first hatchlings 
w ould  survive the  first tw o w eeks after hatching. For chicks older than  25 days, however, 
such conditions w ould  seriously affect g row th and the chicks w ould  starve to  death.
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DISCUSSION

In the  firs t tw o w eeks afte r hatch ing , food loss to  Black-headed Gulls w as low  and  had 
no  m ajor effects on the  grow th of Sandwich Tern chicks. From tw o w eeks old, the  length  
of the  prey b rough t to  the te rn  chicks was a t a m axim um  and k lep toparasitism  w as high. 
A t th is  tim e, the  effects o f k lep toparasitism  on the  grow th of Sandw ich Tern chicks can 
be considerably. Still, chick m o rta lity  can be very  h igh  in  the  firs t w eek afte r ha tch ing  
(Langham  1974; chap te r 7). This reflects a high m orta lity  o f second hatched  chicks, as 
they  receive a lm o st no  food from  th e ir  p a re n ts  (S tienen  et al. 2000 ). M orta lity  o f firs t 
hatchlings betw een  day 20-24 as observed on G riend (chapter 7) probably is a com bined 
effect o f  p eak  energy  dem an d s being  reached  (K laassen et al. 1992) an d  h igh  ra te s  o f 
k lep toparasitism . A t th a t tim e, som e subcolonies of Sandw ich Terns on G riend becom e 
a lm ost totally deserted , as paren ts lure the ir chicks to  o the r sites on the  island. S tienen 
an d  B ren n in k m eije r (1999) a rg u ed  th a t  leav ing  th e  co lony  s ite  cou ld  be an evasive 
b eh av io r to  avoid  h ig h  p rey  lo sses  to  th e  gu lls an d  to  im prove  th e  ch ick s’ su rv ival 
chances. Leaving th e  co lony  s ite  to  avoid  k le p to p a ras itism  by th e  n e ig h b o u rin g  gulls 
becom es even m ore im p o rtan t during  periods of w indy w eather, w hen  food tran sp o rt to 
the  colony is low. If u nder such conditions, the  terns can n o t avoid the  kleptoparasitising  
gulls (in th e  c u r re n t s tu d y  because  th e  chicks w ere  enc lo sed  o r in  n a tu ra l s itu a tio n s  
because the  subcolony  is su rro u n d ed  by th ick  vegeta tion ), g row th  is severely curta iled  
an d  can even becom e negative . N ev e rth e le ss , te rn  ch icks have w ide  m arg in s  w ith in  
w hich  they  can surv ive (K laassen et al. 1992; ch ap te r 7) and  only w hen  a long lasting  
period of w indy w eather occurred w as large-scale chick m ortality  observed (Veen 1977). 
D u n n  (1975) d id  n o t find  any effects o f w in d  sp eed  on th e  body  m ass g ro w th  of 
Sandwich Tern chicks. However, D u n n ’s s tudy  (1975) covered w ind  speeds ranging from  
0-9 m .s '1, w hile  th e  adverse effect o f w ind  on the  energy in take o f chicks only becom e 
obv ious a t  h ig h e r w in d  sp eed s. A lso , th e  n u m b e r  o f  B lack-headed  G ulls n es tin g  on 
C oquet Island, w here D unn (1975) d id  his study, w as m uch low er than  on Griend, and 
k lep toparasitism  m igh t have been accordingly low.

Economics of Black-headed Gulls
In th e  p resen t study, w e found th a t the  loss of food positively correlated  w ith  th e  length 
o f th e  p rey  su p p lied  to  th e  ch icks. As th e  g ross energy  c o n te n t o f fish  exponen tia lly  
increases w ith  its length , larger fish are far m ore profitable for the  gulls than  sm all ones. 
Several s tu d ies  sh o w  th a t  b o th  th e  chance o f  being  a ttacked  by p ira tin g  gulls an d  th e  
p robab ility  o f losing a fish to  th em  increases w ith  th e  leng th  o f th e  fish (H opkins and 
W iley 1972; H ulsm an 1976; Ratcliffe et al. 1997), although  very large fish are som etim es 
avoided by k lep toparasites (D unn 1972). Such increase w ould  be expected if  the p irates 
p refer larger and  therefore m ore profitable prey or if  larger prey  sim ply are m ore conspic
uous to  k lep toparasites. However, in  c o n tra s t to  w h a t w e m ig h t expect from  econom ic 
reasoning, prey length  w as a b e tte r p red ic to r o f the  ra te  of prey  loss than  the energy con
te n t o f the  prey. H erring o f a  specific size w ere robbed  as often as sandeels o f the  sam e
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length , w hereas herring  has a  m uch  h igher energy co n ten t (Stienen and B renninkm eijer 
2002). A ssum ing  th a t robb ing  success does n o t d epend  on prey  leng th  (b u t see D unn 
1972), th is finding suggests th a t Black-headed Gulls selected for prey  length  or visibility 
o f th e  p rey  ra th e r  th an  for energy c o n ten t o f th e  prey. S im ilar re su lts  w ere  found  in  a 
S andw ich  Tern co lony  a t  th e  S ands o f  Forvie (S co tland ), w h ere  B lack-headed  G ulls 
se lec ted  te rn s  carry ing  large sandee ls, b u t a lm o s t ig n o red  b ird s  carry ing  sh o rte r, b u t 
m ore profitable gadoids o rc lu p e id s (Fuchs 1977).

Patterns in Kleptoparasitism
D unn (1973) show ed th a t the robbing in tensity  of Roseate Terns Sterna dougallii increas
es w ith  th e  n u m b e r o f h o s ts  p re se n t a t a certa in  m o m en t. In co n tra s t, in  in te rac tio n s 
b e tw e en  S andw ich  T erns an d  B lack-headed  G ulls, th e re  seem s to  be no  re la tio n sh ip  
betw een  the  num ber o f h o s t te rns and the ra te  o f k lep toparasitism . In th e  early m orning, 
th e  p ira tin g  gulls, a lthough  p resen t, show ed  no in te re s t in  the  p o ten tia l food resource  
provided by the  terns. F urtherm ore, food supply  peaked around  06.00, w hile the  rate  of 
food loss w as h ighest th ree  hours later. M oreover, the  variation in d ie t com position  d u r
ing th e  day d id  n o t provide an explanation  for th e  observed diel p a tte rn  in  k lep topara
sitism . T he p ro p o rtio n  o f h erring  in  th e  d ie t is high du ring  th e  crepuscu lar ho u rs  and 
relatively low  around  12.00 (Stienen et al. 2000). Since relatively sh o rt herring  are su b 
jected  less to  k lep toparasitism , one w ou ld  expect food piracy to  be h ig h e s t ju s t  before 
noon  and  then  gradually decreasing tow ards dusk, w hich w as n o t the  case. Light condi
tio n s  can be exc luded  as a fac to r d e te rm in in g  th e  d ie l p a t te rn  in  k le p to p a ras itism , 
because although the  incidence of robbery  w as low in the early m orning, i t  w as relatively 
high a t dusk. A pparently  o ther factors are im portan t. From  an energetic p o in t of view, it 
m ig h t be expected  th a t k lep to p aras itism  is especially  h igh  du rin g  th e  firs t ho u rs  afte r 
sunrise. A fter a  n igh t w ith o u t food the  hunger o f th e  guii chicks w ould  urge the paren ts 
to  ge t su ffic ien t food and  th u s  one m ay expect an increased  in ten s ity  o f food piracy in 
the  early m orning. O n the  o ther hand, if guii paren ts s ta rt to  search for food a t sea, klep
toparasitism  w ould  be particu lar low  in the  early m orning. T here are, however, special
is ts  and  occasional p ira tes  am ong  th e  gulls (Veen 1977; G orke 1990). T he n u m b e r of 
specia lised  p ira tes  is re la tive ly  low  and  th e ir  activ ity  ten d s to  be c o n s ta n t d u rin g  th e  
course of the  day (Veen 1977). T he nu m b er of occasional p irates, however, greatly  o u t
num bers the  specialists and  the ir presence in the colony can greatly vary during  the  day 
(Veen 1977). O nly w hen  occasional p ira tes  can n o t find  sufficien t food elsew here, they 
v isit the  te rnery  to  p ira te  th e  te rns (Veen 1977; M onaghan et al. 1989; O ro 1996). The 
d iurnal pa tte rn  in  foraging activity of Black-headed Gulls show s a bim odal pa tte rn , w ith  
m o st activity  in  the  early m orn ing  and  in  th e  la te  a fte rnoon  (G lutz von B lotzheim  and 
B auer 1982), w hich m igh t explain th e  typical p a tte rn  in k lep toparasitism . Veen (1977) 
also found th a t the  num ber of fish-stealing Black-headed Gulls p rese n t in  the  tern  colony 
varied w ith  the sta te  o f the  tide. D uring high tide, w hen  the  m ain feeding grounds of the 
gulls are o u t of reach and  foraging activity of the gulls is low  (Gorke 1990), th e  num ber 
o f  p ira tin g  gu lls p re se n t in  th e  colony is re la tive ly  h igh  (Veen 1977). As a re su lt, w e
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fo u n d  a h ig h  ra te  o f k le p to p a ra s itism  a ro u n d  h ig h  tide . K lep to p aras itism  d ecreased  
tow ards low  tide, w hen  th e  gulls resu m e feeding a t  the  tidal flats. W eather conditions 
m ay influence the robbing behavior of the  gulls in the sam e way. W ith  strong  w inds the 
m ud  flats are less exposed during low  tide and  m oreover, th e  gulls m ay have difficulties 
w hile searching for food in flight. So the high rates o f food loss w ith  strong  w inds p roba
bly resu lt from  high num bers o f occasional p irates p resen t in  the  te rn  colony.

Adaptive Strategies against Kleptoparasites
Birds th a t are v ic tim s o f k lep to p aras ite s  have ad o p ted  several behavioral s tra teg ie s  to  
red u ce  food loss. B arnard  (1984) d is tin g u ish e s  th re e  fo rm s o f b ehav io ra l s tra teg ie s  
ag a in st k lep to p aras ite s , nam ely  re ta lia tio n , evasion an d  increased  effort. P robably th e  
m o st obvious th ing  to  do w hen suffering from  high rates o f k lep toparasitism  is to  sim ply 
avoid the  p ira tes. As m en tioned , Sandw ich Terns appear to  lure th e ir  chicks away from  
th e  ro b b in g  gu lls . In  th is  way, th e  te rn s  can im prove  food  in tak e , re su ltin g  in  fas te r 
g row th  and im proved survival o f the  chicks (S tienen and  B renninkm eijer 1999). W hen  
Sandw ich Terns are n o t able to  escape from  th e  gulls, th e  b irds have o th e r strateg ies to 
reduce the im pact o f p irating  gulls. A com m on strategy is for a  p a ren t to  m ask a feeding 
event by form ing a sh ie ld  a round  th e  chick w ith  its  w ings, w hile  the  p a r tn e r  feeds the 
youngster. Som e te rn  p a re n ts  have developed  an uncom m on  stra teg y  to  d im in ish  th e  
chance of robbery  and, unlike m o st Sandwich Terns, they ho ld  th e  fish longitudinally  in 
th e  bill, a lm o s t inv is ib le  to  th e  gu lls . A lso  re ta lia tio n  is so m e tim es  p rac tice d  by 
Sandw ich Terns, b u t the  effectiveness o f th is behavior is low. A n o th er w ay to  d im in ish  
k lep toparasitism  w ould  be to  sh ift tow ards a herring  dom inated  diet, as th is prey  species 
is less vulnerable to  k lep toparasitism  than  sandeels. However, in m o st years, paren ts did 
n o t supply  m ore herring  w ith  increasing age o f the  chicks (Stienen and  B renninkm eijer 
2002), suggesting  th a t the availability o f th is prey  species is lim ited. Instead, the  paren ts 
c o m p en sa ted  fo r th e  p rey  lo sses by inc reasing  th e ir  fo rag ing  effort. So by ad o p tin g  a 
w ide range o f behavioral strateg ies Sandwich Terns are usually able to  live w ith  the klep- 
toparasitis ing  gulls, from  w hich an ti-p red ato r behavior they benefit du ring  the  egg and 
early chick stage.
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Chapter

Foraging decisions of Sandwich Terns 
in the presence of kleptoparasitising gulls

Eric W .M. Stienen and A llix  B renninkm eijer

Auk 119: 4 7 3 -4 8 6  (2002)

ASTRACT

We stud ied  prey selection of Sandwich Terns (Sterna sandvicensis) in th e  presence o f k lep toparasitis
ing B lack-headed Gulls (Larus ridibundus) on  Griend, D utch  W adden Sea, from  1992 to  1998. O f the 
tw o  m ajo r p rey  item s, gulls ro b b ed  th e  larg e r sandeel m ore o ften  th a n  h e rrin g . T herefore, if  th e  
chicks w ould  be exclusively feed on sandeel energy intake w ould be too  low for th e  chicks to  survive, 
provided th a t one paren t a tten d s the  chick. By provisioning an increasing proportion  o f herring, par
e n t  te rn s  cou ld  th eo re tic a lly  overcom e an  im m in en t food sh o rtag e  w h en  th e  ch icks g row  older. 
However, in m ost years the  p roportion  o f herring  did n o t increase w ith  the  age o f the  chicks. Instead, 
p aren ts increased th e ir foraging effort w ith  the  grow th o f th e ir offspring. In years w ith  h igh propor
tio n s  o f food loss, pa ren ts  left th e ir  chicks u n a tte n d ed  a t th e  n es t m ore often . In th is  w ay paren ts  
w ere largely able to  coun terbalance food shortage  o f th e ir  offspring. In 1992 and 1996, w h en  d ie t 
com position  w as unfavourable and food losses w ere high, p aren ts left th e ir chicks una tten d ed  a t the 
n e s t for ab o u t 80%  o f th e  day ligh t p eriod . I t  is a rgued  th a t  th e  p re se n t w o rk in g  level o f p a ren ts  
m igh t be h igher than  in  the  1960s.
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INTRODUCTION

A cen tra l th em e in  an im al ecology is how  an im als o rgan ise  th e ir  foraging activ ities in 
o rder to  m axim ise th e  ra te  o f energy in take (e.g. Schoener 1971; Krebs 1973; C harnov 
1976). O rians and Pearson (1979) developed a foraging m odel th a t incorporates the spe
cial p roblem s of travel restric tio n s encoun te red  by an im als re tu rn in g  to  a cen tra l place 
a fte r each forag ing  tr ip  (see also  L essels an d  S tep h en s 1983). M ore com plex  m odels 
incorporate additional costs, like com petition  and predation  risk (review in S tephens and 
Krebs 1986). In th is paper, we will discuss som e o f the foraging decisions th a t Sandwich 
Terns (Sterna sandvicensis) m u st m ake in order to  m axim ise food intake rate  o f the ir chicks 
in  th e  presence of k lep toparasites. Sandw ich Terns are a lm ost stric tly  piscivorous b irds 
and  th e ir  food choice is h ighly specialised. Chicks are a lm ost exclusively fed w ith  high 
energetic prey species (e.g. Pearson 1968; C am predon 1978). O n Griend, D utch W adden 
Sea, the  d ie t o f the  chicks m ainly  consists  o f C lupeidae (herring  (Clupea harengus) and  
sp rat (Sprattus sprattus)) and A m m odytidae (m ainly sandeel (Ammodytes tobianus)) (Veen 
1977; S tienen  et al. 2000). T he specia lised  food choice o f Sandw ich Terns m akes them  
extrem ely vulnerable for changes in the availability o f one of the ir prey  species. It the re
fore seem s likely th a t th e  large b e tw een -year varia tion  in  d ie t com position  on G riend  
(Veen 1977; this study) reflects strong  fluctuations in food availability. This study  exam 
ines the  effects o f changes in  food com position  on grow th and survival of the chicks, and 
the  paren ta l ability to  buffer im m inen t food shortage by increasing the ir foraging effort.

Sandw ich Tern colonies are characterised  by a high degree of coloniality, as is reflect
ed in  ex trem ely  sy n ch ro n ised  b reed ing  an d  very  h igh  n e s t d en s itie s  (e.g. Veen 1977). 
A fter foraging the paren ts re tu rn  to  the  colony w ith  one prey held  in  full view in the  bill. 
U n d er th e se  co n d itio n s  k le p to p a ras itism  is likely to  evolve (B rockm ann an d  B arnard  
1979). In fact, prey-carrying Sandwich Terns arriving in  the  colony are often heavily para
s itise d  by n e ig h b o u rin g  gu lls an d  te rn s  (e.g. Fuchs 1977; Veen 1977; G orke 1990; 
Ratcliffe et al. 1997). O n G riend, th e  c u rre n t ra te  o f k lep to p aras itism  by B lack-headed 
G ulls (Larus ridibundus) has se rio u s consequences for g row th  an d  surv ival o f th e  te rn  
ch icks (S tienen  an d  B ren n in k m eije r 1999). In so m e su b co lo n ie s  p a re n ts  a re  ab le  to  
escape from  the  high losses inflicted by the  gulls by guiding the ir chicks away from  the 
gulls. However, n o t all subcolonies provide su itab le escape routes; som e are su rrounded  
by den se  vege ta tion . In th is  study, w e s im u la ted  th is  non-escape s itu a tio n  by keeping 
chicks in  enclosures. This m ade it  possib le  to  s tudy  how  p a re n t te rn s  faced w ith  k lep
toparasitism  organise the ir feeding activities in o rder to  m axim ise energy intake of the ir 
chicks. O nly recently, a few  stud ies  have addressed  to  prey  se lection  in  the  p resence of 
k leptoparasites. Since k lep toparasites often select specific prey item s it m ay be econom i
cal for h o s ts  to  avoid these  prey  item s, as for exam ple has been  observed  in  A m erican 
O y ste rca tch er (Haematopus palliatus), G olden P lover (Pluvialis apricaria) an d  Lapw ing 
(Vanellus vanellus) (Thom pson and Barnard 1984; Tuckwell and  N ol 1997). In th is paper, 
several behavioural s tra teg ies em ployed by Sandw ich Terns to  avoid or com pensa te  for 
the  losses inflicted by k lep toparasitising  Black-headed Gulls will be discussed.
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STUDY AREA AND METHODS

Study area
S andw ich  Terns w ere  s tu d ie d  on th e  Isle  o f  G riend  (ca. 57 h a  d u rin g  h igh  tid e ), T he 
N e th e rlan d s  (53°15’N, 5°15’E), from  A pril to  A u g u st 1992-98. A p art from  Sandw ich 
Terns, th ree  o th e r species o f gulls and  te rn s  n es ted  on G riend in large num bers during  
the  study  period: Black-headed Gulls (16,000-28,500 pairs), C om m on Terns (S. hirundo; 
1 ,500-3 ,300 pairs) and  A rctic Terns (S. paradisaea; 800-1 ,250 pa irs). D uring  th e  s tudy  
p erio d , th e  p o p u la tio n  o f  S andw ich  Terns flu c tu a te d  b e tw een  5000 (1997) an d  8300 
(1994) pairs, consisting  of 8-14 subcolonies.

Observations of chicks and parents
Each year a p a r t o f a subcolony contain ing 50-150 n ests  w as fenced to  preven t the chicks 
from  w alking aw ay from  th e  n e s t s ite  (see S tienen  and  B renn inkm eijer 1999). W ith in  
the  enclosures all chicks w ere ringed, as soon as possib le after hatching, so th a t the ir age 
cou ld  be d e te rm in e d  accurately . In ad d itio n , each year a b o u t 20  ch icks w ere  co lour- 
m arked to  enhance individual recognition. In 1992-98, observations on d ie t com position, 
prey  length  and paren tal n es t a ttendance w ere m ade from  an elevated h ide placed a t ca. 3 
m e tres  from  th e  fenced colony. In general, observations w ere m ade con tinuously  from  
4 :30  am  to  10:30 pm . Prey s ize  w as e s tim a te d  in  q u a r te rs  o f  th e  a d u l t’s bill le n g th . 
E stim ating  prey  size w as ca lib ra ted  p e r  observer by ho ld ing  fishes o f d iffe ren t species 
and  length  in  fron t o f a stuffed  te rn ’s bill a t a  distance com parable to  the  field situation . 
C alibration greatly increased the  accuracy o f the  estim ates, and the  largest error an expe
rienced  observer m ade w as 0.25 bill leng ths. Bill leng th  (BL) o f 697 adu lts  trapped  on 
th e ir  n es ts  varied  be tw een  47 .60  an d  62.80 m m , correspond ing  w ith  a dev iation  from  
the  m ean (54.31 ± 2.54 m m ) of -0.12 to  0.16 BL. T hree prey types w ere d istinguished: 
C lupeidae (H erring Clupea harengus and S prat Sprattus sprattus; fu rthe r referred to as h e r
ring), A m m odytidae (Sandeel Ammodytes tobianus and G reater Sandeel Hyperoplus lanceo
latus; fu rth e r referred to as sandeel) and o ther prey. T he category ‘o ther p rey ’ can largely 
be ignored since it am oun ted  to  less than  1% of all prey  item s (Stienen et al. 2000). The 
fate o f the  food was categorised as eaten by the  chick, robbed by Black-headed Gulls, or 
lo st o therw ise (e.g. th rough  in terven tion  o f o ther gulls and terns, fallen on the g round  or 
lo st o u t o f the observer’s s ig h t) .

In 1993-96, paren ts o f 6, 6, 1 and 1 nests, respectively, w ere individually followed to 
ob ta in  in fo rm atio n  on ro u n d  trip  travel tim e. P aren ts o f each n e s t w ere  d is tin g u ish ed  
from  each o ther by characteristics o f head  m oult, th e  presence of a ring or the yellow ish 
colour of feathers w e had dyed w ith  picric acid. M ean trip  duration  was com puted  w hen 
m ore than  4 m easurem ents for a specific prey  length  w ere obtained. Foraging trips last
ing m ore than  180 m in w ere excluded from  the  analysis as th e re  w as reason  to  believe 
th a t these  paren ts e ither sp en t considerable tim e roosting  or had already re tu rn ed  to  the 
colony earlier b u t lo st the ir fish o u t o f the observer’s sigh t and  subsequen tly  re tu rn ed  to 
forage before being observed by us.
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Growth rate
W hen w eather conditions allow ed it, the chicks w ere w eighed to the  nearest gram  every 
th ird  day. For days in  betw een, body m ass w as in te rpo lated  assum ing  linear grow th. If a 
chick w as m easured  a t least 4 tim es un til day 21 (day 0 =  day o f hatch ing), its average 
g ro w th  ra te  b e tw een  age 3 an d  age 21 (phase  o f  lin ea r m ass g row th) w as com pu ted . 
Individual grow th rates varied betw een 0.0 and 10.6 g .day '1 and averaged 6.25 ± 2.01 g. 
d a y '1 (n =  181). G row th  ra te  o f surv iv ing  chicks w as sign ifican tly  h ig h e r th an  th a t  o f 
non -su rv ivo rs (7.03 ± 1.19, n =  131 and  4 .22  ± 2.28, n =  50, respectively, S tu d e n t’s 
t- te s t, T =  8.29, P <  0.001).

Energy intake
For b o th  h e rrin g  an d  sandeel an  a llom etric  eq u a tio n  re la tin g  fish  le n g th  to  m ass w as 
obtained, using least square analysis on fish found in the  colony and  fish sam pled in the 
W adden Sea (Stienen et al. 2000). W ater co n ten t m easured  for 10 herring  and 12 sandeel 
ranging in length  from  4.6 to 18.4 cm  am ounted  to  74.51 ± 1.12% and 75.05 ± 2.43% , 
respectively. Energy density  o f the  fish w as m easured  by bom b calorim etry and  am o u n t
ed to  20 .5 4  ± 1.50 k j .g '1 an d  20 .30  ± 1.81 k j .g '1 d ry  m a tte r  for h e rrin g  an d  sandeel, 
respectively. From  th is the  follow ing equations rela ting  fish leng th  (L in  cm) to  energy 
co n ten t (E in kj) can be com puted:

Equation 1: E =  0.03571 * L2-996 for herring  
Equation 2: E = 0 .01499 * L2-982 for sandeel

In th is paper, length-specific round trip  travel tim e com bined w ith  energy co n ten t o f the 
fish is used to p red ic t energy provisioning to the  chicks for each prey  length  and species, 
assum ing  a daylight period of 18 h. F urther incorporation  o f length-specific consum ption  
ra tes  yields a p red ic tio n  o f daily  energy  in take  o f th e  chicks, assu m in g  all p rey  p rov i
sioned  to  the chicks are o f the  sam e species and length . These predictions are then  used 
to  co m p u te  p red ic tiv e  fo rag ing  effo rt o f  th e  p a re n ts , w h ich  w ill be co m p ared  w ith  
observed foraging effort.

Energy requirements of the chicks
K laassen et al. (1992) raised  Sandw ich Tern chicks in  th e  laboratory  un d er tw o feeding 
regim es. Four chicks, w hich w ere fed ad libitum  herring  and sandeel, achieved an average
grow th ra te  of 12.8 g .day '1, w hile restric ted  food in take in  four o th e r chicks resu lted  in
an average g row th  ra te  o f 5.0 g .day '1. T hese grow th  ra tes are close to  th e  lim its m eas
u red  in  th e  field , w h ere  m in im u m  an d  m a x im u m  g ro w th  ra te s  o f  su rv iv ing  chicks 
a m o u n te d  to  3.3 an d  9.8 g .d a y '1, respectively . W e th e re fo re  u sed  daily  g ross energy  
in take o f the  tw o groups o f laboratory  raised  chicks as up p er and  low er boundaries for 
our calculations. Daily gross energy intake of the slow  growing chicks m u st therefore be 
reached in order to  survive and daily gross energy intake of the fast growing chicks can be 
regarded as the m axim um  am oun t o f energy chicks can assim ilate effectively. Figure 4.1
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Figure 4.1. Gross energy requirements of growing Sandwich Tern chicks. Redrawn from Klaassen et 
al. (1992), lines are fitted by eye. Slow (circles) = chicks growing at 5 g.day1; Fast (dots) = chicks 
growing at 12 g.day-1.

show s th a t energy in take of slow  grow ing chicks gradually increased from  45 kj.day-1 a t 
h a tch in g  to  247  k j.d ay -1 n ea r  fledg ing , w h ile  daily  energy  in ta k e  o f  th e  fa s t g row ing  
chicks w as generally  h ig h e r an d  reached  a m ax im u m  o f 385 k j.day -1 w hen  th e  chicks 
w ere tw o w eeks old.

D a ta  a n a ly s is  a n d  s ta tis t ic s
D ata analyses w ere perfo rm ed  using SPSS/PC + 4.0 s ta tistica l package (N orusis 1990). 
A ll s ta tis tic a l te s ts  w ere  p e rfo rm ed  u sin g  th e  G e n s ta t s ta tis tic a l package (G e n s ta t 5 
C om m ittee 1993). For logistic regression analyses, log it-transform ed estim ates o f coeffi
c ien ts  a re  p re se n te d  in  th e  tab les . L inear te rm s w ere  in c lu d ed  in  log is tic  reg ress io n  
analyses irrespective o f the significance level if  the  quadratic te rm  proved significant.

A lthough  clu tch  size averaged 1.6 eggs p e r  n e s t du ring  th e  s tudy  period , Sandw ich 
Terns hard ly  ever ra ise  tw o chicks to  fledging. Second  h a tch e d  ch icks receive a lm o st 
n o th in g  o f th e  food p are n ts  b ring  to  th e  n e s t (S tienen  et al. 2000). D uring  th is  study, 
34%  of th e  second hatched  chicks died w ith in  ten days from  hatching and  only 0.7%  of 
all pairs raised  tw o chicks to  fledging. The com putations in  th is s tudy  referring to  op ti
m al prey  size, d ie t selection  and b iparental foraging tim e therefore assum e th a t only one 
chick is p rese n t in  the  nest.

RESULTS

F o rag in g  y ie ld
Round trip  travel tim e was highly variable and ranged from  2 to  178 m in. T he duration  
o f a  foraging trip  significantly  increased  w ith  prey  leng th  (Fig. 4.2B, analysis o f covari
ance, F i (4 8 7  =  21.56, P <  0.001). Foraging trips for herring  generally lasted  longer than
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for sandeel, and  th e  added  effect o f p rey  species w as a lm ost sign ifican t ( f 1 ,4 8 7  =  3.64, 
P =  0 .0 6 ). For th a t  rea so n , w e u sed  se p a ra te  reg re ss io n  e q u a tio n s  for h e rr in g  an d  
sandeel (Fig. 4.2B) to  com pute  daily foraging yield for each prey  length , using the  allo- 
m etric  re la tio n sh ip s  given in  equ a tio n s 1 an d  2, and  assum ing  a day ligh t period  o f 18 
ho u rs . E nergy p rov is ion ing  to  th e  chicks can be g rea tly  im proved  by feed ing  on large 
prey  item s (Fig. 4 .2 C ). M axim um  prey length  observed in the  field w as 4 BL, correspon
ding w ith  a foraging yield o f 1089 and 2892 k j .d a y 1 for sandeel and herring, respectively. 
T h is w o u ld  be far m o re  th a n  th e  energy  n eed ed  for m ax im al g ro w th . H ow ever, such  
large prey  w as only exceptionally b rough t to  colony. Average prey  length  as observed in 
the  colony (2.0 and 1.6 BL for sandeel and herring, respectively) corresponds w ith  a for
aging yield o f 270 and 359 k j.d ay '1, respectively, less than  energy dem ands for m axim al 
grow th, b u t w ell above m in im um  energy requirem ents.

However, n o t all food b ro u g h t to  the  colony w as actually  ea ten  by th e  chicks. Prey 
w ere som etim es lo s t to  k lep toparasitising  B lack-headed Gulls, robbed  by o th e r species, 
fell to  the ground, eaten by the te rn  p a ren t o r lo st by the  adu lt w hen  o u t o f the  observ
e r ’s view. In 1992-98, 64-81%  o f all food item s w ere u ltim ately  ingested  by th e  chicks 
(Stienen et al. 2000). Food loss to  the  gulls and  o ther losses significantly increased w ith  
prey  length  (Table 4.1). A dding th e  effect o f prey  species to  th a t o f prey  size significantly 
im proved the  m odels, b u t had  opposite effects on the  probability  o f losing a prey to the 
gulls and  to  o th e r  causes. Taking prey  len g th  in to  account, sandeels w ere  robbed  less 
often  than  herring , w hile  they  w ere m ore often  lo s t to  o th e r causes. T herefore, adding 
prey  species afte r inc lusion  of prey  size had  no  sign ifican t effects on th e  p robab ility  o f 
prey  consum ption . Because o f the  high losses o f long prey item s (Fig. 4 .2D ), th e  predic
tion  for the  m o st p rofitable prey  drastically changes (Fig. 4.2E). Now, herring  o f 2.9 BL 
and sandeel o f 2.7 BL becom e the m o st profitable prey  item s, corresponding w ith  m axi
m um  intake rates o f 525 and 214 k j.d ay '1, respectively.

Diet selection
T he p reced in g  p ara g ra p h  sh o w s th a t  S andw ich  Tern ch icks can ach ieve a m ax im u m  
in tak e  ra te  o f 525 k j.d a y '1 by exclusively  feed ing  on h errin g  o f 2 .9  BL. P rovided  th a t 
these  large herring  are available in sufficient quan tities, adverse effects on chick grow th 
are n o t to  be expected because the m axim um  energy requ irem ents o f fast growing chicks 
a m o u n t to  385 k j.d ay '1 (see m e th o d s). B ut w hen  exclusively feeding on sandeel, chick 
grow th will fall beh ind  the m axim um  ra te  already w ith in  5 days from  hatching (Fig. 4.3). 
A t day five, fast grow ing chicks need  230 kj p e r day, w hile even by foraging on optim al 
sized  sa n d ee l o f 2 .7  BL energy  in ta k e  is only  214  k j.d a y '1. W h en  en tire ly  feed ing  on 
sandeel, w ith in  18 days from  hatching energy intake w ould  be insufficient even for m in i
m um  grow th requ irem ents (Fig. 4.3).

If  w e now  com pare average prey  leng th  as observed  in the  colony (dots in  Fig. 4.3) 
w ith  prey length  needed for m axim um  and  m in im um  grow th, it show s th a t in the  first 6 
days afte r ha tch ing  p are n ts  increased  the  leng th  of th e  supp lied  h erring  sufficiently  to  
m eet m axim um  grow th requ irem en ts o f the ir offspring. However, betw een age 7 and 17
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F ig u re  4 .2 . R elations betw een prey length 
(BL = a d u lt bill leng th ) and  species, and 
energy co n ten t o f the  prey (A), round  trip  
trave l tim e  (B), daily  fo rag ing  y ield  (C), 
co n su m p tio n  p ro b ab ility  (D) and  daily  
energy intake (E) o f Sandwich Tern chicks 
o n  G riend  in  1993-96 . (A) D raw n  lin es 
are allom etric re la tionsh ips given in  equa
tio n  1 and  2. (B) D raw n lines are re su lts  
o f  linear reg ressions exam ining th e  effect 
o f  p rey  size (BL) on  th e  d u ra tio n  o f  th e  
fo rag ing  tr ip  (DF) (herring : DF =
2 6 .3 7 + 1 7 .16*BL, n = 301, r2 =  0.04, 
P = 0.006; sandeel: DF =  3.27+35.22*BL, 
n = 189, r2 = 0 .07 , P = 0 .0 0 4 ). (C) 
Predictive daily energy provisioning (dots) 
to  Sandw ich  Tern ch icks on  G riend  if  all 
food brough t to  the  colony w ould be eaten  
by th e  chicks. T he calcu la tions are based 
on  round  trip  du ra tion  and energy con ten t 
fo r each  p rey  species and  p rey  leng th . 
Frequency d istribu tion  o f prey delivered to 
th e  co lony  (bars) is sh o w n  on  th e  r ig h t 
axis. (D) T he d raw n  line  show s th e  
reg re ss io n  e q u a tio n  from  Table 4 .1 . Bars 
in d ica te  th e  o b se rv ed  n u m b er o f  fish  
transfers. (E) Energy intake w as calculated 
by deducting  length-specific  consum ption  
ra te s  (Fig. 4 .2D ) from  p red ic tiv e  daily  
en erg y  p ro v isio n in g  to  th e  ch icks (Fig. 
4.2C).

p a re n ts  failed  to  in c re ase  p rey  le n g th  su ffic ien tly  fo r m ax im al d ev e lo p m e n t o f th e ir  
ch icks, a lth o u g h  m in im u m  g ro w th  re q u ire m e n ts  w ere  reached . For san d ee l the  
p ro sp ec ts  w o u ld  be even w orse, s ince  a lready  from  day 2 onw ards m ax im u m  grow th  
req u irem en ts  are  n o t m et. From  day 14 onw ards the  sandeel tran sp o rted  to  th e  colony 
w ere on average even too sm all for m in im um  grow th of the  chicks.
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Table 4 .1 . Logistic regression analysis exam ining the  effects o f  prey length  and species (n =  10,976) 
on  th e  fate o f th e  prey b ro u g h t to  Sandw ich Tern chicks on  G riend  in  1993-96. Food lo sses o th e r 
th an  robbed by Black-headed Gulls consisted  o f food robbed by o th er species, fallen to  the  ground, 
eaten  by the  te rn  p aren t o r lo st by the  ad u lt w hen  ou t o f the  observer’s view.

Param eter E stim ate ±  SE Deviance change df P

Proportion  robbed by Black- headed Gulls
C onstan t -4.311 ±0 .126
Prey length 1.597±0.071 587.8 1 < 0.001
Prey species -0 .158± 0 .055  if  sandeel 7.6 1 < 0.01

Proportion  lo st otherw ise
C onstan t -3 .156± 0 .123
Prey length 0.408 ±0.071 42.5 1 < 0.001
Prey species 0 .2 3 3 ± 0 .0 5 8  if  sandeel 9.5 1 < 0.01

Proportion  eaten  by the  te rn  chicks
C onstan t 3 .180±  0.118
Prey length -1 .279± 0 .068 560.9 1 < 0.001
Prey species 0 .0 0 4 ± 0 .0 5 2  if  sandeel 0.01 1 NS
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F ig u re  4 .3 . Age-specific prey size (m eans, BL = ad u lt bill length) o f  Sandwich Tern chicks as obser
ved in  th e  colony (dots). Shaded areas enclose theoretical prey size needed for m in im um  and m axi
m u m  gro w th . O p tim u m  size = p rey  len g th  req u ired  fo r m ax im u m  en erg y  in tak e  ra te s . W h en  
Sandwich Terns exclusively feed on sandeel (Fig. 4.3A) grow th will fall beh ind  m axim um  grow th at 
day 5. At th is  p o in t provisioning o f even larger sandeel w ould no t lead to  increased energy intake by 
the  chicks as a re su lt o f the  h igh incidence of loss o f large prey. At day 18 energy intake w ould beco
m e too  low for m in im um  grow th, even if  the  te rn s  w ould  exclusively catch optim um -sized  sandeel. 
W hen  feeding exclusively on  herring  (Fig. 4.3B) m axim al grow th can be achieved.
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C oncluding, in  the  firs t tw o w eeks after hatch ing  sandeel w ould  be suffice for m in i
m um  grow th. However, sandeel should  be largely avoided w hen  the chicks grow  older or 
if  paren ts strive for m axim al grow th of the ir chicks already during  the early chick stage. 
O ne m ight, therefore, expect th a t as the chicks grow  the d ie t w ould  com prise m ore her
ring, w ith  peak  inpu ts o f herring  betw een ages 15 and 30, depending on the grow th rate  
o f th e  chicks. A lthough in  all years d ie t com position  varied significantly w ith  the  age of 
the  chicks (Table 4.2), no general p a tte rn  w as found. Only in 1996 and  1998, b u t n o t in 
o the r years, the h ighest p roportion  of herring  was found betw een age 15 and age 30.

Effects of diet composition on energy intake, growth and survival of the chicks
T he yearly average p ropo rtion  of herring  in the  d ie t o f Sandw ich Tern chicks on G riend 
ranged from  33% in 1996 to 85% in 1994. From  the  above paragraphs, one w ould  expect 
th a t th ese  large d ifferences in  d ie t com position  w ould  have effects on the  ra te  o f food 
loss and energy intake of th e  chicks, and  th u s on chick grow th and  survival. Indeed, the 
average yearly rate  o f food loss significandy increased w ith  h igher p roportions of sandeel

Table 4.2. Logistic regression examining the relationship between diet composition (proportion her
ring) and the age of Sandwich Tern chicks on Griend in 1992-98. Degrees of freedom (df) refer to the 
number of chick days.

Year Parameter Estimate ± SE df Deviance P-value

1992 Constant -1.181 ± 0.415 177
Age 0.2315 ± 0.0898 8.0 < 0.01
Age2 -0.00912 ± 0.00433 7.4 < 0.01

1993 Constant 0.060 ± 0.166 420
Age 0.0339 ± 0.0252 0.8 NS
Age2 -0.001296 ± 0.00084 4.3 < 0.05

1994 Constant 0.544 ± 0.199 393
Age 0.2569 ± 0.0337 1.7 NS
Age2 -0.00899 ± 0.00112 103.1 < 0.001

1995 Constant -1.38 ± 5.86 146
Age 0.271 ± 0.567 4.7 < 0.05
Age2 -0.0078 ± 0.0136 0.7 NS

1996 Constant -0.437 ± 0.176 335
Age -0.1560 ± 0.0303 80.2 < 0.001
Age2 0.006296 ± 0.00098 77.3 < 0.001

1997 Constant 1.606 ± 0.165 328
Age 0.0193 ± 0.0331 28.6 < 0.001
Age2 -0.00192 ± 0.00125 4.1 < 0.05

1998 Constant 1.136 ± 0.112 303
Age -0.1742 ± 0.0243 0.1 NS
Age2 0.006647 ± 0.00090 55.7 < 0.001
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(Pearson regression, n =  7, r2 = 0.57, P = 0 .05). A lthough  energy intake w as relatively 
low  in years w hen  sandeel dom inated  the  chicks’ d ie t (Fig. 4 .4), the  rela tionsh ip  w as n o t 
significant (r2 =  0.25, P = 0 .25). However, energy intake w as positively correlated  w ith  
th e  yearly  p ro p o rtio n  o f fish ea ten  by th e  chicks (Fig. 4 .4 , r2 = 0 .63, P = 0 .03 ). The 
average yearly g row th  ra te  o f surv iv ing  chicks varied  betw een  6.0 an d  7.5 g .d ay '1 and 
show ed no  rela tionsh ip  w ith  the  p roportion  of herring  or food consum ption  probability  
(Fig. 4.4, r2 = 0 .18 , P = 0.34 and r1 =  0.39, P =  0.13). A lso fledging success show ed no 
rela tionsh ip  w ith  e ith er d ie t com position  or food consum ption  probability  (Fig. 4.4, r2 
= 0 .01 , P = 0 .88 an d  r2 = 0 .12, P = 0 .45 , respectively ). F ledging success w ith in  th e  
enclosures w as low est in 1992, w hen  46%  of all first hatchlings survived un til fledging, 
and h ighest in  1995, w hen 75% survived.
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F ig u re  4 .4 . Effects o f yearly average d ie t com position  and food consum ption  probability  on  average 
yearly daily energy intake (upper graphs), chick grow th (m iddle graphs) and fledging success (lower 
g raphs) o f Sandw ich Tern chicks on G riend, 1992-98. To largely  exclude effects o f  age, food con
sum ption  probabilities and energy intake ra tes w ere com puted  for chicks o lder th an  15 days. A chick 
w as assu m ed  to  have fledged w h en  it  had reached  th e  age o f 25 days. Average yearly  g row th  w as 
com puted  for firs t ha tch lings th a t  survived u n til fledging. R esults o f linear regression  analyses are 
show n a t the  top  o f each figure. Lines rep resen t significant relationships.

70



F o r a g in g  d e c i s i o n s  o f  Sa n d w i c h  T e r n s

P a re n ta l fo ra g in g  e ffo rt
O ne o f th e  assum ptions used  so far is th a t th e  o th e r p a re n t stays w ith  the  chick w hen  
the  p artn e r goes o u t foraging. In fact, th is assum ption  is n o t supported  by observations 
in  the  field. N o t only d id  p aren ts  spend  som e tim e toge ther a t the  n est, b u t even m ore 
im p o rtan t they som etim es left the ir offspring unattended  a t the nest. The tim e th a t bo th  
p aren ts w ere p resen t a t the n es t can be neglected since on G riend it w as on average less 
than  1% o f the  daylight period. The tim e th a t bo th  paren ts w ere absen t averaged 16.5% 
o f th e  day ligh t p e rio d  an d  show ed  considerab le  varia tion  w ith  chick  age and  betw een  
years (Fig. 4 .5 ). Because sm all hatch lings ca n n o t do w ith o u t b rood ing  (K laassen et al.
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F ig u re  4 .5 . D ev elo p m en t o f  p a ren ta l n e s t  a tte n d an c e  w ith  th e  age o f Sandw ich  Tern ch icks on  
G riend in  1992-98 (grey shaded  areas: 1 p a ren t p re sen t a t th e  nest, black areas: 2 paren ts  present, 
w hite  areas: no  p aren ts a t nest). D raw n lines are the  resu lts  o f least square analysis o f the  proportion  
o f tim e the  chicks w ere a ttended  by a t least one parent.
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1994) and  because they have low  energy needs, these  chicks w ere alm ost never left alone 
a t the nest. W hen the  chicks grew  older they w ere left alone m ore often, and especially 
in 1992, 1996 and  1998, w hen  the p roportion  of herring  in the  chicks’ d ie t w as less than  
50%  (Fig. 4 .4 ), ch icks w ere  le ft u n a tte n d e d  re la tive ly  o ften  (Fig. 4 .5 ). In  o rd e r  to  
describe the  rela tionsh ip  betw een  chick age and the  p ropo rtion  of tim e the  chicks w ere 
left una ttended  a t the  nest, for each year a logistic curve was fitted  (Fig. 4.5). A sym ptotic 
values of the  logistic equations w ere used as a m easu rem en t of p aren tal effort. Only for 
1995, w h en  o b se rv a tio n s  w ere  re s tr ic te d  to  re la tive ly  old ch icks, th e  m ean  value  o f 
b iparental foraging tim e in th is year was used. Average yearly paren tal effort significantly 
decreased w ith  h igher p ropo rtions o f herring  in  the  d ie t (Fig. 4.6, r2 = 0.57, P = 0.05) 
and strongly  correlated  w ith  th e  average yearly p roportion  o f food eaten  by th e  chicks (r2 
=  0.91, P < 0.001).

Increasing paren ta l effort seem s to  be an im p o rtan t m echanism  for buffering against 
f luctuations in food availability or k lep toparasitism . This is fu rth e r illu stra ted  in  figure 
4 .7 , w h ere  p a re n ta l effo rt in  S andw ich  Terns is p red ic ted  from  d ie t co m p o sitio n  an d  
g ro w th  ra te  o f  th e  ch icks. If  th e  d ie t c o n s is ts  to ta lly  o f  h e rrin g , m in im u m  grow th  
requ irem en ts  o f th e  chicks can be m e t w ith o u t b iparen ta l foraging, w hereas if the  food 
w ould  contain  only sandeel paren ts have to leave the ir chicks unattended  for 40%  o f the 
day ligh t p e rio d  (draw n lines in  Fig. 4 .7 ). If  p a re n ts  strive  for m ax im u m  grow th , they 
have to  leave the chick unattended  for 43%  o f the daylight period if  the  d ie t w ould  to ta l
ly consis t o f herring . If the  d ie t consists en tirely  o f sandeel, m ax im um  grow th  req u ire
m en ts  can n o t be m et, even if  th e  p are n ts  leave th e ir  chicks u n a tten d e d  for the  en tire  
daylight period. Except for 1995, observed paren ta l effort (dots in  Fig. 4.7) w as h igher 
than  pred ic ted  from  average yearly d ie t com position  and  grow th ra te  o f the  chicks (cir
cles in Fig. 4 .7). In 1992, 1996 and 1998 pred ic tions o f paren ta l effort w ere m uch low er 
than  observed paren tal effort.
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F ig u re  4 .6 . Parental n e s t a tten d an ce  (asym pto tic  values o f th e  p ro p o rtio n  o f tim e paren ts  left the  
chicks u n a tten d ed  a t th e  nest, Fig 4.5) in  re la tio n  to  d ie t com position  (left graph: Pearson reg res
sion, r2 =  0.55, n =  7, P =  0.06) and food consum ption  probability  (righ t graph; Pearson regression, 
r2 = 0.84, n =  7, P =  0.004), Griend, 1992-98.

72



F o r a g in g  d e c i s i o n s  o f  Sa n d w ic h  T e r n s

2 0  4 0  6 0  8 0  1 0 0

proportion herring (%)

20

Figure 4.7. The proportion of time a Sandwich Tern chick must be left unattended in order to achie
ve peak energy intake rates at different growth rates of the chick in relation to diet composition 
(drawn lines) and assuming that only one chick is present in the nest. Numbers above lines indicate 
growth rate. Peak energy requirements of the chicks are computed using the relationship between 
growth rate and maximum gross energy intake (G E Im a x ) from figure 5 in Klaassen et al. (1992): 
G E Im ax  = 157 + 17.8 * growth. Energy intake rate of the chicks (GEI) was computed assuming that 
only average observed sized prey was fed to the chicks (1.6 and 2.0 BL, respectively, in herring and 
sandeel, corresponding with daily intake rates of 272 kj and 176 kj): GEI = (1 + %CU/100) * 
(PH/100*272 + (1-PH/100)*176), where %CU = proportion of time the chick is left unattended at 
the nest and PH = proportion of herring. Dots = the average observed yearly proportion of time the 
chicks were left unattended. Circles = prediction of the proportion of time the chicks are left unat
tended, given the average observed growth rate and diet composition.

DISCUSSION

B uffering  a g a in s t f lu c tu a tin g  e n v iro n m e n ta l c o n d itio n s
Prey-stealing by B lack-headed G ulls plays a  crucial ro le  for th e  foraging decisions th a t 
Sandwich Terns on G riend have to  m ake. Energy intake of Sandwich Tern chicks m ay be 
lim ited  to  a  critical level as a re su lt o f high robbing  p ressu re  on large prey. D ue to  the  
h igher energy co n ten t o f herring, sm aller fish can be taken to  obtain  the  sam e am o u n t of 
energy. T hese  sm alle r fish are less likely to  be s to len  by gulls, m aking h erring  a m uch 
m ore  p ro fitab le  p rey  species for th e  te rn s . If  p a re n t te rn s  w ou ld  exclusively forage on 
sandeel energy intake w ould  be too low  for the  chicks to  survive. By supplying th e  chicks 
a lso  a su ffic ie n t a m o u n t o f th e  m o re  ad v an tag eo u s  h e rr in g , energy  in tak e , an d  th u s  
grow th and  survival o f the  chicks, can be im proved. O ur calculations suggest th a t already 
during  the first w eek after hatching, w hen  bo th  the energy dem and  of the  chicks and  the 
ra te  o f k lep toparasitism  are still relatively low  (own observa tions), d ie t com position  will 
have large effects on chick grow th provided th a t one p aren t stays a t the nest. As the  sea
son  progresses, herring  becom es increasingly im portan t. But even w hen  exclusively feed
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ing  on h e rr in g  o f  o bse rved  p rey  le n g th , m a x im u m  g ro w th  o f th e  ch icks can n o t be 
reached  w ith o u t s im u ltan eo u sly  foraging o f th e  p a re n ts . P aren ts do n o t seem  to  have 
m uch leeway in the ir choice of prey species as in  m ost years the chicks’ d ie t did n o t show  
the expected shift tow ards m ore herring  w ith  increasing age of the  chicks. This suggests a 
lim ited availability o f the m ore profitable herring, so tha t a shift tow ards a less vulnerable 
d ie t cou ld  n o t be realised . Instead , p a re n ts  tr ied  to  co m p en sa te  for an  im m in en t food 
sh o rtag e  by increasing  th e ir  foraging effort, leaving th e  chicks u n a tte n d e d  a t th e  n es t 
m ore  often  in  years w hen  food losses w ere high. Since food co nsum ption  probab ilities 
w ere closely related to  diet com position, paren tal effort also tended  to  increase w ith  high
er p ro p o rtio n s of sandeel. In years w hen  d ie t com position  suggested  a sh o rt supp ly  of 
h e rring  (1992, 1996), p a re n ts  had  to  w ork  hard . In th ese  years, o lder chicks w ere  left 
alone at the n est for m ore than 50% o f the daylight period. In 1994, 1995 and 1997, how 
ever, the  d ie t o f the  chicks was dom inated  by herring , suggesting a relatively high avail
ability o f th is prey species. As a consequence sim ultaneous paren tal foraging occurred at 
a  low  level, w hile chick grow th w as am ong the  h ighest recorded in  th is study.

O n G riend , average an n u a l g ro w th  ra te s  varied  b e tw een  6.0 an d  7.5 g .d a y '1, th u s  
m o s t chicks in  ou r s tu d y  grew  a t  a ra te  w ell below  th a t  o f chicks fed ad libitum  (12.8 
g.day-1; K laassen et al. 1992). So also in  favourable years, chicks grew  a t a ra th e r  slow  
ra te , w h ile  p a re n ts  cou ld  th eo re tica lly  have in c reased  th e ir  fo rag ing  effo rt to  achieve 
faste r g row th . F ast g row th , how ever, re su lts  in  rela tively  h igh  energy dem ands o f th e  
chicks (Klaassen et al. 1994). O n th e  o ther hand, fast grow th m igh t im prove th e  survival 
chances of a chick, b u t in Sandwich Terns chick survival w as a lm ost n o t affected above a 
grow th ra te  o f 7 g .day '1 (unpubl. data). T hus, increased foraging efforts w ould  probably 
n o t lead to  a large increase of reproductive ou tpu t, unless som e paren ts m igh t have been 
able to  raise tw o chicks, w hich now  occurred only very rarely. The predictions show n in 
figure 4.7 suggest th a t even w hen the  d ie t contains only herring  it w ould  be im possible 
for an average p aren t to  raise tw o chicks grow ing m ore than  7 g .day '1 to  fledging. This is 
in  accordance w ith  the  very few pairs (0.7% ) th a t fledged tw o chicks du ring  th e  s tudy  
period. O th er fitness costs m igh t be th a t una ttended  chicks are m ore vulnerable to  p re 
dation , as is frequently  observed in seabird colonies (e.g. H am er et al. 1991; Bukacinski et 
al. 1998), a lthough  in  th e  Sandw ich Tern chick p red a tio n  is relatively  low  tow ards the 
end  o f ch ick -rearing  (Veen 1977). M oreover, u n a tte n d e d  te rn  chicks provoke se rio u s 
attacks of neighbouring gulls and terns, w hich som etim es resu lts in  the dea th  o f a  chick 
(own observations). N evertheless, fledging success in  our study  was n o t correlated  w ith  
paren ta l n es t a ttendance (Pearson regression, r 2 =  0.18, P =  0 .34). O n the  o ther hand, 
increased paren tal foraging m igh t involve fitness costs for the  paren ts. Effects o f paren tal 
effort on su b seq u en t fecundity  have been dem onstra ted  in a  w ide variety of b ird  species 
(e.g. R oskaft 1985; S m ith  et al. 1987; G ustafsson  and  S u therland  1988; V erhuist 1995; 
W ernham  and  B ryant 1998). A n effect o f increased  p aren ta l effort on su b se q u e n t su r 
vival is m ore  d ifficu lt to  d em o n stra te , b u t evidence is grow ing th a t such  effects occur 
(Daan et al. 1996; G olet et al. 1998). Life h isto ry  theory  predicts th a t individuals should  
s tr iv e  for m ax im isa tio n  o f life tim e  rep ro d u c tiv e  success. L ong-lived species like
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Sandw ich Terns should , therefore, reduce the ir cu rren t breeding effort ra th e r than  jeop
a rd ise  th e ir  res id u a l rep ro d u ctiv e  value (D ren t an d  D aan 1980). In H erring  G ulls (L. 
argentatus; Pons an d  M igot 1995) an d  Puffins (Fratercula arctica; W ernham  and  Bryant 
1998), varia tion  in food availability indeed  affects clu tch  size and  rep roductive o u tp u t, 
b u t n o t ad u lt (local) survival. In th e  K ittiwake (Rissa tridactyla), however, reproductive 
costs do affect survival (Golet et al. 1998), th u s also in  long-lived species paren ts som e
tim es trade the ir ow n survival for th a t o f the ir offspring.

Energy intake of the chicks is a p roduct o f food delivery rate  to  the colony, leng th  d is
tribu tion  and  consum ption  probability  o f the  food. Prey delivery ra te  can be adapted  by 
sim ultaneously  foraging of the  paren ts to fit energy dem ands o f the chicks and to  coun
terac t varia tion  in food availability and  consum ption  ra tes caused by factors o th e r than  
prey  length  (e.g. w ind speed, Veen 1977). In th is study, the  average yearly p roportion  of 
tim e the  chicks w ere left una ttended  correlated  very well w ith  th e  average yearly energy 
in take p er p aren t (Pearson regression, n =  7, r2 =  0.86, P =  0.003). A pparently  in  m ost 
years p aren ta l buffering w as sufficien t to  keep actual energy in take of the  chicks above 
140 k j.d ay '1 an d  to  avoid negative effects on chick g row th  and  survival (Fig. 4 .4 ). The 
m odel p resen ted  in figure 4.7 depicts th a t only in  m o st unfavourable years, w hen  no her
r in g  is availab le , p a re n ts  w ou ld  n o t be ab le to  fu lly  c o m p en sa te  fo r th e  h igh  lo sses 
inflicted by the gulls. In o rder to  achieve a g row th ra te  of 7 g .day '1, w hich w as the aver
age grow th ra te  o f surviving chicks in  th is s tudy  (see m ethods), w e expected h iparen tai 
foraging to  occur betw een 10 and 36%  o f the tim e, given the average annual proportions 
o f h e rrin g  observed . However, th e  p ro p o rtio n  o f tim e the  chicks w ere  le ft u n a tten d e d  
varied  betw een  10 and  80% o f th e  tim e. E xcept for 1995, ou r co m p u ta tio n s y ie lded  a 
conservative p red ic tion  (Fig. 4 .7 ), w hich m igh t have several reasons. In th e  firs t place, 
energy req u irem en ts  o f th e  chicks w ere  m easu red  u n d e r labo ra to ry  cond itions. In the  
field  chicks have h ig h e r costs  for th e rm o re g u la tio n  an d  activity, so th a t g ross energy 
req u irem en ts  w ill be so m ew h at h ig h e r th an  show n  in figure 4.1. In th e  second  place, 
som e paren ts had to  feed tw o chicks during the  last w eek before fledging, w hile the  p re 
dictions assum e th a t only one chick is p resen t. Also, the pred ic tions are based on length- 
specific food tran sp o rt rates and  food consum ption  rates m ainly  m easu red  in relatively 
favourable years (1993 and 1994). However, th e  m agnitude o f th e  deviation differs from  
year to  year, w ith  relatively high p aren ta l effort m easu red  in  1992, 1996 and  1998 and 
low  effort in  1995. This variation is due to  yearly differences in energy intake ra te  caused 
by d iffe rences in  p ro v is io n in g  ra te , p rey  le n g th  an d  ro b b in g  in ten sity . In 1992, only  
129kJ.day'1 w as provided to  the  chicks p e r p a ren t (Table 4.3). In com bination  w ith  low 
p roportions o f herring  and high prey losses, th is resu lted  in low  energy intakes p er par
ent, even w hen considering th a t in  th is year chicks w ere only followed un til 21 days old. 
In 1996 and  1998, a t least one o f the  tw o prey  item s w as relatively sh o r t com pared  to 
o the r years (Stienen et al. 2000). Still, robbery  was high resu lting  in low  rates of energy 
in ta k e  p e r  p a re n t. In c o n tra s t in  1995, p ro v is io n in g  ra te s  w ere  h igh  an d  food  lo sses  
exceptionally low, resu lting  in high in take rates p e r p a ren t and accordingly low  paren tal 
effort.
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Table 4.3. Daily energy provisioning per parent (kj.chick'1.day-1.parent'1) and daily energy intake 
rate per parent (kj.chick'1 .day1.parent'1) of Sandwich Tern chicks older than 15 days on Griend in 
1992-98. Daily energy provisioning to the chicks (DEI) kJ.chick'Tday'1) and daily energy intake rate 
(DEI, kj.chick'1.day'1) were corrected for the proportion of time the chicks were left unattended 
(%CU) as follows: DEPCOT=100%*DEP/(100+%CU) and DEICOT=100%*DEI/(100+%CU).

Year Energy provisioned 
(mean ± SE)

Energy intake 
(mean ± SE)

Number of 
Chick days

1992 128.7 ± 14.3 58.7 ± 8.0 32
1993 181.6 ± 6.7 115.2 ± 4.9 207
1994 221.2 ± 6.8 147.7 ± 5.6 212
1995 299.6 ± 8.4 225.5 ± 7.4 143
1996 177.2 ± 4.6 88.4 ± 3.7 163
1997 213.5 ± 5.6 147.0 ± 4.7 152
1998 190.6 ± 6.6 101.0 ± 4.4 172

T here  are  in d ica tio n s th a t food availab ility  a ro u n d  G riend  w as m uch  b e tte r  in  th e  
p a s t th a n  in  th e  1990s. In 1966, u n d e r n o rm al w e a th e r  co n d itio n s, ind iv idual chicks 
w ere fed 15 fish per day and already a t age 5 they w ere fed 38 g fish p e r day (Veen 1977), 
corresponding  w ith  an energy in take o f 192-199 k j.d ay '1. In th e  1990s, however, chicks 
a t th is  age w ere  fed only 7.1 ± 4 .2  fish .d ay '1 (n =  91), co rrespond ing  w ith  an energy 
in take o f 97.7 ± 63.9 k j.d a y '1. Chick m o rta lity  w as, how ever, a lm o st equal in  th e  tw o 
p erio d s (unpub l. d a ta ). I t th u s  seem s likely th a t chicks grew  faste r an d  p a re n ta l n e s t 
a tte n d a n c e  w as h ig h e r th a n  in  th e  1990s, b u t u n fo rtu n a te ly  no  d a ta  on g ro w th  and  
paren tal effort are available for 1966. A low availability o f herring  m igh t explain w hy the 
population  on G riend only partly  recovered from  th e  collapse in th e  1960s caused by p o i
son ing  o f th e  D utch  coasta l w ate rs  w ith  pes tic ides (Koem an and  Van G enderen  1966; 
B renninkm eijer and  S tienen  1992). T he cu rren t popu la tion  size on G riend (on average 
ab o u t 7000 pairs  in  the  1990s) is less than  h a lf  the  size p rio r to  the  collapse, w hich is 
n o t com pensa ted  for by an increase in  o th e r p a rts  in  T he N etherlands (B renninkm eijer 
and  S tienen 1992). T he pestic ide inc iden t w as follow ed by an extrem ely  low  stock  size 
and rec ru itm en t rate  of N orth  Sea herring  in the 1970s (C orten 1990). So following the 
collapse in  the  1960s the re  probably w as a  period  w ith  highly unfavourable food com po
sition , resu lting  in m axim um  w orking levels o f paren ts. This m igh t have affected rep ro 
ductive o u tp u t and the  num ber of pairs th a t actually sta rted  breeding on Griend, b u t no 
stud ies are available th a t can su p p o rt this. However, m any stud ies found th a t changes in 
bird  num bers are related  to  changes in food supplies (N ew ton 1998). A lso in  terns it  has 
often  been suggested  th a t food availability d irectly  influences the  n u m b er o f pairs th a t 
a t te m p t to  b reed  (M onaghan & Z onfrillo  1986; C raw ford  & D yer 1995; P h illips et al.

76



F o r a g in g  d e c i s i o n s  o f  Sa n d w ic h  T e r n s

1996). Such m igh t also be the  case in Sandw ich Terns. Indeed, w e found a strong  posi
tive correlation  betw een the num ber o f pairs nesting  on G riend in the period  1992-1996 
and  the  p roportion  o f herring  in the chicks’ d ie t (Pearson regression, n =  5, r2 =  0.88, P 
=  0.02). U ntil 1997, G riend suppo rted  all Sandwich Terns nesting  in  the D utch W adden 
Sea. From 1997 onw ards, o the r large colonies w ere established in  the  area and the corre
la tio n  b e tw e en  th e  n u m b e r  o f  p a irs  n e s tin g  on G riend  an d  d ie t co m p o sitio n  w as no 
longer valid. N evertheless, th e  few er b reeding  a ttem p ts  in  poo r years m ig h t have in d i
rectly  im proved  breed ing  success if  m ain ly  ‘high q u a lity ’ ind iv iduals s ta rted  breed ing . 
T hese individuals m igh t be able to  spend  m ore tim e on foraging and counterbalance the 
expected negative effects on grow th and survival of the ir offspring.

F o rag in g  d ec is io n s
T he optim al foraging theory  predicts a selective prey choice depending on the  encounter 
ra te  o f the prey  (Stephens and Krebs 1986). W hen a te rn  encounters a sm all prey  it  can 
choose betw een  catching the  prey  or con tinue searching for a larger prey. The theory  of 
central place foraging predicts th a t the  acceptance o f a prey depends on the availability of 
h igher-ranked  prey. If  insufficien t num bers o f highly ranked prey  are available, the  d ie t 
w ill be b ro ad en ed  th ro u g h  inc lu sion  o f le sser-ranked  prey. T here  is grow ing  evidence 
th a t b irds incorporate additional constra in ts , like k lep toparasitism , in  the ir consideration  
o f w hich prey  to  catch (Thom pson and  B arnard 1984; Tuckwell and  N ol 1997). Taking 
k lep toparasitism  in to  account, herring  w ould  by far be the  m o st profitab le prey  species 
for Sandw ich Terns on G riend. However, the  en coun te r ra te  o f th e  m o st p rofitab le size 
seem s low, as the m ajority  o f all herring  b rough t to  the  ternery  w ere m uch  sm aller than 
the  m o st p rofitable size (2.9 BL). T he m ain foraging area of Sandw ich Terns nesting  on 
G riend is s itua ted  betw een the isles o f V lieland and Terschelling, 10-12 km  no rth w est of 
G riend  (Veen 1977). T hese w aters su p p o rt m ain ly  sm all h erring  (Fonds 1978; C orten  
1996), th u s narrow ing the  food choice o f Sandwich Terns on Griend.

T he advantage o f a  h e rring  d o m in a ted  d ie t for Sandw ich Terns b reed ing  on G riend 
can n o t be transla ted  to  o the r areas and m igh t even be restric ted  to  the  research period 
as i t  to tally  depends on the length-specific encoun ter ra te  and consum ption  probability. 
In fact, on the Farne Islands in the  early 1960s the prey of Sandwich Terns consisted  for 
74%  o f sandeel, w hile chick grow th w as m uch h igher than  in our study  (Pearson 1968). 
However, sandeel provided to  the chicks w ere sm aller (on average ab o u t 2.5 g) and fish
ing trips lasted  sh o rte r (1.03 h) than  in ou r s tudy  (3.5 g and  1.2 h). Sandeel availability 
a ro u n d  th e  F arne is lan d s m ig h t have been  h ig h e r o r san d ee l w as fo u n d  c lo ser to  th e  
colony. A lso th e  ra te  o f k lep to p aras itism  on the  Farne Islands w as probab ly  ex trem ely  
low, as a t th a t tim e th e  Farne Islands held  only a few pairs o f B lack-headed G ulls (1-2 
p a irs ) . So d ie t com position  canno t be generally used  as an indicator for reproductive suc
cess. Parental effort on the  o ther hand  seem s a good candidate to  serve as a  general ind i
cato r o f energy intake in Sandwich Terns.
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Chapter

Keep the chicks moving: 
how Sandwich Terns can minimize 
kleptoparasitism by Black-headed Gulls

Eric W .M. Stienen and A llix  B renninkm eijer

Animal Behaviour 57: 1135-1144 (1999)

ASTRACT

Sandwich Terns Sterna sandvicensis often n es t in  association w ith  Black-headed Gulls Larus ridibundus. 
T he gulls provide p ro tec tion  against predators, b u t can also adversely affect th e  te rn s ’ reproductive 
success th rough  predation  and piracy of fish. To te s t w h e th er leading the  chicks away from  the  n est 
site  is an  evasive s tra tegy  u sed  by th e  p a ren ts  to  reduce th e  incidence o f robbery  by th e  gulls, we 
k ep t one group  o f Sandw ich Tern chicks a t th e ir  orig inal b reed ing  site, w hile, w ith  a w ire -n e ttin g  
enclosure, we m oved a n o th e r group  away from  th e  gulls. The ra te  o f k lep to p arasitism  w as greatly  
reduced w hen  the  te rn  chicks are led away from  the  original n e s t site, resu lting  in faster g row th and 
an  earlier fledging. The rate o f  food parasitism  and chick condition  w ere affected only during  the  first 
5 days o f the  experim ent. A fter that, th e  rate  o f k lep toparasitism  no longer differed betw een chicks 
th a t we m oved away and those  rem aining in the  colony. A second sh ift o f  the  chicks again led to  less 
k lep toparasitism  and b e tte r chick condition. In line w ith  these  findings, th e  condition  of free-living 
chicks th a t  w ere lu red  aw ay from  th e ir  n e s tin g  site  by th e ir  p a ren ts  a lso  im proved . In p a rticu la r 
chicks initially in  poor condition  th a t apparently  suffered from  high ra tes o f  k leptoparasitism  left the 
colony site. Free-living chicks are o ften  lu red  aw ay from  th e  robb ing  gulls. However, n o t all su b 
colonies provided suitable escape ro u tes and subsequently  chicks in such subcolonies suffered from  
high m orta lity  rates.
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INTRODUCTION

K lep to p aras itism , th e  s te a lin g  o f a lready  p ro cu red  food  by o th e r  conspecific  o r h e t
erospecific  in d iv id u als , is w id esp re ad  am o n g  b ird s  (B rockm ann & B arnard  1979). It 
often occurs am ong seabirds as they are generally colonial nesters and also highly aggre
gated w hen  foraging (Furness 1987). Terns are especially vulnerable to  k leptoparasitism . 
In con trast to  m any gulls, the m ajority  of the tern  species does n o t sw allow  the  fish after 
catching it, b u t ho ld  it  visible in the bill w hen transporting  it to  th e  colony. M any stud ies 
re p o r t th a t  te rn s  a re  v ic tim s o f k le p to p aras itic  b eh av io u r o f gu lls o r o th e r  te rn s  (e.g. 
H opkins & W iley 1972; H atch  1975; H ulsm an  1976; Taylor 1979). Birds have adop ted  
several behav iou ral s tra teg ie s  to  reduce  food loss th ro u g h  k le p to p a ras itism  (B arnard  
1984), such  as re ta lia tio n  or evasion. T hey m ay also to le ra te  losses or com pensa te  for 
th em  by increasing  th e ir  foraging effort. Evasion, the  avoidance o f a ttacks, is probably  
the  m o st frequen t strategy adopted  and includes faster handling of prey, sh ifting  the  diet, 
sy n ch ro n iz in g  feed ing  ac tiv itie s  an d  in c reasin g  th e  d is tan c e  from  th e  p ira te s  (A m at 
1990). To o u r know ledge th e se  behav iou ral s tra teg ie s  have n o t ye t been  rep o rte d  for 
terns.

Sandw ich Terns Sterna sandvicensis a lm ost exclusively breed  together w ith  o ther te rn  
species or close to gulls (e.g. A nsingh et al. 1960; Langham  1974; Fasola & Canova 1992; 
Gorke 1990; Yorio & Q u in tana 1997). In The N etherlands, they always breed in associa
tio n  w ith  B lack-headed G ulls Larus ridibundus (review  in  Veen 1977). By seek ing  th e  
p rox im ity  of th e  gulls, the  te rn s  b enefit from  th e  aggressive an tip red a to r  behav iour o f 
th e ir  neighbours. G ulls actively chase away avian p red a to rs  and  ac t as a buffer aga in st 
g round predato rs (Veen 1977). However, breeding together w ith  Black-headed Gulls also 
involves d isadvan tages for th e  te rn s . T he gulls them selves are im p o rta n t p red a to rs  of 
te rn  eggs and  chicks, and  steal fish the  p a ren ts  bring to  th e ir  chicks (Lind 1963; Fuchs 
1977a, b; Veen 1977; Gorke 1990; Ratcliffe et al. 1997). It is generally assum ed  th a t the 
advantages o f associative n es ting  ou tw eigh  th e  d isadvantages (Lind 1963; Veen 1977). 
This assum ption , however, is based m ainly on findings during  incubation and the onset 
o f th e  chick-rearing period , w hereas th e  advantages o f associative n es ting  becom e less 
im p o rta n t w ith  increasing  age o f th e  chicks. T he m ain  chick  p red a to rs  (B lack-headed 
Guii, H erring Guii L. argentatus, and Lesser and G reat Black-backed Guii L. fuscus and L. 
marinus) p refer chicks o f up to  2 w eeks old, w hereas larger chicks are m uch less subject 
to  p red a tio n  (Veen 1977). T hus w ith  increasing  size o f th e  chicks th e re  is less need  to 
stay  w ith in  the  p ro tec tion  o f the  Black-headed Gulls. In fact, i t  is know n th a t Sandwich 
Tern p aren ts  often lead th e ir  chicks away from  th e  nesting  site  (Cullen 1958; C hestney  
1970; Veen 1977), w hich is often in te rp re ted  as a resu lt o f hum an  d istu rbance (C hestney 
1970; C am predon 1978) or as a m echanism  to avoid infectious diseases (Cullen 1958). 
H ow ever, i t  cou ld  also  be a m ech an ism  to  avoid  p iracy  by th e  n e ig h b o u rin g  gu lls . 
K lep toparasitism  can rem ove a considerab le p a rt o f the  food b ro u g h t to  the  chicks and 
th e re fo re  can th e re fo re  have se rio u s  co n seq u en ces fo r th e ir  daily  food in take . 
K leptoparasitism  m ay th u s im pair th e  chicks’ grow th ra te  and survival. W e hypothesize
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th a t leading the chicks away from  the  guii colonies reduces k lep toparasitism , resu lting  in 
increased  g row th  and  survival o f th e  te rn  chicks. To te s t th is  hypo thesis , w e kep t one 
group  o f Sandw ich te rn  chicks a t th e ir  original b reed ing  site, w hile  an o th er group  was 
m oved aw ay from  th e  colony. W e th e n  com pared  the  g row th  ra te  o f th ese  g roups and  
free-living chicks.

METHODS

Study Area, Colony Structure and Meteorological Measurements
W e conduc ted  the  s tu d y  on the  Isle o f G riend, T he N e th e rlan d s (53°15’N, 5°15’W ) in 
th e  D utch  W adden Sea. G riend harb o u rs  th e  la rgest colony o f n es tin g  Sandw ich Terns 
(8200 and  5600 breed ing  pairs in 1995 and  1996 respectively) in  E urope. In 1995 and 
1996, th e  breed ing  popu la tion  a t G riend consisted  o f a nu m b er of subcolonies, varying 
in  size  b e tw een  140 an d  1590 b reed in g  pairs . S ubco lon ies w ere  se p a ra te d  from  each 
o th e r  by 25-200  m . W ith in  a subco lony  th e  o n se t o f laying w as h igh ly  synch ron ised , 
although  som e pairs se ttled  in  th e  colony a t a la te r stage. Subcolonies o f te rn s  w ere a t 
least partly  su rrounded  by nesting  black-headed gulls and som e gulls even nested  w ith in  
the  tern  colony.

T h ro u g h o u t th e  experim en ta l w ork  w e reco rded  w ind  speed  w ith  a ca lib ra ted  cup 
anem om eter placed w ith in  500 m  of the  colony a t standard  m eteorological level (10 m ). 
W e also  recorded  air te m p era tu re  and  rainfall, b u t only w ind  speed  is considered  here 
since th is  p aram eter is know n to influence the rate  of k lep toparasitism  (Veen 1977).

Enclosures
In 1995 an d  1996, w e enc lo sed  a sm all p a r t  o f a colony, co n ta in in g  ca. 100 c lu tches, 
using  w ire n e ttin g  50 cm  high. T he low er 20 cm  o f th e  w ire n e ttin g  w as covered w ith  
b lack  p lastic , to  avoid  in ju rie s  to  th e  ch ick ’s b ills. In 1995, a b o u t 2 w eeks a fte r they  
h a tched  w e tran sp o rted  n ine  chicks from  the  in itia l enclosure (from  now  on called the  
p erm an en t enclosure) to  an enclosure placed a t 50 m  from  the original colony site  (from 
now  on called the m oved enclosure). The rem ain ing  chicks w ere held  in  the  p erm an en t 
enclosure. A t first, som e paren ts  had  difficulties finding th e ir  chicks again in  th e  m oved 
enclosure, b u t w ith in  a few  h o u rs  all b u t th ree  pairs  h ad  fo u n d  th e ir  chick. The th ree  
lo s t chicks w ere  rep laced  on th e ir  orig inal site, leaving six chicks in th e  m oved  enclo
sure. In 1996, th e  enclosure w as m oved stepw ise to  resem ble m ore closely the  na tu ra l 
situation  in w hich chicks m ay constan tly  be lu red  away to  new  sites on the  island. A s an 
added  advantage, i t  w as easier for the  p a re n ts  to  find  the  d isp laced  chicks. A t firs t the  
enc losure w as placed 15 m  from  th e  original colony. This tim e all 15 pairs  found  the ir 
chick w ith in  a few hours. Seven days la te r the  m oved enclosure w as m oved 25 m  farther 
away. The d irection  in  w hich th e  chicks w ere m oved corresponded  w ith  the  m ain  direc
tio n  in  w hich  free-liv ing ch icks m oved. T his w as always aw ay from  th e  b lack-headed  
guii colony.
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Observation on Food Supply and Kleptoparasitism
O bservations on food supply w ere m ade by the unaided eye or w ith  binoculars (up to  10 x 
m agnification) from  a h ide several m e te rs  from  th e  enc losure . T he observa tions w ere 
restric ted  to  the  ho u rs  a round  high tide. To facilita te ind iv idual recognition  w ith in  the  
perm anen t enclosures, w e colour m arked 19 chicks in 1995, and 20 chicks in  1996, using 
p icrin ic  acid and  ink . W ith in  th e  m oved enc lo su res chick  recogn ition  w as p ossib le  by 
individual differences in size or plum age characteristics and by location w ith in  the enclo
sure. We classified the fate of fish b rough t to the chicks as ‘eaten by the chick’, ‘robbed by 
b lack-headed  gu lls’ and  ‘o th e r causes o f lo ss’ (such as lo s t o u t o f th e  o b server’s sigh t, 
re jec ted  by th e  chick, left in  th e  n e s t or ea ten  by th e  p a re n t) . W henever possib le , w e 
no ted  the tim e betw een the arrival o f a p aren t in the colony and the feeding of the fish. In 
1996, we recorded the num bers of black-headed gulls participating  in  a robbery incident.

Growth
All chicks w ith in  th e  enclosures w ere banded  w ith in  3 days o f hatch ing . W e estim ated  
the  age a t ringing from  the  size of the  yolk sac, the  size of the  head  and p lum age charac
teristics. Every th ird  day (w hen w eather conditions perm itted ) the  chicks w ere w eighed 
to  th e  n e a re s t g ram , an d  to ta l head  size (head  + bill, ± 0 .1  m m ) an d  s tre tc h e d  w ing 
chord  (±  1 m m ) w ere  m easu red . Body m ass on days betw een  tw o m e asu rem en ts  w as 
com puted  assum ing  linear grow th. W e obtained a condition  index (Cl, %) by calculating 
the  deviation of the m easured  body m ass ( M ,  g) from  the expected body m ass ( M eXp ,  g) 
for th a t age (based on the m ean body m ass of all chicks o f know n age, bo th  w ith in  and 
ou tside th e  enclosures, m easured  in 1995 and 1996; Fig. 5.1) (Eq. 1):

M - M e x n
CI =  „  exp x 100%

M,e x p
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Figure 5.1. Increase in body mass (X ± SD) of tern chicks in 1995-1996.
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T h e age o f  n o n en c lo se d  ch icks w as o ften  u n k n o w n , w h ich  m ade  i t  im p o ss ib le  to  
com pute the ir condition index from  equation  (1). Therefore, w e calculated an alternative 
condition  index (CIh), using th e  m ean body m ass a t a certain  head size (instead o f age) 
fo r expected  body m ass (M eXp, g)- A lth o u g h  d ev ia tio n s b e tw een  th e se  tw o m e a su re 
m e n ts  o f  co n d itio n  in d ex  w ere  so m e tim es  large, th e re  is a rea so n ab le  re la tio n sh ip  
betw een  them  (Pearson regression, n =  289, r2 = 0.537, P <  0.001). CIh was com puted  
for chicks w ith  heads larger than  60 m m  (i.e. approxim ately  11 days old) as k lep topara
sitism  only becom es obvious w hen  chicks are older than  10 days (unpublished  data).

To calculate age a t fledging, w e used  d a ta  collected in 1992-1996 a t G riend on flight 
capacity  o f chicks in  re la tion  to  w ing leng th  (Fig. 5.2). F ledging w as defined as being 
able to  stay  in  the  air for a t least 50 m. For convenience, w e defined fledging age as the 
f irs t  day w h en  w ing  le n g th  exceeded  200  m m , an d  w e ca lcu la ted  i t  a s su m in g  lin ea r 
g row th betw een  the last tw o m easurem ents. W hen w ing length  a t the last m easu rem en t 
d id  n o t exceed 200 m m , the last recorded grow th rate  w as extrapolated  un til w ing length  
exceeded 200 m m  (n =  50 chicks). The la tte r  w as only done w hen  w ing length  already 
exceeded 175 m m . W ith  these restric tions, fledging age o f one chick in th e  m oved enclo
su re  in 1996 could n o t be estim ated.

Data Analysis and Statistics
D ata analysis and all statistical tests, except for m ultip le  and logistic regression analysis, 
w ere perform ed using the SPSS/PC+ 4.0 statistical package (N orusis 1990). M ultiple and 
logistic regression analyses w ere perform ed using the G enstat statistical package (G enstat 
5 C om m ittee 1993). Daily w ind speed w as defined as the  average w ind speed during the 
daylight period (0400-2200 h o u rs ) . Each observation bo u t lasted  approxim ately 3 h d u r
ing w hich food supply  (num ber o f fish /ch ick  p er h) w as calculated. Sam ple sizes in this 
respect refer to  the num ber of chicks. U nless sta ted  otherw ise, m eans are show n ± SD.
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Figure 5.2. Relationship between wing length and flight ability of the tern chicks. The number of 
chicks processed is shown for each point.
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Ethical Note
All m an ipu la tions w ere conducted  u n d er perm ission  o f th e  D utch  M inistry  o f A gricul
tu re , N a tu re  C onserva tion  an d  F isheries in  T he N eth e rlan d s . T he chicks u n d e r s tudy  
w ere  h an d led  carefu lly  an d  th e ir  co n d itio n  m o n ito re d  every  th ird  day. N o n e  o f th e  
m oved chicks, including those  re tu rn ed  to  the p e rm an en t enclosure w as deserted  by its 
paren ts.

RESULTS

W e recorded the  fate of 1701 fish b rough t to  the colony. O f these  fish 64.4%  w ere eaten 
by th e  chicks, 25 .8%  w ere  ro b b ed  by b lack -headed  gulls an d  9.8%  w ere  lo s t in  o th e r  
ways. In 1995, th e  num ber of fish supplied  to  the chicks d id  n o t differ from  th a t in  1996 
(0 .60± 0 .29  fish ch ick '1 h '1, n =  167 and 0.61 ± 0.29 fish ch ick '1 h '1, n =  325 respective
ly; S tu d en t’s t  test, t49o=0.83, n .s .). In 1995, bo th  in  th e  p e rm a n en t and  in  th e  m oved 
en c lo su re  67-100%  o f th e  su p p lied  fish  w ere  ea ten  by th e  ch icks (Fig. 5 .3 ). In 1996, 
these  figures w ere m uch low er and ranged from  44 to  73% in the  p e rm an en t enclosure 
and from  30 to  100% in the  m oved enclosure.

To exam ine th e  effect o f en c lo su re  type on th e  p ro b ab ility  th a t  a  fish  w as ea ten , 
ro b b ed  or lo st, w e f irs t co n tro lled  fo r p o ss ib le  effects o f year (tw o levels), age, w ind  
sp eed  an d  any in te rac tio n s  be tw een  th ese  p a ra m ete rs , before en te rin g  enc lo su re  type 
(tw o levels) in to  a log is tic  reg ressio n  m odel. In 1996, th e  p ro b ab ility  th a t  a fish w as 
ea ten  by th e  chick  w as low er th a n  in  1995 an d  decreased  w ith  increasing  w in d  speed  
(Table 5 .1 ). N e ith e r  age n o r  any o f th e  in te ra c tio n  te rm s p ro v ed  to  have s ig n ifican t 
effects. A dding enclosure type to  the  m odel resu lted  in a significant change in deviance. 
So, controlling for the effects o f year and w ind, the  p roportion  of fish eaten  by the  chicks 
w as h igher in  the  m oved enclosure than  in th e  p erm an en t enclosure, and the  proportion  
o f fish  ro b b ed  w as h ig h e r  in  th e  p e rm a n e n t en c lo su re  th a n  in  th e  m oved  enc losu re . 
C ontrolling for the effects o f year and age of the  chicks, the  p roportion  of fish lo st o ther
w ise w as also low er in  th e  m oved enclosure than  in the  p erm an en t enclosure. The la tter 
can be explained because th e  category Tost o the rw ise’ also partly  depended  on the  rob
b ing  behav iour o f th e  gulls. This category  is p redom inan tly  form ed by fish lo st ou t the 
observer’s sigh t (unpublished  d a ta ) , w hich happened  m ainly w hen  a guii chased a fish- 
carrying p aren t away from  th e  colony after w hich th e  te rn  re tu rn ed  w ith o u t th e  fish. In 
conclusion, the  incidence of robbery  and losing a fish decreased w hen the chicks w ere led 
away from  the ir original n es t site, resu lting  in  the  chicks consum ing m ore of the food. 
The nu m b er of gulls participating in k lep toparasitism  had large effects on th e  proportion  
of food eaten  by the te rn  chicks (Fig. 5.4, logistic regression, r2 =  0.272, dev iancei(2 2 0  = 
82.72, P < 0 .001). In the  p erm an en t enclosure, the  chicks a te  all th e  fish w hen  no guii 
a ttem p ted  to  rob, b u t n one  w hen 10 gulls partic ipa ted  in  robbing actions. S ignificantly 
m ore b lack-headed gulls tried  to  rob  a fish from  th e  arriving p aren ts  in  th e  p e rm an en t 
en c lo su re  (3.18 ± 1.95 an d  1.30 ± 1.51 gu lls , respectively ; lo g lin ea r reg ressio n :
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F ig u re  5 .3 . Fate o f fish delivered to  te rn  chicks o f various age in  th e  perm an en t enclosure  in  1995 
and  1996 (up p er graphs) and in  th e  en closu res m oved aw ay from  th e  original colony in  1995 and 
1996 (lower graphs). The nu m b er o f  fish observed is show n above the  bars.
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deviancei(3 2 5  =  103.58, P < 0 .001). The average num ber of robbing gulls in  the  m oved 
enclosure ranged from  0.4 to  2.3. This coincides w ith  consum ption  rates o f 75.2-94.5% , 
close to the figures p resen ted  in Table 5.2.

W hen a p a ren t arrived in  the colony w ith  a  fish, i t  usually m ade several loops before 
landing nex t to  its chick. The tim e a p aren t sp en t flying above th e  colony before success
fully delivering the  fish w as highly variable and ranged from  0-26 m inu tes. U nsuccessful 
deliveries lasted  0-35 m inu tes. D elivery tim e depended  on the  nu m b er o f b lack-headed 
gulls trying to  rob the fish. W hen no gulls w ere p resen t, it took a p a ren t approxim ately 2 
m in  to  deliver the  fish to  its chick, increasing to  m ore than  6  m in  w hen five gulls w ere 
p re se n t. W hen  even m ore gulls w ere  p re se n t a  p a re n t unsuccessfu lly  tr ied  to  feed its 
chick afte r 6-7 m in o f flying above the  colony. T here w as no difference in  delivery tim e 
betw een successful and unsuccessful deliveries (m ultiple regression: t \  = 0.86, P = 0.39).

E xam in ing  th e  p ro p o rtio n  o f fish  c o n su m ed  by th e  ch icks fo r th e  days on w hich  
sim u ltan eo u s  observa tions w ere  available (Table 5 .2), suggests  th a t du rin g  th e  firs t 5 
days afte r th e  o n se t o f th e  experim en t, co n su m p tio n  ra te  in  th e  m oved enclosure  w as 
ab o u t 30%  h igher than  in the  p e rm a n en t enclosure. A fter day 5 th e  difference dropped  
m arkedly and from  day 7 onw ards it  no  longer existed. O w ing to strong  w ind on the  first 
day a f te r  th e  second  m ove, co n su m p tio n  ra te s  w ere  re la tive ly  low  in b o th  en c lo su re  
types. N ev erth e less , th e  second  m ove again  re su lted  in  a m ore  th an  30%  h ig h e r co n 
su m p tio n  ra te  com pared  w ith  th a t o f th e  chicks in  th e  p e rm a n en t enc losure, a lthough  
the  d ifference w as n o t sign ifican t a t th e  level o f 0.05 ow ing to  th e  large variation . The 
sam e p a tte rn  can be seen  in the  difference in  the  n u m b er of robbing gulls betw een  the 
tw o enclosure types (Table 5.2). In 1996, during  the first 5 days of th e  experim ent, a p a r
en t arriving in  the p erm an en t enclosure w as on average attacked by 2.4-3.2 black-headed 
gulls, w hile in  the  m oved enclosure only 0.4-0.5 gulls p artic ipa ted  in  k lep toparasitism . 
O n day 7, th e  d ifference in  th e  n u m b e r o f robb ing  gulls w as a lm o st zero. T he second  
m ove again resu lted  in a difference of 2 . 8  gulls betw een th e  tw o enclosures.

E ffects o n  G ro w th  a n d  S urv iva l
A t the  s ta r t o f the  experim ent, age and condition  index o f the  chicks did n o t differ signif
icantly  betw een  th e  tw o enclosure types (S tu d en t’s t  test: age: 1995: t23 =  1-35; 1996: 
t 3 5  =  0.54; condition: 1995: t23 =  0.73; 1996: f35  =  0.44; n .s. in  all cases), a lthough  in 
bo th  years chick condition  w as on average low er in the  m oved enclosure than  in the  p e r
m an en t enclosure. In line w ith  the findings th a t consum ption  rates im proved during  the 
firs t 5 days afte r th e  shift, chick cond ition  in  th e  m oved enclosure greatly  im proved  in 
th is period  (Fig 5.5). All steps resu lted  in  a considerable increase in A condition  (i.e. the 
difference in  chick condition  betw een  the  m oved and  p e rm a n en t enclosure) du ring  the 
first 5 days after moving. In all cases the change in  chick condition  during  the first 5 days 
o f th e  ex p e rim en t d iffered  s ign ifican tly  b e tw een  th e  tw o en c lo su re  types (Table 5 .3). 
A fter th is period, A condition  e ither stabilized  or decreased. The decrease in A condition  
in  1995 can be explained  to  a large e x ten t by th e  m ajo rity  o f th e  chicks in  th e  m oved 
enclosure being close to  th e  theoretical m axim um  body m ass, th u s fu rth er im provem ent
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Table 5.1. Logistic regression analysis of the proportion of food eaten by the tern chicks, robbed by 
black-headed gulls and lost in other ways.

Variable Change in deviance df P Estimates of coefflcients±SE

Proportion eaten
Constant 488 2.538 ± 0.320
Year 112.8 1 < 0.001 -1.443 ±0.153 for 1996
Wind speed 15.4 1 < 0.001 -0.139 ± 0.035
Enclosure type* 45.7 1 < 0.001 1.370 ± (0.274) for moved enclosure

Proportion robbed
Constant 488 -2.936 ± 0.326
Year 50.5 1 < 0.001 1.075 ± 0.154 for 1996
Wind speed 21.2 1 < 0.001 0.1562 ± 0.036
Enclosure type* 17.4 1 < 0.001 -0.896 ± 0.268 for moved enclosure

Proportion lost otherwise
Constant 488 -4.851 ± 0.475
Year 48.2 1 < 0.001 1.434 ± 0.222 for 1996
Age 24.1 1 < 0.001 0.073 ± 0.019
Enclosure type* 13.1 1 < 0.001 -1.692 ± 0.544 for moved enclosure

Only significant parameters are shown.
*Chicks were kept in enclosures either in the colony or moved away from the colony.

Table 5.2. Logistic regression analysis of the percentage of the fish eaten (X ± SD) by the chicks 
in the permanent and moved enclosures.

Year Days after A guii Percentage of fish consumed 
Permanent Moved

Deviance P

1995 8 78.4 ± 10.3 80.0 ± 19.9 0.70 NS
1996 4 2.0 67.5 ± 8.8 94.1 ± 5.9 11.3 < 0.001

5 2.6 53.6 ± 12.3 88.2 ± 6.8 6.45 < 0.02
7 0.6 65.7 ± 8.0 63.5 ± 10.2 0.01 NS
1* 2.8 32.1 ± 11.3 63.9 ± 10.5 3.2 0.06

Days after start: days after the moved enclosure was placed around the chicks; A guii: difference in 
the number of robbing gulls between the two enclosure types.
*One day after the enclosure was moved a second time. See text for details.

o f th e ir  condition  w as n o t possib le. A t the  sam e tim e chick condition  in  the  p erm an en t 
increased  as a resu lt o f im proved w eather, th u s reducing A condition . A fter day 13, the 
firs t chicks flew  o u t o f the  enclosures, som etim es resu ltin g  in  considerab le changes in 
average chick condition.
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F ig u re  5 .5 . (u p p e r g raphs) V ariation  in chick  co n d itio n  (X ±  SD) for th e  p e rm a n en t and  m oved 
enclosures th ro u g h o u t the  experim ent in 1995 and 1996. (m iddle graphs) Difference in  average con
dition  index betw een th e  tw o enclosure types. Positive values indicate th a t th e  chicks in th e  m oved 
enclosure w ere in  b e tte r condition  than  those  in  the  perm anen t enclosure. The arrow  indicates w hen 
the  enclosure w as m oved 25 m  fu rth er away, (lower graphs) N um ber o f chicks alive in the  enclosure 
and num ber o f chicks found dead.

To analyse the  daily changes in chick condition, w e carried o u t a m ultip le  regression 
analysis separate ly  for th e  p e rm a n en t and  the  m oved enclosure w ith  in d ep en d en t vari
ables condition  index a t first m easu rem en t (‘C I1’), average w ind speed on the  day before 
the  m easu rem en t (‘w ind ’), year o f observation (‘year’ tw o levels) and  tim e after onse t of 
the  experim ent (‘tim e’ tw o levels: 1-5 days and >  5 days). In the  p erm an en t enclosures, 
daily  change in  chick  co n d itio n  dep en d ed  on C I1, w ind  speed  an d  year o f obse rva tion
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Table 5.3. The mean of each chick’s change in condition ± SE over the first 5 days of the experiment.

Experiment Permanent Moved j* P

1995 step 1 -2.05 ± 1.38 14.72 ± 3.29 5.50 < 0.001
1996 step 1 5.21 ± 1.57 9.64 ± 2.21 1.68 0.05
1996 step 2 -5.53 ± 1.46 0.67 ± 2.64 2.18 0.02

Chicks were kept in enclosures either in the colony or moved away from the colony in one (1995) or 
two (1996) steps. *One-tailed Student’s t test.

Table 5.4. Multiple regression analyses examining the effect of previous condition (CI1), wind speed, 
year and time after onset of the experiment on the daily change in chick condition

Variable Estimate ± SE Variance ratio F-probability

Permanent enclosure
Constant 5.02 ± 0.84
CI1 -0.10 ± 0.02 16.11 < 0.001
Wind speed -0.49 ± 0.09 21.47 < 0.001
Year -1.75 ± 0.36 for 1996 22.84 < 0.001
Time after onset -0.63 ± 0.37 for > 5 days 2.93 NS

Walking enclosure
Constant 6.59 ± 1.26
CI1 -0.10 ± 0.02 16.19 < 0.001
Wind speed -0.38 ± 0.13 1.28 NS
Year -2.47 ± 0.56 for 1996 6.14 0.01
Time after onset -3.34 ± 0.51 for > 5 days 43.64 < 0.001

(Table 5.4). In th e  m oved enclosures, CI1 and year had  significant effects on the change 
in  condition. C ontrolling for these  variables and in con trast to  the  findings in  the p erm a
n e n t enc losure , th e  tim e afte r o n se t o f th e  ex p e rim en t h ad  a sign ifican t effect on the  
change in chick condition, show ing th a t chick condition  im proved during  the  first 5 days 
after the shift.

In 1995, all chicks in the  p erm an en t and  in the  m oved enclosure survived un til fledg
ing. In 1996, in th e  p e rm a n en t enclosure 16 chicks fledged (80% ), w hile  in  the  m oved 
enclosure 13 chicks survived (87% ). T he d ifference is, however, n o t sign ifican t (F isher 
exact test, n .s.). The age a t fledging w as rela ted  to  bo th  year and enclosure type, and dif
fered  by 4 days betw een  th e  earlies t and  la te s t group (Table 5.5). Chicks in  th e  m oved 
enclosure fledged 1-2 days sooner than  th e  chicks in the p erm an en t enclosure.
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Condition of Free Living Chicks
In accordance w ith  our findings in the  enclosure experim ents, the condition  of free living 
chicks w as significantly  h igher in  1995 (6.14 ± 12.89, n =  362) than  in  1996 (-0.87 ± 
16.84, n =  589; ANOVA, F 1 ,9 4 9  =  45 .44 , P < 0 .0 0 1 ). F u rth e rm o re , th e  co n d itio n  o f 
chicks recap tu red  o u ts id e  th e ir  colony o f b ir th  (2.15 ± 13.42, n =  194) d id  n o t differ 
from  the  condition  of chicks th a t d id  n o t leave the  colony site  (1.73 ± 16.40, n =  737; 
ANOVA, F i (9 4 9  =  0.26, n .s.), w hich seem s to  contrad ict our resu lts found in th e  experi
m ents. The discrepancy can be explained if  chicks in  especially poo r condition  leave the 
co lony  s ite . T h u s, w h en  th ey  are  re c ap tu red  o u ts id e  th e  colony a re a  th e ir  co n d itio n , 
although  probably im proved, is still low. W e therefore selected chicks th a t w ere captured 
inside the  colony o f b irth  and  recap tu red  w ith in  4 days ou tside the  colony site. O nly 11 
chicks m e t these conditions (Table 5.6). T heir condition index a t first capture w as indeed 
low er than the condition of chicks tha t did n o t leave the  colony site  (one-tailed t test, 1146 

= 1.93, P < 0 .05). A t recapture, th e  condition  index of the  m oved chicks w as im proved 
by 0.11, w hile  th a t o f chicks cap tu red  tw ice w ith in  th e  sam e colony im proved  by only 
0.01 (o ne-ta iled  t te s t, 1146  =  2 .63, P < 0 .01). O f th e  chicks th a t left th e  colony site , 
81.8%  w ere in b e tte r  condition  w hen  recap tured , w hile an im provem ent w as m easured  
for only 46.7%  of the chicks captured twice in  the sam e colony (%  ̂ =  5.02, P < 0.05).

Table 5.5. Age at fledging ± SD in the permanent and moved enclosure in 1995 and in 1996.

Year Enclosure type Age at fledging Number of chicks

1995 permanent 29.63 ± 1.38 19
moved 28.67 ± 0.82 6

1996 permanent 32.81 ± 3.31 16
moved 30.50 ± 2.97 1 2

Multiple regression analysis revealed a significant effect of year (F^ 4 9  = 12.73, P < 0.001) and enclo
sure type (Fi(49 = 5.91, P < 0.05).

Table 5.6. Average condition indexes (CI ± SE) of chicks that stayed in their natal colony or those 
that walked away from the colony.

Recapture site CI at capture CI at recapture Change No. of chicks No. improved*

No 2.54 ± 1.23 3.31 ± 1.44 0.77 ± 1.05 137 64
Yes -6.06 ± 3.85 4.84 ± 3.21 10.90 ± 3.48 11 9

Chicks were recaptured within 4 days. *Number of chicks whose condition improved.
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DISCUSSION

Leading young Sandwich Terns away from  the  original colony site  reduced the  incidence 
o f food piracy by Black-headed Gulls. By avoiding the robbing gulls, the chicks lo st 30% 
less food. M oreover, as delivery tim e o f the  fish decreased w hen  th e  gulls w ere avoided, 
p a re n ts  could  achieve a  5% h igher delivery  rate . T hus p a ren ts  th a t ad o p t such evasive 
behaviour can im prove the ir chicks’ grow th rate  and  the ir body condition  and reduce the 
prefledging  period . However, leaving th e  colony s ite  also  involves costs. M anoeuvring  
o n e ’s ch ick  th ro u g h  an d  along  co lon ies o f  b reed in g  te rn s  an d  gulls p rovokes se rio u s  
attacks by the te rrito ry  ow ners. W e som etim es observed w andering chicks being pecked 
to  death  by neighbouring te rns and  gulls. It is therefore n o t surprising  that, in  particular, 
chicks in  poor condition  had m oved to  o ther sites on the  island. A pparently  these  chicks 
suffered from  high rates o f k lep toparasitism  and consequently  the ir paren ts took  the  risk 
o f guiding them  to b e tte r  spo ts. D uring observations in  the  enclosures it approved th a t 
paren ts th a t lo st the ir fish to  robbing gulls several tim es in succession, w ere restless and 
tried  to  lure the ir chick away to  b e tte r  sites (which w as im possib le as those  chicks w ere 
enclosed). A bandoning the n es t site  is therefore likely to  occur in colonies w here the  rate  
o f k lep toparas itism  is high. In colonies o th e r  than  G riend, m ovem ents o f broods away 
from  the  nesting  area w ere observed, b u t have always been ascribed to  factors o the r than 
food parasitism  such as hum an  d istu rbance or avoidance o f infectious diseases (Cullen 
1958; C h estn ey  1970; C am predon  1978). O n G riend  h u m a n  d is tu rb a n ce  is k ep t to  a 
m in im u m  and  a lth o u g h  seab ird s are often  heavily  in fec ted  w ith  ec to p a rasite s  o r an ts  
(C onverse et al. 1976; Feare 1976; King et al. 1977; Spendelow  1982; N isb e t & W elton 
1984; Boulinier & D anchin 1996) th is has never been observed on Griend, leaving klep
to p a ra s itism  by B lack-headed G ulls as th e  b es t p o ssib le  exp lana tion  for th e  observed  
m ovem ents o f the chicks.

Published d a ta  show  considerable variation in  the  incidence of food piracy (e.g. Fuchs 
1977a; Veen 1977; Ratcliffe et al. 1997; G arthe & K ubetzki 1998). A lthough  th e  ra te  of 
k lep to p aras itism  in th is  s tudy  is w ith in  th e  range rep o rted  in  lite ra tu re , i t  m ig h t have 
b een  s lig h tly  o v e re s tim a te d  b ecau se  o u r o b se rv a tio n s  w ere  re s tr ic te d  to  th e  h o u rs  
a ro u n d  high tide, w hen  th e  n u m b er o f robbing  gulls is h ig h est (Veen 1977). T he large 
b e tw een  year d iffe rence in  th e  inc idence  o f  ro bbery  w as n o t caused  by d iffe rences in 
ch ick  age o r w e a th e r  co n d itio n s, an d  a lth o u g h  th e  su p p lied  fish w ere  longer in  1996 
(1.94 ± 0.33 and  2.01 ± 0.37 bill leng ths respectively in 1995 and 1996, S tu d en t’s t  test, 
t i s i 5 =  4.97, P < 0.01) the difference seem s too  sm all to  explain the  large difference in 
k lep toparasitism . A less favourable food situation  for the  breeding gulls m ay have played 
an im p o rtan t role in this. Several au tho rs m en tion  th a t k lep toparasitism  in te rns occurs 
m ore frequently  w hen  alternative food for the  p irates is scarce (Veen 1977; M onaghan et 
al. 1989; Gorke 1990; O ro 1996). A no ther factor in  th is respect m ay be the occurrence of 
a specialized pirate. Gorke (1990) clearly illu stra ted  th a t there are specialists and gener
alists am ong the  B lack-headed Gulls. If the  nu m b er of specialized p irates w as h igher in 
1996 th is also could explain th e  observed difference in consum ption  rate.
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Table 5.7. The percentage of chicks of known fate that fledged in relation to the presence of suitable 
escape routes in the subcolony concerned.

Subcolony No. of 
breeding pairs

Suitable escape 
routes present

Percentage
fledged

N Differences between 
subcolonies*

1 161 yes 100 6 2,3,4,5,6
2 807 yes 78.5 149 1,3,4,5,6
3 1776 no 24.3 423 1,2,4,5
4 1374 almost none 43.6 236 1,2,3
5 227 almost none 42.1 38 1,2,3
6 478 yes 40.0 15 1,2

Total 4823 43.8

*The percentage of chicks fledging is significantly different (P<0.05) from that of the other subcolo
nies shown; chi-square or Fisher’s exact test.

Veen (1977) described  learn ing  by B lack-headed G ulls w ith  respect to  p red a tio n  of 
eggs laid o u t near the colony. Over the first few days the eggs w ere exposed to  the gulls 
‘th e  gulls reacted  w ith  fear to  the  eggs’. O nly afte r ten  days w ere  th e  firs t eggs preyed 
upon. A t th a t tim e, ‘som e gulls developed in to  experienced egg-predato rs’. O ur resu lts  
suggest th a t the sam e holds for k lep toparasitism , since it  apparently  took som e tim e for 
the  Black-headed Gulls su rround ing  the m oved enclosure to  learn  th a t the m ore or less 
con tinuous supply o f fish could be harvested . A t first, th e  gulls show ed alm ost no  in te r
es t in th is p o ten tia l food resource. A fter a w hile, som e gulls s ta rted  to  k lep toparasitise  
the  terns and  probably also a ttracted  o thers. A fter 5 days, the ra te  o f k lep toparasitism  no 
longer differed betw een  the p e rm anen t and the  m oved enclosures. However, on the first 
day after the  second sh ift in 1996, the nu m b er o f robbing gulls in the  m oved enclosure 
w as relatively high and as a consequence the  p roportion  o f fish consum ed by the chicks 
w as low  (Table 5.2). W ind w as strong  on th is  day, w hich m ay have a ttracted  som e occa
sio n a l p ira tes  to  th e  enc lo su res , s ince  th e  n u m b e r  o f rob b in g  gu lls in  th e  p e rm a n e n t 
enclosure w as unusua l high and  consum ption  ra tes w ere extrem ely low. U nfortunately, 
w e did n o t record th e  num ber of robbing gulls during  the nex t few days w hen  w ind con
d itions im proved. However, as the  consum ption  rates im proved (m ore than  50% eaten  
by the  chicks 2 days la ter), the  num ber o f k leptoparasites probably d im inished.

In na tu ra l s itu a tio n s, w ith o u t enclosures, piracy m ay be even m ore reduced. In our 
experim ent, the  chicks w ere forced to  stay  a t one location for a t least 7 days. O u tside  the 
enc losures , p a re n ts  can in  th eo ry  reac t to  p iracy  by b lack-headed  gulls a t any tim e by 
leading the ir youngsters to  a new  site. By abandoning  an occupied site  5 days after se t
tlem ent, or even sooner w hen  robbing exceeds a certain  threshold , terns can reduce p ira
cy to  a  m in im um , prov ided  th e  new  s ite  has b e tte r  o p p o rtu n itie s  for feeding th e ir  off
spring. However, n o t all subcolonies provide su itab le  escape rou tes for chicks. In som e 
subcolonies on G riend paren ts  w ere forced to  stay  a t the  original breeding spo t, sim ply
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because the ir chicks w ere trapped  in  a na tu ra l enclosure form ed by dense vegetation. In 
1996, ha lf o f the subcolonies on G riend w ere in  locations w here escape w as im possible 
o r difficult. Piracy w as extrem ely severe in these  subcolonies; w e observed h undreds of 
B lack-headed Gulls on guard  here. The high rate  o f k lep toparasitism  and  the  absence of 
su ita b le  escape ro u te s  re su lte d  in  h igh  ra te s  o f ch ick  m o rta lity  in  th e se  su b co lo n ies  
(Table 5.7); m ore  th an  h a lf  o f the  ringed  chicks o f know n fate w ere  found  dead before 
fledging. Since these  subcolonies com prised  70%  o f the  to ta l p o pu la tion , rep roductive 
success o f th e  en tire  colony w as extrem ely  low  in 1996. In th is  case, for m any p aren ts  
the  decision to  seek th e  gu lls’ p ro tec tion  proved fatal.
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Chapter

Variation in growth in Sandwich Tern chicks 
Sterna sandvicensis and the consequences 
for pre- and post-fledging mortality

Eric W .M. Stienen and A llix  B renninkm eijer

Ibis 144: 5 6 7 -5 7 6  (2002)

ASTRACT

F itn ess  co n seq u en ces o f  v a ria tio n  in  body  m ass g ro w th  and  body  co n d itio n  w ere  s tu d ied  in  a 
Sandw ich Tern Sterna sandvicensis co lony on  G riend, D u tch  W adden Sea, d u rin g  1990-2000 . Body 
m ass in crem en t du ring  th e  linear grow th  phase p red icted  n estling  survival p robab ilities accurately. 
C hicks grow ing less th an  8 g.day-1 had low survival probabilities un til fledging, b u t w ith in  a range o f 
8-11 g .day-1 g ro w th  had  on ly  sm all e ffects on  chick  survival. E ffects o f  slow  g ro w th  on  survival 
becam e obvious after abou t 10 days after hatching. Slow grow ing chicks reached a m uch lower fledg
ing m ass, w hile slow  grow th had only small effects on  struc tu ra l size a t fledging. Body condition  o f 
th e  chicks w as highly variable and had strong  effects on  survival un til fledging. However, body condi
tio n  during  the  nestling  stage did no t influence post-fledging survival. Body condition  a t fledging had 
no effects on  post-fledging survival and did n o t affect final m ass o r body size. It is argued th a t low 
fledging m ass can be overcom e soon after fledging, as p aren ts take th e ir fledglings closer to  the  for
aging areas, thereby  avoiding high ra tes o f k leptoparasitism  by Black-headed Gulls Larus ridibundus.
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INTRODUCTION

M any birds show  a g reat flexibility in  grow th. W hen food availability is low  m atu ration  
of the  chicks slow s dow n and norm al g row th is resum ed  w hen the  restric tions are lifted, 
w ith o u t any consequences for final m ass or m orphology. However, in o ther species poor 
feed ing  co n d itio n s  re s u lt  in  red u c ed  fledging  w e ig h t an d  m ay even affect a d u lt  size 
(Schew & Ricklefs 1998). M oreover, slow  grow th  can increase chick m orta lity  and may 
have negative effects on post-fledging  survival o r rec ru itm en t, as has been  rep o rted  in 
m any  species (G eb h ard t-H en rich  & R ich n er 1998). M o st seab ird s  d ep e n d  on h igh ly  
u n p red ic tab le  food reso u rce s  th a t  sh o w  la rge te m p o ra l an d  sp a tia l v aria tio n s . 
S u p erim p o sed  en v iro n m en ta l co n d itio n s, such  as w e a th e r  an d  tide , d em an d  an even 
greater flexibility o f seabirds. O ne w ould  therefore expect th a t adaptive features such as 
variab le g row th  ra te  are  w ell developed , especially  in  h igh ly  specia lised  seab ird s th a t 
undertake long feeding trips, like Sandw ich Terns Sterna sandvicensis. For Sandwich Tern 
paren ts , reduced  grow th  o f th e ir  offspring m eans a  considerab le reduction  in  th e  costs 
for rearing the ir young (Klaassen et al. 1992). This m igh t be an im p o rtan t m echanism  for 
th is  species to  cope w ith  u n p red ic tab le  food  reso u rces . H ow ever, th e  e s tim a te s  o f 
K laassen et al. (1992) w ere based  on laboratory  raised  chicks. In the  field, the  lim its o f 
the  p aren ts  are se t by p rese n t and  fu tu re  costs for rearing  th e ir  young. O ne m ay argue 
th a t if  p a ren ta l effort has consequences for th e ir  fu tu re  survival, p a ren ts  w ill p robably  
lo w er feed ing  ra te s  to  th e  ch icks w h en  c o n d itio n s  are poor. O n th e  o th e r  h an d , if  
reduced grow th also has fitness consequences in term s o f chick m orta lity  or post-fledg- 
ing survival, th is will po ten tia lly  reduce the ex ten t to w hich grow th can be adjusted.

T his p ap e r focuses on th e  fitness  consequences o f p o o r dev e lo p m en t in  Sandw ich 
Terns. W e hypo thesise  th a t g row th  ra te  o f Sandw ich Tern chicks is h ighly  flexible and 
th a t reduced  grow th  has m in im al consequences for nestling  and  post-fledging survival. 
Sandwich Terns depend  on only a few fish species th a t show  strong  fluctuations in the ir 
horizontal and  vertical d istribu tion  (Stienen et al. 2000). They have to  cope w ith  strong  
v a ria tio n s  in  th e  a m o u n t o f food th ey  can offer to  th e ir  ch icks food d u e  to  variab le  
w e a th e r  co n d itio n s  (S tien en  et al. 2000) an d  food  lo sses  to  k le p to p a ras itis in g  gulls 
(Stienen et al. 2001; S tienen & B renninkm eijer 2002). Here, w e use data  on grow th and 
survival o f Sandw ich Terns chicks held  in  enclosures on G riend, the  D utch W adden Sea, 
to  exam ine the  consequences o f variation in  grow th ra te  and body condition for nestling  
survival. N ext, w e discuss th e  effects o f p o o r g row th  du ring  early developm en t on the 
body w eight a t fledging. U sing ring  recoveries, w e exam ine w h e th e r a poo r body condi
tion  during  the  nestling  phase or a t fledging has repercussions for an individual’s chance 
to  re c ru it  to  th e  co lony  in  la te r  years. B ecause Sandw ich  Terns a re  n o t fu ll-g row n a t 
fledging, w e also investigate post-fledging grow th pa tte rn s and the  consequences of poor 
fledging condition for th e  final size o f an individual.
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s t u d y  a r e a  a n d  m e t h o d s

T he study  w as conducted  on the  isle of G riend during 1990-2000. G riend (57 ha) is s itu 
a ted  in  the  w estern  p a r t of the  D utch  W adden Sea (53°15’N, 5°15’W ). T he island su p 
p o rts  large colon ies o f B lack-headed G ulls Larus ridibundus (ab o u t 23 ,000  pa irs  in  the  
1990s), C om m on Terns S. hirundo (about 2 ,100 pairs) and Sandw ich Terns (about 7,000 
pairs) an d  sm alle r colonies o f C om m on G ulls L. canus, H erring  G ulls L. argentatus and 
A rctic Terns S. paradisaea. D uring  th e  s tu d y  period , the  p o p u la tio n  o f Sandw ich Terns 
f lu c tu a te d  b e tw een  5600 (1996) an d  8300 (1994) p a irs , co n s is tin g  o f several s u b 
colonies. In 1992-98, p a r t o f a subcolony, con tain ing  50-100 nes ts , w as fenced (enclo
su res) to  p rev en t the  chicks from  w alking away from  th e  n e s t site  (see also S tienen  & 
B renn inkm eijer 1999). A ccurate d a ta  on chick g row th  an d  survival w as ob ta ined  from  
enc lo sed  ch icks. In ad d itio n , each year a n u m b e r  o f free-liv ing  ch icks, m ain ly  of 
unknow n age, w ere ringed and re trapped  as often as possible. S tatistical tests w ere p er
fo rm ed  u sin g  th e  S P S S /P C +  4 .0  (N o ru sis  1990) an d  th e  G e n s ta t s ta tis tic a l package 
(G ensta t 5 C om m ittee 1993).

E n c lo su re s
W ith in  th e  enclosures, all chicks w ere  ringed  w ith in  3 days afte r hatch ing  and  o f each 
chick the hatch ing  order w as no ted . The age o f the  chicks w as estim ated  from  the  sta te  
o f  th e  egg d u rin g  th e  p rev ious co n tro l, fea th e r  ch a rac te ris tic s , to ta l h ead  len g th , and  
w h e th e r  or n o t the  chick w as s till w e t o r had  eggshell rem ains on its back. Preferably 
w ith in  3 days from  hatch ing  and  subsequen tly  every th ird  day, th e  chick’s body w eigh t 
and  total head length  (i.e. head  and bill) w ere m easured. To m inim ise d istu rbance in the 
colony s tre tched  w ing chord  w as m easured  less regular. D ue to  w ea ther conditions and 
duration  o f the  d isturbance, n o t all chicks w ere m easured  during  each visit. D ead chicks 
w ere sam pled, after w hich the  body m ass and  to ta l head  length  w ere m easured. The day 
o f death  w as estim ated  by b iom etrics, sm ell, features o f th e  eyeball and  sta te  o f pu trefac
tion. Chicks <  25 days th a t w ere m issing from  the  enclosures, w ere categorised  as lo st 
to  p red a to rs . If  th e  age o f a m issing  chick  w as m ore  th an  24  days, th e  chick  w as p re 
su m e d  to  have fledged  (see c h a p te r  7 fo r m o re  d e ta ils ) . P robably  th e  b e s t w ay to  
describe fledging in Sandwich Terns is by using w ing length  as a reference for the  ability 
to  fly (Stienen & B renninkm eijer 1999). However, because w ing leng th  w as n o t know n 
for som e enclosed  chicks, w e u sed  th e  age o f th e  chicks in stead . A lth o u g h  dev iations 
w ere som etim es large, th e re  w as a stro n g  re la tionsh ip  betw een  age and  w ing leng th  in 
enclosed  chicks (Fig. 6 .1). W ith in  th e  enc losures p are n ts  on average laid  1.6 eggs per 
nest. O f all pairs th a t laid 2 eggs only 0.7% w as able to  fledge 2 chicks. Fledging success 
averaged 0.64 chicks p e r pair (see chapter 7 for m ore detailed  in form ation  on chick su r
vival) .
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15 65 115 165 215
wing lenth (mm)

F ig u re  6 .1 . D ev elo p m en t o f w ing  and  to ta l h ead  len g th  (d o ts  ±  sd) w ith  th e  age o f enclosed  
Sandwich Terns on  G riend in 1992-1998 (upper and m iddle graphs). D raw n lines are logistic grow th 
curves (length = A /  (1 +  B * e 'K’aSe) for w hich the  param eters are show n in the  top  o f the  graphs. 
The low er graph  show s th e  re la tio n sh ip  be tw een  w ing len g th  (15 =  12.5 - 17.4 m m , 20 =  17.5 -  
22.4 mm, etc.) and to ta l head length. The draw n line is a quadratic  by linear curve: to ta l head length  
= 57.1 + 6 9 .5 /(l-0 .2 2 * w in g  leng th) +  0.11*w ing leng th , n =  1350, r2 =  0 .978). Bars den o te  the  
num ber o f chick m easurem ents (right axis).
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Growth and condition
For age 0 to  24 days, m issing body m asses of enclosed chicks w ere in te rpo la ted  assum 
ing lin ear g row th  be tw een  tw o m e asu rem en ts . To avoid u n rea lis tic  b iases o f n o t fully 
d igested  m eals, only m easu rem en ts  w ith  an in terval o f m ore than  tw o days w ere used. 
For each sing le  or f irs t-h a tc h ed  ch ick  for w hich  a t  le a s t th re e  m e asu rem en ts  o f body 
m ass w ere available and for w hich the  first m easu rem en t w as m ade w hen  less than  six 
days old, average grow th rate  w as com puted  for th e  linear p a rt o f the grow th curve (i.e. 
age 4-14). W e used average grow th ra te  instead  of using regression analysis or param e
te rs  o f log istic  g row th  (e.g. H arris & R othery  1985; N isb e t et al. 1998, 1999) because 
body m ass developm ent o f the  chicks often w as very irregular. A m ong o ther things body 
m ass grow th show ed large variations w ith  w eather conditions (Stienen & Brenninkm eijer 
in  p re ss ) .

For enclosed chicks, an index of body condition  (Cl) was defined as th e  proportional 
deviation of m easured  body m ass ( M ,  g) from  average body m ass ( M e x p ,  g) of surviving 
chicks (i.e. age a t final m easu rem en t > 25 days) w ith  sim ilar to ta l head length  (equation

I)-

M - M e x n
CI =  —T7    equation  1

M e x p  H

W e used to ta l head  leng th  as a reference for age because the  age o f m o st non-enclosed  
ch icks w as m issin g , a llow ing  us to  u se  th e  sam e in d ex  o f body  co n d itio n  for n o n 
enclosed chicks. In enclosed chicks the re  w as a strong  correlation  betw een age and total 
head  length  on the one side and betw een w ing length  and to ta l head  length  on the o ther 
side (Fig. 6.1).

Non-enclosed chicks
In addition , each year a num ber o f non-enclosed chicks of varying age w ere ringed. N on- 
enclosed chicks w ere only used to  analyse th e  effect o f fledging condition  on the  proba
bility to  recru it to  the  colony in  la ter years. C om pared to  enclosed chicks, m o st free-liv
ing  chicks experience h ig h e r food in take ra tes  and  g row th  (S tienen  & B renn inkm eijer 
1999). By including non-enclosed  chicks, the  sam ple size w as enlarged and variation  in 
fledging condition  increased.

For enclosed and  non-enclosed chicks, fledging condition  w as defined as the  average 
body condition  o f chicks w ith  a  to tal head length  betw een 75 m m  and 80 m m . W ing size 
o f these  chicks averaged 189.2 ± 14.4 m m . A t th is w ing length  ab o u t 43%  of the chicks 
is able to  fly (Stienen & B renninkm eijer 1999). As the  age of m o st non-enclosed chicks 
w as m issing, w e applied an alternative defin ition  o f fledging. In all analysis referring  to 
rec ru itm en t, enc losed  an d  no n -en c lo sed  chicks w ere  p re su m e d  to  have fledged w hen  
to ta l head length  exceeded 75 m m . The average age of 62 enclosed chicks w ith  a  head  of 
75 m m  w as 27.6 ± 3.9 days.
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Recruitment
From  1994 to 2000, effort w as p u t in to  reading m etal rings of adu lt Sandwich Terns. The 
rings w ere  read  by te lesco p e  from  a m oveable h ide . M ost rings w ere  read  d u rin g  th e  
b ird s’ cou rtsh ip  display in  the  colony, a t beaches near the  colony w here fem ales fed on 
shell fractions ju s t before egg laying (B renninkm eijer et al. 1997) and a t roosts near the 
colony. In addition , som e ringed adults w ere caught on the ir nest. A lthough  som e birds 
of w hich the rings w ere read by telescope, w ere trapped  on the ir n es t la ter in the  season, 
and  m o st b irds w ere  engaged in  co u rtsh ip  or n es tin g  activ ities, th e re  w as no abso lu te  
ce rta in ty  for all recovered  b irds th a t they  actua lly  s ta rte d  b reed ing  on G riend, b u t for 
convenience w e call them  all recru its. Only a sm all p ropo rtion  o f the  ringed birds p res
en t on the island w as recovered, so the p resen ted  re tu rn  probabilities can n o t be used as 
estim ates of survival o r recru itm en t. W e fu rthe r assum e th a t the resigh ted  b irds are rep 
resen tative for the  en tire  population . The nu m b er of chicks ringed and the  num ber seen 
on G riend  in  la te r years are lis ted  in  Table 6.1. In to ta l 850 ringed  b irds w ere  seen  on 
Griend, corresponding w ith  4.9%  of all chicks ringed. Birds w ere first seen w hen  2 years 
old, b u t m ost w ere first seen w hen 3-5 years old. Since n o t all chicks th a t w ere bo m  after 
1997 m igh t yet have re tu rn ed  to  G riend they w ere om itted  from  the analyses.

Table 6.1. Number of Sandwich Tern chicks ringed on Griend per annum and the number of first 
recoveries in later years.

Year of 
ringing

Number of 
chicks ringed 1994 1995

Year of recovery 
1996 1997 1998 1999 2000

Total

1990 150 3 9 2 0 0 0 1 15
1991 879 5 17 6 3 1 0 1 33
1992 2195 1 56 70 17 10 19 20 193
1993 1024 0 1 52 22 9 18 12 114
1994 3412 0 5 33 76 82 87 283
1995 3168 0 3 72 180 181 436
1996 2749 0 2 61 89 152
1997 2489 0 15 137 152

RESULTS

Body m ass g row th  d u rin g  th e  lin e a r  p a r t o f g ro w th  o f  143 f irs t-h a tc h ed  an d  sing le 
Sandwich Tern chicks averaged 8.7 ± 2 . 1  g.day '1. Survival probabilities o f the chicks w ere 
closely linked to  grow th ra te  betw een  4 and 14 days (Fig. 6.2). N estling  survival sharply 
increased from  0.3 for chicks growing 1 g .d a y 1 to  m ore than  0.8 w hen grow th exceeded 8 
g .day '1. Presum ably the  effect o f grow th ra te  on survival p robabilities is even m ore d ra
m atic than  p resen ted  in figure 6.2, because m o st slow  grow ing chicks are n o t rep resen t
ed in  the  graph, as they had  already died before they could be m easured  th ree tim es.
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1 . 0 -

growth rate (g da y '1)

Figure 6.2. Relationship between body mass increase during the linear part of growth and survival 
probabilities until fledging (dots) of first-hatched and single Sandwich Tern chicks on Griend in 
1992-1998. Drawn line represents logistic curve (logistic regression, survival probability = 1- 
(exp(1.207-0.326*growth)/(l+exp(1.207-0.326*growth))), deviance = 10.4, P < 0.01). Bars denote 
the number of chicks measured (right axis).

G ro w th  a n d  f led g in g  c o n d itio n
Body m ass grow th  during  the  linear p a r t o f g row th had  no  consequences for the  condi
tion  of a chick a t fledging (Pearson regression: n =  92, r2 = 0.02, P >  0 .05). O n aver
age, enclosed chicks w hich fledged in poor condition  (i.e. fledging condition  < -10) expe
rienced norm al grow th o f body m ass during  the  first 10 days o f the ir lives, b u t deviated 
from  the  grow th  p a tte rn  of chicks in good fledging condition  (i.e. fledging condition  > 
10) afte r th a t age (Fig. 6.3). T he deviation  o f s tru c tu ra l g row th  (to ta l head  leng th  and 
w ing length) occurred som ew hat la ter and w as m uch sm aller than  th e  deviation o f body 
m ass grow th. A sym ptotic body m ass o f fledglings in poor condition  am oun ted  to  161.1 
g; a d ifference o f -27.4%  com pared  w ith  chicks fledging in  good cond ition  (asym ptotic 
m ass 222.0  g). This w as accom panied by an average decrease in  asym pto tic  to ta l head  
and  w ing lengths o f only 4.6%  and 0.5%, respectively.

P re -fle d g in g  m o r ta lity
To analyse w hether body condition  of a  chick a t any m o m en t during  the  nestling  period 
has consequences for its chance to  surv ive u n til fledging, w e d iv ided th e  chick period  
in to  5 categories o f to ta l head length, so th a t each category coincided w ith  a difference in 
average age o f 2-5 days (Table 6.2). In a  logistic regression approach, w e first controlled 
fo r h a tch in g  p o sitio n  (tw o g roups: f irs t-h a tc h ed  o r sing le  chicks an d  second  ha tch ed  
chicks). For enclosed  chicks w ith  a to ta l head  leng th  <  65 m m , ha tch ing  p o sitio n  had 
strong  effects on nestling  survival (Table 6.2), w ith  second hatched  chicks having m uch 
low er survival changes. If second hatchlings survived un til a  to tal head length  > 65 m m , 
the ir survival changes d id  no longer differ from  first-hatched  or single chicks. Body con

105



C h a p t e r  6

n = 297, r2 = 0.95 
A =  214.4 
B = 5.86 
K = 0.198

2 4 0 -

20 0 -

3  160 -

1 2 0 - A  = 161.1 
B = 5.82 
K = 0.278 
n = 240, r2 = 0.81

4 0 -

n = 297, r2 
A  =81 .7  
B = 1.20 
K = 0.113

A  =78 .0  
B = 1.20 
K =  0.118 
n = 240, r2 = 0.95

E
E 6 0 -
O)
^  4 0 -
"Sa>.C
ö  2 0 -  
o

n = 297, r2 = 0.1 
A =  16.4 
B = 11.8 
K = 0.169

2 0 0 -

A =  215.3 
B = 9.80 
K = 0.142 
n = 240, r2 = 0.94

-C  1 2 0 -

4 0 - o  fledging condition < -0.10 
•  fledging condition > 0.10

0 5 10 15 20 25 30 35
age (days)

F ig u re  6 .3 . Pre-fledging developm ent (m eans ±  sd) o f body m ass (upper graph), to ta l head  length  
(m iddle graph) and  w ing leng th  (low er graph) in  Sandw ich Tern chicks fledging in  poor (fledging 
condition  < -0.10) and good condition  (fledging condition  > 0 .10). O nly chicks th a t reached an age 
o f 25 days w ere included in the  analysis. D raw n lines rep resen t logistic grow th curves for w hich the 
p aram eters are show n in th  e top  o f th e  graph.

dition  o f very young chicks (total head length  <  50 m m ) d id  n o t influence the ir survival 
un til fledging (Table 6.2). In the  la ter periods un til to tal head length  > 7 0  m m , chicks in 
poo r condition  experienced low er survival chances, w hile near fledging (70 m m  < to tal 
head  leng th  < 7 5  m m ) body co n d itio n  no  longer in fluenced  survival. A lth o u g h  som e 
even older chicks (to ta l head  leng th  > 7 5  m m ) w ere found  inside the  enclosures, the ir
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Table 6 .2 . Logistic regression analysis exam ining the  effect o f hatching position  (tw o categories: first- 
hatched  or single chicks vs. second hatched  chicks) and body cond ition  on  th e  p robability  o f being 
found  dead  before  fledging for d ifferen t categories o f to ta l len g th  size o f  enclosed  Sandw ich Tern 
chicks on  G riend in 1992-98. In all cases hatch ing  position  w as en te red  in to  th e  logistic regression  
m odel first, follow ing body condition  and th e  in te rac tion  term  ‘hatching*body co n d ition ’. N  chicks: 
th e  nu m b er o f chicks m easured , the  nu m b er o f chicks found dead is show n betw een  brackets. Age, 
w ing length and body condition are m eans ±  se. * = P < 0.05, ** =  P < 0.01 and *** = P < 0.001.

Total
head
(mm)

Age
(days)

Wing
(mm)

N  chicks Range in 
body 

condition

Change in deviance 
Hatching Body Hatching 
position condition position* 

body 
condition

< 4 0 0.8 ±  0.06 20.6 ±  0.24 170 (101) -042 to  0.70 78 3 *** 0.0 1.3
40-49 3.1 ±  0.08 24.5 ±  0.24 288 (140) -0.48 to  0.38 104.6 *** 1.5 0.1
50-59 8.0 ±  0.12 47.1 ±  1.03 218 (77) -0.47 to  0.31 66.1 *** 10.2 ** 0.4
60-64 13.2 ±  0.15 84.2 ±  1.12 154 (25) -0.38 to  0.28 5.3 * 12.3 ** 0.8
65-69 17.9 ±  0.20 121.9 ±  1.16 170 (21) -0.50 to  0.69 1.4 46.3 *** 4.3 *
70-74 23.8 ±  0.21 159.0 ±  0.94 179 (2) -0.23 to  0.49 0.0 0.1 0.0

su rv iva l cou ld  n o t be e s tim a te d  b ecau se  a p a r t  o f  th e se  ch icks had  a lready  fledged. 
N evertheless, th e ir  survival p robability  seem s very high. O f 2009 chicks (both  enclosed 
an d  n o n -en c lo sed ) w ith  a to ta l h ea d  le n g th  > 75 m m  only  27 w ere  fo u n d  d ead  on 
Griend, indicating th a t m o st left the island successfully. The in teraction  term  ‘body con- 
dition*hatching p osition ’ had  significant effects only for chicks w ith  65 m m  < to ta l head 
leng th  < 7 0  m m  (Table 6 .2), show ing  a slow er increase  of survival changes w ith  body 
condition  for second hatched  chicks.

P o st-fle d g in g  m o r ta lity
N ext, the effect o f body condition  on the  probability  of being spo tted  in  the colony som e 
years la ter w as analysed (further referred to  as rec ru itm en t). For th is analysis, w e select
ed only th o se  chicks th a t survived un til fledging. To enhance th e  sam ple size also non- 
enclosed chicks w ere included in the analysis. Since the age of m o st non-enclosed chicks 
w as m issing , an a lte rn a tiv e  d e fin itio n  o f fledging is u sed  (see m e th o d s) . In a log istic 
regression analysis exam ining the probability  to  rec ru it to the colony w e first controlled 
for possib le  effects o f year of b irth  (Table 6 .3). For chicks th a t w ere  m easu red  a round  
fledging (75 < to ta l head length  <  80) year o f b irth  had  significant effects on the proba
b ility  to  re c ru it  to  th e  co lony  (Table 6 .3 ). C hicks b o rn  in  1990 h ad  a re la tive ly  low  
chance to  rec ru it to  th e  colony, w hile chicks b o m  in 1995 had  the  h ighest chance to  be 
seen  in  th e  colony several years later. For all o th e r  g roups o f to ta l head  len g th  year of 
b irth  had  no  sign ifican t effects. For n one  o f th e  ‘age’-groups adding  o f body cond ition  
an d  th e  in te ra c tio n  te rm  ‘year*body c o n d itio n ’ to  a m odel a lready  co n ta in in g  year of 
b irth  resu lted  in  a significant change in deviance (Table 6.3).
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Table 6 .3 . Logistic regression analysing the  effect o f year o f b irth  and body condition on the  probabi
lity to  be seen on G riend in later years for different categories o f to ta l head length  o f Sandwich Tern 
chicks in  1990-97. In all cases year was entered  in to  the  logistic m odel first, following body condition 
and the  in teraction  term  ‘year * body condition’. N  chicks: num ber o f  chicks m easured, the  num bers 
o f  chicks th a t w ere seen in  the  colony in later seasons are show n betw een brackets.
* = P < 0.05, ** = P <  0.01 and *** = P < 0.001.

Total head N  chicks Range in Change in deviance
(mm) body condition Year Body

condition
Year* 

Body condition

<40 82 (13) -0.24 to 0.37 7.2 1.5 6.7
40-49 254 (34) -0.28 to 0.60 1.9 1.8 2.0
50-59 283 (34) -0.30 to 0.34 4.4 0.2 5.7
60-64 204 (30) -0.31 to 0.33 1.9 2.8 2.9
65-69 259 (29) -0.25 to 0.28 10.2 0.7 2.0
70-74 273 (35) -0.26 to 0.30 7.6 0.3 8.9
75-80 1620 (195) -0.45 to 0.31 19.6 ** 2.5 6.3
> 8 0 390 (43) -0.33 to 0.23 11.3 0.0 5.6

The resu lts  suggest th a t in Sandwich Terns poo r developm ent as a chick influences su r
vival un til fledging and has large effects on the body m ass a t fledging, b u t less effect on 
the  size a t fledging. O n th e  o th e r hand , i t  show s th a t fledging cond ition  has no  conse
quences for post-fledging survival. In accordance w ith  this, fledging condition  o f 24  juve
n iles, w hich  w ere  found  dead  w ith in  3 years from  fledging, d id  n o t differ significantly  
from  th a t  o f  249 re c ru ite d  te rn s  (0 .040  ± 0 .086  an d  0 .008  ± 0 .009 , respectively , 
S tudent's T-test, t27l =  1.75, P  =  0.08).

P o st-fle d g in g  g ro w th
Body m ass, to tal head  and w ing length  o f 30-day old young th a t w ere still in  the  colony 
am ounted  to  approxim ately 75, 73 and 62%, respectively, o f th a t o f incubating  adults on 
G riend (Fig. 6.4). In to ta l 13 juveniles o f know n age w ere m is t-n e tted  sho rtly  afte r the 
breed ing  season  in 1997 and 1998 a t the  isle o f the  Richei, s itu a ted  9 km  n o rth w est o f 
G riend . B iom etrics o f th e se  in d iv id u als  in d ica te  th a t  g ro w th  o f  body  m ass an d  w ing 
leng th  is a lm ost com pleted  w ith in  100 days from  hatch ing , w hile a t th is  tim e the  to ta l 
head length  am ounts to  only 89% of ad u lt to ta l head length  (Fig. 6.4).

A to ta l o f e ig h t ad u lts  w ith  know n fledging cond ition  w ere  trapped  on th e  n e s t on 
G riend som e years later. Additionally, shortly  after the ending of the  breeding seasons of 
1997 and 1998, four adults w ith  know n fledging condition  w ere m is t-ne tted  a t the  isle of 
the  Richei. T hese adults rep resen t a range in  fledging condition betw een -0 .0 2  and 0.16. 
T here w ere no significant effects o f cap ture location (G riend or Richei) or fledging condi
tion  on any biom etric m easu rem en t o f adu lt Sandwich Terns (ANCO VA, ns in all cases) 
(Fig. 6.5).
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F ig u re  6 .4 . Pre- and post-fledging developm ent o f body m ass, to ta l head  leng th  and w ing length  in 
Sandwich Terns. D ata on  post-fledging developm ent w ere derived from  juveniles caught in  m ist ne ts 
a t the  isle o f the  Richei, 9 km  no rth -w est o f G riend. D raw n lines indicate average body m ass, to ta l 
head length  and w ing length  o f 766 incubating adults o f  G riend in 1992-99.
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DISCUSSION

N e s tlin g  su rv iva l
T he body cond ition  o f a chick reflects th e  am o u n t o f body tis su e  reserves th a t can be 
used during  periods o f food shortage. Therefore, a chick in  poor condition  m igh t experi
ence a decreased  chance to  survive on th e  sh o r t term . Indeed  in  Sandw ich Terns, body 
m ass in c re m e n t d u rin g  th e  lin ea r p a r t o f g ro w th  as w ell as body co n d itio n  sh o w ed  a 
strong  rela tionsh ip  w ith  chick survival. A lso in Roseate Terns S. dougallii g row th pred ic t
ed chick survival accurately (N isbet et al. 1998, 1999). In R oseate Terns, survival could 
already be pred ic ted  from  body m ass grow th in the  first few days after hatching. In con
trast, o u r re su lts  suggest th a t in  Sandw ich Terns body m ass in  th e  firs t few days afte r 
hatch ing  is n o t im p o rtan t for survival, leading to  the  conclusion th a t poo r nou rish m en t 
during  an early stage o f life could be overcom e by th e  paren ts. N isbe t et al. (1998) sug
gest th a t chick grow th and survival in  Roseate Terns is prim arily  determ ined  by paren tal 
pe rfo rm an ce , w h ich  are  a lready  m a n ife s te d  d u rin g  th e  f irs t days a f te r  h a tch in g . In 
Sandwich Terns, it seem s relatively easy for m o st paren ts to  m eet th e  food requirem ents 
o f the ir freshly hatched  chicks. Only w hen  the  chicks grow  and  energy dem ands as well 
as th e  p ro p o rtio n  o f  food p a re n ts  lo se  to  k le p to p a ra s itis in g  gu lls  sh a rp ly  inc rease  
(S tienen et al. 2001), differences in  p aren ta l quality  m ig h t be m anifested . Especially in 
years w hen  th e  ch icks’ d ie t is d o m in a te d  by sandee ls, re su ltin g  in  h igh  ra te s  o f klep- 
to p arasitism  (S tienen & B renninkm eijer 2002), aspects o f p a ren ta l perfo rm ance m igh t 
determ ine the  chick’s body condition  and survival.

P o st-fle d g in g  su rv ival
O n the  long term , slow  grow th experienced during  the  chick stage m igh t affect survival 
in  a la te r stage. T he sparse  s tud ies  on th is sub ject gave d iffe ren t resu lts . In K ittiwakes
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Rissa tridactyla, slow  grow ing  chicks had  a low er chance to  re tu rn  to  th e  area  o f b irth  
(C ou lson  & P orte r 1985), w hereas H arris et al. (1992) found  no  difference in  g row th  
b e tw e en  G u illem o ts  Uria aalge th a t  su rv iv ed  u n til b reed in g  an d  ju v en ile s  th a t  w ere  
re p o rte d  dead . A lso  in  S andw ich  Terns th e re  seem s to  be no  re la tio n sh ip  b e tw een  
nestling  developm ent and post-fledging survival.

Several s tu d ies  on seab ird s re p o rt th a t  a low  body w eig h t a t  fledging has negative 
effects on post-fledging survival or local recru itm en t, w hile o the r stud ies found no effect 
(Table 6.4). All species, for w hich a rela tionsh ip  betw een fledging w eight and post-fledg- 
ing or local survival has been found, becom e independen t o f the ir paren ts ju s t before or 
d irectly  afte r fledging. Juveniles of G uillem ot, Razorbill and  Sandw ich Tern, b u t n o t of 
Puffin, are fed by th e ir  paren ts  for som e tim e after fledging (Cram p 1998). D ependency 
o f paren ts thus m igh t be a crucial factor th a t determ ines w hether fledging w eight affects 
post-fledg ing  survival in  seab irds. For juven iles o f Sandw ich Terns feeding cond itions 
probably  drastically  im prove afte r leaving G riend (i.e. a  few  days afte r fledging). In the  
first place, juveniles can be taken m uch closer to  the  feeding areas. Before fledging o f the 
chicks paren ts have to  travel, on average, abou t 12 km  to the feeding grounds and  feed
ing trips m ay last up to  3 hours (Stienen & B renninkm eijer 2002). In addition, juveniles 
can be b rough t to  sites th a t are free from  Black-headed Gulls and o ther p irates o therw ise 
im p o s in g  a h ig h  ro b b in g  p re s su re  on p rey  b ro u g h t to  th e  te rn e ry  (S tien en  & 
B renninkm eijer 1999, S tienen et.al. 2001). For those reasons, food intake rates probably

T ab le  6 .4 . R ela tionsh ip  be tw een  body m ass a t fledging and post-fledging survival o r local recru it
m ent, and the  age a t w hich chicks becom e independent o f  their parents in several species o f seabirds.

Species Relationship between 
fledging weight 

and post-fledging 
survival/local 
recruitm ent

Age of independence Authors

Sooty Shearwater Yes A round fledging Sagar & Horning 1998
Puffinus griseus

Manx Shearwater Yes Just before fledging Perrins et al. 1973
P. puffinus

Cape Gannet Yes Soon after fledging Jarvis 1974
Sula capensis

Sandwich Tern No > 4 m onths after fledging This study
Sterna sandvicensis

Guillemot No At least a few weeks Hedgren 1981
Uria aalge after fledging

Razorbill No Cared for after fledging, Lloyd 1979
Alca tordabut period unknown

Puffin No Just before fledging Harris & Rothery 1985
Fratercula arctica
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grea tly  im prove  a fte r  fledging, m ak in g  i t  p o ss ib le  fo r fledg lings in  p o o r co n d itio n  to  
catch up on the ir backlog in  grow th relatively easy, th u s resu lting  in a lack o f an effect of 
fledging condition on post-fledging survival.

In som e species, b ird s a tta in  a sm alle r a d u lt size w hen  co n fro n ted  w ith  p o o r food 
co n d itio n s  d u rin g  early  d eve lopm en t, w h ile  in  o th e r  b ird s  no  effect on final size w as 
found (Schew & Ricklefs 1998). In tu rn , sm aller size m ay affect dom inance sta tu s  of the 
b irds (e.g. G arnett 1981, D ren t 1983), and grow ing tali therefore m igh t be of im portance 
to  occupy good nesting  sites. In Sandwich Terns, poo r body condition  a t fledging had no 
effects on ad u lt body m ass or size. A lthough  the  sam ple sizes w ere sm all, th is suggests 
th a t early developm ent is n o t im p o rtan t for the  final size or dom inance sta tus.

Fluctuating food resources
Sandw ich Terns on G riend d epend  on only a few species o f prey  fish for the  rearing  of 
the ir chicks. These prey  species show  large variation  in  num bers bo th  betw een and w ith 
in  seasons (Fonds 1978; C orten  1990), and  are patchy  d is trib u ted  (Stienen et al. 2000). 
M oreover, the ir availability for th e  te rns depends on environm ental conditions th a t affect 
vertical d is trib u tio n  o f the  prey and fishing success o f th e  paren ts  (Stienen et al. 2000). 
Such variation  dem ands a great flexibility in features th a t are linked to  food availability, 
like fo r exam ple  g ro w th , in  o rd er to  m in im ise  th e  effects on  ch ick  su rv ival. Indeed , 
Sandwich Terns seem  to be well adapted  to  unpredictable food resources. G row th rate  of 
the  chicks proved  to  be h ighly flexible, w hich m igh t help  to  overcom e sh o r t periods of 
food shortage. In periods o f food stress, chicks allocated resources to  g row th of s tru c tu r
al com ponents (total head  and wing) ra th e r sufficiently, w hile body m ass grow th w as cu t 
dow n. Body m ass grow th of chicks th a t survived the  chick stage varied betw een 1 and 11 
g .day '1 and  is com parable to o the r stud ies on Sandwich Terns (Pearson 1968; Klaassen et 
al. 1992). G row th can be slow ed dow n to ab o u t 8 g .d a y 1 w ith o u t serious consequences 
for chick survival. Slowing dow n grow th from  12 to  8 g.day-1 w ould  m ean a reduction  in 
energy needs of the offspring of 13% (Klaassen et al. 1992). W ith in  th is w indow  paren ts 
can fine-tune chick grow th to  prevailing food conditions, w ith  a lm ost no  consequences 
for the survival o f the ir chicks and w ith o u t consequences for the ir post-fledging survival 
or final size.

In sp ite  o f the  strong  link betw een  grow th and  nestling  survival, 76.2%  of all chicks 
w ith  know n grow th  ra te  grew  a t a ra te  o f 8 g.day-1 or m ore. A lthough  th is  percen tage 
m ig h t be b iased  upw ards because  ex trem ely  p o o r g row ing  chicks a lready  d ied  before 
they  could  be m easu red  th ree  tim es, i t  suggests  th a t du ring  th e  firs t tw o w eeks p o s t
h a tch in g  m o s t p a re n ts  experienced  no  d ifficu lties in  p rov id ing  su ffic ien t food to  th e ir  
chicks. The sam e is suggested  by the  fact th a t body condition  in the  first 5 days did n o t 
significantly con tribu te  to  the  b ird ’s survival chance. However, th is m igh t also be biased 
as th e  reg ression  analysis o f very young  chicks is d ilu ted  w ith  chicks in itia lly  in  good 
condition  b u t starv ing to  dea th  in a  la ter stage. N evertheless the  last tw o w eeks before 
hatching, w hen the condition  of a chick has strong  effects on its survival, probably is the 
m o st strenuous period for Sandwich Tern paren ts. A t th is stage energy requ irem ents are
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m axim al (D rent et al. 1992) and also the  ra te  o f k lep toparasitism  is a t a m axim um  level 
(S tienen  et al. 2 0 0 1 ). A p p aren tly  som e p a re n ts  w ere  n o t ab le  to  fu rth e r  in c rease  th e  
am o u n t o f food tran sp o rted  to  th e ir  offspring and  consequen tly  grow th  lagged behind. 
O n the  o th e r h an d  the  m arg ins w ith in  w itch  a chick can survive are very large. In th is 
s tu d y  body m ass o f surviving chicks varied  betw een  49%  below  to  77%  above average 
body m ass, show ing th a t Sandwich Terns are well adapted  to  fluctuating  food resources.
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Consequences of brood size and 
hatching sequence for prefledging mortality 
in Sandwich Terns: why lay two eggs?
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ASTRACT

M ortality  o f Sandw ich Tern Sterna sandvicensis chicks held  in  enclosures w as stud ied  in colonies on 
Griend, D utch W adden Sea, from  1992-1999 and H irsholm , D anish  Kattegat, in  1997. Survival until 
fledging o f chicks am o u n ted  to  73%  for chicks h a tch ing  from  first-la id  eggs o r single egg clu tches 
and 59-64%  for partially hatched 2-egg clutches, w hereas 6% o f th e  second hatchlings survived until 
fledging. Less th a n  2% o f all 2-chick  b ro o d s ac tually  fledged 2 chicks. Because 18% o f  th e  2-egg 
clu tches only hatched one egg, still 7% of the  fledglings o f 2-egg clutches orig inated  from  a second- 
laid  egg. In n e sts  w here b o th  eggs hatched, th e  n u m b er o f  chicks w as generally  reduced  soon after 
hatching. W ith in  5 days from  hatching, m ore th an  50% of the  second hatchlings died o f starvation  or 
w ere preyed upon . It appears th a t overp roduction  com m only  occurs in  Sandw ich Terns and th a t  it 
m ain ly  serves as an  in su ran ce  m echan ism . O n  G riend  and  H irsho lm , chick p ro d u c tiv ity  o f 2-egg 
c lu tches w as so m ew hat h ig h er com pared  to  1-egg clu tches. U n d e rn o u rish m en t w as an  im p o rtan t 
cause o f death, e ither directly  by starvation  or by selective p redation  o f chicks in poor condition. This 
in  co m bination  w ith  earlie r pu b lish ed  stu d ies suggests th a t Sandw ich Tern p a ren ts  on  G riend are 
exposed to  a high food stress.
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INTRODUCTION

Birds often  lay clu tches larger than  they norm ally can rear. T he su rp lu s eggs m ay allow  
paren ts to  track uncertain  resources, to  select offspring w ith  th e  h ighest survival expec
ta tions, or they m ay serve as food-cache for paren ts or offspring (review in Forbes 1991). 
Also, the extra eggs m igh t serve as an insurance against the  failure of an egg or offspring 
(e.g. M ock 1984; C ash an d  Evans 1986; A nderson  1990). P roducing su rp lu s  offspring 
requ ires th a t paren ts  are able to  efficiently reduce brood  size if the  su rp lu s offspring is 
re d u n d a n t, o th e rw ise  they  m ay in c re ase  ra th e r  th a n  d ecrease  rep ro d u c tiv e  variance 
(Forbes 1991). Birds adop ting  a brood  red u c tio n  stra tegy  are th o u g h t to  facilita te th is 
process by p roducing a sm all final egg (Slagsvold et al. 1984) and  by asynchronous hatch 
ing of the  eggs (Cash and Evans 1986, A nderson  1989).

Being long-lived b irds living in  s tochastic  env ironm ents, seab irds m ay pay an espe
cially la rge f itn ess  co s t fo r h a tch in g  chicks synch ro n o u sly  an d  th e re fo re  b en e fit from  
hatch ing  clu tches asynchronously  in  th e  long te rm  (Pijankow ski 1992, M ock & Forbes 
1994). Laridae produce asynchronously  hatching clutches, sm all final eggs and  show  dif
ferential survival o f chicks w ith in  broods, w ith  the last-hatched  chick in  a  brood  having 
the  low est probability  o f survival to  fledging (e.g. H erring Guii Larus argentatus, Parsons 
1970, Lesser Black-backed Guii L. fuscus, Royle and H am er 1998, K ittiwake Rissa tridacty
la, C oulson and Porter 1985, C om m on Tern Sterna hirundo, Langham  1972; N isbe t 1978; 
N isb e t an d  C ohen  1975; B ollinger et al. 1990, R oseate Tern S. dougallii, N isb e t 1978; 
N isb e t and  D rury  1972; N isb e t and C ohen 1975; Burger et al. 1996, G ull-billed Tern S. 
nilotica, Eyler et al. 1999 and Sandw ich Tern, Langham  1974; Veen 1977). Both hatching 
asynchrony and the  decrease in  egg size w ith  hatching order in  larids are consis ten t w ith  
th e  b ro o d  re d u c tio n  s tra tegy , b u t  th e ir  fu n c tio n s  a re  n o t alw ays clearly  u n d e rs to o d  
(Bollinger 1994).

S tudies on chick survival and brood size reduction  in larids focussed on species w ith  
m axim um  clutches of th ree eggs, w ith  the  Roseate Tern probably  being the  b es t stud ied  
exception . D ifferen tia l surv ival o f Sandw ich Tern chicks has been  s tu d ie d  in  deta il by 
L angham  (1974) an d  Veen (1977). A lthough  som etim es clu tches o f th ree  eggs can be 
found (probably originating from  tw o fem ales), Sandwich Terns generally lay one or two 
eggs. O n G riend clutch size averages 1.6 eggs, w ith  the  volum e o f th e  second egg being 
on average 7% sm aller than  th e  first egg (Stienen and B renninkm eijer 1996). The second 
chick of 2-chick broods hatches ab o u t th ree  days after th e  firs t (Veen 1977). A t least at 
ou r s tu d y  s ites  on G riend, T he N eth e rlan d s, an d  on H irsho lm , D enm ark , th e  survival 
probability  o f the second hatchling  is extrem ely low. In seven years covered by the  p res
e n t study, Sandw ich Terns se ldom  raised  m ore th an  one chick  to  fledging. T his paper 
analyses p re-fledging  m o rta lity  o f Sandw ich Tern chicks held  in  enc losures on G riend 
an d  H irsho lm  in re la tio n  to  egg sequence  and  ran k  w ith in  th e  brood . W e w ill d iscuss 
possib le benefits for the  te rns of producing  a clutch size larger than  they generally rear. 
T he re d u c tio n  o f  th e  b ro o d  s ize  is d isc u sse d  in  th e  lig h t o f th e  ava ilab ility  o f  food 
resources.
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MATERIALS AND METHODS

T he m ain  s tudy  w as carried o u t on the Isle of G riend, situated  in the D utch W adden Sea 
(53°15’N, 5°15’E), w here several species o f gulls (m ainly Black-headed Larus ridibundus, 
C om m on L. canus and H erring Guii L. argentatus) and  terns (m ainly Sandwich, C om m on 
S. hirundo an d  A rctic Tern S. paradisaea) n es t. D uring  th e  s tu d y  p erio d  (1992-99) the  
p o p u la tio n  o f Sandw ich Terns on G riend  flu c tu a ted  b e tw een  5600 and  8300 breed ing  
pairs , each year consisting  o f several subco lon ies. T he island  consists  o f a sandy  ridge 
th a t  w as c o n s tru c te d  in  1988 to  p ro te c t th e  low er m arsh y  in n e r  p a r t  o f th e  orig ina l 
island. The sa lt m arsh  is dom inated  by a p ioneer vegeta tion  o f Salicornia procumbens, S. 
europaea, Armeria maritima, Pucinellia maritima and  Limonium vulgare. The h igher parts  are 
d o m in a ted  by Halimione portulacoides, Matricaria maritima, Atriplex littoralis and  grasses 
(m ainly Elymus farctus, E. repens, Leymus arenarius and Festuca rubra). For com parison  in 
1997 a Sandw ich Tern colony on H irsho lm , D an ish  K attega t (10°38’N, 57°29’E), w as 
stud ied . In con trast to Griend, H irsholm  is inhabited  by m an, has a stony  undersoil and 
highly d ivers vegeta tion  ranging  from  p io n eer vegeta tion  to  sh ru b s  and  trees. In 1997, 
1250 pairs of Sandwich Terns nested  on H irsholm  as well as 6500 pairs of Black-headed 
G ulls and  sm aller colonies of C om m on Guii, H erring  Guii, Lesser Black-backed Guii L. 
fuscus and A rctic Tern.

Enclosures
Each year on G riend and  on H irsholm  in 1997 a p a r t o f a  subcolony contain ing  50-100 
nests  w as selected for fu rth e r study. To reduce possib le effects of hatch ing  date, the  sub 
colonies under study  w ere chosen in a way th a t the  hatching date  o f m o st chicks coincid
ed w ith  the  peak  of hatch ing  of the  en tire  island population . Only in  1993, an additional 
subcolony  o f la te r ha tch ing  d a te  w as s tu d ied  on G riend, so th a t ha tch ing  dates ranged 
from  day 140-172 (m edian hatching day =  152).

W ith in  the selected s tudy  sites, m o st nests  w ere m arked w ith  num bered  sticks w ith 
in  3 days afte r laying o f th e  firs t egg. If possib le, in  each n e s t the  eggs w ere m arked in 
se q u en c e  o f  laying w ith  a p e rm a n e n t m arker. A few  days befo re  h a tch in g  o f  th e  firs t 
eggs, p a rt o f the  selected  s tudy  site  w as enclosed w ith  w ire netting . In to ta l 434 enclosed 
nests  w ith  know n laying sequence o f the  eggs w ere selected for th is s tudy  (Table 7.1). In 
1994 on Griend, hatch ing  success and fledging success w ere m easured  in d ifferent su b 
colonies, so th a t th e  resu lts  w ere n o t used  for th is study. If possib le, all enclosed nests 
and  broods w ere checked every th ree  days and th e  chicks w ere ringed w ith in  3 days after 
hatching. The hatching date of a chick w as estim ated  from  the  sta te  of the  egg during  the 
previous control, fea ther characteristics o f the  chicks, the  size o f the  yolk sac, to ta l head 
leng th  (i.e. exposed cu lm en  length) and  w h e th e r  or n o t th e  chick w as s till w et. U nder 
favourab le w ea th e r  con d itio n s th e  ch icks’ body m ass, to ta l head  leng th  and  s tre tch e d  
w ing chord  w ere m easu red  during  each contro l. If a  chick w as m issing  from  the  enclo
su re  it w as p resu m ed  to  be preyed  upon. In such case th e  date  o f p red a tio n  w as se t as 
th e  m iddle day betw een  la s t live m easu rem en t and  the  day th a t the  chick w as m issing
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Table 7.1. C lutch size, hatching success and sam ple size o f enclosed Sandwich Tern n ests on Griend 
and H irsholm  in the  period 1992-1999. Only nests  o f  w hich laying sequence o f the  eggs w as know n 
are listed.

Location:
Year:

Griend
1992

Griend
1993

Griend
1995

Griend
1996

Griend
1997

Griend
1998

Griend
1999

H irsholm
1997 Total

1-egg clutch
N o chick 3 3 1 7 1 6 0 4 25
1 chick 15 24 11 41 27 6 17 7 148

2-egg clutch
N o chick 0 3 1 4 5 5 1 3 22
a-chick 3 5 2 1 4 6 2 3 26
b-chick 5 1 1 2 5 5 2 1 22
2 chicks 30 27 26 11 19 32 36 10 191

from  th e  enclosure. If the  age o f a m issing  chick exceeded 24 days, how ever, the  chick 
w as p resum ed  to  have fledged. A t th is age w ing length  can exceed 175 m m , w hich is the 
m in im u m  w ing  le n g th  re q u ire d  fo r flying in  Sandw ich  Tern ch icks (S tienen  and  
B renninkm eijer 1999). A chick w as categorised  as dead if it w as found  dead or w hen  it 
w as m issing from  the enclosure w hen  still n o t able to  fly. T he la tte r losses w ere m ainly 
du e  to  avian p red a to rs  th a t e ith e r preyed upon  living or dead  chicks (bo th  G riend and  
H irsh o lm  h o ld  no g ro u n d  p re d a to rs ) . D u rin g  o b se rv a tio n s  in  th e  colony, w e m ain ly  
observed Black-headed Guii, and occasionally C om m on and  H erring  Guii preying upon 
Sandwich Tern chicks. O n H irsholm  in 1997, p reda tion  by H erring  Gulls occurred m ore 
o ften  th a n  on G riend  (ow n o b se rv a tio n ). E xcept for avian p red a tio n , th e re  w ere  tw o 
o ther reasons w hy chicks could be m issing from  the  enclosures. Som etim es very young 
chicks (age <  5 days) d id  n o t com pletely  sw allow  a fish th a t w as fed by a p aren t, thus 
p a r t o f th e  fish w as sticking o u t o f the  chick’s bill. In such  case it  could  happen  th a t a 
guii tried  to  rob the  fish w hile the  chick w as still a ttached  to  it. Consequently, the  chick 
w as tra n sp o r te d  a few  m e te rs  th ro u g h  th e  a ir  an d  so m e tim es  cam e lo se  o u ts id e  th e  
enclosure. Occasionally dead chicks w ere rem oved from  the enclosure by Sandwich Tern 
paren ts (Stienen et al. 1997). However, the intra-specific rem oval o f dead chicks and gull- 
enhanced  tran sp o rt o f living chicks w ere very rare events (own observations) and  have 
only sm all effects on the  resu lts of th is study.

Body cond ition  (BC) o f the  chicks w as defined  as th e  p ro p o rtio n a l dev iation  o f the 
m easured  body m ass ( M ,  g) from  the average body m ass ( M e x p ,  g) of chicks of the sam e 
age th a t survived the first 25 days:

M - M e x n
B C = - r j — equation  1

M e x p  H
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C hicks w ere  d iv ided  in to  th e  fo llow ing five ca tegories d e p e n d e n t on th e  egg from  
w hich  it  h a tch e d  an d  th e  ran k  w ith in  th e  b ro o d  a t  hatch ing : a í =  chick  from  a 1-egg 
clutch, a i 2 =  first-hatched  chick from  a 2-chick brood, b i 2 =  second-hatched chick from  
a 2-chick brood, a n  =  single chick originating from  the  first-laid egg of a 2-egg clutch of 
w hich th e  second egg did n o t hatch  and b n  =  single chick originating from  the  second- 
laid egg of a  2-egg clutch of w hich th e  first egg d id  n o t hatch.

O f the 434 nests lis ted  in Table 7.1, 47 d id  n o t hatch  any chick because of egg p reda
tion  by gulls o r O ystercatcher Haematopus ostralegus, add led  eggs or chicks th a t d ied  in 
th e  p rocess  o f hatch in g . N o t all ch icks o f  th e  rem ain in g  387 n es ts  cou ld  co rrec tly  be 
m atched  to  corresponding n es t o r egg and som e very young chicks lost the ir m etal ring. 
In to ta l 527 hatchlings originating from  352 nests  could be justíy  classified of w hich 141 
ai-chicks, 171 a i 2-chicks, 164 b i 2-chicks, 24  an -c h ick s  and  27 b n -ch ick s . T hrough  the 
large size of the  enclosures coloniality  w as preserved, b u t it w as im possib le to  m easure 
all chicks w ith in  th e  enc losure a t each occasion w ith o u t causing  an  unacceptab ly  long 
distu rbance. Therefore, 82 random ly chosen broods w ere p u t o u t of the enclosures w hen 
m ore than  10 days old. For the 445 rem aining chicks th a t w ere held  in enclosures from  
hatch ing  un til fledging, w e found  no sign ifican t effect o f h a tch ing  d a te  on th e  fledging 
p robab ility  afte r con tro lling  for effects o f year, location  and  chick category (Table 7 .2). 
T herefore, hatch ing  date will n o t be considered in fu rth e r analyses.

For each p eriod  o f 5 days, m o rta lity  ra te  w as co m p u ted  by divid ing th e  n u m b e r of 
non-surviving chicks (found dead and m issing from  the enclosures) by the to ta l num ber 
o f chicks p resen t a t the  onse t o f th e  5-day period. Chicks th a t w ere p u t o u t o f the enclo
su res  w ere  inc luded  in  the  com p u ta tio n  o f m o rta lity  ra te  un til they  w ere  exiled. D ead 
chicks w ere sam pled, the ir body m ass and  to ta l head length  w ere m easured, and the  day 
o f d ea th  w as e s tim a ted  by sm ell, fea tu re s  o f th e  eyeball an d  s ta te  o f p u tre fac tio n  and  
w ere subsequen tly  rem oved from  the enclosures.

Table 7.2. Generalised linear regression  analysis exam ining the  effect o f location, chick category and 
hatch ing  date  on  th e  fledging probability  o f 445 Sandw ich Tern chicks th a t w ere held  in enclosures 
from  hatching un til fledging on G riend (1992-1999) and H irsholm  (1997).

Variable (change in) Deviance d f P-value

N ull m odel 609.6 444
Final m odel 351.0 407

Location 31.9 7 < 0.001
Chick category 176.7 4 < 0.001
Location*chick category 48.3 25 0.003
H atching date 1.5 1 n.s.
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Statistical analyses
G eneralized  linear m odels for th e  analysis o f m o rta lity  ra tes  (using b inom ial d is tr ib u 
tion) w ere perform ed w ith  the  G enstat sta tistica l package (G enstat 5 C om m ittee 1993). 
For d a ta  ana lysis an d  all o th e r  s ta tis tic a l te s ts  w e used  th e  S P S S /P C +  4 .0  s ta tis tica l 
package (N orusis 1990). W e rep o rt differences a t a probability  level o f P < 0.05 as signif
icant. To com pare m orta lity  rates betw een groups of chicks w e first contro lled  for effects 
o f year and location. In terac tion  te rm s w ere only included  if  they  w ere significant. The 
param eters location (i.e. a  com bination  of year and colony, 8 levels), age category (6 lev
els), chick category (ai-chick, a i 2-chick etc., 5 levels) w ere en tered  in the  analyses as fac
to r variables. All generalized linear m odels w ere corrected  for overdispersion.

RESULTS

Mortality rate
M ortality  rates of Sandwich Tern chicks did n o t differ betw een G riend and H irsholm , b u t 
significantly differed betw een age categories (Table 7.3). F urther adding of chick category 
to  the regression analysis resu lted  in significant effects on chick m orta lity  rates and also 
th e  in te rac tio n  te rm  location*chick  category  had  sign ifican t effects on chick m orta lity  
rates. O f a í-  and  a i 2 -chicks, respectively 73.4%  and 73.1%  survived un til fledging, w hile 
only 6.2%  o f th e  b i 2 -chicks su rv ived  (Fig. 7 .1 ). W ith in  five days from  hatch ing , m ore 
th an  50% o f th e  b i 2 -chicks had  died  and  in som e years th is figure w as even higher. In 
total, only n ine b 12-chicks survived un til fledging. O f these  chicks, four o rig inated  from  
n ests  of w hich the a í 2-chick had died before hatching of the b 12-chick. O f the rem aining 
five surv iv ing  b i 2 -chicks, th ree  had  a m ore slow ly grow ing  a i 2 -sib ling  th a t eventually  
died. T hus only tw o n ests  actually fledged tw o chicks, corresponding w ith  1.1% of all 2- 
chick broods (n =  171). A n o th er th ree  b i 2-chicks w ere p u t o u t o f the  enclosure before 
fledging. O f these  chicks, tw o had  an a i 2 -sibling th a t had  died by the  tim e th e  b i 2-chick 
w as exiled, w hile one b í 2-chick th a t w as p u t o u t o f the  enclosure a t 24 days old had an 
a í 2 -sib ling  sib ling  th a t had  already  fledged. If  w e assu m e th a t th e  la tte r  b 1 2 -chick has

Table 7.3. G eneralised linear regression  analysis exam ining the  effect o f location, age and chick cate
gory on th e  m orta lity  rate o f enclosed Sandwich Tern chicks on  G riend and H irsholm .

Variable (change in) Deviance d f P-value

Null m odel 609.0 175
Final m odel 234.4 133

Location 11.8 7 n.s.
Age category 36.2 4 < 0.001
Chick category 272.1 4 < 0.001
Location*chick category 54.6 27 0.001
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F ig u re  7 .1 . C um ula tive  survival o f  Sandw ich Terns chicks held  in  enclo su res on  G riend  in  1992- 
1999 and H irsholm  in 1997 in  relation  to  laying sequence o f the  egg, rank  w ith in  the  brood and age. 
A n  =  chick originating from  th e  first-laid egg o f a partially hatched  clutch, a n  =  first-hatched chick 
o f a 2-egg clutch, b i2 =  second-hatched chick o f a 2-egg clutch, a í =  chick o f a 1-egg clutch, b n  = 
chick originating from  the  second-laid egg o f a partially hatched clutch.

actually  fledged, 1.8% o f all in itial 2-chick broods fledged tw o chicks. A n -  (64.3%  su r
vival) and  b n -c h ic k s  (58.5% ) experienced significantly  h igher m orta lity  ra tes than  a l 
and  a i 2-chicks (Fig. 7.1). O f the  7 b n -ch ic k s  of w hich the a i 2 -chick died before hatching 
o f the b-chick 57.1%  survived, very sim ilar to  the  survival of bn -ch icks.

W hen  hatching success and  fledging success are com bined (Table 7.4) it follows th a t 
p roducing 2-egg clutches has sligh t advantages for Sandwich Terns in  te rm s of chick p ro 
duction . O f all 1-egg clutches 63% successfully raised a chick, w hereas breeding success 
am oun ted  to 0.69 fledglings p e r pair in  2-egg clutches. O f the  2-egg clu tches 82.4% of all

Table 7 .4 . The effects o f  c lutch size on  hatching and breeding success o f Sandwich Terns on Griend 
and H irsholm . Chick survival ra tes w ere derived from  figure 2.

Clutch
size

Num ber 
of nests

Chick
category

Hatching
success

Chick
survival

Breeding success 
(fledgling per pair)

Overall 
breeding success 

(fledgling per pair)

1 egg 173 no chick 14.5% 0.00 0.63
a l  chick 85.5% 73.4% 0.63

2 eggs 261 no chick 8.4% 0.00 0.69
a l l  chick 10.0% 64.3% 0.06
b l l  chick 8.4% 58.5% 0.05
a l 2 chick 73.2% 73.1% 0.54
b l 2 chick 73.2% 6.2% 0.05
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eggs hatched  successfully; som ew hat low er than  in  1-egg clu tches (85.5% ), b u t the  dif
ference w as n o t s ign ifican t (ch i-square te st, %2 =  0.93, n .s .) . S till, th e  p robab ility  o f a 
com plete hatch ing  failure o f the n es t w as 6.1% low er in 2-egg clutches.

H atch in g  m ass sig n ifican tly  d iffe red  b e tw een  a i 2 - an d  b 1 2 -ch icks (Table 7 .5 ), in  
acco rdance w ith  th e  generally  sm a lle r  size  o f th e  seco n d -la id  egg (S tienen  and  
B ren n in k m eije r 1996). H atch ing  m ass o f  a i-ch ick s  w as s im ila r to  th a t  o f a i 2 -chicks. 
S truc tu ral size (to ta l head  length) d id  n o t differ betw een  these  groups, th u s b í 2-chicks 
hatched  w ith  low er body reserves. N evertheless, early chick m orta lity  seem s independ 
e n t o f th e  laying sequence o f th e  egg. A lthough  b i 2-chicks experienced a m uch  h igher 
early m orta lity  rate  than  a i 2-chicks, the re  w as no significant difference betw een a n -  and 
b n -ch ic k s  (Table 7 .6). Early m orta lity  rate  o f chicks o f partially  hatched  nests  ( a n -  and 
b n -ch ic k s)  w as m uch  h igher th an  th a t o f fully hatched  n es ts  ( a n -  and  ai-ch icks), b u t 
the  difference w as n o t significant.

C a u se s  o f  d e a th
T he p ro p o rtio n  o f non -su rv iv ing  chicks th a t  w as m issing  from  th e  en c lo su re  d iffered  
betw een  locations (Table 7.7). It w as extrem ely low  on G riend in 1995 (<  5% w ere n o t 
found) and  h ighest on H irsholm  w here 70.6%  of all non-surviving chicks w ere m issing 
from  the  enclosure. C ontrolling  for effects o f location, the  p ropo rtion  of m issing chicks 
significantly differed betw een  age-categories (Table 7.7). O f non-surviving chicks in  the 
age of 0-4 and 5-9 52.1%  and  44.4% , respectively, w as m issing from  the enclosure. The 
p roportion  of m issing chicks decreased to  20.0-20.8%  for chicks betw een 10 and  19 days 
and w as only 11.8% for chicks of 20-24 days.

The body m ass o f Sandwich Tern chicks was highly variable (Fig. 7.2). T he body con
dition  of chicks th a t survived un til fledging varied betw een -0 .63  and 0.47. Body m ass of 
chicks m easured  w ith in  th ree  days from  death  (further called last live body m ass), gener
ally w as m uch  low er than  th a t o f surviving chicks (Fig. 7.2). T he last live body m ass of 
chicks th a t w ere  found  dead or w ere  m issing  from  th e  enclosures averaged 31.9%  and  
22.6% , respectively, below  the  average body m ass o f surviving chicks. O f these  groups 
47.9%  and  43.5% , respectively, had  a la s t live body m ass th a t w as even low er than  the 
m in im um  recorded  body m ass of surviving chicks. This suggests th a t m o st non-surv iv
ing ch icks su ffe red  from  u n d e rn o u r ish m e n t an d  u ltim a te ly  s ta rv e d  to  d ea th  or w ere  
taken by p redators. Still, 6.0% of the  chicks th a t w ere found dead (n =  119) and 21.7%  
o f th e  m issing  chicks (n =  46) h ad  la s t live body con d itio n s th a t w ere  h ig h e r th an  or 
equal to  the  average body cond ition  o f surv iv ing  chicks. M ost (80.0% ) o f th e  m issing  
chicks in  good body co n d itio n  (BC > 0.0) w ere  a i 2 -, a í- , a n -  o r b n -c h ic k s , w hereas 
m issing chicks in  poo r condition  (BC <  -0.1) m ainly (81.8% ) concerned b n -ch ick s (last 
live body condition  of preyed a n - ,  a í-, a n -  or b n -ch ic k s  vs. bn -ch ick s, -0.02 (SD 0.18, n 
=  17) and -0 .3 4  (SD 0.24, n =  29), S tudent's  t-test: t =  4.75, P < 0 .001). The last live 
body condition  o f m issing a n - ,  a í-, a n -  and b n -ch ic k s  d id  n o t differ significantly from  
the  body cond ition  o f surviving chicks (-0.02, SD 0.18, n =  17 and  0.00, SD 0.10, n = 
185, respectively, t =  0.58, P >  0.05).
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T ab le  7 .5 . Body m ass and  head  len g th  (m ean  ±  SD) o f fresh ly  h a tch ed  Sandw ich Tern chicks on 
G riend in relation  to  brood size and hatching position . Text w ith in  brackets denotes significant diffe
rences (Scheffé-test, F2(82 =  7.62 and 1.11, P <  0.001 and n.s., respectively).

Chick category N um ber o f chicks Body M ass (g) Head size (mm)

aí 31 27.05 ±  2.53 (b i2) 37.60 ±  1.18

a i2 21 26.98 ±  2.10 (b i2) 38.03 ±  1.05

b i2 32 25.00 ±  2.45 37.59 ±  1.26

Table 7 .6 . M ortality rate  o f Sandwich Tern chicks during th e  first five days after hatching in  relation 
to  chick category. The n u m b er o f  non-su rv iv ing  chicks is show n be tw een  brackets. D ifferences in 
m orta lity  betw een groups w ere tested  by m eans o f chi-square o r F isher’s exact test. Only significant 
differences (P <  0.05) are show n.

Chick category N um ber o f chicks M ortality  D ifferences

a i2 171 0.05 (9)

aí 141 0.09 (12)

a i l 24 0.13 (3)

b n 20 0.15 (3)

bi2 171 0.51 (87) 1,2,3,4

T ab le  7 .7 . L ogistic reg ress io n  analysis exam in ing  th e  effect o f  loca tion  and age o f Sandw ich Tern 
chicks on  the  p roportion  o f non-surviving chicks th a t w ere m issing from  th e  enclosures.

Variable (change in) Deviance df P-value

N ull m odel 101.7 35
Final m odel 47.8 44

Location 41.7 7 < 0.001
Age category 12.2 4 0.02

Low food in take ra te  causing poor body condition  apparently  w as an im p o rtan t cause 
o f chick m orta lity  in  enclosed Sandw ich Tern chicks a t G riend and H irsholm . Therefore 
one m igh t expect th a t having tw o chicks is d isadvantageous for the ir grow th and th a t the 
d u ra tio n  th a t tw o chicks are p re se n t in  th e  brood  has consequences for survival o f the  
first hatchling or a t least for its body condition. To te s t these assum ptions, a-chicks w ere 
divided in to  5 categories according to  the ir age a t the m om en t the  b-chick died. Indeed, 
th e  tim e o f d ea th  o f th e  b-chick significantly  affects survival ra te  o f the  a-chick (Table 
7 .8 ), b u t the  d irec tion  w as unexpected  (Fig. 7 .3). In n es ts  w here  th e  b-chick d ied  0-4
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F ig u re  7 .2 . Body m ass (m eans +  SD and ranges) o f enclosed Sandw ich Tern chicks on G riend and 
H irsholm  th a t survived un til fledging (upper graph) and body m ass o f chicks th a t w ere found dead 
(m iddle graph) o r w ere m issing from  th e  enclosures w hen  n o t yet able to  fly (low er graph) in rela
tion  to  age. D raw n lines rep resen t logistic grow th curve fitted  th rough  data  o f fledged chicks (body 
m ass (g) =  1 8 3 .3 /(1 + 5 .08*exp(-0.212*age)), n =  1532, r2 =  0 .87 ). Black d o ts = body m ass >  3 
days before death  o r before they  w ere m issing  from  the  enclosure, open circles =  body m ass w ith in  3 
days from  death  o r m issing.
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Table 7 .8 . Logistic regression analysis exam ining the  effect o f location and age category on  the  m or
ta lity  ra te  o f a i2-chicks in  re la tio n  to  th e  age a t w hich  th e  b i2-chick died  (5 levels: died  w hen  a i2- 
chick w as 0-4, 5-9, 10-14 or >  14 days, and b i2-chick survived un til fledging).

Variable (change in) Deviance df P-value

N ull m odel 124.0 75
Final m odel 50.5 60

Location 13.5 7 n.s.
Age category 46.4 4 < 0.001
Age o f death 13.6 4 < 0.01

100

O  b.o-ch ick survived

0 5 10 15 20 25
age (days)

F ig u re  7 .3 . C um ulative survival o f first hatched  Sandwich Tern o f 2-chick broods in  re la tion  to  the 
tim e th e  second ha tch ling  w as p resen t. 0-4 =  second hatched  chick died  be tw een  day 0 and day 4 
from  hatching o f the  first chick, etc.

0 .1 0  -

g  0.05-

■ o 5

¡g -0.05-

- 0 . 1 0 -

0-4 5-9 10-14 >14
age at which b i2 -chick died (days)

F ig u re  7.4 . Fledging condition  o f first-hatched Sandwich Tern chicks in relation  to  the  tim e o f death  
o f the  second hatchling. 0-4 = second hatched chick died betw een day 0 and day 4 from  hatching of 
th e  first chick, etc. N um bers above bars denote significant differences.
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days after hatching of the  a-chick, the a-chick had relatively low survival chances (64.5% 
survived un til fledging, so very m uch the sam e as an -ch ick s  and som ew hat h igher than  
b n -c h ic k s ) .  If  th e  b-ch ick  su rv iv ed  th e  f irs t five days b u t d ied  a fte rw ard s , su rv ival 
chances o f the a-chick ranged from  80.8-84.0% . In th e  few n ests  w here the b-chick su r
vived un til fledging survival rate  of a-chicks w as only 40.0% . The fledging condition  (i.e. 
average BC o f the chick w hen older than  24 days) depended  on the  tim e o f death  o f the 
b-chick (ANOVA, F3( 82 =  3.7, P =  0.02). However, w here a decrease in fledging condi
tion  w ith  increasing duration  of the tim e th a t tw o chicks w ere p rese n t w as expected an 
increase is found (Fig. 7.4).

DISCUSSION

Reproductive output
Parents in  th is s tudy  th a t p roduced  only one egg took  the  risk  o f losing th e  egg before 
hatching. If, how ever, the  egg hatched  successfully, the  chick had  high survival chances 
and  fledged in  average body condition  (fledging condition  d id  n o t differ betw een  chick- 
categories; ANOVA, £ 4 , 1 9 0  =  0.1, n .s.). A second category o f paren ts produced  tw o eggs, 
b u t h a tch e d  only one. Survival chances o f th e ir  chicks w ere  so m e w h a t low er (m ainly  
because o f h igh  chick m o rta lity  du ring  th e  firs t five days), b u t fledging cond ition  w as 
com parable to  the first category. For unknow n reasons, th e  eggs and chicks of these  p a r
en ts w ere m ore p ro n e  to  p redation , b u t the  p a ren ts  apparen tly  had  no  difficulties w ith  
providing enough food to  the ir chick. A th ird  category in  w hich brood size w as reduced 
in  an  early  p h ase  and  w hose  su rv iv ing  chick  had  p o o r surv ival changes as w ell. T heir 
chicks w ere in  relatively poo r body condition  a t fledging. T hese paren ts  apparen tly  had 
no  d ifficu lties in  p ro tec tin g  th e ir  eggs and  chicks from  p red a to rs , b u t had  difficu lties 
w ith  providing enough food to the chicks. Finally, there w as a  sm all group of high quali
ty paren ts th a t w ere able to  hatch  tw o eggs and keep tw o chicks alive for a relatively long 
period and to  raise a fledgling th a t w as in good body condition. Obviously, these  paren ts 
invested  m ore energy in the  production  of eggs and the rearing  o f the ir chicks than  o ther 
paren ts, b u t reached high survival rates of the ir a í 2-chick and even had a sm all chance to 
rear tw o chicks to  fledging.

A reproductive o u tp u t o f less than  one chick p er breeding pair and a poo r survival o f 
second hatchlings are n o t un ique for G riend or H irsholm , b u t ra th e r seem  com m onplace 
in Sandwich Terns. In a Sandwich Tern colony a t Zeebrugge, Belgium, no  pair was able to 
fledge 2 chicks in any o f the  4 years during  the period  2001-2004 (own observations in 
enclosed  subco lon ies). Isenm ann  (1975) m en tio n s th a t in  the  C am arque, France, only 
7% o f all pairs had 2 chicks close to  fledging. All o th e r m easu rem en ts o f b reeding p ro 
ductivity  in Sandw ich Terns in  the  litera tu re  are doubtful, as either only counts o f 'large' 
chicks w ere m ade or breed ing  success w as es tim ated  from  the  nu m b ers  o f dead chicks 
found. Som etim es, no m ethod  is described a t all. N evertheless, these stud ies hardly ever 
fo u n d  a b reed in g  success m u ch  h ig h e r th a n  1 fledged  ch ick  p e r  p a ir  (S chm id t 1969;
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C hestney 1970; Langham  1974; W alsh et al. 1990). Only C am predon (1978) m en tions a 
b reed ing  success o f m ore  th an  1.7 fledglings p e r  pair, b u t he based  th is  figure on the  
n u m b e r of dead  chicks found  in  th e  colony (w hich w ould  have excluded losses du e  to 
p redators, if  any). A t first sight, Veen (1977) also found h igher survival rates on G riend 
in  the period 1971-1972. He suggests th a t up to  84% (49.3-83.8% ) of the a i 2 -chicks and 
up to  20%  (11.8-20.0% ) o f the  b i 2 -chicks survived un til fledging. In con trast, however, 
to  o u r s tu d y  w here  fledging age w as se t a t 25 days, Veen defined  chicks o lder th an  14 
days as fledglings. If w e use th e  sam e definition of fledging as Veen did, m orta lity  ra te  in 
the  1970s is com parable to th a t in the 1990s w hen 83.5% and 15.2%, respectively of the 
a i 2- and b i 2-chicks survived the  first tw o w eeks postha tch ing  (Fig. 7.2).

I t rem ains puzz ling  to  w h a t e x ten t o u r re su lts  can be com pared  to  th a t o f s tu d ies  
w h ere  chicks w ere  n o t held  in  enc losures . A fter all, by p rev en tin g  th e  chicks to  m ove 
aw ay from  th e  colony s ite  by re ta in in g  th e m  in enc lo su res they  su ffer from  increased  
rates o f k lep toparasitism  and  consequently  m orta lity  rates m igh t have been h igher than 
in  n a tu ra l s itu a tio n s (S tienen & B renninkm eijer 1999). O n th e  o th e r hand , one w ould  
expect th a t enclosing chicks w ould  only affect o lder chicks, because (1) also in  na tu ra l 
s itua tions very young chicks stay  in  the  vicinity of the  n e s t and  (2) k lep toparasitism  by 
Black-headed Gulls is still ra th e r low  during  the  firs t w eek after hatch ing  (Stienen et al. 
2001). In ou r study, however, m o st b i 2 -chicks died in  an early stage of life w hen  possib le 
negative effects o f the  enclosures are n o t yet to  be expected. In non-enclosed subcolonies 
on G riend and  H irsholm  w e also found m any dead b 12-chicks o f less than  1 w eek old and 
during  observations of Sandwich Terns paren ts feeding fledglings a t the  beaches around  
G riend w e very rarely observed m ore than  one fledgling per paren t, suggesting  a general
ly low  survival rate  of second hatchlings.

Overproduction and brood reduction
T h e ex trem ely  low  su rv iva l ra te  o f b i 2 -ch icks is su rp ris in g  w h en  co n s id erin g  th a t  
S andw ich  T erns on  G riend  on average p ro d u ce  1.6 eggs p e r  n e s t  (S tienen  an d  
B renninkm eijer 1996). A pparently  Sandwich Terns produce m ore eggs than  they norm al
ly can raise chicks and often the  brood size is reduced in an early stage if  bo th  eggs hatch 
successfully. O verproduction  is w idely spread am ong p lan ts and  anim als (including sev
eral seabirds) and m ay serve various functions (review in M ock and  Parker 1998): (1) it 
m ay allow  p a re n ts  to  se lec t th e  f it te s t  offspring, (2) i t  m ay serve as a m ech an ism  for 
re so u rce -tra ck in g  (ex tra  o ffsp ring  m ay be affo rdab le  in  th e  case o f u n p red ic tab le  
im p ro v em en t o f th e  food s itu a tio n ), (3) i t  m ay fac ilita te  sib ling  surv ival (if ex tra  off
spring serve as helpers or m eals for o the r siblings) or (4) it m ay be an insurance against 
accidental failure of an egg or defective offspring.

In Sandw ich Terns, overproduction  serving resource tracking (2) seem s ra th e r costly 
as in 10 years tim e (1992-2001; data  from  th is s tudy  and  non-published  data) a lm ost no 
p a ir  w as ab le  to  fledge 2 ch icks on  G riend . H ow ever, given th a t  Sandw ich  Terns can 
becom e m ore than  25 years old, and if  the costs involved in  producing an extra offspring 
are relatively low  (bu t see H eaney and  M onaghan 1995), i t  m igh t be affordable to  pro-
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duce tw o eggs even if 'good' years occur a t a very low  frequency. T he p rese n t food s itu a
tion  around  G riend and  the  high rates o f k lep toparasitism  causes a  lo t o f food stress for 
Sandw ich Terns paren ts  (Stienen & B renninkm eijer 2002) and  u n d e rn o u rish m en t is an 
im p o r ta n t cause  o f  d e a th  fo r S andw ich  Tern ch icks (th is  s tu d y ). T h is su g g ests  th a t 
resou rces w ere low  du ring  th e  1990s. S ibling fac ilita tion  (3) in  te rm s o f the  youngest 
s ib lin g  h e lp in g  o r se rv ing  as an  ex tra  m eal fo r th e  f irs t h a tch lin g  does n o t occur in  
Sandwich Terns. T here m igh t be a sm all advantage o f having a younger sibling, because 
paren ts th a t have tw o chicks increase th e  rate  o f food tran sp o rt to  the  nest. This w ould  
be te m p o rarily  ad v an tag eo u s to  th e  f irs t h a tch lin g , nam ely  d u rin g  th e  f irs t few  days 
w hen  the  firs t hatch ling  consum es a lm o st all food b ro u g h t to  th e  brood  (Stienen et al. 
2000). T he ex tra  egg serv ing  as an  in su ran ce  (4) in  com bination  w ith  se lec tion  o f the 
f itte s t offspring (1) seem s to  be th e  m o s t p lausib le  exp lanation  for overp roduction  in 
S andw ich  Terns. T he fa ilu re  o f  th e  f irs t egg o r th e  d ea th  o f th e  firs t chick  in  an  early 
s tage  occurred  rela tively  often  in  o u r s tu d y  p lo ts . In 18.4%  o f th e  261 2-egg clu tches 
only 1 egg hatched, 7.2%  of the  fledglings o f 2-egg clutches originated from  second-laid 
eggs and paren ts th a t laid tw o eggs had  a som ew hat h igher breeding success (Table 7.4).

A s 2-egg c lu tch es  seem  to  be s lig h tly  m o re  p ro d u c tiv e , one m ig h t expect th a t 
Sandwich Terns on G riend now adays tend  to  lay larger clutch than  in the  past. T here is, 
however, no  evidence for th is. B rouw er (1930) m en tions a clutch size of 1.75 in 1929 on 
G riend, in  1970-72 clu tch  size averaged 1.81 (Veen 1977) and  in  th e  1980s clu tch  size 
averaged 1.6 (B renninkm eijer & S tienen 1992). The apparen t advantages of p roducing a 
2-egg clutch thus m igh t be nullified by paren ta l reproductive costs involved in producing 
and rearing a large clutch.

It is th o u g h t th a t b irds adopting a brood  reduction  strategy m ay facilitate th is process 
by producing  a sm all final egg (Slagsvold et al. 1984) and  by asynchronous ha tch ing  of 
the  eggs (A nderson 1989; Cash & Evans 1986) as is the  case in  Sandw ich Terns (Veen 
1977; S tienen & B renninkm eijer 1996). E xperim ental s tud ies  on o ther Laridae suggest 
th a t low er survival ra te  o f th e  la st-ha tched  chick is p rim arily  caused  by hatch ing  asyn- 
chrony w hile egg size difference is less im p o rta n t (Parsons 1975; Bollinger 1994; Royle 
& H am er 1998), w hich is also suggested  by our resu lts  (Table 7 .6). In an experim ental 
s tu d y  in  th e  C asp ian  Sea, G auzer (1989) found  th a t  73.9%  o f synch ronously  ha tch ed  
Sandw ich Terns broods p roduced  2 fledglings, com pared  to  23.3%  in the  contro l group 
th a t  h a tch e d  ch icks asynchronously . G auzer (1989) fo u n d  th a t  S andw ich  Terns w ere  
even able to  raise  th ree  chicks to  fledging provided th a t in the  experim entally  enlarged 
c lu tch  th e  th re e  eggs h a tch e d  synch ronously . A lth o u g h  w e w ere  n o t ab le  to  ex trac t 
G auzer’s (1989) definition of fledging, the  study  dem onstra ted  th a t asynchronous h a tch 
ing o f th e  eggs facilita tes b rood  red u c tio n  in  Sandw ich Terns. I t also  appears th a t th e  
food s itu a tio n  in  G au z er’s s tu d y  area  w as m uch  m ore  p ro fitab le  th a n  on  G riend  an d  
H irsholm . In ou r s tudy  hatch ing  asynchrony  resu lts  in  a kno ck -o u t race and  facilita tes 
the  death  o f the  youngest sibling. If bo th  chicks w ould  have hatched  synchronously peri
ods of food stress m igh t very well resu lt in the  death  o f bo th  siblings.
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Food availability
Stienen & B renninkm eijer (2002) show ed th a t in  the p resence of k lep toparasitising  gulls 
food availab ility  on G riend  is n o t su ffic ien t to  rea r tw o chicks to  fledging. This s tu d y  
confirm s th a t u n d e rn o u rish m e n t resu ltin g  in  a  decrease in  body cond ition  th a t finally 
leads to  starvation  w as an im p o rtan t cause o f dea th  in enclosed Sandwich Tern chicks on 
G riend and H irsholm . A large p roportion  of the chicks th a t w ere m issing from  the  enclo
su res  lagged  b e h in d  in  body m ass as w ell. T he h igh  p ro p o rtio n  o f m issin g  ch icks on 
H irsholm  (70.6%  of all non-surviving chicks w ere m issing) is probably the resu lt o f high 
rem oval ra te s  o f b o th  living an d  dead  chicks by H erring  G ulls (ow n ob se rv a tio n ). On 
G riend, p redom inan tly  Black-headed G ulls p reyed upon  Sandw ich Tern chicks. D espite 
large differences in  th e  p roportion  chicks th a t w ere m issing from  the  enclosures, survival 
rates did n o t differ betw een G riend and H irsholm . A lthough th is s tudy  does n o t differen
tia te  b e tw een  p red a tio n  an d  s ta rv a tio n , th e  re su lts  su g g e st th a t  p red a to rs  se lectively  
to o k  sm alle r chicks in  p o o r body cond ition  (m ainly  b i 2 -chicks) th a t  w ou ld  o th e rw ise  
have d ied  from  s ta rv a tio n  a n d /o r  th ey  rem oved  ch icks th a t  had  s ta rv e d  to  d ea th . 
Selective p re d a tio n  on ch icks in  p o o r co n d itio n  w as also  fo u n d  in  C om m on  Terns 
(N isbet 1975) and w as earlier described in  Sandwich Terns on G riend by Veen (1977).

In conclusion , in  m o st pairs  o f Sandw ich Terns on G riend  and  H irsho lm  th e  brood  
was reduced to  only one chick a t an early stage m ainly th rough  starvation  of the  second 
hatchling . A lso for f irs t hatchlings and  sing letons s ta rva tion  w as an im p o rtan t cause of 
dea th , suggesting  a high degree of food s tress. Earlier stud ies  on G riend (Stienen et al. 
2001, S tienen & B renninkm eijer 2002) show  th a t th is is a com bined effect o f a p oo r food 
s itu a tio n  an d  h igh  ra te s  o f k le p to p aras itism . This gives th e  te rn s  lit tle  leew ay du rin g  
p eriods o f bad w ea th e r  w hen  feeding cond itions d e te r io ra te  and  food loss to  th e  gulls 
increases.
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Chapter 8
Feeding ecology of wintering terns 
in Guinea-Bissau

A llix  Brenninkmeijer, Eric W .M. Stienen, Marcel Klaassen and Marcel Kersten

Ibis 144: 6 0 2 -6 1 3  (2002)

ASTRACT

We stu d ied  th e  feeding ecology o f  L ittle  Terns Sterna albifrons, Sandw ich Terns S. sandvicensis and  
Royal Terns S. maxima in th e  A rchipélago dos Bijagós (11°40'N, 15°45'W ) in G uinea-B issau (W est- 
Africa) during  the  w in ter o f  1992/1993. M ore th an  95% of all prey taken by these  tern s w ere round- 
fish, ran g in g  in  w e ig h t b e tw een  0.3 and  40 g. U sually  b ird s fed a lone, b u t  so m e tim es th ey  w ere 
observed feeding in  m ixed species flocks consisting  o f 15-200 individuals. C apture ra te  (n o f fish per 
h o u r  foraging) in  th ese  flocks w as h ig h er th a n  th a t  o f  so lita ry  b ird s. How ever, sm alle r fish  w ere 
cau g h t w hile  foraging in flocks, so food in take ra te  (g /h ) did n o t differ be tw een  so lita ry  and flock 
feeding birds. Especially the  re la tionsh ips betw een  foraging behaviour o f  th e  th ree  te rn  species and 
ab io tic  factors, such  as tim e, tide  and w a te r clarity, have been  investiga ted . C ap tu re  ra te  o f Royal 
Terns increased w ith  w ater clarity. For Little Terns and Sandwich Terns, food intake ra te  w as lower in 
th e  m o st tu rb id  w aters com pared to  clearer w aters. T here w as very little  foraging activity during high 
tide. For Little Terns and Royal Terns, food intake rate  w as abou t tw ice as high during receding and 
low  tid e  th a n  d u rin g  in com ing  tid e . Food in take  ra te  averaged  8 g /h  in  L ittle  Terns, 60 g /h  in 
Sandwich Terns and 45 g /h  in Royal Terns. W ith  a rough m odel, we provisionally estim ate  the  m axi
m um  rate o f daily energy expenditu re  o f te rn s w in tering  in the  tropics a t 3BMR. From  an energetic  
p o in t o f view, w intering  Sandwich Terns in  Guinea-Bissau seem  to  have an easy living.
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INTRODUCTION

D u rin g  th e  la s t cen tu ry , so m e p o p u la tio n s  o f  m a rin e  te rn  species in  E u rope , M iddle 
A m erica and  A sia have show n large fluctuations in  num bers (Cram p 1985; Del Hoyo et 
al. 1996). Besides h u n tin g  (M ead 1978, M eininger 1988) and po isoning (Koeman & Van 
G en d eren  1966), c ra sh es have b een  caused  by d ecreases  in  p rey  fish  ava ilab ility  
(H eubeck  1988; M onaghan  et al. 1992; W righ t 1996; Suddaby & Ratcliffe 1997). Fish 
s to c k  size  an d  ab io tic  fac to rs , such  as w a te r  c la rity  (E rik sson  1985; H aney  & S tone 
1988), w ind speed (D unn 1973; Veen 1977), w ater tem perature , salinity  and w ater cur
r e n t  (H u n t & S ch n eid er 1987), have b een  su g g e sted  to  in flu en ce  fish  ava ilab ility  by 
affecting the behaviour o f fish as well as the  behaviour o f the ir p o ten tia l avian predators. 
C rashes w ere n o t always follow ed by a com plete recovery, w hich m ay have been due to 
p rob lem s in  th e  w in te ring  as w ell as in  th e  breed ing  areas (B renninkm eijer & S tienen  
1992; Stienen & B renninkm eijer 1992).

W e s tu d ied  th e  feeding ecology o f w in te ring  L ittle Terns Sterna albifrons, Sandw ich 
Terns S. sandvicensis and  Royal Terns S. maxima  in th e  coastal w aters o f G uinea-B issau. 
T he to ta l n u m b er o f te rn s  w in te ring  in  1992/93  in  these  w aters has been  es tim ated  a t 
62,000 (Asbirk 1993; J.S. Salvig unpubl. data). M ost o f the Royal Terns in  Guinea-Bissau 
p ro b ab ly  b ree d  in  Senegal or M a u rita n ia  (Keiji et al. 2 0 0 0 ), w h ereas  th e  L ittle  and  
Sandw ich Terns orig inate from  E uropean  b reed ing  colonies (C ram p 1985). T he coastal 
w aters o f G uinea-B issau are of g reat in te rnational im portance to  terns, since m ore than  
25%  (10,000) o f th e  40,000 W estern  Palearctic L ittle Terns, 5% (7,500) o f the  150,000 
W estern  Palearctic Sandw ich Terns an d  10% (7,500) o f the  75,000 W est A frican Royal 
Terns spend  th e  n o rthern  w in te r in the  area. In th is paper, rela tionsh ips betw een the  for
aging behaviour o f the th ree  tern  species and  abiotic factors, such as tim e, tide and w ater 
clarity, are discussed. F urtherm ore, a sim ple m odel show s the energetic consequences of 
d ifferent feeding behaviour of the  th ree  species.

METHODS

Study site
Field w ork  w as carried o u t a t 32 days betw een 15 N ovem ber 1992 and 7 February 1993, 
a t 12 sites in  th e  A rchipélago  dos Bijagós (11°40’N, 15°45’W ), a group  o f islands and 
in tertidal m udflats off the coast o f G uinea-Bissau (Fig. 8.1). Each site  w as visited  by boat 
for a period  o f one to  eigh t days. The sites holding the  h ighest te rn  densities w ere cho
sen for study, although  n o t all sites w ere accessible by boat or provided su itab le observa
tion  opportun ities. The low est density  of foraging terns w as m easured  in  the harbou r of 
B issau (1 te rn .k m '2), w h ile  h igh  densitie s  w ere  found  a ro u n d  th e  Isle o f O rangozinho  
(197 te rn s .k m '2, B renninkm eijer et al. 1998). The m axim um  density  of foraging te rns at 
th e  12 s tudy  sites averaged 46.9 ± 47.1 (sd) te rn s .k m '2, w hich  is close to  th e  average 
d en s ity  o f te rn s  in  th e  en tire  a rea  (62 000 te rn s  a t 1570 km 2 o f tida l area, J.S. Salvig
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unpubl. d a ta ) . However, a t the  s tudy  sites even m ore te rns w ere p resen t, as always som e 
te rns w ere roosting  a t the  beaches or on the  tidal flats, suggesting  th a t the sites chosen 
for study  held  relatively high num bers o f terns.

Study on fish
For logistic and technical reasons (m ost sites w ere n o t su itab le for hauling a n e t over the 
b o tto m ), species c o m p o sitio n  w as m e a su re d  a t  only  tw o s ite s  in  th e  c e n tre  o f  th e  
A rchipélago  (M aio an d  R ubane). Yet species com position  o f ro u n d fish  w as essen tially  
the  sam e a t all sites b u t Bissau (Van der Veer 1998). Species com position  w as m easured  
by hauling a beach seine n e t (length 22 m, dep th  1 m, m esh w id th  1 0 x 1 0  m m ) over the 
b o tto m  tow ards the  sho re  over a d istance of approxim ately  500 m . S im ultaneous w ith  
ou r te rn  investiga tions, on 11 (M aio), 25 (R ubane), 30 D ecem ber 1992 (Maio) and  18 
January  1993 (M aio), in  to ta l 22 catches w ere conducted  a t regular in tervals over a full 
tidal cycle. The to tal leng th  o f each fish caugh t w as m easured  in 0.5 cm classes.

B ecause the  m ass o f ind iv idual sm all fishes could  n o t be m easu red  accurately  on a 
rolling vessel, w e determ ined  fish volum e instead  by p u ttin g  fish in a beaker w ith  water. 
S ubsequently , the  w a te r vo lum e increase , being  th e  fish vo lum e, w as read  off w ith  an 
accuracy o f 0.1 m l. Fish volum e was converted in to  fresh m ass assum ing  a specific m ass 
o f 1 g /c m 3. T h ro u g h o u t th e  paper, fish m ass is given as fresh  m ass, un less o th e rw ise  
indicated.

Behavioural observations on birds
Foraging te rns w ere observed betw een  7:00 h and  19:00 h on 32 observation  days for a 
to ta l o f 214 hours. The num ber of terns using the  observation  area, m easuring  approxi
m ately  12,500 m 2 (taking a sem icircular area  o f a b o u t 90 m  in rad ius), w as coun ted  a t 
leas t once p e r  h o u r by te lescope (m agnification 20-60 tim es). O f all te rn s  flying in  the  
observa tion  area, one w as se lec ted  random ly  to  s tu d y  its feeding behav iou r as long as 
possible. Flying im m atures w ere n o t d istinguished  from  adults, since the ir w in te r d ress
es are very sim ilar. A lthough  som etim es te rns w ere foraging in flocks, m ost observations 
refer to  terns foraging alone. O bservations stopped  w hen  the te rn  flew o u t o f the  obser
vation area, since prey  size could n o t be estim ated  accurately from  a d istance larger than 
90 m . N evertheless, so m etim es it  w as im possib le  to  es tim a te  p rey  leng th  in th e  field. 
A fterw ards, these unknow n preys w ere given the average fish length  p er category of the 
know n preys. Terns th a t d id  n o t dive for fish during  the observation  period, w ere om it
ted  from  fu rth e r analysis. Because of the  m ethod  used, individual foraging periods w ere 
h igh ly  variab le  an d  la s te d  b e tw een  19 an d  2280  sec (average 299  ± 280  (SD) sec). 
Foraging behaviour was observed for a total o f 16.8 h in  L ittle Terns, 11.9 h in  Sandw ich 
Terns and 7.8 h in Royal Terns. Prey size (total length, cm) w as estim ated  w ith  reference 
to  th e  te rn 's  bill leng th  (th is cu lm en  length , from  tip  to  feathers, is for L ittle Tern: 2.9 
cm ; S andw ich  Tern: 5 .4 cm ; Royal Tern: 6 .2  cm ; C ram p 1985) an d  c lassified  in  3 cm 
length  classes. Prior to d a ta  collection, fish size estim ates of each observer w ere calibrat
ed by holding fishes of various sizes in fron t o f a  stuffed tern . C apture ra te  (the num ber
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A rch ip e l
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F ig u re  8 .1 . S tudy area  in G uinea-B issau w ith  average m in. and m ax. w a ter c larities (m) per study  
site (1: Cavalos 2.00-3.25 m, 2: Rubane 0.70-1.75 m, 3: M aio 0.20-2.00 m, 4: Bolama 0.45-1.50 m, 5: 
B issau 0.20-0.25 m, 6 : A reias 0 .40-0 .60  m, 7: O rangozinho  0 .70-0 .90  m, 8 : Prabis 0 .50-0 .70  m, 9: 
Porcos 0.70-1.25 m, 10: Enu 1.75-2.00 m, 11: Egum bane 0 .35-0.90 m, 12: G alinhas 0.40-1.25 m ).

o f p rey  p e r  h o u r  foraging) w as d e te rm in e d  for each b ird  observed . D ata  on p rey  size 
w ere poo led  p e r  te rn  species and  p e r  category  (flock or so litary  foraging, w a te r clarity, 
ph ase  of th e  tidal cycle). Food in take ra te  (gram  p er h o u r foraging) w as calcu lated  for 
each category by m ultiplying cap ture rate  w ith  the average prey  m ass.

A b io tic  m e a su re m e n ts
For th e  analyses o f foraging behaviour, fou r tidal phases w ere d istingu ished : h igh  tide 
HT (from  45 m in before HT un til 45 m in  after HT), receding tide RT (from  45 m in  after 
HT u n til 5.15 h afte r HT), low  tide LT (from  45 m in  before LT un til 45 m in afte r LT), 
an d  in co m in g  tid e  IT (from  5.15 h befo re  HT u n til 45 m in  befo re  H T); d a ta  from  
A dm iralty  Tide Tables. T he daylight period  (7.00 h - 19.00 h) w as divided in to  five peri
ods (before 10.00, 10.01-12.00, 12.01-14.00, 14.01-16.00, after 16.00 h).

W ater clarity was m easured  w ith  a Secchi disk, a t hourly  intervals during m o st forag
ing o b se rv a tio n s an d  beach  se in e  days. M ost te rn s  fo raged  n ea r  th e  sh o re lin e , w here  
w ate r clarity generally increased gradually from  beach tow ards channel. To obtain  a char

138



F e e d i n g  e c o l o g y  o f  w i n t e r i n g  t e r n s

acteristic w ater clarity value per site  per hour, w ater clarity w as m easured  in a transect of 
approxim ately  250 m  perpendicu lar to  the  shoreline, of w hich the  average w as taken. Per 
site, the re  w as no  significant day to  day variation  in w ater clarity w hen  tidal phase w as 
considered. Therefore, for each site  and tidal phase  an average clarity value w as used in 
the  sta tistica l analyses o f foraging behaviour.

Statistics
D ata  p ro cess in g  an d  s ta tis tic s  w ere  co n d u c te d  u sing  SPSS/PC , versio n s 4 .0  an d  6.0. 
Tw o-tailed tests  and confidence in tervals o f 0.05 w ere used  in all cases. All figures and 
tables show  w eighted  m eans (for tim e) of cap ture ra te  and food intake rate.

RESULTS

Water clarity
W ater clarity varied from  0.2 m  in the shallow, brackish w aters near the capital o f Bissau 
to  3.5 m  in the very sou th  of the  A rchipélago dos Bijagós (Fig. 8.1). C orrected for place, 
th e re  w as no  re la tio n sh ip  b e tw een  w a te r  clarity  an d  tim e o f day (ANCOVA, f 4 , 1 5 4  = 
0 .385, P =  0 .819), n o r  b e tw een  w ate r clarity  an d  tide  (ANCOVA,f 3 , 1 5 5  =  4 .068 , P = 
0 .077).

Prey selection
M ore th a n  95%  o f th e  263 o bserved  p rey  ite m s taken  by te rn s  w ere  ro u n d fish . 
U nfortunately, roundfish  cap tu red  by terns could n o t be identified  a t the  species level. A 
to ta l o f 3645 roundfish  w ere cap tu red  in beach seine sam ples. This accounted  for m ore 
th a n  85%  o f all p rey  ite m s cau g h t, th e  re m a in d e r  being  s tin g ray s, f la tfish  an d  crabs 
(Table 8 .1). M ullets (Mugil sp ., Liza  sp.) occurred  in  all b u t one sam ple , rep rese n tin g

T ab le  8 .1 . The occurrence o f ro undfish  in 22 sam ples be tw een  11 D ecem ber 1992 and 18 January  
1993 in the  central pa rt o f th e  A rchipélago dos Bijagós. Four different species o f  m ulle ts (Liza rama
da, L. grandisquamis, Mugil cephalis and M. curema) w ere lum ped.

Species3 N catches w ith  species N  fish Average fish length  (cm) ±  sd

M ullets 21 831 8.9 ±  6.0
Eucinostomus melanopterus 18 756 7.8 ±  2.2
Pomadasys peroteti 17 520 10.4 ±  3.0
Galeiodes decadactylus 17 198 10.2 ±  3.4
Sardinella maderensis 10 202 9.4 ±  1.9
S. rouxi 10 81 7.7 ±  1.7
Ilisha africana 2 10 4 6 b 12.9 ±  1.5

N o m e n c la tu re  after Sanches 1991. 
bAll b u t 6 individuals occurred in one haul.
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alm ost 25%  o f all roundfish  caught. A no ther po ten tia lly  im p o rtan t prey species for terns 
w as Ilisha africana. However, th is species had a very patchy  d istribu tion : v irtually  all 1046 
individuals occurred in  one single catch.

A bou t 80% of the roundfish  cap tu red  in  the  beach seine sam ples m easured  betw een
7.5 an d  16.5 cm  (Fig. 8 .2). T he size o f prey  item s taken by Royal an d  Sandw ich Terns 
rough ly  resem bled  th e  d is trib u tio n  in  beach se ine  sam ples, a lth o u g h  prey  la rger than
13.5 cm  w ere  rarely caugh t by th e  te rns. L ittle Terns clearly se lected  sm alle r prey. Fish 
sm alle r th an  7.5 cm  w ere  sign ifican tly  m ore a b u n d a n t in  th e ir  d ie t (90% ) th an  in  the 
beach seine sam ples (18%) (%f =  13.69, P < 0.001).
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Figure 8.2. F requency  d is tr ib u tio n  o f  fish  size (len g th  and  m ass) c au g h t by L ittle  Tern (LT), 
Sandwich Tern (ST), and Royal Tern (RT) and by beach seine (BS). M ann-W hitney U -tests LT - BS: Z 
= -2.51, P = 0.012; ST - BS: Z  = -1.25, P = 0.212; RT - BS: Z  = -1.29, P = 0.196.
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Fresh m ass o f round fish  increased  exponentia lly  w ith  leng th  (Fig. 8 .3). Since w e w ere 
unable to  identify  w hich species w ere captured, w e had no b e tte r op tion  than  to use the 
overall regression equation  to  estim ate the  m ass o f prey taken by the terns:

M ass (g) =  0.01167 x L ength2-915 (cm) r2 =  0.94, n =  184.

Fortunately, fish longer than  16.5 cm w ere only occasionally taken and  w ith in  th is size 
range m o st species fell on the sam e curve (Fig. 8.3). Only the  patchily  d istribu ted  Ilisha 
africana had  p rey  m asses 39-47%  low er th an  p red ic ted  by th e  curve, w hile  m asses of 
E ucinostom us m elanopterus w ere 16-28% higher.

Food intake rate
Food in take ra te  p e r h o u r foraging averaged 8 g in Little Terns, 60 g in  Sandw ich Terns 
an d  45 g in  Royal Terns (Table 8 .2 ). D esp ite  large sam p le  sizes, th e  s ta n d a rd  erro rs  
am o u n ted  to  16-29% of the  average values, indicating  large varia tion  in  the  underlying 
data. Som e o f th is variation  m ay be o f environm ental origin due to  differences related  to 
p hase  of the  tidal cycle, w ate r clarity and w h e th e r b irds forage in  flocks or alone. These 
issues are addressed  below.

Occasionally, te rns foraged in  m ixed species flocks consisting  o f 15-200 individuals. 
Fish cap tu re  ra te  in flocks w as always h igher than  th a t o f b irds foraging alone, b u t this 
d id  n o t tra n s la te  in to  a h ig h e r food in ta k e  ra te , s ince  b ird s  forag ing  in  flocks ca u g h t 
sm alle r fish (Table 8 .2). Because food in take ra te  d id  n o t differ betw een  b irds foraging 
individually and  those  in flocks, w e decided to com bine all data.

•  EM 
o  PP80

a  GD 
a MU

60

O)
40

20

0
0 5 10 15 20 25

length (cm)

F ig u re  8 .3 . The re la tionsh ip  betw een  m ass (g) and to ta l leng th  (cm) o f roundfish , caught on diffe
re n t places in  th e  A rchipélago dos Bijagós from  O ctober to  D ecem ber 1992 by beam  traw ls by H. 
W itte. M ass (g) = 0.01167*Length (cm) 2-915, r2 = 0.94, n  =  184; EM = Eucinostomus melanopterus, 
GD = Galeiodes decadactylus, IA =  Ilisha africana, MU = m u lle t (Liza grandisquamis, L. ramada, Mugil 
cephalus or M. curema) and PP = Pomadasys peroteti.
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Table 8.2. Foraging success and calculated food intake rate of terns foraging individually or in flocks 
during the winter of 1992/1993 in Guinea-Bissau. For all three species, the average food intake rate 
was calculated combining all the data irrespective of time of day, tidal phase, water clarity or whether 
the bird foraged individually or in a flock (Student’s paired t-test: Little Tern t\g% = 0.793, P > 0.20, 
Sandwich Tern tu e  = 0.985, P > 0.15, Royal Tern f41 = 0.013, P > 0.40).

Individually In flocks All terns

Little Tern
N of terns observed 197 3 2 0 0

Time observed (h) 15.0 0.5 15.44
N fish captured 130 7 136
Capture rate (fish/h) ± se 8.69 ± 0.76 14.61 ± 5.52 8 .8 8  ± 0.76
Average fish mass (g) ± se 0.94 ± 0.14 0.38 ± 0.14 0.91 ± 0.13
Food intake rate (g/h) ± se 8.13 ± 1.41 5.55 ± 2.93 8.05 ± 1.34

Sandwich Tern
N of terns observed 113 25 138
Time observed (h) 9.3 1 .8 11.13
N captures 76 18 94
Capture rate (fish/h) ± se 8.14 ± 0.93 10.03 ± 2.36 8.44 ± 0.87
Average fish mass (g) ± se 7.68 ± 0.90 4.59 ± 0.77 7.09 ± 0.75
Food intake rate (g/h) ± se 62.52 ± 10.23 45.98 ± 13.29 59.85 ± 8.84

Royal Tern
N of terns observed 37 6 43
Time observed (h) 5.0 0.7 5.75
N captures 24 8 32
Capture rate (fish/h) ± se 4.79 ± 0.98 10.95 ± 3.87 5.57 ± 1.14
Average fish mass (g) ± se 9.46 ± 2.10 4.11 ± 0.92 8.13 ± 1.64
Food intake rate (g/h) ± se 45.30 ± 13.68 45.02 ± 19.08 45.26 ± 13.01

Terns sp e n t m o st o f th e  high w ate r period  on th e ir  roosts , w hile food w as collected 
th ro u g h o u t the  rem ainder o f the tidal cycle. Foraging terns w ere observed for only 2.5% 
o f 15.8 hou rs o f observations during  high tide. Foraging te rns w ere observed ab o u t six 
tim es m ore frequently  during the  o ther phases o f the tidal cycle (receding tide: 16.6% of 
93.1 hours; low  tide: 17.5% of 37.5 hours; incom ing tide: 14.7% o f 67.3 hours). D uring 
th is observation tim e, n o t only foraging te rns w ere followed, yet also te rns w ere co u n t
ed, and  w ate r clarity  w as m easu red  regularly. T herefo re, th ese  percen tages ca n n o t be 
used to  calculate the am o u n t o f tim e sp en t by te rns on foraging. Yet it gives a fair indica
tion  o f the large foraging differences during  the tidal cycle. Food intake rate  was h ighest 
du ring  receding tide  and  low  tide, an d  declined  du ring  incom ing  tide (Table 8 .3). This 
reduction  am ounted  to 50%, b u t the average food intake rate  pooled for receding and low 
tide, differed significantly from  incom ing tide only for Little Tern (S tudent’s paired  t-test: 
11 9 8 =  2.939, P < 0.01) and Royal Tern (S tuden t’s paired  t-test: f41 =  2.325, P < 0.05).
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Table 8 .3 . Foraging observations and the calculation of food intake rate of wintering terns in 
Guinea-Bissau during different phases of the tidal cycle.

N terns 
observed

Hours
observed

N fish 
caught

Capture rate 
(fish/h) ± se

Fish mass 
(g) ± se

Food intake 
rate (g/h) ± se

Little Tern
High Tide 2 0.10 0 0 - -
Receding Tide 96 7.03 55 7.82 ± 1.05 1.32 ± 0.29 10.3 ± 2.7
Low Tide 48 3.71 43 11.85 ± 1.77 0.73 ± 0.15 8.7 ± 2.2
Incoming Tide 54 4.59 39 8.50 ± 1.36 0.54 ± 0.11 4.6 ± 1.2

Sandwich Tern
High Tide 5 0.24 2 8.34 ± 5.90 8.74 ± 3.46 72.9 ± 59.1
Receding Tide 63 4.46 42 9.41 ± 1.45 7.64 ± 1.43 71.9 ± 17.4
Low Tide 34 2.21 18 8.16 ± 1.92 7.17 ± 0.82 58.5 ± 15.3
Incoming Tide 36 4.22 32 7.58 ± 1.34 6.21 ± 1.06 47.1 ± 11.6

Royal Tern
High Tide 1 0.06 0 0 - -
Receding Tide 24 3.95 21 5.32 ± 1.16 8.68 ± 2.08 46.2 ± 15.0
Low Tide 9 0.63 7 11.08 ± 4.19 8.72 ± 4.25 96.6 ± 59.6
Incoming Tide 9 1.10 4 3.63 ± 1.82 4.20 ± 1.49 15.2 ± 9.3

C apture rate  increased w ith  w ater clarity in all th ree species (Fig. 8.4, upper colum n), 
y e t th is w as only sign ifican t in  the  Royal Tern (S tu d en t’s paired  t-test: clarity  <  50 cm 
vs. > 50 cm: t u  = 3.62, P < 0 .05). W ater clarity had a quadratic effect on the  size of the 
fish cap tu red  (Fig. 8.4, m iddle co lum n), since th e  la rgest fish w ere cap tu red  a t a w ater 
clarity of only 0.5-0.9 m. For L ittle Tern and Sandw ich Tern, food in take ra te  w as low er 
in  th e  m o s t tu rb id  w ate rs  (visibility  <  50 cm ) com pared  to  c learer w a te rs  (> 50 cm) 
(S tuden t’s paired  t-test: L ittle Tern: tigs =  2.03, P<  0.05, Sandwich Tern: t i 36  =  3.41, P 
< 0.001) (Fig. 8.4, low er colum n).

F o rag in g  tim e
From  a n u tr itio n a l perspective, the  quality  o f a w in te ring  area  can be expressed  as the  
tim e req u ired  to  m eet the  daily food req u irem en ts . We assum e th a t w in te ring  te rn s  in 
G uinea-B issau have to  a t least m ain ta in  in  energetic equilibrium  so th a t energy incom e 
equals energy expenditure. Energy incom e (kj/day) is calculated as the  p roduct o f tim e 
spen t foraging tfor (h/day) and th e  rate  o f energy acquisition REA (k j/h ) w hile foraging.

Energy Incom e =  tfor x REA (1)

Energy expenditure under the rm oneu tra l conditions is largely determ ined  by the  p ropor
tio n s o f  tim e sp e n t in  flying an d  non-fly ing ac tiv ities. T he ra te  o f  energy  ex p en d itu re
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Figure 8.4. Relationship between water clarity and average fish mass (flsh/h) (upper column), cap
ture rate (g) (middle column), and food intake rate (g/h) (lower column, Student’s paired t-test: 
Little Tern tigs = 2.0316, P < 0.05, Sandwich Tern t i 36 = 3.4099, P < 0.001, Royal Tern Í41 = 
1.4156, P > 0.05) with standard error and the number of fish caught or the number of terns of Little 
Tern (left panel), Sandwich Tern (middle panel) and Royal Tern (right panel). Clarity is divided loga
rithmically into five categories: < 30 cm, 30 - 49 cm, 50 - 89 cm, 90 - 179 cm, and > 1 8 0  cm. At the 
upper x-axis stands the observation time (in h).

during  flight in the  tropical Sooty Tern Sterna fuscata  w as estim ated  a t 4.77 x BMR from  
doubly labelled w ater m easurem ents, w hereas m etabo lism  averaged 1.62 x BMR during 
th e  re m a in d e r  o f  th e  tim e  (F lin t & N agy 1984). A d o p tin g  th e se  values fo r th e  te rn  
species in  G uinea-Bissau, w e estim ate daily energy expenditure as

Energy E xpenditure =  tfüght x 4.77BM R + (2 4 - tfüght) x 1.62BMR (2)
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So, w hen  incom e equals expenditure:

tfor x REA = tfiight x 4.77BM R + (2 4 - tfiight) x 1.62BMR (3)

Because food is patch ily  d is trib u ted  and  does n o t rem ain  accessible for a long tim e on 
the  sam e place, terns spend  qu ite  som e tim e on the  w ing looking for exploitable patches. 
C onsequently, flight tim e is appreciably longer than  actual foraging tim e. In ou r m odel, 
i t  is conven ien t to  express to ta l flight tim e as a m u ltip le  o f foraging tim e. S ubstitu ting  
tfiight =  m  x tfor, equation  (3) can be solved for tfor

tfor =  1 2 .34 /(0 .32(REA/BM R) - m )  (4)

T he rate  o f energy acquisition  is the p ro d u ct o f food in take rate , energy co n ten t o f food 
an d  its  d igestib ility . Several a u th o rs  p rov ide  d a ta  on th e  energy  c o n te n t o f trop ica l 
round fish  and  th e ir  d igestib ility  (Table 8 .4). W e used  th e  average values o f 6.37 (kj/g) 
an d  76.8% , in  com bination  w ith  th e  average food in take ra te  of all ou r m e asu rem en ts  
(Table 8.2), to  calculate the rate  of energy acquisition  of each te rn  species (Table 8.5).

Table 8.4. Fish length (in cm), body composition (in %), energy content (of wet weight, in kj/g) 
and digestibility Q  (in %) of small (sub) tropical roundfish.

Fish species Length
(cm)

Composition 
Water Fat Protein

Energy
content
(kj/g)

Q(%) Predator species

Anchovy 66.3 8.0 76.5 Jackass Penguin chick
Engraulis capensisa Spheniscus demersus

Anchovy 77.7 Cape Gannet juvenile
Engraulis capensisb (78 days) Sula capensis

Anchovy 6.2-16.0 73.2 19.7 6.74 Cape Gannet
Engraulis capensisc Sula capensis

Saury 7.8-41.6 74.3 19.4 6.20 Cape Gannet
Scomberesox sauryc Sula capensis

Horse Mackerel 73.2 18.9 5.63 Cape Gannet
Trachurus capensisc Sula capensis

Stockflsh 80.2 18.3 4.07 69.2 Cape Gannet juvenile
Merluccius capensisc (80 days) Sula capensis

Pilchard 6.8-22.0 68.4 19.9 8.59 79.4 Cape Gannet juvenile
Sardinops ocellatac (80 days) Sula capensis

Common Bullies 74.6 3.1 17.3 5.36 81.1 Australasian Harrier
Gobiomorphus cotidianusd Circus approximans

Average 6.37 76.8

aCooperl977. bCooperl978. 
cBatchelor & Ross 1984. 
dTollan 1988.
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Table 8 .5 . The ra te  o f energy acquisition  of w in tering  Little Terns, Sandwich Terns and Royal Terns 
in Guinea-Bissau.

Little Tern Sandwich Tern Royal Tern

Body m ass3 (g ±  sd, N) 42.2 (±  3.2, 131) 219.0 (±  14.9, 59) 351.4 (±  30.4, 35)
Food intake rate  (g/h) 8.1 59.9 45.3
Rate o f Energy A cquisition (k j/h ) 39.5 292.3 221.0
BMR (k j/h ) 0.90 3.55 5.26

aBody m ass tak en  from  te rn s  c au g h t in  G u inea-B issau  d u rin g  th e  e x p ed itio n s  o f  1 9 8 6 /1 9 8 7  (L. 
Zw arts, unpubl. data) and 1992/1993 (pers. obs.).

In literature , w e found BMR estim ates for n ine d ifferent species o f terns (Ellis 1984, 
K laassen 1994, 1995a) to  w hich w e w ere able to  add one additional unpub lished  value 
for Sandwich Terns, m easured  on the  Isle o f G riend in T he N etherlands, using th e  sam e 
m e th o d  an d  se tu p  as u sed  by K laassen  (1994) (M. K laassen  & A. B renn inkm eijer, 
unpubl. data; n =  6, m ass =  255 ± 9 (sd) g, BMR = 202 ± 21 (sd) k j/d ) . U sing non-lin 
ear reg ressio n , w e com piled  an  a llo m etric  re la tio n  fo r BMR, w h ere  M is m ass (in g). 
S tandard  errors (se) have been p u t betw een  brackets.

BMR = 1.793 (±  1.879) M 0-822 (± °-195), r2 =  0.663 (5)

T he effect o f la titu d e  on BMR in b ird s is a w ell-know n p h en o m en o n  (e.g. Ellis 1984, 
Klaassen 1994, 1995b). T he inclusion o f la titude L (in ° N  or S) in th is rela tion  appeared 
to  have a significant effect (Fig. 8.5).
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F ig u re  8 .5 . Basal M etabolic Rate (BMR, in kj per day per m ass1-21) th a t different te rn s (Sterna Iunda
ta,, S. fuscata, S. maxima, Anous stolidus, A . tenuirostris, Gygis alba, S. vittata, S. paradisaea, S. hirundo, S. 
sandvicensis) have on  various la titudes L (in 0 N  or S).
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BMR = [0.617 (±  0.313) + 0.029 (±  0.012) x L] M 0-833 (± °-075), r2 =  0.963 (6)

There is also evidence accum ulating th a t an individual’s BMR is flexible changing seaso
nally and w ith  la titude in a sim ilar fashion as BMR changes inter-specifically w ith  la titude 
(Kersten et a l 1998). Therefore w e tentatively used equation (6) to predict BMR for terns 
in  our study. The foraging tim e required  to  m eet daily energy expenditure is calculated as 
a function of m  (total tim e in  flight divided by the actual tim e spent foraging) (Fig. 8.6A).

Daily food requ irem en ts can be m e t in  a rem arkably sh o rt tim e (1-4 hou rs), as long 
as the tim e required  to  locate exploitable patches is sh o rt relative to actual foraging tim e 
(m  <  3). W hen th e  tim e sp en t on the  w ing in  order to  search for exploitable food patch 
es increases, actual foraging tim e increases m ore rapidly in  Royal Terns and  Little Terns 
th a n  in  Sandw ich  Terns. T he re su lts  in d ic a te  th a t  w in te rin g  te rn s  in  G u inea-B issau  
sh o u ld  be ab le to  m e e t th e ir  daily  food re q u ire m e n ts  in  a coup le  o f  h o u rs  forag ing . 
However, te rns m ay becom e tim e restric ted  w hen  it takes a long tim e to  find exploitable 
food pa tches. Terns are  essen tia lly  d iu rn a l an d  sp en d  a b o u t tw o h o u rs  inactive a t the  
ro o st around  high tide. C onsequently, the  tim e available for finding and  collecting food 
is ab o u t 10 hours. This seriously  lim its the  range of m-values over w hich te rns are able 
to  m e e t th e ir  daily  food  re q u ire m e n ts  (Fig. 8.6B). In o rd er to  su rv ive, m  sh o u ld  n o t 
exceed 5.9 for Royal Terns, or 6.2 for L ittle Terns. Sandw ich Terns are able to  deal w ith  
m uch  m ore patchily  d istribu ted  food; m -values up to  8.0 are for them  acceptable.
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E

CDCCD
EÖ 0-5- Sandwich Tern
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F ig u re  8.6 . Foraging tim e (A) and to ta l flight tim e (B) requ ired  to  m ee t daily energy requ irem en ts o f 
th ree  species w intering  in G uinea-Bissau in relation  to  the  ra tio  betw een to ta l flight tim e and actual 
foraging tim e (m in  equation  4, see tex t). Total flight tim e consists o f  foraging tim e plus tim e spen t 
on  the  w ing in order to  find patchily d istribu ted  prey.
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DISCUSSION

F ood  in ta k e  ra te
B ecause w e w ere  u n ab le  to  d e te rm in e  w h ich  fish  species w ere  ac tua lly  ea te n  by th e  
te rn s, o u r es tim ates  o f food in take ra te  rely on the  assu m p tio n  th a t th o se  fish species 
w ere consum ed w hich w ere also p re se n t in the  beach seine sam ples. S tom ach con ten ts 
o f Sandwich Terns and  Royal Terns provide evidence in  sup p o rt o f th is  assum ption , since 
these  sam e fish species, or close relatives, figured p rom inen tly  in the  d ie t o f b irds w in 
tering  in S ierra Leone and  G hana (D unn 1972a).

Relatively large standard  errors su rro u n d  the  rates o f food intake calculated from  our 
data. This is due to  the stochastic n a tu re  of prey  captures in  com bination  w ith  the large 
variation in  m ass o f individual fish captured. For instance, the few fish in  the largest size 
classes acco u n ted  fo r m o re  th an  50%  o f th e  b iom ass co n su m ed  in  each te rn  species. 
T heoretically , th is  p ro b lem  can be so lved  by lo n g e r o b se rv a tio n s , b u t  given th e  h igh  
m o b ility  an d  low  s ite  ten ac ity  o f  fo rag ing  te rn s , th is  is im p o ss ib le  in  p rac tice . 
C onsequently , w e have to  accept th a t only m ajo r en v ironm en ta l factors affecting food 
in take ra te  can be detected.

In our study, terns did n o t benefit from  flock foraging. D espite a h igher cap ture rate, 
food in take  ra te  d id  n o t increase  because te rn s  foraging in  flocks cau g h t sm alle r fish. 
O th er stud ies on fish-eating  b irds have show n th a t b irds foraging in flocks have h igher 
cap tu re  rates than  those  foraging so litarily  (Krebs 1974, G ötm ark et al. 1986; H afner et 
al. 1993; Van Eerden & V oslam ber 1995; Reid 1997). Yet only tw o stud ies m easured  also 
h ig h e r food in take  ra te s  (Krebs 1974; H afner et al. 1993). A lth o u g h  ou r obse rva tions 
ind icate th a t food in take ra te  w as sim ilar in flocks to  th a t in  so litary  feeding, the  te rns 
probably gain greatly from  joining a flock because th is sho rtens search tim e.

Surprisingly, w ater clarity had a m ore p ronounced  effect on th e  size of fish cap tured  
than  on cap ture rate . Average fish m ass w as h ighest a t w ater clarity betw een  50 and 90 
cm . W e have no  idea  w hy th e  average fish  m ass declined w hen  w ate r clarity  im proved 
beyond 90 cm. Fish cap tured  in clear w ater w ere considerably larger than  those  captured 
in the  m o st tu rb id  w aters, b u t few very large individuals w ere captured. Recently, M ous 
(2000) rep o rted  on th e  vertical d is trib u tio n  o f fish in  re la tio n  to  w a te r clarity  in  Lake 
Ijsse lm eer, T he N eth e rlan d s . He show ed  th a t la rger fish  m ove tow ards th e  surface as 
w ate r tu rb id ity  increases. This suggests th a t changes in  fish availability ra th e r than  visi
b ility  w ere  resp o n sib le  for th e  fact th a t  few er large fish w ere  ca p tu red  in  th e  c lea rest 
w aters. C onsequently , food in take ra te  increased  w ith  w ate r clarity  un til 50-90 cm, b u t 
n o t beyond. In general, w ater clarity increased w ith  d istance from  the  m ainland, w hich is 
w here m ost te rn  concentra tions w ere also encountered . The m o st tu rb id  w aters occurred 
a t the river m o u th  of the Rio Geba, around  Bissau, Areias and Prabis (localities 5, 6 and 
8, Fig. 8.1). W ith  the  exception of A reias (6), w hich is an im p o rtan t ro o st area for terns, 
only sm all num bers o f te rns w ere observed on these  sites.
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Wintering area quality
T he question  arises: is G uinea-B issau a good w in tering  area for terns? C ap tu re ra tes of 
w in te ring  Sandw ich Terns in G uinea-B issau w ere 12-41%  low er than  of conspecifics in 
S ierra Leone (D unn 1972b). For Royal Terns in  G uinea-B issau, cap tu re  ra tes w ere  29- 
57%  lo w er co m p ared  w ith  conspecifics w in te rin g  on  B onaire, N e th e r la n d s  A n tilles  
(Buckley & Buckley 1974). U nfortunately, the re  is no com parable inform ation ab o u t for
aging L itde Terns in o the r w in tering  areas. So, com pared w ith  Bonaire and Sierra Leone, 
G uinea-B issau appears to  be less good as a  w in tering  area. However, feeding conditions 
betw een  G uinea-B issau and  o th e r w in tering  areas are difficult to  com pare, because the 
m o st im p o rtan t factor, food in take rate , is only know n from  Guinea-Bissau.

Besides large standard  errors, there are several o the r sources of random  and system 
atic errors, such as fish length  estim ation  in the  field (w ith an inaccuracy of a  qu arte r of 
a bill le n g th ) , the  conversion of fish length  in to  fish m ass, and th e  assum ption  o f BMR 
an d  fligh t cost, w h ich  m ake th e  m odel less accu rate . S till, i t  w as u se fu l to  m ake th is  
rough  m odel. N o t only does it show  the differences betw een the th ree  te rn  species, yet it 
also gives a - very rough - indication of th e  capacity of G uinea-B issau as a w in tering  area 
for te rn s. H opefully  th is  w ill s tim u la te  o th e r  researchers to  conduc t sim ila r investiga
tions in w in tering  areas.

In our m odel, daily energy expenditure w as calculated as the sum  of energies expend
ed d u rin g  fligh t an d  n o n -flig h t ac tiv ities. D aily energy  ex p e n d itu re  inc reases linearly  
w ith  flig h t tim e, because  th e  p re su m e d  ra te  o f energy  ex p e n d itu re  w as a lm o s t th re e  
tim es as h igh  d u rin g  flig h t (4.77B M R) as d u rin g  n o n -flig h t (1 .62B M R ). W h e n  food 
becom es m ore patch ily  d is trib u ted , te rn s  need  m ore tim e to  locate exploitable patches 
and  flight tim e increases un til a  m axim um  of 10 hours per day. Consequently, daily ener
gy expenditure will reach its m axim um  u nder these  circum stances. This m axim um  rate  
o f daily energy expenditure o f te rns w in tering  in the  tropics can be provisionally estim a
ted: DEE =  ((10  x 4.77BM R + 14 x 1.62BMR) /  24) =  a b o u t 3BMR. T his is a ra th e r  
m odera te  value, given th a t sustainab le rates o f energy expenditure in  o th e r bird  species 
are in the  order o f 4-5BMR (D rent & Daan 1980).

A ctual rates o f daily energy expenditure are a lm ost certainly lower, since te rns are n o t 
likely to  forage all day. T herefo re , from  an  energetic  p o in t o f view, w in te rin g  te rn s  in 
Guinea-B issau seem  to have an easy living. Since the observed rates o f food intake w hile 
foraging are h igh  (Table 8 .5), th e  crucial factor d e te rm in in g  w h e th e r  te rn s  are ab le to 
m e e t th e ir  food req u irem en ts  is th e  tim e req u ired  to  locate  exp lo itab le  food pa tches. 
W ith  respect to  th is param eter, Sandw ich Terns are b e tte r  off than  e ither L ittle Terns or 
Royal Terns. Sandw ich Terns can afford to  search for m ore than  one h o u r in  o rder to  find 
a patch, w hich they can exploit for 10 m inu tes. Little Terns and Royal Terns shou ld  find a 
sim ilar patch  w ith in  half an hour.

C onsequently , w e expect th a t Sandw ich Terns are  m ore w idely d is trib u ted  th ro u g h 
o u t the A rchipelago dos Bijagos than  the o ther tw o species. Sandwich Terns m ay occupy 
p arts  o f the archipelago w here th e  density  o f exploitable patches is too low  for L ittle Tern 
and  Royal Tern. Finally, w e pred ic t that, in those parts  o f the  archipelago w here the  th ree
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species occur together, Sandwich Terns spend  m ore tím e inactive during  low  w ater than  
the  o ther tw o species.
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Chapter 9
Echoes from the field:
towards a causal nexus explaining population
fluctuations in European Sandwich Terns
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LIVING WITH GULLS

It w as long believed th a t B lack-headed G ulls Larus ridibundus w ere a th re a t to  breeding 
Sandw ich Terns Sterna sandvicensis because they  prey  upon  te rn  eggs and  sm all chicks, 
and rob the  fish m ean t for the  te rn  chicks. Therefore Black-headed Gulls w ere controlled 
a t m ajor te rn  colonies in  T he N etherlands and for m any years the ir num bers w ere kept 
a t a m in im um  to p ro tec t the  te rns (e.g. B rouw er et al. 1950). M idway the  tw en tie th  cen
tury  the re  w as a vivid d iscussion in D utch ornithological litera tu re  on the  im pact Black
h ead ed  G ulls had  on te rn s  (B rouw er et al. 1950, Van den  A ssem  1954, R oo th  1958, 
1960, 1965). Veen (1977) ded ica ted  an extensive s tudy  to  the  q u es tio n  w hy Sandw ich 
Terns often choose to  breed together w ith  Black-headed Gulls, w hich is hard  to  explain if 
these  gulls have such a negative im pact on reproductive success in the terns. From  1966- 
1972, h e  s tu d ied  th e  p red a tio n  b ehav iou r o f th e  gulls on G riend, D utch  W adden Sea. 
C o n s is te n t w ith  earlier s tu d ies , Veen found  th a t a sign ifican t p ro p o rtio n  o f Sandw ich 
Tern eggs (14 % of all eggs) and  chicks (12%) w ere lo s t to  p red a tin g  gulls. He argued 
th a t p reda tion  had, however, no  overall im pact on the  reproductive o u tp u t o f th e  terns 
because th e  gulls m ainly  took  non-viable eggs and  chicks. He concluded  th a t th e  a n ti
p red a to r  function  o f n e ighbouring  B lack-headed G ulls (th e  gulls form  a buffer aga inst 
in tru d e rs  and  chase aw ay p red a to rs) ou tw eigh  th e  d isadvantages o f the  losses o f eggs 
an d  ch icks. T h e  s tu d y  o f  Veen led  to  a  change  in  th e  a t t i tu d e  to w ard s B lack-headed  
G ulls, re su ltin g  in  a h a lt  in  th e  m a n a g e m e n t p ro g ra m m e to  co n tro l th e m  in  D u tch  
colonies.

My w ork  w as designed to  carry on these  s tud ies a t the  sam e colony w ith  a focus on 
events th ro u g h o u t the  chick phase. Especially during  brooding  and  during  the  o n se t o f 
chick rearing, Black-headed Gulls offer p ro tec tion  to  the  non-aggressive terns, b u t as the 
te rn  chicks grow  and  becom e less p ro n e  to  be caugh t by p red a to rs  the  need  for p ro tec
tion  decreases. A t the sam e tim e, Sandwich Terns experience increasing disadvantages of 
th e  b reeding  associa tion  w ith  B lack-headed Gulls. W ith  th e  aging o f th e  te rn  chicks, a 
num ber o f gulls develop in to  specialised robbers o f fish m ean t for the  te rn  chicks. They 
exert a grow ing p ressu re  on prey-carrying adu lts  causing prey delivery tim e to  increase 
(chapter 5) and  resu lting  in  an increasing rate  o f food loss (chapter 3). Two w eeks after 
hatching, ab o u t 25%  o f all prey  offered to  Sandw ich Tern chicks on G riend w as robbed 
and  an o th e r  9% w as lo s t o u ts ide  the  o b server’s view  m ainly  w hen  B lack-headed Gulls 
w ere chasing after a prey-carrying te rn  paren t. D uring the  first tw o w eeks post-hatching, 
food piracy by Black-headed Gulls is still relatively low  and po ten tia l negative effects can 
largely be overcom e. A fterw ards negative effects on chick grow th  and  survival becom e 
obvious, in particu lar during  longer periods of strong  w inds (chapter 3).

The p resen t study  on th e  feeding ecology of Sandw ich Tern w as m ainly perform ed on 
chicks held  w ith in  enc losures m ade of w ire ne tting . Enclosing chicks m akes it  possib le 
to  follow them  from  hatching to  fledging as they are forced to  stay  w ith in  the vicinity of 
the  n est. Sandw ich Tern chicks are sem i-precocial and  in na tu ra l s itu a tio n s often  leave 
the  n es t soon after hatching. In non-enclosed situations, n es t departu re  norm ally occurs
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3-6 days after hatch ing  of the  first egg in a n es t (Veen 1977). The first days after leaving 
are sp e n t h id ing  in  th e  vegeta tion  or in  n e s t scrapes in  th e  d irec t su rro u n d in g s o f the  
orig ina l n es t. A b o u t tw o w eeks a fte r hatch in g , how ever, m any  laying s ite s  have been  
deserted . M ost chicks have then  spread  and are found in the  vegetation  su rround ing  the 
colonies. D uring the  following w eeks, the chicks fu rthe r d isperse and are found  scattered  
over the  en tire  island. In chap te r 5 w e argue th a t leaving the  n e s t site  is a behavioural 
tra it to  avoid the  heavy attacks from  the k lep toparasitising  gulls. The tim ing for leaving 
the  n es t vicinity critically depends on the  trade-off betw een  a decreasing need  for p ro tec
tion  from  the  gulls and an increasing robbing p ressu re. By leaving the original laying site 
the  chicks are led away from  the  robbing gulls and by spreading over the island aggrega
tions of food in p u t are avoided and thus the  conditions for k lep toparasitism  to occur are 
m in im ised . A lthough  m oving chicks probably  s till en coun te r gulls, m o st o f these  gulls 
have n o t yet learned to  steal food from  terns. W e argue th a t w hen  the  chicks keep m ov
ing around , gulls can n o t develop in to  specia lised  k lep to p aras ite s  (chap ter 5). Yet, on 
G riend exceptionally high robbing p ressures w ere m easured  in free-living chicks as well, 
especially in chicks th a t had  becom e trapped  in na tu ra l fykes form ed by the  vegeta tion  
(G esch iere  1993, ow n o b se rv a tio n s) . S im ilar h igh  a tta c k  ra te s  w ere  o bserved  in  
Sandw ich Tern colonies th a t w ere su rro u n d ed  by dense vegeta tion  from  w hich the  tern  
chicks could hardly  escape. It is n o t clear to  w h a t ex ten t and w hen free-living chicks do 
leave th e  n e s t s ite  in  n a tu ra l s itu a tio n s . I t a lso  rem a in s u n s tu d ie d  if  an d  how  chicks 
m ove over breeding sites and  how  th is rela tes to  th e  spatia l d is trib u tio n  o f vegetation , 
an d  th e  p robab ility  o f m eeting  conspecifics and  p o te n tia l k lep to p aras ite s . I t fu rth e r  is 
uncertain  if  and to  w hat ex ten t our frequen t visits in som e colonies have con tribu ted  to 
th e  d ep a rtu re  from  the  nes ting  site. A round  fledging Sandw ich Tern chicks som etim es 
g a th e r  in  flocks along  th e  beach . In th o se  flocks p iracy  by th e  gu lls  seem s to  revive, 
a lthough  the  success rate  o f gulls has never been stud ied  in  these  circum stances. Future 
s tu d ie s  cou ld  m ake u se  o f rad io  tra n sm itte rs  to  m o n ito r  S andw ich  Tern ch icks from  
hatch ing  un til fledging and to  fu rthe r exam ine the  evasive behaviour o f the terns.

T he high incidence of food loss to  Black-headed Gulls recorded in th is study  (19% of 
all food item s w ere  ro b b ed  by th e  gu lls) is, how ever, n o t re s tr ic te d  to  enc lo sed  or 
trapped  chicks only b u t is typical in Sandw ich Terns. D uring the period 1966-1970, Veen 
(1977) fo u n d  th a t  on average 18-38%  o f th e  fish  b ro u g h t to  n o n -en c lo sed  ch icks on 
G riend w as sto len  by Black-headed Gulls. A t the  form er D utch colony “De Beer”, Hoek 
o f H olland, up to  25%  o f th e  fish m e an t for th e  te rn  chicks w as robbed  (R ooth  1965) 
and  G arthe & Kubetzki (1998) rep o rt th a t in  1997 11% of the food b ro u g h t to  Sandwich 
Tern chicks on Ju is t, G erm an W adden Sea, w as lo s t to  k lep to p aras itis in g  gulls. A t the  
H om pelvoet colony in  the  D utch D elta area losses of 20-50%  w ere n o t uncom m on in the 
1970s (Beijersbergen 1976). Fuchs (1977) recorded  low er rates o f k lep toparasitism  (~  
6%) a t the  Sands of Forvie, Scotland, in  1973-1974 and  Dies & Dies (2005) rep o rt sim i
la r low  ra te s  (5% ) in  E aste rn  Spain. Several a u th o rs  m e n tio n  th a t  excep tionally  h igh  
ra te s  o f k le p to p a ra s itism  (>  50% ) occur d u rin g  spe lls  o f bad  w e a th e r  (R ooth  1965, 
Sm ith  1975, Veen 1977, G lutz von B lotzheim  & Bauer 1982, own observations).
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T he ra te  of food loss strongly  depends on the  size o f the  prey  b ro u g h t to  th e  chicks 
(D u n n l9 7 2 , Ratcliffe et al. 1997, th is  s tu d y  ch ap te r 2, 3). O f th e  tw o m ain  prey  types 
th a t w ere  b ro u g h t to  th e  chicks on G riend  (clupeids and  sandeel; ch ap te r 2) the  gulls 
p referred  to  rob the  longer sandeel. Thus, the  com position  of the  d ie t o f Sandwich Tern 
chicks on G riend greatly influenced the  probability  o f losing the prey  to  k lep toparasitis
ing gulls. C onsequently , w e found  a s tro n g  negative re la tio n sh ip  be tw een  th e  average 
yearly p roportion  of clupeids in the chicks’ d ie t and the p roportion  of the  food th a t was 
ro b b ed  by th e  gu lls (ch a p te r  4 ). F igures on  ro b b in g  in c id en ce  an d  d ie t c o m p o sitio n  
ex tra c te d  from  Veen (1977) su g g e s t a very  s im ila r  re la tio n sh ip  (Fig. 9 .1 ). In V een’s 
d a ta se t low er p ro p o rtio n s  o f th e  food w ere  robbed , p robab ly  because th a t  a u th o r  fol
low ed younger chicks (in chap ter 4 chicks > 1 5  days w ere selected) and  because in  the 
p resen t s tudy  prey-consum ption probabilities (including o ther causes of prey loss) w ere 
used ra th e r than  losses to  robbing gulls. Veen ascribed the  increased piracy on G riend in 
the  period 1966-70 to  a relative increase o f th e  Black-headed Guii population  com pared 
to  th a t of Sandwich Terns, b u t in re trospect th is can also be explained by dietary  changes 
as h is d a ta  fit the  expected effect o f changes in d ie t com position  very w ell (Fig. 9.1).

By evolving a close b reed ing  associa tion  w ith  gulls, Sandw ich Terns trad e -o ff food 
against p redation . In chapter 4 w e describe how  Sandwich Terns can organise the ir forag
ing behav iour in  o rder to  m axim ise prey  in take ra tes o f th e ir  chicks in  the  presence of 
k lep toparasitising  B lack-headed Gulls. P resupposing th a t enough  herring  is available in 
the  foraging areas and given the  rela tionsh ip  show n in figure 9.1, paren ts th a t face high 
food losses could  theore tically  sh ift th e  d ie t tow ards m ore clupeids in o rd er to  reduce 
the  losses. However, in m o st years paren ts did n o t bring m ore clupeids to  the  n es t w hen 
food losses increased (chapter 4), suggesting  th a t the  availability o f clupeids w as lim ited. 
Instead, bo th  paren ts left th e  island to  forage leaving the ir chicks unattended  a t the  nest 
m ore often and  th u s increased the  food transport. Increased foraging effort in years w ith

"O
a  5 0 -
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Q- 0

F ig u re  9 .1 . R elationship  betw een  the  d ie t com position  o f Sandw ich Tern chicks on G riend and the  
p roportion  o f the  food th a t is robbed or no t consum ed by the  chicks. Black do t = non-consum ed pro
p o rtio n  in  1992-1998  e x trac ted  from  c h a p te r  4; op en  d o t =  ro b b ed  p ro p o rtio n s  in  1966-1970  
extracted from  Veen (1977 )
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low  clupeid  p ropo rtions in the  d ie t enabled  the  paren ts to  counterbalance an im m in en t 
food shortage . S im ultaneous foraging o f the  p a ren ts  com m enced w hen  th e  chicks w ere 
ab o u t 2 w eeks old w hen  they  are too  large to  be sw allow ed by th e  m ajo r p red a to rs  on 
Griend. Leaving the chick unpro tected  at the colony a t tha t age did n o t resu lt in increased 
predation  rates. The observed variation  in d ie t com position  did n o t transla te  in to  differ
ences in grow th or survival o f th e  Sandwich Tern chicks desp ite  the  differences in para
sitic losses. Apparently, Sandwich Terns are well adapted  to  the k leptoparasitic behaviour 
o f the ir associative breeding species. If they can n o t avoid the attacks o f the gulls by m ov
ing away from  them , they increase the ir foraging effort and com pensate for these  losses.

FEEDING ECOLOGY OF SANDWICH TERNS

D uring the  breeding season, Sandwich Terns feed the ir chicks on a restric ted  num ber of 
species o f m arine  fish. In T he N eth erlan d s, chicks are p red o m in an tly  fed w ith  herring  
Clupea harengus, sp ra t Sprattus sprattus, sandeel Ammodytes tobianus and  g rea ter sandeel 
Hyperoplus lanceolatus (Veen 1977, th is study). A dult terns locate th e  fish visually and the 
p rey  is m ain ly  c a u g h t by p lu n g e  d iv ing , dow n  to  a  m a x im u m  d ep th  o f tw o m e tres  
(B orodulina 1960, D unn 1972). O n G riend, th e  food is p redom inan tly  found  w ith in  15 
km  distance from  the  colony, b u t in som e o ther colonies foraging flights >  25 km  m igh t 
be m o re  com m on  (Veen 1977, B ap tis t & M ein in g e r 1984, Faso la & B ogliani 1990, 
Raaijm akers et al. 1993, ow n observa tions). Sandw ich Tern paren ts  breeding  on G riend 
forage m ainly in  shallow  w aters and  in channels around  the  islands of Terschelling and 
V lieland (S tienen & B renninkm eijer 1994, Fig. 9 .2). Investigations in  1993 on p aren ts  
equipped  w ith  rad io -tran sm itte rs  ind icate th a t the  foraging areas o f Sandw ich Terns on 
G riend have som ew hat sh ifted  to  th e  so u th w est com pared to  the  1960s w hen  the  n o rth 
easte rn  p a r t o f Terschelling w as also frequen tly  used  for foraging (Veen 1977), b u t the  
foraging range is very com parable (Fig. 9.2). P aren ts tran sp o rt the  cap tu red  fish to  the 
colony one by one (only in  exceptional cases do  they  carry  tw o prey  item s), ho ld ing  it 
crossw ise in the  bill. T he leng th  o f fish paren ts  offered to  the  chicks on G riend ranged 
from  1.5 to  21.5 cm. O n average, sandeel b ro u g h t to  th e  colony w ere som ew hat longer 
(11 cm) than  clupeids (9 cm ).

T he ab u n d an ce  o f th e  Sandw ich T erns’ prey  species can differ g rea tly  from  year to 
year (C orten  1990, 2001, C orten  & van de Kam p 1979, 1996). S uperim posed  on th is , 
the  prey  fish show  d istinc t p a tte rn s  of horizon tal m igration  w ith in  a year (Fonds 1978, 
C orten  1996) causing strong  changes in  the species com position, d istribu tion  and length  
o f available p rey  fish du rin g  the  breed ing  season  o f th e  te rn s. T he prey  fish also m ove 
vertica lly  in  th e  w a te r  co lum n  w ith  chang ing  lig h t c o n d itio n s  an d  tid a l m o v em en ts  
(Thorpe 1978), resu lting  in  cyclic fluctuations in prey  availability for the te rns during the 
day. P redato r fish and  sea  m am m als cause unpred ic tab le  horizon ta l and  vertical m ove
m en ts o f the prey  as well. This causes strong  spatio -tem poral variation  in the  availability 
and  the  quality  o f the  Sandw ich Terns’ food and requires a g reat flexibility o f these spe-
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F ig u re  9 .2 . Positions (dots) o f  tw o radio  tagged Sandw ich Terns during  chick rearing  in 1993. The 
foraging te rn s w ere located by radio an tennas placed on Griend, Terschelling and V lieland (latter tw o 
locations indicated by + ) . Light shaded areas su rround  the  m ean low  w ater coastline.

cialised foragers. C hap ter 2 describes how  p atte rn s  in  d ie t com position  of Sandwich Tern 
ch icks re flec t th e  cyclic v a ria tio n  in  p rey  fish availability , fo r exam ple th e  dow nw ard  
m igration  and shoaling o f herring  and sp ra t during  the  day and the  dispersal and upw ard 
m ig ra tio n  a t d u sk  (B lax ter & P arrish  1965, L aevastu  & H ayes 1981, C a rd in a le  et cd. 
2003, N ilsson  et cd. 2003). This rhy thm ic ity  m eans th a t clupeids are  typically available
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for the  day active te rn s  du ring  the  early m orn ing  and  a t dusk , m atch ing  th e  increased  
p roportions of clupeids in the chicks’ d ie t a t th a t tim e.

T he p a tte rn s  in d ie t com position  described in chapter 2 are the averaged resu lts o f 7 
years of observation in  the colony a t Griend. Patterns in d ie t com position derived from  a 
particu lar year can, however, be very deviant from  th is average pattern . In 1994, for exam 
ple, chicks received high p ro p o rtio n s o f c lupeids th ro u g h o u t th e  day. A n unam biguous 
explanation for such an aberran t pa tte rn  can no t be given. It is m ost likely, however, tha t 
th e  h igh  availab ility  o f c lupeids in  1994 (IBTS d a ta  given below ) caused  an increased  
availability of herring  and sprat near the surface even during the day. A low  availability o f 
sandeel may, however, also lead to  the  sam e pa tte rn , as terns will then  be forced to  feed 
on clupeids th roughou t the day. This em phasizes th a t i t  is im possib le to  use shifts in  the 
d ie t com position  o f seab irds as re liab le  ind icato rs for sh ifts  in  the  availability  of th e ir  
food, even if  th e  d ie t com position  m irrors the  underlying food com position . For p reda
to rs th a t have an even b roader choice o f p rey  species, d ie t com position  is w ith o u t any 
d o u b t a very poor ind icator o f food availability, although it is often in te rp re ted  as such.

In o rder to  link  p a tte rn s  in  th e  d ie t o f seab irds to  sp a tio -tem p o ra l changes o f th e ir  
prey  one m u st concurrently  study  food availability locally in  the  foraging areas as well as 
th e  se a b ird ’s b io logy  (e.g. L itzow  et al. 2000 , M ous 200 0 ). I t is, how ever, n o t easy to 
m e asu re  food availab ility  o f Sandw ich  Terns because  th e ir  fish p rey  occur in  sha llow  
w ater, a re  pa tch ily  d is tr ib u te d  an d  p erfo rm  species-spec ific  d ie l v ertica l m ig ra tio n , 
schooling and  feeding behaviour (C ardinale et al. 2003). T he fish-sam pling program m e 
co n d u c ted  in  th e  te rn s ’ fo rag ing  area  in  1995-1998 by T he N e th e rlan d s  In s titu te  of 
Fishery Research (RIVO) suggests particularly  strong  effects o f w ater clarity on prey fish 
availability (Fig. 9 .3). Especially clupeids, b u t also sandeel w ere caught m ore frequently  
in  tu rb id  w ater. Since w e sam pled  fish in th e  up p er w ate r layer (0-2 m ), th is  ind icates 
th a t the  fish m ove to  th e  surface w hen  w ate r transparency  decreases. This im plies th a t 
tu rb id  w aters m ight offer b e tte r  foraging conditions to  the terns. In the p resen t study, it 
could no t be excluded th a t m ore fish w ere caught in tu rb id  w aters sim ply because the fish 
saw  the approaching fishing gear less well and  therefore experienced a low er probability  
to  escape th an  in  clear w aters. H owever, u sing  acoustic  record ings M ous et al. (2000) 
found  very sim ilar resu lts  in  Lake Ijsselm eer, w here increased w ater transparency resu lt
ed in  a  decreasing  availability  o f surface-dw elling  prey  fish for te rn s. M ous et al. could  
link  the  spatial d istribu tion  o f foraging Black Terns Chlidonias niger directly to the  clarity 
o f  th e  w ater. T his im plies th a t  species d iv ing fo r fish  n ea r  th e  surface , like Sandw ich 
Terns, m ay depend  on tu rb id  w aters desp ite  the  fact th a t they locate the ir prey visually.

p o p u l a t io n  l im it a t io n s  i n  s a n d w i c h  t e r n s

Seabird populations critically depend  on the dynam ics in the availability of the ir prey  and 
are often lim ited  in size by the availability o f the ir food (reviews in  B irkhead & Furness 
1985 and  Croxall & R othery 1991). Several stud ies on seabirds linked m easurem ents of
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F ig u re  9 .3 . R elationsh ip  betw een  w a ter clarity  (m easured  w ith  Secchi disk) and th e  occurrence o f 
herring  and sandeel n ear the  w a ter surface. Prey fish availability  w as ob tained  by log transform ing  
th e  m ass o f fish caugh t w ith  an  Isaac’s Kidd M idw ater Trawl n e t (IKMT-net) w ith  a m esh  size o f 6 
m m  in  the  upper 2 m  o f the  w ater layer (see S tienen & B renninkm eijer 1998a for m ore details).

food a b u n d a n ce  w ith  th e  n u m b e r  o f b reed in g  p a irs , th e  rep ro d u c tiv e  o u tp u t, chick  
grow th  or ad u lt surv ivorsh ip  of seab irds (review s in  Craw ford & S helton  1978, C airns 
1987, Furness 1989) and experim ental supplem entary  food can increase the reproductive 
o u tp u t o f  seab ird s  (exam ples in  N ew to n  1998). T h ro u g h o u t th e  w o rld  an d  in  m any 
species, th e  p o p u la tio n  size  an d  b reed in g  success o f se ab ird s  has b een  lin k ed  w ith  
dynam ics in  prey  stock abundance (review in Furness 1989). The m o st strik ing  and best 
docum ented  cases are th e  dram atic changes in breeding perform ance and population  size 
of seabirds along the coast of central N orw ay in the late 1960s, in  the  Barents Sea in  the 
m id-1980s and  a t Foula, Shetland in the  m id-1980s due to the collapse of com ponents of 
the  seab irds’ food stock (B arrett et al. 1987, H eubeck 1988, M onaghan et al. 1989, Vader 
et al. 1990, Bailey 1991, H am er et al. 1991, Suddaby & Ratcliffe 1997).

T he species o f seab irds th a t ten d  to  be the  m o s t sensitive  to  changes in  fish ab u n 
dance are sm all b irds w ith  restric ted  foraging ranges and energetically expensive foraging 
m ethods, feeding on species p rese n t near the w ater surface and w ith  fast growing chicks 
(Furness & A inley 1984, Furness 1989). Sandw ich Terns m eet all criteria  and are th e re
fore ranked am ong the five m ost vulnerable seabird  species to  reductions in  food supply 
in  the  N orth  Sea (Furness & Tasker 2000). T he unpred ic tab le n a tu re  of the ir food com 
bined  w ith  highly variable am ounts o f food loss to  the gulls cause a high degree of food 
s tre s s  fo r S andw ich  Terns d u rin g  th e  b reed in g  seaso n . In p a r tic u la r  w h en  years o f 
unfavourable d ie t com position  (poor clupeid years) coincide w ith  adverse w eather condi
tions stro n g  effects on the  breed ing  perform ance o f th e  te rns m ay be expected. D uring 
the  7 years o f s tudy  on G riend w e found no effect o f apparen t changes in food availability
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(reflected by fluctuations in d ie t com position) on th e  reproductive o u tp u t o f th e  terns. 
A lso grow th  of th e  chicks w as n o t affected by changes in  p rey  fish availability (chapter 
4). In poo r clupeid years, w hen  sandeel dom inated  the  chicks’ diet, paren ts w orked hard 
er (som etim es a t m ax im um  levels) and  w ere th u s  able to  coun terbalance the  high p ro 
po rtions of food loss to  the  gulls. In th e  p rese n t study, years o f p o o r availability o f clu
pe id s  co incided  w ith  rea so n ab le  w e a th e r  co n d itio n s  an d  y e t th e  te rn  p a re n ts  a lready  
reached  m ax im um  buffer capacity. T herefo re, s tro n g  negative  effects on chick g row th  
and  survival can be expected  w hen  w ind  conditions are less favourable in  poo r clupeid  
years. This im plies th a t a poo r availability o f clupeids has th e  po ten tia l to  reduce chick 
survival b u t th a t th is critically depends on the  w ind conditions.

Increased  foraging effort o f the  p a ren ts  in  poo r clupeid  years m ig h t lead to  reduced  
fecundity  in  the following year, as has been dem onstra ted  in  o the r seabirds (W ernham  & 
Bryant 1998) as well as in a w ide variety of short-living species (e.g. Roskaft 1985, Sm ith 
et al. 1987, G ustafsson & S utherland  1988, V erhuist 1995). Being long-lived, seabirds are 
believed to  respond  m o st s trong ly  to  fluctuating  food resources w ith  varia tion  in  the ir 
d ie t, w o rk in g  levels an d  b reed in g  success ra th e r  th a n  a d u lt  su rv ival ra te  (D re n t an d  
Daan 1980). T here is, however, grow ing evidence th a t poo r food availability even affects 
ad u lt survival in long-lived species (Reid 1987, Jacobsen et al. 1995, Davis et al. 2005). If 
indeed  h igher w ork ing  levels affect a d u lt survival in  Sandw ich Terns, th en  a decreased  
clupeid  availability  can lead to  reduced  a d u lt survival and  even sm all reduc tions could  
have strong  effects on population  dynam ics.

A nother, m ore  d irect, link  betw een  food resources and  pop u la tio n  dynam ics w ould  
be th e  a d ju s tm e n t o f th e  no n -b reed in g  p o p u la tio n  to  c u rre n t food abundance . A du lts  
th a t have bred  th e  year before m ay decide n o t to breed if the conditions for breeding are 
n o t favourab le  in  th e  su b se q u e n t y ea r(s) . In som e seab ird s , la rge p ro p o rtio n s  (15% - 
25% ) o f the  popu la tion  m ay n o t breed  in unfavourable years (e.g. A ebischer & W anless 
1992, Bradley et al. 2000 ). In te rm itte n t b reed ing  w ou ld  allow  te rn s a fas t resp o n se  to 
changes in  th e  food  s itu a tio n  th a t  is adap tive  in  h igh ly  variab le  en v iro n m en ts . N o n 
b reed in g  o f  a d u lts  exp lains th e  fa s t ra te  o f d ec line  o f th e  A rctic  Tern p o p u la tio n s  on 
O rkney and  Shetland during  1980 and  1989 w hen  th e  sandeel stock collapsed (Avery et. 
al. 1993). W here  som e o th e r  te rn  species exhib it a s tro n g  fidelity  to  th e ir  nata l colony 
an d  a stro n g  tenac ity  to  prev iously  used  breed ing  areas and  n es tin g  sites w ith in  those  
areas (Austin 1949, N isbe t 1978, González-Solís et al. 1999, own observation), Sandwich 
Terns exh ib it a  h ighly flexible choice o f nesting  sites. They often  change b reed ing  sites 
w ith in  an  e s tab lish ed  b reed in g  a re a  (ow n o b se rv a tio n s) an d  easily  sw itch  b e tw een  
breeding sites w hen conditions are affected by p redato rs or o the r d istu rbances or som e
tim es for un identified  reasons (C ourtney  & Blokpoel 1983, Ratcliffe et al. 2000, N oble- 
Rollin & Redfern 2002, Ratcliffe 2004). N om adic behaviour enables Sandw ich Terns to 
resp o n d  to  d isc re te  events a t th e  b reed ing  g rounds (such as d istu rbance , p red a tio n  or 
com p etitio n  w ith  o th e r  species) an d  m ore im p o rtan tly  to  ad ju s t to  th e  stro n g  fluctua
tions of the ir prey fishes.
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CHANGES IN FOOD RESOURCES

O verexploitation  by fisheries w as long believed to  be the  prim ary  factor regulating  fish 
s to ck s in  th e  N o rth  Sea a f te r  W orld  W ar II. In d u s tr ia l f ish e ry  fo r s p ra t an d  h errin g  
caused a collapse o f the N orth  Sea herring  stock in  the  1970s, w hich lead to th e  closure 
o f fishery from  1977 to  1983 and  fishery q u o ta  in the  su b seq u en t years (C orten  2001). 
T he heavy exp lo ita tion  by th e  fish ing  in d u s try  o f p red a to ry  fish (e.g. cod, h erring  and 
m ackerel) is th o u g h t to  have re lieved  th e  p re d a to ry  p re ssu re  on th e ir  p rey  su ch  as 
sandeels and  sp rats , allow ing th e  la tte r  to  becom e m ore ab u n d a n t (C orten  2001). The 
p a s t decades increasing  a tte n tio n  has been  d irec ted  tow ards env ironm en ta l variability  
th a t can sim ilarly lead to  strong  fluctuations in  the abundance and spatial d istribu tion  of 
fish stocks (Bakken & Bailey 1990, C orten  2001, O tte rsen  et al. 2001, B eaugrand et al.
2003). D uring the  second h a lf of the tw en tie th  century, the  com bination of fishery m or
ta lity  and  env ironm en ta l variab ility  led  to  s tro n g  flu c tu a tio n s o f fish stock  b iom ass in 
space and  tim e and  thus strongly  influenced food supply  for seabirds in the N orth  Sea.

H ow  such  changes can in fluence  te rn s  w as illu s tra te d  in  th e  1980s w h en  th e  co l
lapse of the  local sandeel stock a round  S hetland  caused  w idespread  breed ing  failure and 
p o p u la tio n  dec line  in  te rn s  an d  several o th e r  seab ird s  (H eubeck  1988, Bailey 1991). 
T h is  led  to  th e  c lo su re  o f th e  S h e tla n d  san d ee l f ish ery  for severa l y ea rs  an d  also  to  
in tensive  research  on th e  dynam ic links betw een  sandeels an d  seab irds. I t w as finally 
conc luded  th a t  th e  d ep le tio n  o f th e  S h e tlan d  sandee ls  an d  th u s  th e  seab ird  b reed ing  
failu res w ere n o t caused  by th e  fishery  on sandeel b u t by n a tu ra l factors acting  in  th e  
early  life -h is to ry  o f sa n d ee ls  (Bailey 1991, C o rte n  2 0 0 1 ). O n e  o f  th e  m o s t s tro n g ly  
affec ted  se ab ird  spec ies  in  th e  S h e tla n d  c ris is  w as th e  A rc tic  Tern S. paradisaea 
(M onaghan et al. 1989); a species w ith  a very specialised d ie t choice sim ilar to  the  case 
o f the  Sandw ich Tern. C hanges in  food resources m igh t therefore be im p o rtan t de term i
n a n ts  o f th e  Sandw ich Tern p o p u la tio n  tren d . H owever, lo n g -te rm  d a ta  on fish ab u n 
dance in the  so u th ern  N orth  Sea is n o t available for all prey species and  certain ly  n o t on 
a local scale. For th a t reason , various ind ices o f p rey  fish  abundance in  the  N o rth  Sea 
are u sed  here, in  the  hope o f finding signals th a t ind icate changes in  the  availability o f 
p rey  fish  fo r S andw ich  Terns. A lso  d a ta  on  th e  u n d e rly in g  eco log ical p ro ce sses  th a t  
determ ine food availability for seabirds in  the  N orth  Sea are used. H ere I u se  the  varia
tion  in  th e  a tm ospheric  p ressu re  in the  N o rth  A tlan tic (the  N orth  A tlan tic  O scillation 
or NAO) th a t forces th e  ecology o f th e  N o rth  A tlan tic  O cean and  th e  N o rth  Sea. The 
NAO in fluences w in d  speed , sea te m p e ra tu re  an d  sa lin ity  in  th e  N o rth  Sea an d  th u s  
strongly  influences the  popu la tion  dynam ics of m arine species at d ifferen t trophic levels 
(S ten se th  et al. 2004 ). F lu c tu a tio n s  in  th e  fish  stocks o f herring , cod an d  sa lm on  are 
linked to  the  variability in  the  NAO (C orten  2001, B eaugrand et al. 2003, S tense th  et al.
2004). The clim atic variability  th u s  strongly  in fluences th e  food availability o f piscivo
ro u s seab irds an d  ind ices o f NAO m ig h t be a very ro b u s t d e te rm in a n t th a t cap tu res  a 
package o f w ea th er cond itions as w ell as biological variability. D ata on NAO is fu rth e r 
very  u se fu l because it  spans th e  en tire  tw en tie th  cen tu ry  and  th e re fo re  fully  overlaps
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w ith  d a ta  on th e  D u tch  Sandw ich  Tern p o p u la tio n , w h ereas  m o s t d a ta  on  fish  ab u n 
dance only covers the  p as t few decades.

PAST AND FUTURE PROSPECTS OF THE SANDWICH TERN IN THE 
NETHERLANDS

W ith a to ta l o f 14 500 breeding pairs (Stienen 2002), a t the  end o f the  tw en tie th  cen tury  
T he N etherlands held  abou t one quarte r o f the n o rth w est E uropean population  (53 000 
-  57 000 pairs according to  Delany & Scott 2002). W ith in  The N etherlands there are cur
ren tly  im p o r ta n t co lon ies on  G riend  in  th e  W adden  Sea (7920  p a irs  in  2000) an d  on 
H om pelvoet (2800 pairs) and The Hooge P laten (3000 pairs) in  the  so u th ern  D elta area. 
D uring  the  p a s t decades, sm aller se ttlem en ts  often  o f a  less p e rm a n en t character w ere 
fo u n d  a t a lm o s t all o th e r  D u tch  W adden  Sea is lan d s (Texel, T erschelling , A m eland , 
S chierm onnikoog  an d  R o ttu m erp laa t) an d  a t  several localities in  th e  D elta  area. Ring 
recoveries ind icate th a t th e  colony in th e  h a rb o u r o f Z eebrugge in  ad jacen t Belgium  is 
closely connected w ith  the  colonies in  the  so u th ern  p a rt o f The N etherlands and  for th a t 
reason the Zeebrugge colony is here included in  the  D elta population.

T he D utch Sandwich Tern population  fluctuated  strongly  during  the  tw en tie th  cen tu 
ry (Fig. 9.4). D uring the  first half o f the century, it w as m ainly d irect anthropogenic p res
su re  th a t shaped  the  popu la tion . A t the  beginning of the  century, large-scale egging for 
consum ption  and  shooting  of adu lt terns for use in the m anufacturing  industry  of ladies’ 
hats  caused th e  popu la tion  to  decrease rapidly. The exact im pact o f these practices is n o t 
very well docum ented , as surveys w ere poo r and  incom plete in those  years. It is, how ev
er, clear th a t due to  th is persecu tion  by m an the  population  reached a low  around  1910. 
In 1908, D utch law  p ro h ib ited  collecting o f eggs and  shoo ting  o f te rns. A long w ith  the  
guarding of the  m ost im p o rtan t colonies during  the  breeding season  from  1912 onw ards, 
th is resu lted  in a  gradual increase o f the D utch population  to  35 000 -  46 000 breeding 
pairs in  th e  1930s. D uring W orld W ar II, d isturbances, shooting  of te rns and egg collect
ing caused  the  nu m b ers  to  d rop  again, b u t th e  pop u la tio n  recovered soon  in th e  years 
afte r th e  war. A t the  end  of th e  1950s, nu m b ers  d ropped  m arkedly  and  th e  popu la tion  
w as reduced to  only 875 pairs in  1965. This collapse w as th e  resu lt o f a  po llu tion  of the 
D utch coastal w aters w ith  organochlorine pesticides (Koeman 1971, 1975). This heavily 
affected te rn  colonies and o ther w aterb irds in a w ide area ranging from  the  D elta area in 
th e  so u th  o f T he N e th e rlan d s (D en Boer et al. 1993, B renn inkm eijer & S tienen  1992, 
A rts & M ein inger 1994, S tienen  & B renninkm eijer 1998b) to  th e  G erm an W adden Sea 
(Südbeck et al. 1998). In 1967, the  spill o f pesticides w as stopped  and from  then  on the 
num bers gradually increased. This tim e the population  recovered m uch m ore slowly than 
during  the  previous recovery periods. In the  period  1911-1940 afte r the  popu la tion  had 
been reduced to  a level com parable to  the low of 1965, the  annual increase averaged m ore 
th a n  one th o u sa n d  p a irs  (1 336 by lin e a r  reg re ss io n ). In teresting ly , a s im ila r ra te  o f 
increase was evident in the period 1944-1956 (annual increm ent 1 257 pairs) despite the
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F ig u re  9 .4 . N u m b er o f b reed ing  Sandw ich Terns (pairs) in  T he N e th erlan d s and Belgium  du rin g  
1900-2004 (com pleted from  B renninkm eijer & Stienen 1992, data  sum m arised  in  appendix 9.1).

fact th a t the  low  w as only 16 200 pairs in  1944. In sharp  con trast, in  the  period  1965- 
2004 annual grow th averaged only 388 pairs, w ith  the n o rthern  population  in the D utch 
W adden Sea recovering som ew hat faster than  the population  in  the D elta area. By the end 
of the  tw entieth  century, the D utch population  am ounted  to abou t 14 500 breeding pairs 
and in 2004 num bers had fu rth e r increased to a lm ost 19 500 pairs (including Belgium ). 
Still th is is only ab o u t ha lf o f th e  breeding num bers p rio r to the  po llu tion  incident.

T he collapse o f the  D utch  Sandw ich Tern p o p u la tio n  in  th e  1960s w as follow ed by 
several years of a very low  abundance o f h erring  (Fig. 9 .5). Yet, du ring  th is  period  the 
n u m b e r o f Sandw ich Terns gradually  increased . In th e  1980s th e  g row th  o f the  D utch  
population  stagnated; first in  the D elta area (period 1980-1990) and la ter in  the W adden 
Sea (1985-2001). From  1981-1998 the  D utch popu la tion  slow ly increased  a t an annual 
ra te  o f  208  p a irs  ( lin ea r re g re ss io n ), b u t  a t  th e  very  en d  o f th e  ce n tu ry  n u m b e rs  
increased  again and  a m ax im um  o f 19 486 pairs w as coun ted  in 2004. D uring the  p as t 
tw o decades b o th  th e  D elta  an d  W adden  Sea p o p u la tio n  sh o w ed  su d d e n  an d  sh a rp  
declines th a t can n o t be explained from  adu lt m orta lity  or poo r breeding success (D elta 
p o p u la tio n  crashed  in  1977, 1998 an d  2002, and  th e  W adden Sea p o p u la tio n  in  1985, 
1992 and  1996). Such periods o f sudden  popu la tion  decline are m o st likely explained by 
non-breeding  an d /o r  em igration  to  o th e r colonies. A pparently, these  sudden  population  
declines w ere n o t caused by the  loss or degradation  of the breeding grounds. M ost likely 
they are indicative for poo r feeding conditions. In the  nex t paragraphs, th e  link  betw een 
p o p u la tio n  changes of Sandw ich Terns and  food abundance w ill be d iscussed  in  detail 
using various indices of food abundance.

In the  first place ICES data  on the N orth  Sea spaw ning stock biom ass o f herring  w ere 
used to explain th e  population  changes in  sandw ich Terns (Fig. 9.5). These surveys show
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F ig u re  9.5 . Index of the  developm ent o f the  Sandwich Tern populations breeding in  the  W adden Sea 
and the  D elta  area (including Belgium) com pared w ith  th e  index o f the  spaw ning stock b iom ass o f 
N o rth  Sea herring  (SSB index). The population  sizes in 1960 w ere arbitrarily  se t a t 100%.

th a t a t the  tim e th a t the D utch Sandwich Tern popula tion  crashed in the early 1960s, the 
N orth  Sea herring  stock size peaked. The herring  stock did n o t collapse un til 1965, sug
g es tin g  th a t  th e  p o iso n in g  o f  th e  coasta l w a te rs  in  th e  years b efo re  w as th e  p rim ary  
cause o f the  crash  in th e  Sandw ich Tern pop u la tio n  an d  th a t poo r food availability  did 
n o t  p lay  a ro le . T he recovery  o f th e  D u tch  te rn  p o p u la tio n  a fte r  th e  c rash , how ever, 
m ig h t very  w ell have been  h am p ered  by th e  p o o r h e rrin g  s to ck  du rin g  th e  1970s and  
early  1980s. R em arkably, th e  s ta g n a tin g  g ro w th  o f th e  D u tch  p o p u la tio n  d u rin g  th e  
1980s was apparen t long before the decrease in the herring  stock in  1991. A lso the  peak 
in  W adden population  in 1989 precedes the  peak in  the herring  stock in  1990. This sug
g es ts  th a t  a lth o u g h  h errin g  is an  im p o r ta n t p a r t o f th e  d ie t o f Sandw ich  Terns a link  
betw een  the  D utch Sandw ich Tern popu la tion  and  the  N o rth  Sea herring  stock is n o t a 
sim ple one. Yet, som e parallels betw een  the  herring  stock and  the  W adden Sea popu la
tio n  (peak  a t  th e  end  o f th e  1980s follow ed by a decade o f low  n u m b ers  an d  finally  a 
stro n g  increase in popu la tion  size a round  2000) invite for a fu rth e r exam ination  of the 
data, and for th is reason a  su b se t o f an o th er da tase t has been exam ined.

W hen  the  m ore detailed  ICES-data of the  In ternational Bottom  Trawl Surveys (IBTS) 
on c lu p eid  a b u n d a n ce  (i.e. d a ta  on  h e rr in g  an d  sp ra t com bined ) in  th e  so u th e a s te rn  
N orth  Sea from  1977-2004 are em ployed, again som e strik ing parallels w ith  the develop
m e n t o f th e  D utch  Sandw ich Tern p o p u la tio n s  appear. Peaks in  c lupeid  ab u n d an ce  in 
1981, 1989, 1994 an d  1998, fo r exam ple , co inc ided  w ith  peaks in  th e  n u m b e r  of 
Sandwich Terns breeding in the  W adden Sea. A lso lows in  the W adden Sea population  in 
1992 and  1996 correla ted  w ith  a low  abundance o f clupeids in  the  so u th e as te rn  N orth  
Sea. T h ere  w as, how ever, no  re la tio n sh ip  b e tw een  th e  b reed in g  p erfo rm an ce  (e ith e r  
clutch size or reproductive ou tpu t) o f D utch Sandwich Terns and the  clupeid abundance
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F ig u re  9 .6 . R ela tionsh ip  betw een  IBTS clupeid abundance in  th e  so u th eas te rn  N o rth  Sea (popula
tion  size in  1977 w as se t a t 100%) and clutch size (averaged annual num ber o f eggs per nest; A) and 
breeding success (averaged annual nu m b er o f fledglings per pair; B) in the  colonies on  G riend in the 
W adden Sea (1986-2004) and H om pelvoet/M arkenje  in th e  D elta  area (1977-2004 and 1989-2004, 
respectively  for c lu tch  size and b reed ing  success). N ote  th a t  c lu tch  size and  b reed ing  success are 
generally low er in the  D elta  area than  in the  W adden Sea.

in  th e  so u th e a s te rn  N o rth  Sea (Fig. 9 .6 ). W e co nc lude  th a t  if  th e  changes in  th e  
Sandwich Tern populations are related  to  fish availability i t  will probably  be an im m edi
ate  response o f the ad u lt population  to  changes in food abundance ra th e r than  a delayed 
response th rough  the reproductive o u tp u t o f th e  terns.

T he rep roductive  o u tp u t o f the  Sandw ich Tern p o p u la tio n s on G riend (recorded  in 
1986-2004) and on H om pelvoet/M arkenje (1977-2004) yield a pred ic tion  o f the num ber 
o f rec ru its  th a t m ay e n te r  th e  p o p u la tio n s  a few years la te r (assum ing  th a t  fledglings 
rec ru it to  the  natal colony 3 years la ter and using a rec ru itm en t ra te  o f 0 ,3 1). A ssum ing 
th a t breeding adults o f the  previous year re tu rn  to  th e  sam e colony (using an adu lt m or
tality  ra te  o f 0 ,1 s 1) generates a p red ic tion  of th e  size o f the  respective populations. The 
relative difference betw een  th e  pred ic ted  popu la tion  size and  th e  actual popu la tion  size 
is then  a m easu rem en t o f the changes in  the popu la tion  caused by processes of im m igra-

1 A d u lt m o rta lity  an d  re c ru itm e n t ra te  are de rived  from  G reen  et al. (1990) an d  are very  sim ilar to  va lues for 
th e  D u tch  p o p u la tio n  g iven by B ren n in k m eije r & S tien en  (1992).
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F ig u re  9 .7 . R elationship betw een IBTS clupeid abundance in  the  so u th eas te rn  N orth  Sea and the  A -  
p o p u la tio n  g row th  o f th e  W adden Sea and D elta  p o p u la tio n s o f  Sandw ich Tern (see tex t for m ore 
details).

tio n /em ig ra tio n  a n d /o r  in te rm itte n t b reed ing  (fu rth e r called A -popu lation  g row th ). A 
stro n g  positive  re la tio n sh ip  (linear reg ression , r2 = 0,52, P <  0 .01) be tw een  th e  IBTS 
clupeid  abundance in  th e  so u th e as te rn  N o rth  Sea and  the  A -popu lation  g row th  of the  
W adden  Sea p o p u la tio n  w as fo u n d  (Fig. 9 .7 ). T h is re s u lt  is in  acco rdance w ith  th e  
hypothesis th a t the  recen t changes in  the D utch Sandwich Tern population  are linked to 
fluctuations in prey  fish stocks, a lthough  the rela tionsh ip  seem s n o t to  ho ld  for the D elta 
p o p u la tio n . As w as su p p o se d  ea rlie r  in  th is  ch a p te r  th e re  seem s to  be a  d ire c t lin k  
betw een  th e  am o u n t o f food available in determ ining  how  m any terns decide to breed  or 
n o t to  breed in the  W adden Sea, b u t so far as w e know, the re  is no  sim ple rela tionsh ip  to 
the  te rn s’ su b seq u en t reproductive successs (confirm ing chapter 4). It rem ains puzzling 
w h a t caused the population  changes in the  D elta area. This population  m igh t m ore criti
cally depend  on th e  stock size of D ow ns herring  th a t spaw ns in the English C hannel or 
o th e r  local p rey  s to ck s  th a t  a re  n o t very  w ell re p re se n te d  in  th e  IBTS surveys. 
A lternatively, the so u th ern  population  m igh t be driven m ore by o ther ecological p rocess
es (e.g. w ind , p re d a tio n , h a b ita t changes e tc .). I t  m u s t  a lso  be m e n tio n e d  th a t  th e  
restric ted  d a ta  used  here (e.g. no  reliable d a ta  on sandeel availability and clupeid  abun 
dance m ay differ locally) m ay be insufficient to  explain all pa tte rn s in  detail.

D uring the  tw en tie th  century, th ree  periods of positive population  grow th can be d is
t in g u ish e d  d u rin g  w h ich  th e  D u tch  Sandw ich  Tern p o p u la tio n  g rew  fa s te r  th a n  w as 
expected from  survival param eters (Fig. 9.8). A firs t positive phase  can be seen  around  
1920, resu lting  from  the w ardening o f colonies and pro tec tion  against egging and shoo t
ing. The increase w as ap p aren t in the  D elta area and  n o t in the  W adden Sea because a t 
the  D utch W adden Sea w as n o t very im p o rtan t as a  breeding s ta tion  for Sandwich Terns 
a t th a t tim e. The strong  grow th of the  W adden popu la tion  betw een  1920 and  1940 was 
m o st probably the  resu lt o f an influx of im m igrants in to  the  W adden Sea (partly b u t n o t
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F ig u re  9 .8 . O utline  o f the  developm ent o f th e  to ta l D utch  population  as well as th e  populations in 
th e  W adden Sea and o th er p a rts  in  The N etherlands during  1910-2004. The lines rep resen t the  10- 
year runn ing  m eans o f the  A -  population  g row th (assum ing a breeding success o f 0.7 fledglings per 
pair).

entirely  originating from  the  D elta area). In 1959, bo th  the D elta and  W adden Sea po p u 
lations en tered  a period o f strong  negative popu la tion  grow th caused by th e  po isoning of 
ad u lts  an d  chicks. This p e rio d  w as follow ed by a s tro n g  p o p u la tio n  increase  th a t  p re 
sum es a strong  n e t influx of terns. Again th e  influx w as m ore apparen t in the D elta area 
than  in the  D utch W adden Sea. Figure 9.8 fu rthe r suggests th a t by th e  end o f the  tw en ti
e th  century, th e  processes o f e m ig ra tio n /m o rta lity  and  im m ig ra tio n /re c ru itm e n t w ere 
m o re  in  balance w ith  each o ther. T he s tro n g  g ro w th  o f  th e  D e lta  p o p u la tio n  d u rin g  
1999-2004, how ever, again suggests a  n e t in flux  o f ind iv iduals o rig ina ting  from  o th e r 
colonies. So the  D elta population  seem s to  depend  m ore on processes o f im m i- and em i
gration than  the  W adden Sea population .

A BIOGEOGRAPHICAL PERSPECTIVE

T he longer periods o f p ositive  p o p u la tio n  g row th  (e.g. in  th e  W adden Sea from  1920- 
1940 and  in  the  D elta  area  afte r th e  recovery o f the  crash  in  1965) m ay p o in t tow ards 
p erio d s o f in c reased  rep ro d u c tiv e  o u tp u t o r m ay re su lt  from  im m ig ra tio n  from  o th e r  
colonies, w hereas sh o rte r periods of strong  population  changes m ay reflect in te rm itte n t 
breeding. Ring recoveries indeed  confirm  th a t the re  is considerable in terchange betw een 
colonies th ro u g h o u t large parts  o f N W -Europe (M oller 1981, B renninkm eijer & Stienen 
1997, N oble-Rollin & Redfern 2002). Recoveries o f foreign ringed te rns on G riend com e 
from  p u h i r inged  in  colonies in  G reat B ritain  & Ire land , Belgium , Germ any, D enm ark, 
Sw eden an d  E sto n ia  (Fig. 9 .9 ). T here  is also  considerab le  exchange w ith  o th e r  D utch  
colonies. O n the o th e r hand, pu lli ringed on G riend have been repo rted  breeding in  the
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F ig u re  9 .9 . R inging locations o f 349 Sandwich Terns recovered on G riend during  th e  breeding sea
son  (M ay-June) and ringed  as pulli e lsew here  (d o ts). The aste risk s show  recovery  loca tions o f  32 
Sandwich Terns ringed as pulli on  G riend and recovered elsew here in a subsequen t breeding season 
w hen  of breeding age (>  2 cy). H atched circle =  Griend. D ata V ogeltrekstation A rnhem .

UK, France, B elgium , D u tch  co lon ies o th e r  th a n  G riend , G erm any, an d  D enm ark . 
A ccording to  the recoveries analysed by B renninkm eijer & Stienen (1997) abou t 23%  of 
the  Sandwich Terns nesting  on G riend in  the  1990s orig inated  from  colonies o the r than 
G riend, w ith  G riend having stro n g  connections w ith  colonies in  th e  D utch  D elta  area, 
an d  to  a le sse r  e x te n t w ith  co lon ies in  th e  UK an d  D en m ark  (and  p ro b ab ly  from  
G erm any w here n o t so m any birds have been ringed as in the  o ther co u n tries).

Sandw ich  Terns have am ple  o p p o rtu n itie s  to  m ix  w ith  te rn s  from  o th e r  co lon ies. 
S andw ich  Terns from  T he N e th e rlan d s  sh a re  com m on  w in te rin g  q u a r te rs  w ith  Irish , 
B ritish , Belgian, G erm an an d  D an ish  co lon ies. W h en  m ig ra tin g  n o rth w ard s  from  th e  
A frican w in te ring  areas to  th e  b reeding  areas E uropean  te rn s v isit various colony sites 
located  to  the  so u th  of th e ir  nata l colony. A t each b reed ing  location  they can decide to 
stay  if  cond itions for b reed ing  are good or a lternatively  to  co n tin u e  th e ir  fligh t n o r th 
w ards. A fter breeding, paren ts and fledglings from  D utch colonies first m ove northw ards 
(up to  D enm ark) befo re  s ta r tin g  th e ir  so u th w a rd  m ig ra tio n  to  th e  A frican w in te rin g  
areas. T here  is post-fledging  d ispersal o f B ritish and  Belgian b irds to  T he N etherlands 
and  D enm ark as well (M oller 1981, N oble-Rollin & Redfern 2002, own data). By visiting
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non-nata l b reeding  sites individuals can sam ple th e  food s itu a tio n  in  large p a rts  o f the 
A tlan tic  an d  th e  N o rth  Sea, and  they  can m o n ito r  th e  n u m b e r o f fledglings in  various 
o th e r colonies (which m ay be indicative for feeding c o n d itio n s) . T he connectiv ity  w ith  
o ther colonies and th e  high rates o f in terchange betw een colonies im ply th a t population  
dynam ics in  Sandw ich Terns m u s t be dea lt w ith  on a E uropean scale. M ost stud ies, how 
ever, only consider fluctuations in  th e  breeding num bers a t the  colony, region or county 
level and  often link local changes in  breeding num bers to d iscre te events (e.g. Südbeck & 
H älterlein  1997, Lloyd et al. 1991, M erne 1997, Ratcliffe et al. 2000, Ratcliffe 2004) and 
have n o t considered exchange o f birds betw een E uropean colonies.

Before th e  crash o f the D utch popu la tion  in  the  1960s, th e  European Sandwich Tern 
pop u la tio n  am o u n ted  to  a b o u t 50 000 pairs. A t th a t tim e, T he N etherlands su p p o rted  
ab o u t 70% o f the  to ta l European population . For th a t reason, the  collapse o f the  D utch 
population  caused a tem porary  decrease o f the  E uropean population  to  a low  of abou t 15 
000 pairs in  1965. A fter the  D utch population  crash, num bers gradually increased and in 
the  early 1990s E urope again su p p o rted  ab o u t 50 000 pairs. However, the  d is trib u tio n  
over the various countries had drastically changed. The N etherlands only suppo rted  less 
th a n  25%  o f th e  E u ro p ean  p o p u la tio n , w h ile  o th e r  E u ro p ean  co lon ies h ad  gained  in  
im portance (B renninkm eijer & Stienen 1997). A com parison o f th e  population  trends in 
the  D utch popu lations (W adden Sea and  so u th ern  N orth  Sea) w ith  those  in the adjacent 
p o p u la tio n s  o f th e  U n ited  K ingdom , Ire lan d  an d  G erm any (d a ta  availab le from  1969 
onw ards) sh o w s th a t  a f te r  th e  crash  o f th e  D u tch  p o p u la tio n  a s tro n g  in c rease  w as 
ap p a ren t in  all n o rth w e s t E uropean  p opu la tions, except for th o se  in  G reat B ritain and  
Ireland (Fig. 9 .10). Particularly high rates of popula tion  grow th w ere found in  th e  N orth  
S ea/C hannel, D utch W adden Sea and  Germ any, w hereas num bers increased  m uch  less 
rap id ly  in  ea s te rn  UK w ate rs . A fter 1980, g ro w th  s ta g n a ted  in  m any  reg ions or even 
becam e negative; first in  the  G erm an N orth  Sea population  (1981-1986), follow ed by the 
e a s te rn  UK co lon ies (1 9 8 3 -1 9 9 8 ), th e  so u th e rn  N o rth  Sea (1 9 8 6 -1 9 9 4 ), th e  D u tch  
W adden populations (1990-2000) and again in G erm any (1997-2001). Remarkably, in all 
parts  o f Europe those  periods of recessions w ere followed by a revival o f the  population  
grow th  a t ab o u t the  sam e ra te  as p rio r to  the  stagnation . In c o n tra s t to  th e  popu la tion  
changes p rio r  to  the  1970s th a t w ere all re la ted  to  hu m an  im pact (egging, sho o tin g  of 
adu lts , p o llu tion ), th is  tim e the  changes w ere probably  n o t d irectly  an th ropogen ic  and 
m o s t p robably  re la ted  to  food availability. T he stepw ise p a tte rn  of the  Sandw ich T erns’ 
p o p u la tio n  grow th  in various p a rts  o f E urope m ay p o in t tow ards su d d en  sh ifts  w ith in  
the  N orth  Sea ecosystem . D uring the  p as t decades sim ilar shifts, so-called regim e shifts, 
w ere  n o te d  a t d iffe ren t levels o f th e  N o rth  Sea ecosystem , spann ing  th e  low er trophic 
levels, via fish to  b irds and  m arine  m am m als (e.g. Edw ards et. al. 1999, 2001, C orten  
2001, Reid et al. 2001, O tte rsen  et al. 2001, W eijerm an et al. 2005). In the  N orth  Sea and 
W adden  Sea su d d e n  an d  s te p w ise  ecosystem  changes o ccu rred  in  1988 an d  1998 
im posed on m ore gradual trends as a resu lt o f an increased inflow  of oceanic w ater (Reid 
et al. 2001 ), so largely  co inciding w ith  th e  sh ifts  in  the  Sandw ich Tern p o p u la tio n s  in  
m any parts  of Europe.
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F ig u re  9 .10 . The left panel show s the  num ber o f  Sandwich Tern (dots) in various regions in Europe 
during  1969-2004. D raw n lines are 5-year-running m eans o f the  population  sizes. The grey line rep
re sen ts  th e  10-year-running m ean  o f th e  index o f th e  N o rth  A tlantic  O scillation  du ring  D ecem ber- 
M arch (data from  H urrell 2005) and is p lo tted  against th e  righ t axis. The righ t graphs show  the rela
tionsh ip  betw een the  NA O-index and the  num ber o f breeding pairs in each region.
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THE NORTH SEA ECOSYSTEM AND THE NAO

The functioning of the  N orth  Sea ecosystem  is highly com plex and n o t very well un d er
stood, b u t the  m ajor driving forces are the  periodical changes of the NAO influencing sea 
su rface  te m p e ra tu re  an d  th e  su d d e n  in flow s o f  n u tr ie n t  rich  oceanic w a te r  in to  th e  
N orth  Sea (Reid et al. 2003). T he NAO has m ajor im pact on fish stocks in the N orth  as 
w ell as the  tran sp o rt o f fish larvae across th e  N o rth  Sea (C orten  2001, Beaugrand et al. 
2003 , S te n se th  et al. 2 0 0 4 ). W h e n  th e  NAO is in  a p o s itiv e  p h ase  h e rr in g  la rvae  are 
transpo rted  from  the  spaw ning grounds in  the  eastern  UK w aters to  the nursery  areas in 
the  W adden Sea and the S kagerrak/K attegat (C orten 2001). D uring negative phases the 
larvae fail to  reach the nursery  areas. Because herring  is a very im p o rtan t food source for 
Sandwich Terns one m ay expect th a t the  NAO strongly  influences the feeding condition  
of Sandwich Terns nesting  in the  m ore eastern  parts  o f the  N orth  Sea. W ith  the  collapse 
of the herring  stock in  the 1970s (at least in  p a rt due to the  industria l fishery) th e  NAO 
w as in a negative phase and herring  larvae failed to  reach the  nursery  areas in  the  eastern  
N o rth  Sea. W ith  the  failure o f herring  larvae to  reach the  easte rn  N o rth  Sea, th e  sp ra t 
stock  in  th e  w este rn  N o rth  Sea expanded  eno rm ously  (C orten  2001). In o th e r  w ords: 
w hile  the  feeding conditions for Sandw ich Terns deterio ra ted  in  th e  easte rn  N orth  Sea, 
conditions im proved in  the  w estern  N orth  Sea. In the m id 1980s, the  NAO reverted  to a 
positive  p h ase  an d  th e  tra n sp o r t o f h e rrin g  larvae re tu rn e d  to  n o rm al w hile  th e  sp ra t 
stock  in  the  w este rn  N o rth  Sea declined (C orten  2001). A fter 1985, therefore, feeding 
conditions for Sandw ich Terns im proved in the  easte rn  and  deterio ra ted  in  th e  w estern  
N o rth  Sea. In acco rdance w ith  th is , a ro u n d  1985 g ro w th  re su m e d  in  th e  G erm an 
S andw ich  Tern p o p u la tio n , w h ile  th e  ea s te rn  UK p o p u la tio n  s ta r te d  to  d ec line  (Fig. 
9 .10). In fact th e  G erm an N orth  Sea population  closely follow ed fluctuations in the  NAO 
th ro u g h o u t th e  p e rio d  1969-2004 , an d  also  in  th e  D u tch  W adden  Sea th e  n u m b e r  of 
breeding pairs w ere positively correlated  w ith  the  N A O-index. A lthough  the  population  
developm en t o f the  G erm an N o rth  Sea popu la tion  and  th e  D utch  W adden Sea p o p u la
tion  largely overlap, th e re  are  som e in te re s tin g  d ifferences. D uring  periods o f positive 
N A O -indices in  1985-1995, th e  G erm an N o rth  Sea p o p u la tio n  inc reased  w hile  a t th e  
sam e tim e grow th  stagnated  in  th e  D utch W adden Sea. W hen  the  N A O -index changed 
to  nega tive  values a f te r  1996, b reed in g  n u m b e rs  d ecreased  in  G erm any an d  stro n g ly  
increased in the D utch W adden Sea. This suggests a link betw een the populations in the 
D u tch  W adden  Sea an d  co lon ies in  th e  G erm an  W adden  Sea an d  a h igh  d eg ree  o f 
exchange of individuals linked to  fluctuations in feeding conditions in  th e  m ore eastern  
colonies. Similarly, w hen  feeding w o rsen ed  in  th e  ea ste rn  UK w ate rs  a fte r 1985 b irds 
m ay have m ig ra ted  to  G erm an  (and  D u tch ) co lon ies w h ere  feed ing  co n d itio n s  had  
im proved. Ring recoveries of breeding adults on G riend confirm  th a t a  d isp ropo rtiona te
ly la rge n u m b e r  o f im m ig ran ts  from  U K -colonies w ere  r in g ed  in  th e  1980s, w hereas 
recoveries o f b irds ringed in D anish colonies w ere m ore evenly d istribu ted  over the  past 
four decades (Table 9.1).
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Table 9.1. Number of Sandwich Terns per decade ringed as pulli in the United Kingdom and 
Denmark, and recovered in a subsequent breeding season (May and June) on Griend in 1971-2003. 
Data derived from Vogeltrekstation Arnhem.

Year of birth Number of UK- immigrants (%) Number of DK- immigrants (%)

1960-1969 10 (9.4) 11 (28.9)
1970-1979 13 (12.3) 6 (15.8)
1980-1989 62 (58.5) 8 (21.1)
1990-1999 21 (19.8) 13 (34.2)

From  the  above w e m ay conclude th a t the re  is substan tia l evidence th a t the  NAO is 
th e  driv ing  force th a t  changes th e  d is tr ib u tio n  an d  co m p o sitio n  o f fish  stocks in  th e  
N orth  Sea and ultim ately  determ ines the  d istribu tion  o f Sandwich Terns over Europe. It 
still rem ains puzzling  how  th e  population  changes in the so u th e rn  N orth  Sea, C hannel, 
Ire lan d  an d  w e s t E ngland  are  re la ted  to  th is . T he s tro n g  links b e tw een  th e  E uropean  
popu lations and th e  supposed  link w ith  the  dynam ics of the ir prey  fish argue for a close 
cooperation  betw een  various coun tries in  resolving th is  puzzle. As Sandw ich Terns are 
indicators o f the  food situation  par excellence and  because reproductive param eters and 
th e  dem ography  of th e  popu la tio n s can be m easu red  relatively easily, a E uropean w ide 
s tudy  on breeding num bers and reproductive o u tp u t and  a b e tte r organisation of ringing 
and  ring  recovery than  w as done h ith e rto  is called for. T he resu lts  o f th is s tudy  shou ld  
then  be coupled w ith  a N orth  Sea w ide s tudy  on the dynam ics o f clupeids stocks as well 
as sandeel.

THREATS TO THE EUROPEAN SANDWICH TERN

So far w e have seen th a t Sandwich Terns are highly vulnerable to  reductions in food sup 
ply in  the  b reeding  areas and  to  p o llu tan ts  th a t accum ulate in  th e  food w eb. Sandw ich 
Terns have a restric ted  choice for breeding hab itats and breed gregariously in a  few very 
dense colonies. N o rth w est E urope only harbours a few  large colonies (10-20 depending 
on th e  definition) o f th is species. If  anything happens to  one of these  colonies, th is  can 
have m ajor consequences for the  size of the  E uropean breed ing  popu la tion  as a w hole. 
T his happened  in  th e  1960s in  T he N etherlands, w hen  po ison ing  o f the  D utch  coastal 
w aters caused th a t ab o u t tw o-th irds of the to ta l E uropean population  perished. Likewise 
p ersecu tion  by h um ans (large-scale egging and  shoo ting  o f adults) has heavily reduced  
the  E uropean population  in  the  beginning o f tw en tie th  century.

T he highly gregarious behaviour o f th is species also poses a th rea t during w intering. 
All E uropean Sandw ich Terns share  the  sam e w in tering  areas and the  d is trib u tio n  over 
th e  w in te rin g  areas  does n o t d iffe r b e tw een  te rn s  o f  v arious b reed in g  o rig in  (M oller
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1981, B renninkm eijer & S tienen 1999). T he m ain  w in tering  grounds are s itu a ted  along 
the  coast o f W est Africa, w ith  Senegal and  G hana as strongho lds (M üller 1959, M öller 
1981, U rban et al. 1986, B renninkm eijer & Stienen 1999). This im plies th a t it is n o t like
ly th a t the  d istinct changes in num bers in  th e  various E uropean countries are caused by 
factors acting in  the w in tering  areas, a lthough a t the  sam e tim e changes in the w in tering  
area can have large effects on the  European popu la tion  as a  w hole. A t p resen t, the food 
s itu a tio n  d u rin g  w in te r  is p ro b ab ly  n o t lim itin g  th e  size  o f  th e  E u ro p ean  p o p u la tio n  
(chap ter 8), b u t o th e r factors such  as th e  trapp ing  o f te rn s  in  the  w in te ring  areas may 
lim it the grow th of the  population .

Local people living near the  te rn s’ m ain w in tering  grounds in  Senegal and Ghana, are 
n o to r io u s  fo r th e ir  h a b it o f te rn  trap p in g  (M ead 1978, D u n n  1981, M e in inger 1988, 
Staav 1990). O n an annual basis several thousands o f te rns are the victim s of th is p rac
tice, w ith  Sandw ich Tern being one o f th e  m o s t affected  species (S tienen  et al. 1998). 
However, the  exact im pact o f th is p ractice rem ains unknow n, as the  estim ates are very 
im precise and  based  on incom ple te coverage of the  w in te ring  area. In coun tries w here 
te rn  trapp ing  is a com m on hab it, the  recovery ra te  o f r inged  te rn s  w ill be h igher than  
elsew here. In M auritan ia for exam ple the  density  of the hum an  popu la tion  is extrem ely 
low  an d  te rn  trap p in g  is n o t com m only  p rac ticed , re su ltin g  in  rela tively  low  recovery 
ra te s  from  th is  coun try . E s tim a te s  o f  th e  n u m b e r  o f  te rn s  w in te rin g  in  M a u ritan ia  
(P erennou  1991) are m uch  h ig h e r th an  expected  from  th e  d is tr ib u tio n  based  on ring 
recoveries (B renninkm eijer & S tienen 1999). Integral counts of the num ber o f terns w in 
tering  in  Africa have never been m ade and counts carried o u t in th e  w in tering  areas are 
scarce and widely scattered  in tím e and space.

In m any W est-A frican co u n tries  a  s tro n g  increase  in  com m ercial fishery  took  place 
d u rin g  th e  p a s t decades. A t p re se n t, th e  coasta l w a te rs  along  W est A frica a re  heavily  
exploited by European, Russian and  A sian vessels and  effects on the  m arine  ecosystem  
are already obvious. T here is a particularly  high fishing p ressu re  on pelagic fish (Alder & 
S um aila  2004) th a t  can p o te n tia lly  have a large im p a c t on  p isc iv o ro u s b ird s  like 
Sandwich Terns. T here is a strong  need for a scientifically based fishery policy and  regu
la tio n  o f com m ercia l fishery  in  W est A frican w a te rs  to  avoid  ov erex p lo ita tio n  an d  to  
red u ce  th e  im p a c t on  th e  ecosystem  (K aczynski & F lu h a rti 2002 , A ld er & S um aila  
2004).

A no ther recen t th rea t to  E uropean Sandwich Terns is the grow ing econom ic in te rest 
in  coasta l a reas  by th e  o ffsho re  w in d  in d u stry . W ith  th e  f irs t o ffsho re  p o w er p la n ts  
already in operation and m any m ore projects under consideration , w ind farm s will soon 
be a  w idespread  p h enom enon  along th e  A tlan tic and  N o rth  Sea coasts. For econom ical 
rea so n s  sha llow  coasta l w a te rs  w ill be th e  m o s t in te re s tin g  s ite s  to  s i tu a te  o ffshore  
p o w er p la n ts  an d  th u s  th e  accu m u la ted  im p a c t o f  o ffshore  w in d  farm s (b arrie rs  and  
increased m orta lity  as w ell as possib le effects on the fish stocks) m ay particularly  affect 
near-coastal m igran ts like Sandwich Terns.
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Appendix 9.1. Number of breeding pairs of Sandwich Tern in various parts of The Netherlands and 
in Belgium during the period 1900-2004. Data before 1960 are reconstructed (interpolated at the 
colony level accounting for known trends in adjacent colonies) from figures given in literature (see 
Brennikmeijer & Stienen 1992 for more details). From 1960 onwards, almost all Dutch colonies were 
counted annually and figures are much more reliable.

Year G riend re s t W adden re s t NL Belgium Year G riend rest W adden rest NL Belgium
1900 2000 3085 11000 0 1953 12500 4000 11510 0
1901 2000 3485 11000 0 1954 22500 3292 11435 0
1902 2000 2085 11000 0 1955 6500 8905 13321 0
1903 2000 2085 10000 0 1956 12500 10332 13314 0
1904 1500 595 9000 0 1957 10000 14882 7490 0
1905 1000 185 8000 0 1958 7500 6622 4860 0
1906 500 1100 7000 0 1959 5500 3906 4079 0
1907 0 1000 4000 0 1960 5250 715 4057 0
1908 0 1250 3000 0 1961 5000 2352 4514 0
1909 0 1500 2000 0 1962 7000 858 4489 0
1910 0 1750 500 0 1963 1500 92 3004 0
1911 0 0 500 0 1964 1500 15 752 0
1912 0 0 1000 0 1965 725 90 60 0
1913 0 0 2000 0 1966 1500 2 193 0
1914 3 0 3000 0 1967 900 2 298 0
1915 300 50 4000 0 1968 1200 2 364 0
1916 2000 50 5000 0 1969 1600 0 436 0
1917 2500 50 6000 0 1970 1700 1 717 0
1918 4100 50 7000 0 1971 2100 70 1019 0
1919 4100 50 8000 0 1972 2100 236 1640 0
1920 3000 0 9000 0 1973 2200 53 2100 0
1921 4200 0 9000 0 1974 2700 270 2354 0
1922 4200 0 9000 0 1975 2250 687 2105 0
1923 4000 150 9000 0 1976 2700 752 2102 0
1924 4000 50 9000 0 1977 2500 1385 1200 0
1925 5000 50 8000 0 1978 3300 603 2203 0
1926 5000 50 8000 0 1979 2950 851 3150 0
1927 6000 50 8007 0 1980 4000 616 3400 0
1928 8000 25 8002 0 1981 4650 1212 3923 0
1929 10000 4 8381 0 1982 4100 1150 4106 0
1930 12500 21 8000 0 1983 6000 633 4100 0
1931 15000 19 8800 0 1984 5050 305 3500 0
1932 17500 4 7860 0 1985 3900 610 4170 0
1933 22000 300 8082 0 1986 6900 500 4700 0
1934 22000 0 8305 0 1987 5900 750 3985 0
1935 21465 300 9436 0 1988 7600 12 4250 1
1936 18640 450 8650 0 1989 9000 130 3414 250
1937 25000 110 9500 0 1990 7300 300 3204 300
1938 35000 110 10750 0 1991 7000 750 2524 950
1939 27500 2010 8550 0 1992 6600 0 2778 1100
1940 15000 15005 10210 0 1993 7600 0 3300 1650
1941 4000 10000 12220 0 1994 8300 0 3351 800
1942 8000 15016 10100 0 1995 8200 60 4850 250
1943 25000 3035 9225 0 1996 5600 496 4601 670
1944 5000 200 11000 0 1997 5000 1987 4975 425
1945 8000 550 15500 0 1998 7000 2050 4500 73
1946 15000 1153 9260 0 1999 7800 0 6350 720
1947 12500 1535 7310 0 2000 7918 737 5800 1550
1948 12500 2800 10549 0 2001 8207 17 6350 920
1949 12500 5750 10560 0 2002 10970 142 6200 46
1950 12500 5875 10460 0 2003 11260 500 6700 823
1951 12500 6000 15000 0 2004 11275 351 3793 4067
1952 12500 5500 14760 0



Nederlandse samenvatting

De zandige, laaggelegen kusten  van N ederland  vorm en een belangrijk  broedgebied  voor 
kustbroedvogels en w aren  in de tw in tig ste  eeuw  van g ro o t belang voor de G rote S tern  
Sterna sandvicensis. H alverw ege de tw in tig s te  eeuw  b ro ed d e  m aar lie fs t 75%  van de 
Europese popu la tie  van deze so o rt langs onze kust. In de jaren  zestig kw am  daar veran
dering in. Een grootschalige verontrein ig ing  van de N ederlandse en D uitse kustw ateren  
m e t o rg an isch e  c h lo o rv e rb in d in g en  red u c ee rd e  h e t  aan ta l b ro ed p a re n  van m e er dan  
35 .000  in  de ja ren  vijftig to t een m in im u m  van slech ts 865 in  1965. N ad a t de lekkage 
van de gifstoffen w as gestopt, herste lde de N ederlandse broedpopulatie  beduidend  lang
zam er dan in eerdere periodes van herste l. Bij aanvang van deze stud ie  in 1994 w aren de 
aan ta llen  van de ja ren  vijftig nog lang n ie t bere ik t. E r b roedden  toen  nauw elijks m eer 
dan  10.000 p aren  in  N ederland . B ovendien w as de N ed erlan d se  p o p u la tie  onderhevig  
aan ste rke schom m elingen  die n ie t goed begrepen  w erden  en n ie t konden  w orden  ver
k laard  v an u it de overleving van oudervogels of v an u it de b ro ed resu lta ten . Bij aanvang 
van deze stu d ie  w erd  verondersteld  da t de voedselbeschikbaarheid w el eens een belang
rijke rol kon spelen bij h e t langzam e en onvolledige herste l van de popu la tie  en da t fluc
tua ties in de voedselbeschikbaarheid m ogelijk de oorzaak w aren van de s te rk  fluctueren
de aantallen. Een relatie m e t voedsel lag im m ers voor de hand  om dat de G rote S tern een 
v o ed se lsp e c ia lis t is m e t een  zeer b ep e rk te  keuze van p ro o iso o r te n  en - le n g te s . 
Bovendien hadden  B renninkm eijer en S tienen (1994) een positieve correlatie gevonden 
tu ss e n  h e t  aa n ta l b ro ed p a re n  in  N ed e rlan d  en de h o ev ee lh e id  jo n g e  h arin g  in  de 
N oordzee. D at alles w as reden  om  de voedsel ecologie van de G rote S tern  u itgebreid  te  
bestuderen  in  de hoop da t deze kennis zou leiden to t een beter begrip van de populatie- 
dynam ica van deze soort.

A is stud iegeb ied  w erd  gekozen voor h e t eiland G riend in de W addenzee om dat h ier 
van o u d sh e r een g ro te  b roedko lon ie  w as gevestigd . Er w as al veel onderzoek  v errich t 
n aa r  de s te rn s  op G riend  en een rede lijk  deel van de b ro ed p o p u la tie  w as geringd  w at 
belangrijke in fo rm atie  kon opleveren over eventuele  verp laatsingen  van en naar andere 
broedgebieden. Dankzij een u itgebreide stu d ie  van Veen (uitgevoerd rond  1970) w as er 
al veel b ekend  over de b roed b io lo g isch e  asp ec ten  van de G ro te  S terns op G riend . De 
re su lta te n  van de s tu d ie  van Veen h ad d en  de h o u d in g  ten  opzich te  van K okm eeuw en 
Larus ridibundus s te rk  veranderd . Voor die tijd w erd  veronderste ld  d a t de m eeuw en  een 
bedreiging vorm den voor G rote S terns om dat ze h u n  eieren en kuikens roofden. De s tu 
die van Veen bevestigde h e t roofgedrag van de m eeuw en, m aar toonde tegelijkertijd aan 
d a t de m eeuw en vooral eieren en kuikens roven die sow ieso al n ie t levensvatbaar w aren 
en d a t h e t  roofgedrag  geen nadelige  effecten  h ee ft op h e t b roedsucces van de s te rn s . 
Veen ste lde vast d a t G rote S terns ju is t de nabijheid van broedende K okm eeuw en opzoe
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ken om dat die hen bescherm ing bieden tegen roofdieren. De gevolgen van h e t kleptopa- 
rasitism e (i.e. h e t roven van voedsel) door de m eeuw en w erden in eerdere stud ies echter 
onvoldoende onderzocht. De huidige stud ie  to o n t aan da t G rote S terns n ie t alleen eieren 
en kuikens in ru ile n  tegen  bescherm ing , m aar ook een b ehoorlijk  deel van de vis - die 
eigenlijk voor h u n  kuikens is bedoeld - verliezen aan rovende m eeuw en. De huidige s tu 
d ie o n d erzo ek t h o e  G ro te S terns zijn aan g ep ast om  de gevolgen van h e t k lep toparasi- 
tism e zo gering m ogelijk te  houden .

A is viseters staan  G rote S terns aan de top  van de m ariene voedselketen. T ijdens h e t 
b roedse izoen  is h u n  voedselkeuze b ep e rk t to t een k lein  aan ta l so o rten  proo iv issen . In 
N oordw est-E uropa b es taa t h e t m enu  van G rote S ternenkuikens voor m eer dan 90% uit 
haring- en zandsp ieringach tigen . D it zijn v issen  m e t een hoge voedingsw aarde d ie  h e t 
kostbare  foerageergedrag van de oudervogels en de hoge g roeisne lhe id  van de kuikens 
m o e ten  dekken . D oor h u n  gespec ia lisee rde  voedselkeuze zijn  G ro te  S tern s b ijzo n d er 
gevoelig  voo r v e ra n d e rin g en  in  de b esch ik b a arh e id  van een  van h u n  p ro o iv issen . 
Foeragerende s te rn s  lokaliseren  h u n  p roo ien  visueel en de prooiv issen  w orden  m eestal 
m e t een s too tdu ik  bem achtigd w aarbij ze to t m axim aal tw ee m eter diep kunnen  vissen. 
De belangrijkste foerageergebieden rond  G riend liggen bij V lieland en Terschelling zo ’n 
10-15 km  van de kolonie. In tegenstelling  to t veel andere zeevogels hebben G rote Sterns 
geen krop. Ze transpo rte ren  de prooivissen één voor één en in h u n  geheel zichtbaar in de 
snavel naar h u n  kuikens. Deze opvallende voedingsw ijze in  com binatie  m e t h e t fe it da t 
G rote S terns in  zeer d ichte kolonies broeden, m aak t h u n  zeer kw etsbaar voor kleptopara- 
s ite rende  m eeuw en. O m  dezelfde redenen  is onderzoek  naar de voedselkeuze van deze 
so o rt heel aan trekkelijk  om d at re la tie f  gem akkelijk  veel gegevens kunnen  w orden  ver
gaard over h e t m enu  van h u n  kuikens en over h e t roofgedrag van de K okm eeuw en. Toch 
w as er bij aanvang  van deze s tu d ie  re la tie f  w ein ig  bekend  over h e t  voedsel van G rote 
S terns. De schaarse  litera tuu rgegevens beschreven  m eesta l alleen  h e t m en u  tijdens de 
eerste  levensdagen van de kuikens w anneer die nog in  de nabijheid  van h e t n es t verblij
ven. De onderhavige stu d ie  is de eerste  w aarin  h e t foerageergedrag van de oudervogels 
en de sam enstelling  van h e t voedsel van G rote S terns is onderzocht tijdens de volledige 
kuikenfase en die bovendien een vergelijking m aak t tussen  een g root aantal jaren  (1992- 
1998). De s tu d ie  b ev e s tig t de u itg e sp ro k en  g esp ec ia lisee rd e  voed se lk eu ze  van deze 
so o rt. In de p e rio d e  1992-1998  b e s to n d  h e t m e n u  van de G ro te  S te rn en k u ik en s  op 
G riend  voor m eer dan  99%  u it haringach tigen  en zandsp ie ringen  (h o o fd s tu k  2 ). Een 
kuiken kreeg dagelijks ongeveer 9 prooivissen  aangeboden en da t aantal w as onafhanke
lijk  van de leeftijd  van h e t  ku iken . O m  in de to e n em e n d e  en e rg ieb e h o e fte  van h u n  
opgroeiende kuikens te voorzien, brach ten  de oudervogels steeds gro tere proo ien  naar de 
kolonie. De verhouding  tu ssen  de beide p roo isoo rten  (haringachtigen en zandspiering) 
fluctueerde s te rk  zowel op de lange term ijn  (van jaar to t jaar) ais b innen  kortere tijdsbe
stekken  zoals een dag lichtperiode. In som m ige gevallen w as de varia tie in  h e t m en u  te 
verklaren vanu it h e t gedrag van hun  prooivissen. De dagritm iek in h e t ku ikenm enu was 
bijvoorbeeld een afspiegeling van h e t cyclische verticale m igratiegedrag van hun  prooivis
sen. A ndere veranderingen in h e t voedselaanbod konden w orden verklaard u it een com 
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b ina tie  van fysische en b iologische veranderingen . W ind had  zeer ste rke  effecten op de 
frequen tie  van prooiaanvoer, op de m enusam enste lling  en ook op de lengte van de aan
gebrachte vissen. W ind veroorzaakt rim pelingen op h e t w ateroppervlak  en reduceert h e t 
doorzich t van h e t w ater w aardoor prooivissen m inder goed zichtbaar zijn voor de foera- 
gerende oudervogels. Bovendien m oeten  de ste rn s bij harde w ind m eer m oeite  doen om 
b id d e n d  boven  de p ro o i te  b lijven  h an g en , w aa rd o o r de v an g s te ffic iën tie  van de vis 
afneem t. D aarnaast beïnvloedt sterke w ind de verticale verspreiding van hun  prooivissen 
w aardoor haringachtigen m inder beschikbaar zijn voor stoo tdu ikende vogels. O ok w aren 
er aanw ijz ingen  d a t G rote S terns bij harde  w ind  m eer in  de W addenzee foerageren  en 
m inder in  de ruw ere N oordzee.

W ind beïnvloedde bovendien h e t roofgedrag van de K okm eeuw en (h o o fd s tu k  3). Bij 
h ard e  w in d  w erden  de s te rn s  bij a an k o m st in  de ko lonie in ten siev er ach tervo lgd  doo r 
k le p to p aras ite re n d e  m eeuw en . O n d er d ie  o m stan d ig h ed en  roofden  de m eeuw en  zelfs 
heel k le ine v issen  van de s te rn s , die ze bij w einig  w ind  ongem oeid  lie ten . H arde w ind  
zo rg t dus enerzijds voor een verm inderde voedselaanvoer en anderzijds voor een toena
m e van h e t k leptoparasitism e. De groei van de G rote S ternenkuikens op G riend w as dan 
ook s te rk  afhankelijk van de heersende w indsnelheid . T ijdens de eerste  tw ee levensw e
ken van de kuikens had  harde  w ind  re la tie f  w einig effect op de groei (Fig. 1); enerzijds 
om dat de energiebehoefte van jonge kuikens nog re la tie f laag is en anderzijds om dat h e t 
roofgedrag van de m eeuw en  zich dan  nog n ie t volledig  on tw ikkeld  heeft. In de w eken 
daarna (de kuikens vliegen u it ais ze 30-35 dagen oud  zijn) had w ind een s te rk  negatief
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F ig u u r 1. M athem atisch  m odel van h e t cum ulatieve effect van w ind en prooiverlies op de groei van 
G rote Sternenkuikens op Griend. De bovenste getrokken lijn geeft de theoretische groei van een kui
ken bij zeer gunstige w indom standigheden  (5 m /sec) en w anneer in h e t geheel geen prooiverlies zou 
op treden . De m iddelste  lijn to o n t de groei bij aanhoudende harde w ind ( 15 m /sec) m aar eveneens 
zonder prooiverlies. W anneer ook nog rekening w ord t gehouden m et he t verlies van prooien  o.a. aan 
rovende K okm eeuw en (o n derste  lijn) dan  b lijft de groei ste rk  ach ter bij de w erkelijke groei (w itte  
stippen, gem iddelde gew ichten ±  SE). Bij aanhoudende harde w ind zullen de kuikens h e t u ite in d e
lijk n ie t overleven.
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effect op de on tw ikkeling  van de kuikens. L angdurige harde  w ind  kan h e t b roedsucces 
van G rote S tern  gevoelig reduceren  om d at dan veel kuikens doo r verhongering  om  h e t 
leven kom en.

O ok onder gunstige w indom standigheden  w erden lang n ie t alle prooien  die de ouder
vogels naar de kolonie op G riend brach ten  daadw erkelijk gegeten door de kuikens. M aar 
lie fst 29,3%  van de aangeb rach te  p roo ien  ging verlo ren , w aarvan  h e t g ro o ts te  deel bij 
aankom st in  de kolonie w erd  geroofd doo r K okm eeuw en (18,0%  van alle aangebrach te 
proo ien). O ok de overige verliezen w aren in veel gevallen gerelateerd  aan h e t roofgedrag 
van de m eeu w en . W an n ee r een  a rr iv e ren d e  oudervoge l w erd  ac h te rv o lg d  d o o r Kok
m eeuw en, a t de oudervogel de prooi som s zelf op (1,4%) of vloog weg u it de kolonie om 
vervolgens terug  te  keren zonder vis (7,7% ). Slechts een klein gedeelte van h e t prooiver
lies (2,2%) had n ie ts te  m aken m e t roverij door m eeuw en. De kans d a t een prooi bij aan
k o m st in  de ko lon ie w erd  geroofd  d o o r een p a tro u ille re n d e  K okm eeuw  (ofw el op een 
andere  m an ie r verlo ren  ging) w as afhankelijk  van de leng te  van de vis (langere v issen  
w erden  vaker geroofd), m aar n ie t van de so o rt vis (h o o fd s tu k  4). Een haringachtige van 
een bepaalde leng te  had  een even g ro te  kans om  u ite indelijk  geconsum eerd  te w orden  
d o o r h e t  ku iken  ais een  za n d sp ie rin g  van dezelfde  len g te , hoew el h a rin g  een  g ro te re  
energ ie-inhoud  heeft. In theorie  w as h e t op G riend n ie t m ogelijk om  een kuiken op een 
m enu  van u its lu itend  zandspiering  g root te brengen; de g ro tere zandspieringen die daar
voor nodig zouden zijn w orden te  frequen t geroofd. M en zou daarom  verw achten  da t de 
oudervogels h u n  opgroeiende kuikens m eer en m eer haringachtigen  zouden  aanbieden. 
In de p rak tijk  b leek  er ech te r geen eendu id ig  verband  te  zijn tu ssen  de leeftijd  van de 
kuikens en de sam enstelling  van h u n  m enu. Er w aren jaren  da t h e t ku ikenm enu gedom i
neerd  w erd  door haring (1994, 1995 en 1998) en w aarin de ste rn s nauw elijks in p rob le
m en  kw am en . Er w aren  ook  m in d e r goede ja re n  (1992 en 1996) w aarin  h e t aandee l 
haring in  h e t m enu  m inder dan 50% bedroeg en dus re la tie f veel proo ien  verloren gingen 
aan k lep toparas ite rende  m eeuw en. In die ja ren  dreigde er voedselschaarste  te  on tstaan  
w an n eer de ku ikens een  bepaalde leeftijd  h ad d en  bere ik t. De oudervogels reageerden  
daarop door tegelijkertijd te  gaan foerageren en h u n  opgroeiende kuikens m eer en m eer 
alleen ach ter te  la ten  bij h e t n es t (Fig. 2). Op die m an ier w erd  de aanvoerfrequentie van 
p ro o iv issen  v e rh o o g d  en w erd  er g eco m p en see rd  voo r h e t  p ro o iv erlie s  aan  rovende  
Kokm eeuwen.

Ais sem i-nestv lieders zijn G rote S ternenkuikens n a  enkele dagen in s taa t om  de nest- 
p laats zelfstandig te  verlaten. Een dag o f vijf n a  h e t u itkom en van de eieren verla ten  de 
eerste  kuikens h e t n es t (m eestal w eggelokt door de ouders). Ze verschuilen zich in eer
s te  in stan tie  in de vegetatie in  de d irecte om geving van h e t nest, m aar verw ijderen zich 
d aarna steeds verder van de oorspronkelijke nestp laats . Enkele w eken n a  h e t u itkom en 
van de ee rste  eieren  zijn G rote S ternenko lon ies vaak volledig verla ten . In de lite ra tu u r 
w o rd t verm eld  d a t h e t verla ten  van de ko lon ie vaak een gevolg is van versto rin g  door 
m ensen  (onderzoekers) en d a t dergelijk gedrag functioneel is om  infecties en ziektes te 
voorkom en (in G rote S ternenkolonies w orden  dikke pakketten  feces afgezet die n a  ver
loop  van tijd  a lle rle i p o te n tië le  in fe c tie b ro n n e n  h e rb e rg e n ). In  h o o f d s tu k  5 w o rd t
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F ig u u r 2 . Hoe m inder haring in h e t m enu van de sternenkuikens op G riend hoe vaker ze alleen w er
den achtergelaten  door h u n  ouders.

getoe ts t of h e t w eglopen van de oorspronkelijke nestp laats ook effectief zou kunnen  zijn 
om  rovende K okm eeuw en te  ontw ijken. D aartoe w erden  enkele kuikens in een enclosure 
gedw ongen om  op hun  geboorteplek te  blijven to t aan h e t uitvliegen. Een andere groep 
kuikens van ongeveer tw ee w eken oud  w erd  verp laa ts t naar een enclosure die 15-50 m 
v erderop  w as opgeste ld . Inderdaad  w as de roverijd ru k  ten  aanzien  van de v e rp laa ts te  
groep kuikens veel lager dan de d ruk  op de n ie t verp laatste groep. De verp laatste  kuikens 
co nsum eerden  to t 30%  m eer p roo ien  dan  de n ie t verp laats te  kuikens en de tijd  d a t de 
oudervogels m e t een vis boven de kolonie vlogen in  afw achting van een kans om  bij hun  
kuiken te  landen  daalde significant. De verplaatste kuikens groeiden sneller en bereik ten  
eerder he t vliegvlugge stad ium  dan de n ie t verplaatste groep. W anneer de verplaatste kui
kens ech te r langer dan v ijf dagen op dezelfde p laats  w erden  gehouden , nam  de roverij
d ruk  ook daar ste rk  toe en w erden de verschillen in  groei w eer tenietgedaan. Een tw eede 
verplaatsing resu lteerde w ederom  in een gew ich tstoenam e ten opzichte van de n ie t ver
p la a ts te  groep. Vrij levende ku ikens zouden  zich dus v o o rtd u ren d  m o e ten  verp laatsen  
om  h e t k lep toparasitism e to t een m in im um  te beperken. Op G riend w erden de verplaat
singen vaak bem oeilijk t door de d ichte vegetatie en aanvallen van soortgeno ten  en m eeu
w en.

In h o o f d s tu k  6 w o rd t o n derzoch t in  hoeverre  de groei van de ste rn en k u ik en s hun  
overlevingskansen beïnvloedt. M en zou veronderstellen  da t G rote S terns een zeer flexi
bele groei v ertonen  vanw ege de g ro te  onvoorspelbaarheid  van de besch ikbaarheid  van 
h u n  voedsel en h e t prooiverlies aan rovende m eeuw en. Inderdaad w aren er gro te indivi
duele verschillen in  groeisnelheid en kon de lichaam sconditie van kuikens s te rk  variëren, 
m a ar w el n am  de kans op u itv liegen  to e  m e t de g ro e isn e lh e id  van de ku ikens. Trage 
groeiers die h e t ech ter overleefden to t aan h e t vliegvlugge s tad ium  w aren bij h e t uitvlie
gen lichter, m aar h u n  s tru c tu re le  m aten  (kop en vleugel) w aren w el ongeveer hetzelfde 
als die van de snelle groeiers. De langzam e groeiers hadden bij h e t uitvliegen dus m inder 
lichaam sreserves. Toch beïnv loedde d a t n ie t h u n  overlev ingskansen  n a  h e t uitv liegen.
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Kuikens m e t w einig lichaam sreserves bij h e t uitvliegen hadden  een even grote kans om 
la te r  ais b roedvogel in  de ko lon ie  gezien  te  w o rd en  ais ku ikens m e t veel rese rves. Er 
w ord t verondersteld  d a t de voedselom standigheden n a  h e t uitvliegen zodanig verbeteren  
d a t zelfs individuen in  slech te conditie  h u n  g roeiach terstand  snel w eer inhalen . N a h e t 
uitvliegen brengen de oudervogels hun  nakom elingen veel d ich ter bij de foerageergebie- 
den , w aa rd o o r de tijd  voor h e t tra n sp o r t van vis gevoelig a fn eem t en m in d e r p roo ien  
w orden verloren aan rovende K okm eeuw en. Op die m an ier kan een g roeiach terstand  van 
enkele tien ta llen  gram m en  b in n en  enkele dagen w eer goed w orden  gem aakt. W anneer 
een  in d iv id u  tijd en s de ku ikenfase  een  g ro e ia c h te rs ta n d  had  opgelopen , w as d it  n ie t 
m eer m eetbaar n a  rek ru tering  in de broedkolonie.

T ijdens de S tud ieperiode op G riend  kw am  h e t nauw elijk s voo r d a t een  o u d erp aar 
tw ee ku ikens g roo t bracht. O ok bij een vergelijkende s tu d ie  op h e t e iland H irsho lm  in 
h e t n o o rd en  van Ju tlan d , D enem arken , w as geen van de ouders in  s ta a t tw ee ku ikens 
g ro o t te b rengen . D at w as opm erkelijk  om d at de m eeste  paren  w el tw ee eieren  legden 
(gem iddelde legselgrootte op G riend bedroeg 1,6 ei per nes t). In h o o fd s tu k  7 w orden de 
voor- en nadelen  van h e t leggen van tw ee eieren  behandeld . Van alle b roedparen  die in 
eerste  in stan tie  tw ee kuikens hadden  b innen  de enclosures op G riend (1992-1999) en op 
H irsh o lm  (1997) w as m in d e r dan  2%  in s ta a t om  b eide  ku ikens g ro o t te  b ren g en . 
D oorgaans s tie rf  h e t la a ts t u itgekom en  kuiken voo rdat h e t vliegvlug w as. In m eer dan 
50% van de gevallen s tie rf  h e t tw eede kuiken zelfs b innen  vijf 5 dagen na h e t u itkom en. 
H et tw eede, kleinere ei is w aarschijnlijk vooral een verzekering voor h e t geval er iets m is 
gaa t m e t h e t ee rste  ei (predatie , onbevrucht, etc.) o f w anneer h e t ee rste  kuiken in  een 
vroeg s tad iu m  ste rft. G rote S terns m e t een tw eelegsel hadden  een k le inere kans (6,1%  
lager) d a t h e t legsel al in h e t eistad ium  volledig verloren ging. O m dat in  som m ige twee- 
legsels alleen  h e t tw eede ei u itkw am , w as toch nog 7% van de kuikens u it tw eelegsels 
afkom stig u it h e t tw eede ei.

O n d erv o ed in g  w as de b e lan g rijk s te  d o o d so o rza ak  van de ku ikens op G riend  en 
H irsholm , w a t d u id t op een hoge m ate  van voedselstress in de noordelijke b roedgebie
den . Een verge lijkende s tu d ie  in  de w in te r  van 1 9 9 2 /9 3  n aa r  foe rag e ren d e  s te rn s  
(D w erg ste rn  S. albifrons, G ro te  S tern  en K o n in g sste rn  S. m axim a) in  G uinee-B issau  
( h o o fd s tu k  8) su g g e re e rt d a t s te rn s  in  de ov erw in te rin g sg eb ied en  m ogelijk  een veel 
gem akkelijker leven leiden. Vooral G rote S terns hadden  in G uinee-B issau een zo efficiën
te  voedselopnam e d a t m en m ag veronderstellen  da t ze m e t enkele uren  foerageertijd  vol
d o en d e  energ ie  k u n n en  o p n em en  om  in  h u n  dage lijk se  b eh o e fte  te  voo rz ien . In h e t 
W est-A frikaanse overw in teringsgeb ied  had  h e t getij een veel g ro te r effect op de foera- 
geeractiv iteit van de ste rns dan in de broedgebieden in  de W addenzee. O ok w ind en he t 
doorzich t van h e t w ater hadden  een significant effect op de voedselopnam e door sterns. 
In G uinee-B issau  v ingen G rote S tern s voornam elijk  rondv is van 8-15 cm , dus g ro ten 
deels overeenkom stig m e t hetgeen ze tijdens de broedperiode aan hun  kuikens voeren.

In h e t recen te verleden is h e t m eerdere  m alen voorgekom en d a t zeevogelpopulaties 
in enkele jaren  tijd w erden  gedecim eerd ais gevolg van h e t ineensto rten  van een van hun  
v oedse lcom ponen ten . V ooral de k le inere  zeevogels m e t een  b ep e rk te  ac tie rad ius, m e t
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energetisch  dure  foerageertechnieken, afhankelijk van vis in de bovenste w aterkolom  en 
m e t snel groeiende kuikens blijken h e t m eest gevoelig te  zijn. G rote S terns voldoen aan 
al deze criteria. Ze zijn bovendien zeer beperk t in  h u n  voedselkeuze en hebben  ook nog 
a f  te  rekenen  m e t een hoge p red a tied ru k  doo r m eeuw en . De onderhavige s tu d ie  to o n t 
aan da t veranderingen  in de m enusam enste lling  van G rote S ternenkuikens -  die bij een 
voedselspecialist ais deze w aarschijn lijk  een d irecte  afspiegeling zijn van veranderingen  
in  de beschikbaarheid  van h u n  prooivissen  -  grote gevolgen hebben voor de groei van de 
kuikens en de inspanning  die de oudervogels m oeten  leveren. Toch is h e t n ie t d irect du i
delijk hoe da t zich vertaalt in  veranderingen  op h e t niveau van de populatie . Im m ers in 
de onderhavige stud ie  had de m enusam enste lling  geen invloed op de overleving van kui
kens een ook n ie t op die van juveniele vogels. M ogelijk is er een verhoogde m o rta lite it 
van adu lte  vogels in  slech te haringjaren  w aarin  ze harder m oeten  w erken o f b rengen in 
ze in de daaropvolgende jaren  m inder jongen voort. M aar een m eer voor de hand  liggen
de verklaring is d a t de heersende voedselsituatie  rech tstreeks invloed heeft op h e t aantal 
broedparen. Bijvoorbeeld om dat som m ige individuen onder slechte voedselom standighe- 
den  een broedseizoen  overslaan “in te rm itte n t b reed ing” o f om d at ze dan  op zoek gaan 
n aa r  b ro ed g eb ied en  w aar de o m stan d ig h e d en  b e te r  zijn  (em ig ra tie ). In h o o f d s tu k  9 
w o rd t onderzocht o f en hoe schom m elingen in  de N ederlandse popu latie  zijn gerelateerd  
aan de voedselbeschikbaarheid. Er w o rd t een heel eenvoudig populatiedynam isch m odel 
opgesteld  w aarin  de b ro ed resu lta ten  (gegevens u it lange te rm ijn reeksen  gem eten  in  de 
W addenzee en in  h e t D eltagebied) en overlevingskansen (afkom stig u it litera tuu r) w or
den gebru ik t om  h e t aantal b roedparen in  latere jaren  te  voorspellen. In jaren  w aarin vol
gens in te rn a tio n a le  su rveys w ein ig  h a rin g  en sp ro t aanw ezig  w as in  de zu idelijke  
N oordzee , b ro ed d en  er m in d e r G ro te  S terns in  de W addenzee dan  w erd  v erw ach t op 
basis van de u itkom sten  van h e t populatiedynam ische m odel en andersom  w as da t ook 
h e t geval. Dus de dynam iek van de popu la tie  in de W addenzee lijkt inderdaad  afhankelijk 
te  zijn van de voedselbeschikbaarheid (Fig. 3). Voor de populatie  in h e t D eltagebied kon 
d it ech ter n ie t w orden aangetoond.

Ais de voedselbesch ikbaarheid  inderdaad  zo rg t voor zulke ste rke schom m elingen  in 
de g rootte  van de broedpopulatie , kan m en zich de vraag ste llen  w aar dan in  de “goede” 
jaren  h e t su rp lus aan vogels vandaan kom t en w aar de vogels in  de slechte jaren  naar toe 
gaan. U it ringonderzoek  b lijk t d a t er nogal w a t u itw isseling  is tu ssen  de versch illende 
kolonies in Europa; veel m eer dan bij veel andere s te rnensoorten . Zo w as een belangrijk 
deel van de G rote S terns op G riend (—23% ) in  de ja ren  negen tig  afkom stig  u it andere  
kolonies. De G riendse popu la tie  s tond  in nauw  con tac t m e t die in h e t Deltagebied, m aar 
ook m e t kolonies in  België, G root-B rittannië en D enem arken. Tot n u  toe is h e t nom adi
sche karakter van de G rote S tern s te rk  onderschat. Aan h e t einde van de tw in tigste  eeuw  
w as de E uropese pop u la tie  ongeveer even g roo t ais 1950. De verspreid ing  over de ver
sch illende landen  w as ech te r s te rk  veranderd  en de N ederlandse  p o p u la tie  w as b ed u i
dend  m inder dom inan t dan in de jaren  vijftig. U it de recente ontw ikkeling (1969-heden) 
van de verschillende Europese populaties blijkt da t de popula ties in de oostelijke en zui
delijke N oordzee (h e t Kanaal, België, D eltagebied , N ederlandse  W addenzee en D u itse
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F ig u u r  3. Relatie tu ssen  h e t aantal haringen  en  sp ro t gevangen tijdens IBTS (In ternational B ottom  
Trawl Survey) in  de zu idooste lijke  N oordzee (h ier u itg ed ru k t in  een  haring  index) en  de relatieve 
groei van de G rote S ternenpopulatie  in de W addenzee (1989-2003) en h e t D eltagebied (1992-2003).

N oordzee) s te rk  in  om vang zijn  to eg en o m en , m aar d a t h e t  aa n ta l b ro ed p a re n  in  de 
Engelse en Ierse populaties veel m inder is gestegen o f zelfs is afgenom en. In elke deelpo- 
pu la tie  w erd  de aan ta lstoenam e onderbroken door enkele opeenvolgende jaren  w aarin de 
groei stagneerde, w aardoor een stapsgew ijs g roeipatroon  o n ts tond . Dergelijke patronen  
du iden  m ogelijk op zogenaam de “regim e-shifts” waarbij vrij p lo tseling gro te veranderin
gen p la a tsv in d en  in  h e t fu n c tio n e ren  en de sa m en ste llin g  van h e t ecosysteem . In de 
N oordzee w aren zulke regim e-shifts m erkbaar op verschillende trofische niveaus (algen, 
vissen, vogels en zeezoogdieren) in  1988 en in 1998. H et N oordzee-ecosysteem  is echter 
zeer com plex en h e t functioneren  ervan w o rd t slechts gedeeltelijk  begrepen. De laats te  
jaren  is vast kom en te staan  da t luchtdrukverschillen  tussen  de zuidelijke en de noorde
lijke A tlantische O ceaan (u itgedruk t in een zogenaam de N AO-index) een sterke invloed 
hebben  op de ecologische processen  in de N oordzee. De NAO beïnv loedt h e t w indregi- 
me, de tem p era tu u r en de sa lin ite it van h e t zeew ater in de N oordzee. D aardoor hebben 
schom m elingen in de NAO een s te rk  effect op allerlei organism en in de N oordzee zowel 
op lagere ais hogere trofische niveaus. De NAO beïnvloedt onder andere de vispopulaties 
in  de N oordzee en ook h e t tran sp o rt van vislarven over de N oordzee en heeft dus grote 
effecten op piscivore zeevogels. Voor de G rote S tern is vooral h e t effect op h e t transpo rt 
van haring larven  van belang. H aringlarven geboren  in  de Engelse ku stw a teren  w orden  
onder gunstige om standigheden  (positieve NAO) ongehinderd  naar de k inderkam ers in 
de W addenzee en h e t  S k ag e rrak /K a tte g a t g e tra n sp o rte e rd . In  h e t  beg in  van de ja ren  
zeventig -  dus n e t na h e t in een sto rten  van de N ederlandse popu la tie  -  bevond de NAO 
zich in een negatieve fase en w erd  h e t tran sp o rt van haringlarven gehinderd. Sam en m et 
een sterke v isserijdruk op haring zorgde d a t voor een zeer lage haringstand , hetgeen een 
verk laring  kan zijn voor h e t trage h e rs te l van de N ederlandse G rote S ternenpopu latie .
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Rond 1985 w as er een om m ekeer. De NAO kw am  in een positieve fase en de haringstand  
in  de W addenzee , de o o ste lijk e  N o o rd zee  en h e t  S k ag e rrak /K a tte g a t v e rb e te rd e . 
Tegelijkertijd verslechterde de voedselsituatie  in  de Engelse kustw ateren  door een ach ter
u itgang van de sp ro tstand .

In overeenstem m ing m e t h e t pa troon  in de NAO, kw am  er rond  1985 een einde aan 
de s ta g n a tie  van de D u itse  N oordzee  p o p u la tie , te rw ijl de p o p u la tie  langs de E ngelse 
oostkust begon af te nem en. Er b estaa t een positie f verband tu ssen  de NAO en h e t aan
tal b roedparen van G rote S tern in de N ederlandse W addenzee en in  D uitse N oordzee in 
de periode 1969-2004. Voor de andere E uropese p opu la ties w erd  geen verband  m e t de 
NAO gevonden. Er w o rd t geconcludeerd d a t de NAO w aarschijnlijk  de drijvende krach t 
is die zo rg t voor veranderingen  in de verspreid ing  en sam enstelling  van prooivissen  in 
de N oordzee die u ite indelijk  de verspreid ing  van G rote S terns bepaalt. De uiteindelijke 
g ro o tte  van de E u ropese  p o p u la tie  w o rd t w aarsch ijn lijk  n ie t bepaald  d o o r gebrek  aan 
b ro ed g e leg en h e id , m a ar ee rd e r  d o o r b ep e rk en d e  fac to ren  b u ite n  de b ro ed g eb ied en . 
O nder andere de vangst en h e t doden  van s te rn s  in  de A frikaanse overw interingsgebie- 
den heeft een grote invloed op de G rote S tern. In de laatste  decennia vond bovendien een 
ste rke in tensivering  p laats  van de com m erciële visserij voor de W est-A frikaanse kusten  
die m ogelijk van grote invloed is op h e t prooiaanbod  in de overw interingsgebied.
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