
Behavioral Ecology 
doi: 10.1093/beheco/ari067 

Advance Access publication 22 Ju n e  2005

Spatial clumping of food and social dominance 
affect interference competition among ruddy 
turnstones
Wouter K. Vahl,a,b Tamar Lok,a,b Jaap van der Meer,a Theunis Piersma,a,b and Franz J. Weissingb
aD epartm en t of M arine Ecology and  Evolution, Royal N etherlands Institute for Sea Research (NIOZ), 
P.O. Box 59, 1790 AB D en Burg, Texel, T he N etherlands, and  bC entre fo r Ecological and  Evolutionary 
Studies, University o f G roningen, Kerklaan 30, 9751 NN fia ren , T he N etherlands

In  studying th e  success o f  forag ing  anim als, studies o f  in te rfe ren ce  com petition  have p u t em phasis on  effects o f  com petito r 
density, w hereas studies o f  resource defense have focused on  th e  effects o f  the spatial d is tribu tion  o f  fo o d  w ithin patches. Very few 
studies have looked  a t b o th  factors sim ultaneously, th a t is, d e te rm in ed  w h eth er the effects o f  co m petito r density  o n  forag ing  
success d e p e n d  on  th e  spatial d is tribu tion  o f  food. We stud ied  the behavior an d  the forag ing  success o f  ruddy  tu rnstones 
(.Arenaria interpres) using  an  exp e rim en t in  w hich we varied b o th  the  p resence  o f  a co m petito r an d  the fo o d  d istribu tion . Because 
tu rnstones m ay d iffer strongly in  th e ir  relative dom inance  status, we also experim entally  varied  th e  foragers’ relative dom inance  
status. We fo u n d  th a t the presence  o f  a co m petito r only red u ced  th e  forag ing  success o f  subo rd ina te  birds forag ing  a t the 
clum ped  food  d istribu tion . At this cond ition , d o m in an t an d  subord inate  birds d iffered  m arkedly in  th e ir  fo rag ing  success. 
C ontrary  to o u r  expectations, we d id  n o t observe m ore  agonistic behavior a t the clum ped  food  d istribu tion . This indicates th a t 
th e  am o u n t o f  agonistic behavior observed m ay be a bad  in d ica to r o f  in te rfe ren ce  effects. These findings have specific im pli­
cations fo r m odels o f  in te rfe ren ce  com petition . M ost notably  they show th a t the  effects o f  co m petito r density  o n  agonistic 
behavior an d  forag ing  success may well d e p e n d  o n  th e  spatial d is tribu tion  o f  food  an d  the foragers’ relative dom inance  status. 
Additionally, o u r  results suggest th a t social dom inance  will n o t be fully u n d ers to o d  w ithout considering  long-term  processes such 
as the  fo rm ation  a n d  m a in tenance  o f  social d om inance  h ierarchies. Key words: agonistic in teractions, Arenaria interpres, density  
d ep en d en ce , fo rag ing  behavior, forag ing  experim en t, resource defense. [Behav Ecol 16:834—844 (2005)]

Forag ing  anim als o ften  com pete  with o n e  a n o th e r  fo r re ­
sources (Keddy, 2001 ). Because th e  presence  o f  com peting  

individuals may low er the success o f  foragers, com petition  
may affect th e  survival an d  rep ro d u c tio n  o f  foragers. H ence, 
com petition  can  be im p o rtan t fo r th e  dynam ics o f  anim al 
popu la tions (C hristian, 1970; G authreaux , 1978). Negative 
effects o f  o th e r  foragers arise th ro u g h  resources, w hich can 
e ith e r be depressed  (prey depression: C harnov e t al., 1976; Goss- 
C ustard, 1970) o r  d ep le ted  (exploitative competition: Grover, 
1997; Park, 1954). Negative effects can  also arise th rough  
behavioral in terac tions betw een com petito rs ( interference com­
petition: Miller, 1967; Park, 1954), inc lud ing  avoidance behav­
io r (e.g., B aker e t al., 1981), th e  stealing o f  resources (e.g., 
B rockm ann an d  B arnard , 1979; D olm an, 1995; Ens e t al., 
1990), th e  m o n ito ring  o f o th e r  foragers (Cresswell, 1997), 
th e  loss o f  con tro l over search  paths (e.g., Cresswell, 1997), 
an d  the  loss o f  co ncen tra tion  (e.g., Dukas, 1998). B oth re ­
source com petition  an d  in te rfe ren ce  com petition  have been  
o f  cen tra l in te rest in  behavioral ecology (e.g., H u n tin g fo rd  
an d  T urner, 1987) an d  pop u la tio n  dynam ics (e.g., Grover, 
1997; Keddy, 2001). N evertheless, o u r  u n d ers tan d in g  o f 
in te rfe ren ce  com petition  in  particu lar is still rud im en tary  
(van d e r  M eer an d  Ens, 1997).

M echanistic m odels o f  in te rfe ren ce  com petition  originally 
assum ed th a t in te rfe ren ce  com petition  results from  th e  loss o f 
tim e spen t o n  agonistic in teractions (e.g., B edd ing ton , 1975;
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R uxton e t al., 1992). However, these m odels d id  n o t address 
the question  as to why foragers shou ld  in te rac t agonistically 
with each o th e r  (van d e r  M eer an d  Ens, 1997). This question  
is o f  cen tra l im portance  fo r all m echanistic  studies o f  in te rfe r­
ence com petition  (H un tin g fo rd  an d  T urner, 1987). A gonistic 
in teractions m ay be very costly in term s o f  tim e an d  energy, 
an d  risk o f  injury o r  d ea th  (H un tin g fo rd  an d  Turner, 1987). 
M oreover, agonistic in teractions may resu lt in  a  red u ced  in ­
take ra te  a n d  in  a red istribu tion  o f  foragers over space, forcing 
som e individuals in to  suboptim al habitats with, fo r instance, 
a  h igh  risk o f  p red a tio n  an d  parasitism  (Goss-Custard, 1980). 
F rom  an  adaptive p o in t o f  view, agonistic behavior can  only be 
u n d ers to o d  if  benefits outw eigh th e  costs fo r a t least som e o f 
the participants. M ore recen t m odels o f  in te rfe ren ce  com pe­
tition , addressing  why foragers in te rac t with one  a n o th e r  (e.g., 
B room  an d  R uxton, 1998; G iraldeau an d  Caraco, 2000; Sirot, 
2000; S tillm an e t al., 1997), stipulate th a t the  benefits o f  ago­
nistic behavior arise from  k leptoparasitism  (food stealing) 
a n d  the  associated reduc tion  in  search  tim e an d  han d lin g  
tim e (B rockm ann an d  B arnard , 1979; G iraldeau an d  Caraco, 
2000). T hese m odels assum e th a t individuals figh t over single 
food  items.

In terac tions over individual food  item s are  only possible 
w hen prey-handling tim e is sufficiently long  (Ens e t al., 
1990). In  m any systems, such as geese feed ing  o n  grass (e.g., 
Black an d  Owen, 1989) a n d  sparrows feed ing  o n  seeds (e.g., 
B arnard  an d  Sibly, 1981), p rey-handling tim e is short. M odels 
o f  in te rfe ren ce  com petition , therefo re , do  n o t provide a  satis­
fying answ er to the  question  why foragers in te rac t agonistically 
in  such systems. Alternatively, several studies have suggested 
th a t in teractions m ay also con ce rn  small food  clum ps w ithin 
a  fo rag ing  pa tch  (e.g., A m at an d  O beso, 1991; B autista e t al.,
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1998; Myers e t al., 1979; S tillm an e t al., 2002). If com petition  
is m ainly ab o u t access to p rofitab le  fo o d  clum ps, th en , obvi­
ously, th e  spatial d is tribu tion  o f  food  item s shou ld  strongly 
in fluence  in te rfe ren ce  effects (G rant, 1993). M odels o f  in te r­
ference  com petition  do  n o t accoun t fo r effects o f  h e te ro ­
geneous food  distribu tions, as they assum e th a t food  is 
d is tribu ted  hom ogeneously. This assum ption is ub iqu itous 
am ong  forag ing  m odels, even th o u g h  it is n o t o ften  m ade 
explicitly. M ost m odels based  o n  H o lling ’s disc equa tion , fo r 
instance, im plicitly assum e a hom ogeneous food  d is tribu tion  
(Jeschke e t al., 2002). If  agonistic in teractions concern  within- 
pa tch  food  clum ps, it may be crucial fo r o u r  u n d ers tan d in g  o f 
in te rfe ren ce  com petition  to study how  the effects o f  com pet­
ito r density  o n  forag ing  success d ep en d  o n  th e  spatial distri­
bu tio n  o f  food.

A lthough  n o t o ften  acknow ledged in  the lite ra tu re  on  in ­
terfe rence  com petition , th e  effect o f  th e  spatial d is tribu tion  o f 
food  o n  th e  fo rag ing  process has received am ple a tten tio n  in  
the resource defense lite ra tu re  (e.g., Brown, 1964; Davies an d  
H ouston , 1984; G rant, 1993; W arner, 1980). Several studies o f 
resource  defense have experim entally  varied the  effect o f  the 
spatial c lum ping  o f  food  an d  stud ied  the effects on  agonistic 
behavior an d  forag ing  success (Table 1). T hese studies show 
th a t the  spatial d is tribu tion  o f  food  o ften  affects b o th  foraging 
success an d  th e  level o f  agonistic behavior. Few o f  such re­
source defense experim en ts, however, have stud ied  how the 
spatial c lum ping  o f  food  may in te rac t with co m p e tito r density 
to effect fo rag ing  success (Table 1 ). M ost o f  th e  resource d e ­
fense experim en ts cou ld  n o t d e te rm in e  the  com bined  effects 
o f  spatial clum ping  an d  co m p e tito r density  e ith e r because 
they d id  n o t vary co m p e tito r density, th a t is they m easured  
a t a  single co m petito r density, o r  because they d id  n o t con tro l 
co m petito r density. C om petito r density  shou ld  be con tro lled  
experim entally  to exclude feedback  loops betw een com petito r 
density, agonistic behavior, a n d  forag ing  success, w hich may 
well coun te rac t th e  d irec t effects o f  co m p e tito r density. T he 
po ten tia l im portance  o f  this can  fo r instance be seen in  the 
ideal-free-distribution theory  (Fretwell an d  Lucas, 1970), 
w hich assum es a  d irec t negative effect o f  co m p etito r density 
o n  forag ing  success b u t p redicts no  such re la tionsh ip  betw een 
co m petito r density  an d  forag ing  success w hen m easured  be­
tw een patches. O nly th ree  studies (B enkm an, 1988; Ruben- 
stein, 1981; T heim er, 1987) m easured  th e  effects o f  spatial 
clum ping  a t m ore  than  one  experim entally  con tro lled  com ­
p e tito r density. T ogether these th ree  studies ind icate  tha t 
in te rfe ren ce  effects may in d eed  d ep en d  o n  the spatial distri­
bu tio n  o f  food, even th ough  the conclusions o f  B enkm an 
(1988) a n d  R ubenstein  (1981) shou ld  be trea ted  with cau tion  
(see foo tno tes to Table 1 ). T hus, studies o f  in te rfe ren ce  com ­
pe tition  have focused on  th e  effect o f  co m petito r density  on  
forag ing  success, an d  studies o f  resource defense have con­
cen tra ted  on  effects o f  spatial clum ping , b u t very few studies 
have d e te rm in ed  w h eth er th e  effect o f  co m petito r density  on  
forag ing  success d epends on  the spatial d is tribu tion  o f  food.

In  view o f  this lack o f  experim en ta l studies, we exam ined  
the behavior an d  th e  fo rag ing  success o f  ruddy  tu rnstones 
(.Arenaria interpres; h en ce fo rth  called tu rnstones) in  an  exper­
im en t in  w hich we varied th e  spatial food  d is tribu tion  an d  
the density o f  com petitors. U nlike previous studies (Table 1), 
we stud ied  the effects o f  co m petito r density  by systematically 
com paring  the  behavior an d  success o f  individuals foraging 
a lone  with th a t o f  the sam e individuals fo rag ing  in  the p res­
ence o f  o n e  com petitor. This ap p roach  leaves o u t po ten tia l 
com plicating  effects o f  la rger g roup  sizes, w hich we stud ied  in  
a n o th e r  exp e rim en t (Vahl e t al., in  press). T he use o f  an  in ­
d o o r experim en ta l facility en ab led  us to keep m ost factors o f 
po ten tia l im portance  constan t (environm ental conditions, e n ­
ergy exp en d itu re , an d  level o f  satiation). We chose to  study

tu rnstones because they generally  forage in  systems w here 
p rey-handling  tim e is sh o rt and , h ence , kleptoparasitism  
absen t (Fuller, 2003; H arris, 1979; W hitfield, 1990). W in tering  
tu rnstones forage in  relatively small flocks o f  stable com posi­
tion  (M etcalfe, 1986; M etcalfe an d  Furness, 1985) in  w hich 
stable dom inance  h ierarch ies are  generally  fo rm ed  (M etcalfe, 
1986; W hitfield, 1988). C orrespondingly, th e  tu rnstones in 
this ex p erim en t d iffered  strongly in  th e ir  relative dom inance  
status. Sim ilar d ifferences in  dom inance  status am ong  forag­
ers were p resen t in  m any o f  the previous studies on  th e  effect 
o f  spatial clum ping , even th o u g h  m any o f  these studies d id  
n o t consider them  (Table 1). W hen  p resen t, it may be crucial 
to consider such differences in  the  study o f  fo rag ing  behavior 
(Baker e t al., 1981; Daily a n d  E hrlich , 1994; Piper, 1997; Sm ith 
e t al., 2001). T herefo re , we additionally  in c luded  the relative 
d om inance  status o f  the subjects as an  experim en ta l fac to r in 
o u r  design. Previous studies th a t d id  take d ifferences in dom ­
inance  status in to  accoun t d id  so a posterio ri, w hen analyzing 
th e ir  da ta  (Table 1). We th in k  this app roach  is potentially  
m isleading, as d om inance  in  these studies may be the  resu lt 
ra th e r  th an  the  cause o f  observed forag ing  behavior. T h ere­
fore , we d e te rm in ed  dom inance  status in d ep en d en tly  o f  o u r 
actual experim en t.

In  sum mary, we stud ied  w hether the effect o f  the p resence 
o f  a co m petito r on  the behavior an d  success o f  forag ing  tum - 
stones d e p e n d e d  on  th e  spatial clum ping  o f  food , while taking 
in to  accoun t d ifferences in  th e  foragers’ relative dom inance  
status. Based o n  th e  assum ptions th a t agonistic in teractions 
a re  only over food  clum ps, th a t in terac tions reduce  in take rate  
because they cost tim e, th a t foragers behave as to m axim ize 
th e ir  in take rate, an d  th a t resources are  n o t notably  dep le ted  
in  th e  course o f  o u r m easurem ents, we expected  the  following 
results, in  line w ith resource defense theory  (G rant, 1993; 
W arner, 1980). W hen  food  is c lum ped , it m igh t be beneficial 
to figh t fo r an d  defen d  a p rofitab le  food  clum p. H ence, one 
shou ld  expect h igh  levels o f  agonistic in terac tions, resu lting  in 
a  low er in take ra te  in  th e  presence  o f  a co m p e tito r than  in  the 
absence o f  a com petitor. M oreover, in take rates shou ld  be 
skewed, with d o m in an t foragers having a  h ig h e r in take rate  
th an  subo rd ina te  ones. W hen  food  is d ispersed, it may n o t be 
econom ically  défendab le , a n d  h en ce  dom in a tio n  o f  food  
clum ps shou ld  n o t be possible. Accordingly, we expected  no  
agonistic in terac tions an d  in take rates th a t are n o t affected by 
the  presence  o f  a  com petitor. Because th e  absolu te intake 
rates a t b o th  food  d istribu tions d e p e n d e d  o n  experim entally  
d e te rm in ed  characteristics, such as the ease with w hich ind i­
v idual food  item s a n d  food  clum ps were fou n d , we h a d  no  
a  p rio ri expectations o n  w hich o f  b o th  food  distribu tions 
w ould yield the h ighes t in take rate.

M ETH O D S  

Subjects and hou sing

We used  17 tu rnstones (6 fem ales, 11 males; sexed with a stan­
d a rd  m olecu lar assay verified fo r waders by Baker e t al., 1999), 
caugh t w ith m ist nets on  an  in te rtida l m udfla t in  the  eastern  
D utch  W adden  Sea (53° 29' N, 6° 15' E) o n  8 O cto b er 2002. 
We housed  th e  tu rnstones in  the in d o o r experim en ta l shore- 
b ird  facility o f  NIOZ, Texel. We caugh t a n d  housed  th e  tum - 
stones accord ing  to D utch  legislation (D utch b ird-ringing 
cen te r license n u m b e r 351 a n d  DEC p ro toco l 2000.04, respec­
tively). In  th e  experim en ta l facility they h ad  two roosting  
aviaries (m easuring  4.3 X 1.2 m  a n d  3.0 m  h igh) an d  an  
experim en ta l room  (7 X 7 m  a n d  3.5 m  h igh) a t th e ir  dis­
posal. A  th in  film o f  ru n n in g  seaw ater continuously  covered 
the  floors o f  th e  roosting  aviaries to keep  th e  fee t o f  th e  birds 
salty a n d  wet, an d  a  tray o f  ru n n in g  freshw ater fo r d rink ing



Table 1
E x p erim en ts o n  th e  e ffe c t o f  spatia l clum ping  o n  agonistic behav io r a n d /o r  fo rag ing  success

Sample size

Species
English
nam e «i 712 «3

Group
size

Equus burchelli Plains zebra 1 2 3 9

Equus hemionus kulan Asiatic wild ass 1 2 3 9

Lepus europaeus Brown hare ub 2 28 ( l - i i )

Macaca mulatta Rhesus monkey 1 2 3 17
Macaca mulatta Rhesus monkey 1 2 10 15

Macaca mulatta Rhesus monkey 1 5 254 74

Macaca radiata Bonnet m acaque 1 2 4 15

Sciurus niger Fox squirrel u 3 104 u

Junco hyemalis Dark-eyed junco u 2 u (1-25)
Junco hyemalis Dark-eyed junco 17 2 118 2, 3

Lonchura
punctulata

Spice finch 3 3 90 5

Loxia curvirostra Red crossbill 5 3 300 1, 4
Motacilla alba alba W hite wagtail u 2 4 (1-30)
Passer domesticus House sparrow u 7 35 (1-23)

Spizella arborea American tree 
sparrow

2 3 30 8

Spizella pusilla Field sparrow 1 3 18 (2-4)
Sturnus vulgaris European starling 1 4 12 11

Zenaida aurita Zenaida dove u 2 24 (1-15)

Zonotrichia albicollis W hite-throated sparrow 1 3 18 (2-4)
Zonotrichia querula H arris’s sparrow u 2 25 (1- 10)

Mammals

Birds

Additional
experim ental
factors Dom inance*2

Agonistic
behaviord

Foraging
success6 Factorf Reference

No 0 No Ganslosser and
Dellert (1997)

No 0 Yes Ganslosser and
Dellert (1997)

Yes + Yes Dominance M onaghan and
Metcalfe (1985)

Yes + Yes Dominance Southwick (1967)
Food type Yes + , o, - Yes Food type, Belzung and

dom inance Andersson (1986)
Food size Yes + , o Yes Type of Mathy and Isbell

aggression (2001)
Yes + Dominance Boccia e t al.

(1988)
No Yes Schm idt and

Brown (1996)

No + Balph (1977)
Group size Yes - ,  o Yes Group size, Theim er (1987)

dom inance
Yes Yes Giraldeau e t al.

(1990)
Group size Yes + Yes, no Group size Benkman (1988)g

No + Zahavi (1971)
Sex No + No Sex Johnson  et al.

(2004)
No + Habitat Prescott (1987)

No 0 Pearson (1989)
No + No Feare and Inglis

(1979)
Temporal No + Temporal Goldberg
predictability predictability et al. (2001)

No + Group size Pearson (1989)
Yes + Group size, Rohwer and

dom inance Ewald (1981)
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Table 1, continued

Species
English
name

Sample

rai ra2

size

«3
Group
size

Additional
experim ental
factors Dom inance*2

Agonistic
behaviord

Foraging
success6 Factorf Reference

Fish Cichlasoma Convict cichlid 7 3 21 3 Body size Yes + Yes Size G rant and
nigrofasciatum Guha (1993)
Elassoma Everglades 12 2 72 1, 4, 8, 16 Group size, Yes Yes Dom inance Rubenstein
evergladei pygmy sunfish food type, sex (1981)h
Oncorhynchus keta Chum  salmon 14 2 14 21 No + Ryer and Olla

(1995)
Oncorhynchus Coho salmon 20 2 20 25 Food ration No 0 Ryer and Olla
kisutch (1996)*
Oryzias latipes Japanese medaka 18 6 18 8 No +, - M agnuson

(1962) (exp IV)
Oryzias latipes Japanese medaka 40 2 40 10 Temporal No +, - Temporal Robb and

clum ping clum ping G rant (1998)
Salmo salar Atlantic salmon 6 2 24 >850 No Yes Age j 0rgensen

e t al. (1996)
Tilapia rendalli Redbreast tilapia 4 2 8 8 Yes Yes McCarthy et al.

(1999)*

Crustaceans Cherax Red-claw 16 2 54 60 Food No + Barki e t al.
quadricarinatus crayfish ration (1997)

Insects Coccinella Seven-spotted 20 2 20 9 Food No Yes, no Food Yasuda and
septempunctata lady beetle density density Ishikawa

(1999)

a Three aspects o f sample size are given: the num ber o f independent units (rai), the num ber o f levels of spatial clum ping («2), and the total num ber of trials perform ed («3). 
b W hen group size was uncontrolled (all field experim ents), the num ber of independent units was unknown (u). For these studies, we give (in parentheses) the observed range of group sizes. 
c The colum n “dom inance” indicates whether differences in dom inance positions are taken into account in the analysis.
d The colum n “agonistic behavior” indicates w hether m ore ( +  ), less (—), or the same am ount (0) o f agonistic behavior was observed when the level o f spatial clum ping of food increased. W hen 

m ore than  one sign is given, multiple effects were reported. 
e The colum n “foraging success” indicates w hether spatial clum ping affected some measure of foraging success. Note that this means that effects on  growth rate are no t included. W hen both “yes” 

and “n o ” are given, multiple effects were reported. 
f The colum n “factor” indicates which factors interacted with spatial clum ping in  their effects on agonistic behavior, foraging success, or both. Note that these factors were no t necessarily included 

in  the experim ental design.
g Benkman (1988) blocked treatm ent combinations within experim ental days. The resulting unbalanced design is problematic, especially because the subjects appeared to be learning th roughout 

the experim ent. Moreover, results on aggression are only given for two of the three levels of spatial clumping. 
h Rubenstein (1981) does no t present the full results o f his experim ent. Instead, he consistentiy presents examples o f the densities 4, 8, and 16.
1 McCarthy et al. (1999) and Ryer and Olla (1996) simultaneously varied spatial and tem poral clum ping and therefore could no t separate effects o f spatial and tem poral clumping.
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an d  ba th ing  was always presen t. T he floo r o f  th e  experim en ta l 
room  was covered by a 30-cm layer o f  sand  to m im ic one  o f 
th e  natu ra l habitats o f  tu rnstones. T he in d o o r env ironm en t 
was constan t w ith respect to a ir tem p era tu re  (18°C), w ater 
tem p era tu re  (10°C), an d  ligh t reg im e (12:12 h  light:dark). 
M oonlight-m im icking lights illum inated  the  aviaries betw een 
1900 an d  0700 h.

P reexp erim en ta l treatm ent

T he exp erim en t took  place from  20 N ovem ber to 5 D ecem ber 
2002. By th en , th e  birds h ad  b een  accustom ed to the  aviaries 
an d  the experim en ta l p ro ced u re  fo r several weeks. To fam il­
iarize them  with th e  experim en ta l en v ironm en t a n d  p ro ce­
d u re , th e  birds p artic ipa ted  in  p ilo t trials fo r 26 days, p rio r 
to th e  experim en t.

In  th e  first th ree  p ilo t days, we d e te rm in ed  the social dom ­
inance  hierarchy. In  24 trials, we observed agonistic in te rac­
tions am ong  six random ly  chosen  birds. We reco rd ed  the 
ou tcom e o f  each  in te rac tion  (n  — 760): w inners were those 
individuals th a t e ith e r  chased  th e ir  o p p o n e n t away o r  th a t 
h e ld  g ro u n d  a fter be ing  attacked. A ssum ing a lin ea r dom i­
nance  hierarchy, we d e te rm in ed  card inal scale ran k  positions 
by m eans o f  a logit regression analysis (Tufto e t al., 1998; 
van d e r  Meer, 1992). Previously, we used  th e  sam e techn ique 
to study the stability o f  the dom inance  h ierarchy  am ong 
a g roup  o f  27 captive tu rnstones (Vahl an d  van D ullem en, 
u n p u b lish ed  d a ta ) . T h e ir d om inance  h ierarchy  was ra th e r  sta­
ble d u rin g  the 6 m on ths m easured . Similarly, dom inance  h i­
erarch ies am ong  tu rnstones in  th e  field are know n to be stable 
(M etcalfe, 1986; W hitfield, 1988), an d  th e  results from  the 
c u rre n t exp erim en t also confirm  a stable hierarchy. D uring 
winter, no  d ifferen tia tion  is a p p a re n t am ong  m ale a n d  fem ale 
tu rnstones, and , correspondingly, th e  position  in  the dom i­
nance  h ierarchy  was in d e p e n d e n t o f  sex in this experim en t. 
We designated  the th ree  h ighest-rank ing  a n d  the  two lowest- 
rank ing  birds as “n o n foca l” individuals an d  th e  12 o th e r  birds 
as “focal" individuals. We collected  da ta  o n  the  focal individ­
uals; only we used  th e  nonfocal birds as experim en ta l com ­
petito rs an d  to vary the relative dom inance  status o f  the focal 
individuals. To recognize th e  birds from  all angles, we 
b leached  a  small a rea  o f  th e  back fea thers o f  th e  focal birds, 
using com m ercial h a ir  bleach.

In  the rem ain ing  23 p ilo t days, we tra in ed  th e  birds to 
recognize food  d is tribu tion  on  a forag ing  p latform  instan ta­
neously (i.e., p rio r to land ing  on  th e  p latform ; see A ppendix). 
This m in im ized  behavioral changes associated with in fo rm a­
tion  gain in  the course o f  a trial, an d  it excluded  th e  possibility 
th a t food  d is tribu tion  h ad  no  effect simply because th e  birds 
d id  n o t know  it.

E xperim ental setup

D uring  th e  experim en ts, we flooded  th e  experim en ta l room  
with seaw ater to a d ep th  o f  20 cm . T he only dry a rea  rem ain ­
ing  was a  fo rag ing  p latfo rm  (1 m 2) consisting o f  fo u r gravel 
tiles positioned  20 cm  above the w ater level. We reco rd ed  
th e  forag ing  behavior o f  th e  subjects using  two digital video 
cam eras (Sony dcr-rv900e). O n e  cam era was positioned  n ex t 
to th e  forag ing  p latfo rm  a t a  d istance o f  1.5 m  fo r a sideways 
view; th e  o th e r  was m o u n ted  directly above the foraging 
p latfo rm  a t a  h e ig h t o f  3.5 m.

In  all trials we p laced  80 m aggots (D iptera larvae) o n  the 
forag ing  p latform . To ensure  th a t the birds h ad  to search  fo r 
th e ir  food , we th en  covered th e  forag ing  p latfo rm  with a 5-cm 
layer o f  seaw eed (bladder-w rack, Fucus vesiculosus). This layer 
o f  Fucus resem bled  the n a tu ra l fo rag ing  substrate o f  tu rn ­
stones (Fuller, 2003; W hitfield , 1990). A lthough  m aggots are

n o t p a rt o f  th e  na tu ra l d ie t o f  tu rnstones (Fuller, 2003; H arris, 
1979; W hitfield, 1990), they resem ble o th e r  invertebrates in ­
cluded  in  th e  d ie t (especially the larvae o f  wrack flies, C oelo­
pidae; Fuller, 2003), an d  th e  tu rnstones w ere keen  to eat 
them . We used  80 m aggots p e r  trial to m inim ize the effects 
o f  d ep le tio n  an d  because b o th  the density  o f  80 m aggots m ~ 2 
a n d  the  local density  o f  1280 m aggots m ~ 2 (c lum ped  cond i­
tion) lie w ithin th e  range o f  invertebrate  densities en co u n ­
te red  by forag ing  tu rnstones in the field  (Fuller, 2003). We 
p laced  m aggots o n  the  fo rag ing  p latform  in e ith e r a d ispersed 
o r  a  c lum ped  way. T urnstones are likely to en co u n te r various 
levels o f  c lum ping  o f  food  in  the  field, th o u g h  the  relative 
frequency  o f  each  level will be h a rd  to assess. To m ake the 
food  d is tribu tion  d ispersed, we divided th e  forag ing  platform  
in to  16 squares o f  25 X 25 cm , an d  we sp read  o u t five m aggots 
arbitrarily  over each  square. We m ade th e  food  d is tribu tion  
clum ped  by p u ttin g  all 80 m aggots o n  o n e  random ly  chosen  
square. We a ttach ed  w hite o r  black plates (1.0 X 0.30 m  and  
5.0 m m  thick) to th e  sides o f  the forag ing  p latfo rm  to signal 
a d ispersed  a n d  a  c lum ped  food  d is tribu tion , respectively 
(see A p p en d ix ).

We varied th e  relative dom inance  status o f  focal birds, de­
fined  as the consisten t ability o f  o n e  b ird  to cause its specific 
o p p o n e n t to yield in  agonistic en coun te rs  (Piper, 1997), 
th ro u g h  choice o f  th e  nonfocal com petitor. We assigned focal 
b irds to e ith e r be a  d o m in an t o r  a subo rd ina te  by the add ition  
o f  one  o f  the two low est-ranking o r  o n e  o f  the  th ree  highest- 
rank ing  nonfocal birds, respectively. H ence , d om inance  was 
a  relative quality ra th e r  th an  an  individual a ttribu te  (Francis, 
1988; Piper, 1997). T hus, ra th e r  th an  studying th e  de te rm i­
nan ts o f  dom inance  status, we chose to study the conse­
quences o f  a given dom inance  status.

E xperim ental proced ure

We deprived  the birds o f  food  from  1800 h  a n d  tested  them  
betw een 0930 an d  1200 h  on  th e  n ex t day. A t the start o f  each 
experim en ta l day, we p laced  all birds in  fixed groups o f  two o r 
th ree  in  boxes m easuring  50 X 35 cm  an d  25 cm  deep , keep­
ing  focal an d  nonfocal birds separated . T he birds were very 
q u ie t in the dark , a n d  we thus cap tu red  an d  housed  th em  in 
darkness to m inim ize stress. Before each  trial, we transferred  
a  specific focal b ird  to o n e  o f  the  roosting  aviaries, e ith e r on  
its own o r  to g e th e r with a  nonfocal b ird . A fter o p en in g  the 
sliding door, we a ttrac ted  th e  birds in to  th e  experim en ta l 
room  by d im m ing  th e  lights in  th e  roosting  aviary while light­
ing  th e  experim en ta l room . Subjects readily flew to th e  exper­
im en tal p latform  an d  started  to forage w ithin seconds o f  the 
sliding doors be ing  op en ed . T he trials started  a t the m o m en t 
the focal b ird  began  to  forage an d  lasted  fo r 120 s.

A fter each trial we used  lights again  to en tice  birds back to 
the roosting  aviary. We transferred  th e  b irds to th e  second  
roosting  aviary an d  we co u n ted  th e  n u m b e r o f  unconsum ed  
m aggots left o n  the fo rag ing  p latform . We th e n  rep ea ted  the 
p rocedu re . A fter the  trials, we k ep t all b irds to g e th e r in  the 
experim en ta l room  a n d  th e  two roosting  aviaries, w ith sliding 
doors o p en  a n d  w ater level low, an d  we provided  tro u t food  
pellets ad  lib itum  till the  n ex t food-deprivation  period .

E xperim ental design  and statistical analysis

We stud ied  th e  effects o f  the fixed factors food distribution 
(c lum ped  o r  d ispersed), competitor present (yes o r  n o ) , and  
dominance status (d o m in an t o r  su b o rd in a te ), while accoun ting  
fo r effects o f  the ran d o m  block factors focal bird, replicate, and  
experimental day within replicate. T he  exp e rim en t consisted  o f 
six, in stead  o f  eight, d iffe ren t trea tm en t com binations, as 
dom inance  status was a relative m easure a n d  req u ired  the
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presence  o f  a com petitor. We used  a  6 X 6 Latin  square design 
(Fisher an d  Yates, 1963) to d is tribu te  th e  six trea tm en t com ­
b inations over six focal individuals an d  six experim en ta l clays. 
We rep lica ted  the  exp e rim en t b o th  w ithin an d  betw een focal 
individuals by using two tim es six experim en ta l clays an d  two 
times six focal individuals. T hus, the ex perim en t consisted  o f 
12 experim en ta l clays on  each o f  w hich 12 focal birds fo raged  
at o n e  o f  six d ifferen t trea tm en t com binations twice.

In  p rincip le , each b ird  took  p art in  o n e  trial p e r  clay. How­
ever, because th ree  trea tm en t com binations req u ired  the 
partic ipa tion  o f a  subo rd ina te  nonfocal forager, a n d  as we 
h ad  only two such birds, each clay one  focal b ird  h ad  to par­
ticipate twice, once  as a  nonfocal. In  two o f  th e  trials, th e  focal 
ind iv idual’s relative dom inance  status was n o t as in ten d ed , 
an d  in  one  trial the focal individual was highly inactive. We 
rep ea ted  these th ree  trials at th e  e n d  o f  th e  sam e experim en­
tal clay. We thus accum ulated  144 successful trials.

Recorded behavior and response variables
We analyzed trials using T he O bserver 3.0 Event R ecorder 
(Nolclus In fo rm ation  Technology, W ageningen, th e  N eth er­
lands). To lim it effects o f  resource d ep le tion , digestive con­
straints, an d  satiation, we m easu red  forag ing  behavior an d  
success d u rin g  th e  first 60 s o f  each trial. O u r om ission o f 
the rem a in d er o f  each trial from  th e  video analysis also served 
to avoid p o ten tia l e n d  effects (e.g., b irds an tic ipating  th e  e n d  
o f  a trial). T he sam e two observers exam ined  all trials to­
gether. In  a first analysis o f  each  trial, we u sed  the side-view 
record ing , w hich we analyzed at one-fifth o f  no rm al speed. In  
a  second  analysis, we used  the top-view reco rd ing  to verily the 
observations from  the  side-view tape. We d istinguished  five 
behavioral categories (search, handle, interact, vigilant, an d  
other), each  consisting o f  several d ifferen t behaviors (for a  d e ­
scrip tion  see Vahl et al., in  press).

We stud ied  the  effect o f  trea tm en t on  intake rate, d e fined  
as the n u m b e r o f  m aggots swallowed p e r  total tim e (n u m b er 
p e r  m in - 1 ). We additionally  scored th e  time spent on the food, 
clump (% ), we d e te rm in ed  th e ir  time allocation (defined  as the 
total n u m b e r o f  seconds allocated  to each  o f  th e  five behav­
ioral categories), an d  we scored th e  ra te  o f  agonistic in terac­
tions (n u m b er p e r  m in -1 ). In  do ing  so we d istingu ished  
betw een offensive (attack a n d  threat) an d  submissive (escape 
an d  avoid) in teractions, a n d  additionally  we d istingu ished  
betw een high-intensity  (attack an d  escape) an d  low-intensity 
( threat an d  avoid) in teractions. We defined  high-intensity  
in teractions as those in  w hich the  b ird  tha t in itia ted  the 
in te rac tion  was actively m oving towards its o p p o n en t.

Data transformation and hypothesis testing
D ata o n  tim e allocation  is com positional (A itchison, 1986): 
the sum  o f  th e  tim e allocated  to the various behavioral cate­
gories is constra ined  at 100%. We th ere fo re  analyzed th e  ratio  
o f  tim e spen t o n  in terac tions over tim e spen t on  searching, 
hand ling , an d  vigilance behavior. F u rtherm ore , we assum ed 
tha t the  various trea tm en ts h ad  a  m ultiplicative effect o n  all 
response variables. Because genera l linear m odels (GLMs) 
assum e that effects in te rac t in  an  additive way, we log- 
transfo rm ed  all m easurem ents. To avoid taking logarithm s 
o f  zero, we ad d ed  the value one  to all observations o n  in take 
an d  o n  the n u m b er o f  in teractions. For elata o n  in terac ting  
tim e, zero rep lacem en t was achieved by using the p ro ced u re  
fo r nonessen tia l zeros in  com positional elata (A itchison, 
1986).

We analyzed the  ex perim en t in  accordance with the stan­
d a rd  L atin  square design, using th e  GLM p ro ced u re  in  
SYSTAT 10 (SPSS Inc., Chicago, IL). We ju d g e d  assum ptions 
o f  norm ality  a n d  homosceclasticity by visually inspecting  p ro b ­
ability plots (Miller, 1997).
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Figure 1
Box plots o f foraging success (A) at the clum ped and dispersed 
food condition and, for the clum ped food distribution only, the 
time birds spent on  the food clum p (B). Horizontal lines mark 
m edian values, boxes encompass the central 50% of the data, and 
whiskers show the range, apart from  outliers that are m arked as dots.

RESULTS 

Foraging su ccess

T he presence  o f  a  co m petito r h ad  a strong  effect o n  in ­
take rate, b u t this effect d e p e n d e d  b o th  o n  th e  food  d istribu­
tion  an d  on  th e  relative d om inance  status o f  the focal b ird  
(Figure 1A; Table 2). T he in take ra te  o f  birds forag ing  alone 
was m ore  th an  two tim es h ig h e r w hen fo o d  was clum ped  than  
w hen it was d ispersed, p robably  because all birds were able to 
find  the food  clum p w ithin 60 s an d  the subsequen t discovery 
o f  individual m aggots was ra th e r easy. W hen food  was dis­
persed , birds achieved th e  sam e in take ra te  in  the  p resence 
o f  a co m petito r as w hen fo rag ing  a lone, regardless o f  th e ir 
dom inance  status. W hen food  was c lum ped , th e  presence  o f 
a co m petito r d id  n o t affect the in take ra te  o f  do m in an t birds. 
However, th e  p resence  o f  a co m petito r red u ced  th e  intake 
ra te  o f  subo rd ina te  birds m ore  th an  th reefo ld  (Figure 1A). 
Still, th e  in take o f  subord inate  birds was n o t zero because they 
som etim es fo u n d  th e  food  clum p first an d  because do m in an t 
b irds som etim es tem porarily  left th e  food  clum p to search 
elsew here o n  the forag ing  p latform . In take rates varied  con ­
siderably betw een individuals (Table 2).

T im e sp en t o n  the fo o d  clum p

D om inan t birds spen t th e  sam e am o u n t o f  tim e on  the food  
clum p in the absence an d  the presence  o f  a  com petitor,

dominant subordinate

clumped i p f \
io  n o  r o o  H  ^

clumped

dispersed 
’•V i« *  V# 
-i-i.*/»/
i»
Ji-Gi* V.



840 Behavioral Ecology

T able 2
T rea tm en t e ffec ts o n  in tak e  ra te , tim e sp e n t on  th e  fo o d  c lum p, in terac tin g  tim e, an d  o n  th e  ra te  o f  o ffensive (attack, threat) an d  subm issive 
(escape, avoid) in terac tions

Time spent on  Interacting time
Intake rate the food clump ( 1 \/ ( Ts +  TH + Tv) ) Offensive behavior Submissive behavior

d f F P df F P df F P df F P df F P

Replication 1 3.2 .08 1 0.0 .84 1 1.2 .28 1 0.4 .53 1 0.0 1.00
Day (replication) 10 0.7 .74 10 0.8 .64 10 0.2 .99 10 1.0 .49 10 1.3 .25
Focal individual 11 3.4 < .01 11 1.5 .17 11 1.1 .37 11 2.0 .05 11 1.2 .28

Treatm ent 5 26.7 < .01 2 28.9 < .01 3 5.9 < .01 3 77.3 < .01 3 898.9 < .01
Food distribution “A” 1 30.7 < .01 — — 1 4.5 .04 1 1.7 .19 1 0.7 .42
Presence of
com petitor “B” 1 21.3 < .01 1 13.1 .Ul
Dom inance status “C” 1 29.9 < .01 1 44.8 < .01 1 2.3 .13 1 206.4 < .01 1 2695.3 .ul
A X B 1 4.3 .04 —
A X C 1 47.4 < .01 — — — 1 10.8 < .01 1 23.9 < .01 1 0.7 .42

Error 116 47 70 70 70
Total 143 71 95 95 95

Interacting time is analyzed as the ratio o f time spent on  interactions ( T{) over time allocated to searching ( Ts) , handling ( TH) , o r vigilance 
( Tv) behavior. GLM test results on log-transformed data are given. Effects significant at the .05 level are indicated by bold p  values.

w hereas subo rd ina te  birds sp en t less th an  a th ird  o f  th e ir  tim e 
on  the food  clum p w hen a co m petito r was p resen t ra th e r  than  
absen t (Figure IB; Table 2).

T im e allocation

A t all conditions, the birds sp en t m ost o f  th e ir tim e o n  search­
ing  and , to a  lesser ex ten t, on  vigilance, while only a small 
am o u n t o f  tim e was spen t o n  in terac tions (Table 3). T he 
am o u n t o f  tim e sp en t vigilant was constan t over all trea tm en t 
com binations, w hereas the tim e allocated  to search ing , h a n ­
dling , an d  in te rac ting  d iffered  p e r  trea tm en t com bination  
(Tables 2 a n d  3). Solitary foragers h a n d led  m ore  an d  searched  
less w hen food  was clum ped  th an  w hen food  was d ispersed  
(Table 3). W hen  food  was d ispersed , the birds spen t as m uch  
tim e han d lin g  an d  search ing  in  th e  presence  o f  a com petito r 
as w hen forag ing  a lone, regardless o f  dom inance  status. W hen 
food  was c lum ped , th e  sam e was true  fo r d o m in an t birds, b u t 
subo rd ina te  birds h a n d led  less an d  searched  m ore  w hen 
a co m p e tito r was p resen t. T he am o u n t o f  tim e sp en t o n  in te r­
actions d ep en d ed  o n  b o th  food  d is tribu tion  an d  relative 
dom inance  status (Table 2), as only d o m in an t b irds spen t

m ore  tim e in te rac ting  w hen food  was d ispersed  than  w hen 
food  was clum ped.

O ffen siv e  versus subm issive behavior

D om inan t birds d irec ted  m ore  offensive in teractions to the ir 
com petito rs th an  d id  subo rd ina te  birds an d  especially so 
w hen food  was d ispersed  (Figure 2A; Table 2). D om inan t 
birds d id  n o t perfo rm  submissive behaviors in  response to 
offensive behavior d irec ted  to them  by subo rd ina te  com peti­
tors. Instead , they re sp o n d ed  aggressively w hen attacked  by 
a  subo rd ina te  co m petito r (Figure 2B ). T hese results d id  n o t 
change w hen we took  the  in tensity  o f  agonistic behavior in to  
accoun t (n o t show n).

D o abso lu te  dom inan ce  p o sition s matter?

T he behavior an d  success o f  the tu rnstones d ep en d ed  
strongly o n  th e ir relative dom inance  status (Figures 1 an d  2; 
Table 2). W hen  tested  on  th e  residuals o f  th e  full m odel 
(which in c luded  relative dom inance  status), th e  d ifference 
in  ran k  n u m b e r (i.e., position  in  the d om inance  hierarchy)

Table 3
T ota l am o u n t o f  tim e (s) a llocated  to  th e  behav ioral categories search ing  (Ts), han d lin g  (TH), 
vigilance (TV), an d  in terac tin g  (7?) p e r  trea tm en t com bination

Food Com petitor Dominance
distribution present status Ts 7k Tv 71

Clumped No — 34.6 (3.6) 11.2 (5.0) 14.0 (6.5) —
Yes D om inant 33.8 (5.9) 11.1 (5.3) 12.1 (6.6) 2.7 (1.9)
Yes Subordinate 38.9 (4.9) 3.3 (1.6) 13.3 (4.6) 4.1 (1.0)

Dispersed No — 43.6 (4.9) 4.0 (0.8) 12.1 (5.1) —
Yes D om inant 38.6 (5.8) 3.0 (1.0) 12.8 (4.4) 5.3 (3.1)
Yes Subordinate 39.6 (4.2) 3.7 (1.3) 12.9 (4.1) 3.3 (0.8)

Because data on  the behavioral category “o th er” is no t presented, the sum of the time allocated to these 
four behaviors is only approximately equal to the total trial duration (60 s). Numbers in parentheses 
represent 1 SD.
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Figure 2
Box p lo ts o f  th e  ra te  o f  ago­
nistic in terac tions fo r do m i­
n a n t a n d  su b o rd in a te  b irds, at 
a c lu m p ed  o r  d ispersed  food  
d istribu tion . We d istingu ished  
betw een  offensive in te rac tio n  
behav ior d irec ted  by focal birds 
to su b o rd in a te  com p etito rs  (at­
tacks an d  th rea ts; left p anel) 
a n d  submissive in te rac tio n  be­
havior in  response  to offensive 
behav ior d irec ted  by th e  n o n ­
focal b ird  (escapes a n d  avoid­
ances; r ig h t p an e l) . See Figure 
1 fo r  an  ex p lan a tio n  o f  th e  com ­
position  o f  b o x  plots.

betw een focal birds an d  th e ir  nonfocal co m p etito r d id  no t 
explain  any ex tra  variation  in  in take rate  (GLM, Lj — 0.08, 
p  >  .5) o r  in  the  n u m b e r o f  agonistic in terac tions (GLM, 
Fi — 0.01, p  >  .5). A pparently, know ledge o n  the relative 
d om inance  status o f  com peting  individuals sufficed to explain  
variation in  th e  behavior a n d  success o f  the  turnstones.

D ISC U SSIO N

T reatm en t effects on  forag ing  success were as expected . 
N evertheless, the  effects o n  agonistic behavior deviated from  
o u r  expectations. To o u r  surprise, d o m in an t an d  subord inate  
birds d iffered  strongly in  th e ir  in take rates w hen food  was 
c lum ped , even th ough  they spen t the sam e am o u n t o f  tim e 
o n  agonistic in teractions. This suggests th a t the am o u n t o f 
agonistic behavior show n by an  individual a n d  its in take rate  
are  n o t directly re la ted . W hen  food  is c lum ped , d o m inan t 
foragers can  apparen tly  m onopo lize  food  with few in terac­
tions. T he m ost im p o rtan t lesson to be draw n from  this is that 
it m ay be difficult to p red ic t in te rfe ren ce  effects from  the 
am o u n t o f  agonistic behavior observed.

T he trea tm en t factors affected  agonistic behavior in  such 
a  way th a t two o f  o u r  expectations were n o t m et. First, the  
experim en ta l birds d id  n o t in te rac t m ore  w hen food  was 
c lum ped  th an  w hen food  was dispersed. Instead , d o m inan t 
birds even spen t slightly m ore  tim e on  offensive behavior 
w hen food  was dispersed. T hus, subo rd ina te  birds d id  no t 
increase th e ir  level o f  agonistic behavior w hen food  was 
c lum ped , even th o u g h  th e ir  in take ra te  was red u ced  severely 
at this cond ition . A  sim ilar result was fo u n d  by som e o f  the 
o th e r  experim en ta l studies (e.g., B elzung an d  Anclersson, 
1986; T heim er, 1987). T he m ost ex trem e exam ple is probably  
given by South  wick (1967), who fo u n d  th a t subo rd ina te  rh e ­
sus m acaques (Macaca mulatta) w ould, in  response to d im in ­
ished  food  supplies, ra th e r  die from  starvation th an  increase 
th e ir  level o f  agonistic behavior towards do m in an t individuals. 
O u r results a re  m ost likely a  consequence  o f  the tu rnstones 
being  highly fam iliar with each  o ther. W hen  fam iliarity is 
h igh , relative dom inance  status o f  foragers may be so well 
established th a t little agonistic behavior is req u ired  to m ain ­
tain  ow nership o f  resources (e.g., B alph, 1977). This w ould 
im ply tha t aspects re la ted  to the fo rm ation  an d  m ain tenance  
o f  d om inance  h ierarch ies, such as fam iliarity am ong  the fo r­
agers, may well be crucial fo r a  full u n d e rs tan d in g  o f  in te rfe r­
ence behavior. Regardless o f  th e  prox im ate  exp lana tion , the 
lack o f  a behavioral response by subo rd ina te  birds to a ltered  
food  cond itions poses the in teresting  question  as to why fo r­
agers acquiesce in  a subord inate  position . Individual differ­

ences in  physical characteristics cou ld  exp lain  this, b u t the 
answ er to this question  is fa r from  obvious given th a t dom i­
nance  h ierarch ies may also arise from  arbitrary  conventions 
a lone  (H annnerste in , 1981; M aynard Sm ith an d  Parker, 
1976). E volutionary biologists have stud ied  this question  
fo r a long  tim e (e.g., L andau , 1951), b u t this p rob lem  has 
certainly n o t b een  resolved (e.g., M esterton-G ibbons and  
D ugatkin, 1995; van D oorn  e t al., 2003a,b ). Second, contrary  
to o u r p red ictions, tu rnstones d id  n o t cease to in terac t ago­
nistically w hen food  was dispersed. This can  be exp la ined  in 
various ways. Even w hen the birds were fam iliar with each 
o ther, som e agonistic in terac tions may, fo r instance, have 
b een  n eed ed  to serve long-term  goals, such as the fo rm ation  
a n d  m a in tenance  o f  d om inance  h ierarch ies (Piper, 1997). 
A lternatively, th e  observed agonistic behavior at the d ispersed 
food  d is tribu tion  m igh t reflect the inability o f  tu rnstones to 
ad ap t to such a  d istribu tion . T he la tte r seem s a  reasonable  
op tion  because food  in  the field  is o ften  aggregated  (Taylor, 
1961), an d  th e  chance to  ob ta in  access to a food  clum p by 
displacing a n o th e r  individual may th ere fo re  in  genera l be 
high.

In  co m p arin g  these  resu lts w ith previous ex perim en ts , it is 
in te re s tin g  to n o te  th a t o u r  resu lts co rre sp o n d  well with 
those  o f  th e  only o th e r  study o n  spatial c lum p ing  th a t stud ­
ied  com p e titio n  am o n g  two foragers (T heim er, 1987). D om ­
in a n t clark-eyecl ju n c o s  (Junco hyemalis) also o b ta in ed  m ore  
fo o d  th a n  su b o rd in a te  ju n c o s  w hen  fo o d  was c lu m p ed  an d  
th e  sam e am o u n t o f  fo o d  w hen fo o d  was d ispersed . M ore­
over, th e  n u m b e r o f  agonistic  in te rac tio n s am o n g  th e  ju n c o s  
was also less w hen fo o d  was c lum ped . T his suggests th a t the 
effects o f  spatial c lu m p in g  o n  agonistic  behav io r a n d  fo rag ­
ing  success m ay be g en era l am o n g  species. However, it 
sh o u ld  be  rea lized  th a t th e  possibility to genera lize  over 
o th e r  ex p erim en ta l co n d itio n s m ay be res tric ted . This is 
clearly illu s tra ted  by th e  study o f  T h e im er (1987), w ho fo u n d  
d iffe ren t effects o f  spatial fo o d  d is trib u tio n  fo r g roups o f  two 
a n d  g roups o f  th re e  birds. T his m ig h t well be  th e  reaso n  th a t 
p revious ex p erim en ts  (Table 1 ), w hich all strongly  d iffered  
from  each  o th e r  in  th e ir  design , gave th e  im pression  th a t 
g en e ra l effects w ere absent.

Im plications

We fo u n d  tha t the streng th  o f  in te rfe ren ce  effects d ep en d ed  
strongly o n  b o th  the spatial food  d is tribu tion  a n d  o n  the for­
agers’ relative dom inance  status. T he presence  o f  a  com petito r 
only strongly red u ced  in take ra te  w hen food  was c lum ped  and  
w hen th e  focal b ird  was subord inate . T ogether with th e  fact
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th a t in teractions over individual food  item s were absen t in  o u r 
experim en t, this resu lt suggests th a t in te rfe ren ce  com petition  
in  o u r ex p e rim en t arose th ro u g h  agonistic in terac tions over 
food  clum ps. T he quantitative relevance o f  these findings will 
d e p e n d  on  the relative frequency  with w hich foragers e n co u n ­
te r heterogeneously  d is tribu ted  food  in  th e  field. U n fo rtu ­
nately, little is know n ab o u t th e  frequency  with w hich food  
distribu tions occu r a t specific levels o f  he terogeneity  
(T heim er, 1987). O u r u n d ers tan d in g  o f  th e  im portance  o f 
agonistic in teractions over food  clum ps as an  in te rfe ren ce  
m echanism  w ould, there fo re , clearly benefit from  a systematic 
investigation o f  food  distribu tions in  the field.

Furtherm ore , we fo u n d  tha t knowledge o f  the foragers’ 
relative dom inance status sufficed to explain variation in  the 
behavior and  success o f  th e  turnstones. O ne im portan t conse­
quence o f  this is th a t fo r species with a  strong  dom inance 
structuring  any group  will consist o f  d o m inan t an d  subordinate 
individuals, even groups com posed o f  the h ighest o r  lowest 
ranked  individuals only. In  addition , we fo u n d  th a t dom inan t 
birds can n o t always take advantage o f  th e ir dom inance status. 
Instead, the ex ten t to which they can do so may d ep en d  on 
external conditions, such as the food  distribution. Thus, we 
could  have in te rp re ted  the effects o f  the presence o f  a  com pet­
ito r w ithout acknow ledging th e  foragers’ dom inance status 
w hen food  was dispersed b u t certainly n o t so w hen food  was 
clum ped. This finding can probably be generalized to all con­
ditions tha t affect the ex ten t to w hich resources o r  space can be 
m onopolized. A no ther challenge fo r fu tu re  research  o n  in ter­
ference com petition  may therefore lie in  the p red iction  o f  such 
conditions (G rant, 1993; e.g., Cresswell e t al., 2001).

M ost m odels o f  in te rfe ren ce  com petition  can n o t explain  
th e  strong  in te rfe ren ce  effect th a t we observed because they 
assum e in te rfe ren ce  com petition  to arise solely from  klepto- 
parasitism  (i.e., in teractions over individual food  items: e.g., 
B room  an d  R uxton , 1998; G iraldeau an d  Caraco, 2000; Sirot, 
2000). A cknow ledging in terac tions over food  clum ps as a  p o ­
ten tia l in te rfe ren ce  m echanism  w ould provide us w ith an  ex­
p lana tion  fo r the fact th a t m any species in te rac t agonistically 
with each o th e r  in  systems w here prey-handling tim e is short, 
th a t is in  th e  absence o f  k leptoparasitism . Inco rp o ra tin g  these 
in te rfe ren ce  m echanism s in  m odels o f  in te rfe ren ce  com peti­
tion  may there fo re  strongly im prove o u r ability to p red ic t in ­
te rfe rence  effects.

To this en d , it is an  in teresting  question  w hether food  
clum ps are d iffe ren t from  food  item s in  an  essential way. 
W hen such differences are  absent, food  clum ps could  simply 
be redefined  as the new  fo o d  item s, an d  th e  existing m odels 
o f  in te rfe ren ce  com petition  could  be used  to m odel agonistic 
in terac tions over food  clum ps. This w ould only req u ire  the 
rep lacem en t o f  m odel param eters th a t a re  characteristics to 
food  item s with those th a t cap tu re  clum p characteristics, 
such as clum p-hand ling  tim e. S tillm an e t al. (2002) took  this 
app roach  w hen m odeling  in te rfe ren ce  in  com m on cranes 
( Grus grus) forag ing  o n  clum ps o f  cereal seeds, thus assum ing 
th a t agonistic in terac tions over food  clum ps are  “sim ilar” to 
those co ncern ing  food  item s. If, o n  th e  contrary, agonistic 
in terac tions over food  clum ps a n d  food  item s are d ifferen t 
from  each  other, the sim ple redefin ition  o f  food  item s can n o t 
be used  to m odel in terac tions over food  clum ps, an d  m odels 
o f  in te rfe ren ce  com petition  shou ld  actually be ex ten d e d  to 
inco rpo ra te  in teractions over food  clum ps. This may, fo r in ­
stance, be d o n e  by relaxing the  basic m odeling  assum ption 
th a t fo o d  is d is tribu ted  hom ogeneously. Several studies have 
already show n how hete ro g en eo u s food  d istribu tions can be 
m odeled  (e.g., A rditi an d  D acorogna, 1988; C osner e t al., 
1999; R uxton  an d  Gurney, 1994).

A t first glance, it may seem  reasonable  to assum e th a t in te r­
actions over food  clum ps a n d  in terac tions over food  item s are

n o t essentially d ifferen t, especially because m any o f  th e  behav­
iors constitu ting  b o th  types o f  in teractions are  similar. For 
instance, regardless o f  w hat is a t stake, fo rag ing  anim als may 
try to steal o r  defen d  a resource a n d  avoid o r  m o n ito r o th e r 
foragers. However, despite  this sim ilarity in  th e  underly ing  
behaviors, in terac tions over individual food  item s an d  small 
food  clum ps have d istinguish ing  features th a t may well affect 
the com position  o f  costs an d  benefits an d  hen ce  the strategic 
choices o f  individuals. For instance, un like m ost food  item s, 
food  clum ps generally  can be divided am ong  m ultip le  forag­
ers because they consist o f  m ultip le  food  item s. T hus, al­
though  foragers th a t su p p lan t o th e r  foragers from  food  
clum ps can be considered  to “klep toparasitize” these food  
clum ps (e.g., Sm ith e t al., 2002), this process may 
d iffer from  k leptoparasitism  over food  item s in  th a t the sup­
p lan ted  foragers m ay have exp lo ited  th e ir  food  clum ps at 
least partly befo re  being  supp lan ted . A n o th e r po ten tia l differ­
ence is th a t w inning in teractions over individual food  item s 
provides foragers with concre te  resources, w hereas w inning 
in teractions over food  clum ps m erely results in  an  increased 
chance o f  find ing  food  in  th e  n e a r fu tu re . Because un cer­
tainty ab o u t rew ards is know n to affect decision  processes 
(e.g., K ühberger a n d  Perner, 2003), the fact th a t foragers 
have less in fo rm ation  o n  th e  rewards o f  an  in te rac tion  over 
food  clum ps may also cause k leptoparasitism  over food  
clum ps to deviate from  th a t over food  item s. F u tu re  experi­
m en ta l an d  theoretical investm ent shou ld  be d irec ted  a t the 
differences betw een the  various types o f  in terac tions an d  the 
consequences o f  these d ifferences fo r o u r  p red ictions on  
in te rfe ren ce  behavior.

However, regardless o f  the re la tion  betw een in teractions 
over food  clum ps an d  in terac tions over food  item s, the re  
may be m ore  fund am en ta l p rob lem s in  the way we curren tly  
m odel in te rfe ren ce  com petition . M odels o f  in te rfe ren ce  com ­
petition  all assum e th a t in te rfe ren ce  effects arise th ro u g h  the 
loss o f  tim e to agonistic in teractions. We fo u n d  th a t th ere  was 
no  such straightforw ard re la tionsh ip  betw een th e  am o u n t o f 
agonistic behavior o f  an  individual an d  its in take ra te  and  
a ttrib u ted  this to th e  strong  estab lishm ent o f  th e  relative dom ­
inance status o f  th e  birds. T he p rim e im portance  o f  social 
dom inance  in  this an d  m any o th e r  forag ing  experim ents 
(Piper, 1997; e.g., Baker e t al., 1981; Sm ith  e t al., 2001) sug­
gests th a t long-term  processes such as acqu iring  an d  m ain ta in ­
ing  dom inance  status may be co n n ec ted  to the foraging 
process in  such an  in tim ate  way th a t we can n o t fully u n d e r­
stand  th e  forag ing  process w ithout them . In  the presence  o f 
such long-term  processes even basic assum ptions like the 
m axim ization o f  in take ra te  may n o  lo n g er hold .

APPEN D IX  

P ilo t trials

In  the first 14 tra in ing  p ilo t days we a ttem p ted  to teach 
the birds to associate food  d is tribu tion  with a sign o f  a  spe­
cific co lo r a n d  shape. Because these a ttem pts were n o t suc­
cessful, we tra ined  the birds in  th e  n ex t n ine  p ilo t days to 
recognize the fo o d  d is tribu tion  on  th e  fo rag ing  p latform  
instan taneously  (i.e., p rio r to land ing  on  th e  p latfo rm ) on  
the basis o f  the  sam e black an d  w hite plates th a t we also at­
tached  to th e  sides o f  th e  forag ing  p latfo rm  in th e  actual 
experim en t. D uring  these 9 days each b ird  perfo rm ed , on  
its own, 21 trials o f  ab o u t 60 s. T he setup  in  these trials dif­
fe red  from  th e  experim en ta l setup  in  th a t two forag ing  p lat­
form s were presen t. We positioned  th e  add itional p latform  
3 m  from  the first p latform , an d  this second  p latform  only 
d iffered  from  the first p latfo rm  in  its food  d is tribu tion , and
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hen ce  the co lo r o f  th e  plates a ttached  to its sides. We stud ied  
the b ird s’ p references fo r each food  d is tr ib u tio n /p la te  co lor 
by reco rd ing  o n  w hich p latfo rm  each b ird  lan d ed  first in  the 
last fo u r p ilo t trials. A fter th e  experim en t, each  b ird  p e r­
fo rm ed  a n o th e r fo u r trials to study p o ten tia l changes in  p ref­
erence. We tested  p re fe rence , using a  goodness o f  fit test fo r 
b inom ial d istribu tions with p  — q — .5.

T he  frequency  d is trib u tio n  o f  p re fe ren ce  fo r a specific 
fo o d  d is trib u tio n  dev iated  significantly  from  b inom ial, b o th  
befo re  (x2 =  34.45, d f  =  4, p  <  .001) an d  a fte r (x2 =  28.33, 
d f  =  4, p  <  .001) th e  ex p erim en t, in d ica tin g  th a t m ost b irds 
w ere ab le  to d is tingu ish  betw een  the  two p la tfo rm s o n  th e  
basis o f  th e  co lo r o f  th e  p lates a tta ch ed  to  the  p latform s. 
B efore th e  ex p erim en t, an  equa l n u m b e r  o f  b irds p re fe rred  
b o th  fo o d  d is tribu tions, w hereas a fte r th e  e x p e rim en t th e  
b irds only  p re fe rre d  th e  c lu m p ed  fo o d  d is trib u tio n . T he  d if­
fe ren ce  in  p re fe ren ce  befo re  a n d  a fte r th e  e x p e rim en t in d i­
cates th a t lea rn in g  to in stan taneously  recognize p la tfo rm  
co lo r a n d /o r  fo o d  d is trib u tio n  c o n tin u e d  th ro u g h o u t the 
ex p e rim e n t an d  tha t, a t least a fte r th e  ex p erim en t, th e  birds 
based  th e ir  cho ice o n  th e  fo o d  d is trib u tio n  ra th e r  th an  on  
p la tfo rm  color.
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