
MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 319: 215–223, 2006 Published August 18

INTRODUCTION

The ability of an individual to recognize its predators
is of crucial importance for its survival and for cost-
effectively regulating its activities. An individual
should feed, reproduce, and carry out a variety of
maintenance activities without disturbance in the pres-
ence of non-predatory species. However, it should flee,
retreat into shelter, or display a variety of anti-preda-
tory behaviors in the presence of a predator. The
extent of its avoidance behavior, at a cost of stopping
its other activities, should be directly related to its vul-
nerability to a particular predator (Stein 1979). The
recognition of predators by reef fishes has been well
documented, based on field observations and con-
trolled experiments. Several field studies of reef fishes
observed specific anti-predatory behaviors that were
displayed only in the presence of piscivorous fishes, in
contrast to a lack of response to non-piscivorous ones.
These behaviors included: retreat into shelters by

pomacentrids, gobies, and jaw fishes (Colin 1971, Hur-
ley & Hartline 1974, Karplus 1979, Coates 1980a);
school formation by pelagic pomacentrids (Myrberg et
al. 1967); mobbing by pomacentrids (Fricke 1975, Ishi-
hara 1987); and the emission of tactile and visual warn-
ing signals by gobies (Karplus 1979, Smith & Smith
1989). Some of these studies used controlled experi-
ments to demonstrate that coral reef fish react differ-
ently to different species (Myrberg & Thresher 1974,
Thresher 1976), especially in differentiating between
piscivorous and non-piscivorous fishes (Fricke 1975,
Karplus 1979, Coates 1980a). Little research has been
carried out on the differential ability of adult and juve-
nile reef fishes to discriminate between species and,
particularly, to recognize their predators. Juvenile reef
fishes have been reported to be less able than adults to
differentiate between the cleaner fish Labroides
dimidiatus and its mimic the ectoparasitic Aspidontus
taeniatus (Wickler 1963). Work by Almany, cited by
Webster (2002), demonstrated that settlers did not
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respond to cues from caged predators on Bahamian
coral reefs.

Juvenile reef fishes suffer heavy mortality, especially
shortly after settlement, and the mortality rate is
inversely related to size (Doherty & Sale 1985, Sale &
Ferrel 1988, Hixon 1991, Schmitt & Holbrook 1999,
Steele & Forrester 2002). Controlled experiments have
shown that predation is the major cause of this mortal-
ity; the experiments involved the removal of predators
(Hixon 1991, Carr & Hixon 1995, Webster 2002), preda-
tor exclusion by cages (Dohery & Sale 1985, Steele
1999, Holbrook & Schmitt 2002, Steele & Forrester
2002), and direct day and night remote monitoring of
predation with video cameras (Holbrook & Schmitt
2002). Several hypotheses have been advanced to
explain the high vulnerability of small juveniles to pre-
dation: (1) their small size renders these fish particu-
larly vulnerable to a wide array of small piscivores,
including generalist micro-carnivores such as wrasses
(Shulman 1985, Steele 1999); (2) the small juveniles
have lower swimming speeds and reduced visual acu-
ity compared with adults, which make their capture by
predators easier (Shulman 1985, Sweatman 1985);
(3) the smallest and most recently recruited juveniles
are also lowest in the social hierarchy in mixed-size
groups and are, through interference competition for
refuge, pushed into the periphery of the shelter (e.g.
coral or sea anemone) by larger and more dominant
individuals, thus becoming more vulnerable to preda-
tion (Shulman 1985, Schmitt & Holbrook 1999, Hol-
brook & Schmitt 2002); and (4) young juveniles are
naïve and more susceptible to predation than larger
and more experienced fish (Hixon 1991).

Five different species of small planktivorous poma-
centrids, all living in mixed-size groups and sheltering
inside branching corals, were reported to prefer to set-
tle from the plankton into corals inhabited by con-
specifics rather than into empty corals (Sweatman
1983, 1985, 1988, Jones 1987, Booth 1992). Several
reasons have been advanced to account for this prefer-
ence: (1) choice of a coral head inhabited by con-
specifics ensures a continuous and adequate supply of
food (Sweatman 1983, 1985, Booth 1992), (2) choice of
an inhabited coral head ensures availability of proper
mates in the future (Sweatman 1983, 1985), and
(3) choice of an inhabited coral head provides the fresh
recruits with the increased vigilance and the dilution
effect of a larger school (Sweatman 1985).

The aims of the present study were to determine
whether small juveniles and large adult individuals of
Dascyllus marginatus, a pomacentrid living in mixed-
size groups in branching corals (Holzberg 1973), differ
in their ability to recognize predators, and whether
juveniles benefit from being exposed to a predator in
company with an adult. Resolving these 2 issues may

contribute to our understanding of the low survival of
newly settled reef fishes and of the attraction of
recruits living in mixed-sized schools to coral heads
inhabited by conspecifics.

MATERIALS AND METHODS

Expt 1: Effect of size on predator recognition.
Thirty-three adult (49 to 60 mm) and 35 juvenile (13 to
17 mm) Dascyllus marginatus were collected in the
northern Red Sea from the upper slope of the coral reef
(3 to 15 m depth) in front of the H. Steinitz Marine Bio-
logical Laboratory (29° 30’ N, 34° 56’ E). The size of this
species in the Red Sea ranges between 10 and 59 mm,
with a mean of 39 mm (Holzberg 1973). The 2 collected
size classes were kept in separate large plastic contain-
ers (50 × 50 × 100 cm) with a seawater inflow of 8.5 l
min–1 and with dead branching corals of the genera
Stylophora and Acropora as shelters. Water tempera-
tures ranged between 25 and 27°C. The fish were fed
daily on Artemia and exposed to ambient light levels.
Epinephelus fasciatus is a small grouper which feeds
on crustaceans and fishes, including the size range of
adult and juvenile D. marginatus (Karplus 1978, I.
Karplus pers. obs.). Acanthurus nigrofuscus is a sur-
geon fish which feeds exclusively on brown, red, and
green algae (Fishelson et al. 1987). These 2 species,
which are both very common in the vicinity of the col-
lected D. marginatus, were selected as representative
of a piscivore and non-piscivore. Groupers and sur-
geon fish ranging in size from 25 to 30 cm total length
(TL) were collected with hand nets and maintained in
a large pool on diets of Atarina and Ulva, respectively.
Fish collection and handling during the study were
approved by the Israeli Nature Conservation author-
ities.

The effects of the size (i.e. large or small) of a Dascyl-
lus marginatus individual on its avoidance behavior in
3 treatments—the presence of a much larger piscivore,
the presence of a much larger non-piscivore, and no
fish—were studied in a completely randomized factor-
ial experimental design. The testing apparatus was
divided into 2 unequal sections by a transparent glass
partition that allowed only the passage of visual cues.
The smaller section—30 × 10 × 20 cm—held a large
predatory or non-predatory fish, and was empty in the
control treatment (Fig. 1A). The larger section—100 ×
10 × 20 cm—served for monitoring the response of the
test fish (Fig. 1B). Inside the larger section and close to
the transparent separating partition the releasing
chamber (Fig. 1C) was installed, which comprised only
3 parts: a small upper plate (5 × 10 cm), to which an
elongated white opaque plate (10 × 40 cm) and a net
partition of the same size were attached. The opaque
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plate prevented the test fish from seeing the adjacent
large fish, and the net partition restrained it from mov-
ing outside the cell. A ruler attached to the elongated
section of the apparatus enabled determination of the
position of the test fish. The test apparatus was posi-
tioned on a table inside a small room, and a video cam-
era was positioned outside the room to observe the
behavior of the fish via a hole in the wall. The test fish
was introduced into the releasing chamber and, after a
5 min acclimatization period, the chamber was lifted
slowly by a pulley system, enabling the test fish to see
into the small section of the apparatus while giving it
access to the elongated section of the test apparatus,
which allowed an avoidance response. Fish behavior
was monitored for 4 min.

Four response behaviors of the test fish were ex-
tracted from the video recordings; three were related
to its initial escape response, and one to its position.
The initial escape response was defined as its move-
ment away from the small section of the test apparatus
until it stopped or changed direction. The 3 relevant
behaviors concerned: (1) escape time—the duration of
the initial escape response, (2) escape distance—the
distance covered by the test fish during the initial

escape response, and (3) escape velocity—the velocity
of the test fish during the initial escape response. The
average position was the mean distance between the
test fish and the glass of the stimulus cell (monitored
every 10 s) over the 4 min exposure period. All tests
were carried out between 05:00 and 08:00 h under low
light levels ranging from 50 to 56 µE m–2 s–1, as mea-
sured with a QSI-140 light meter (Biospherical Instru-
ments). Due to the increase in the foraging activity of
piscivore fishes at low light levels in the early morning,
the study was limited to these hours. The water tem-
perature in the testing apparatus ranged from 25 to
27°C. The apparatus was drained, rinsed, and filled
with fresh seawater after each trial, to eliminate any
possible residual chemical cues from previously tested
fish. Fish were tested within 1 wk of capture, but after
a post-capture period of least 48 h. Each fish was tested
only once and was then returned to the sea to suitable
vacant living corals.

The data were analyzed with a SAS Instutite (1989)
statistical software package, following transformations
that provided compliance with normality (nonsigni-
ficant deviation from normality according to the Shapiro-
Wilks tests) and homogeneity of variances (Bartlett’s
tests). Data were transformed following a search for Box-
Cox type transformations that also yielded near-optimal
log-likelihood results. The following transformations
were used: log(x + 0.5) for escape distance and escape
time and log(x + 2) for escape velocity. Only location data
were not transformed. The results were subjected to
MANOVA (multivariate analysis of variance) to reveal
overall effects and to 2-way ANOVA (analysis of vari-
ance) for the individual parameters, followed by Stu-
dent-Newman-Keul’s test for multiple comparisons.

Expt 2: Social facilitation of predator avoidance in
small (15 to 18 mm) Dascyllus marginatus. The effect of
the social environment on predator avoidance by small
D. marginatus was studied by comparing the behavior
of fish in 3 different social groups that were suddenly
exposed to a predator. These groups comprised: (1) a

single small fish (n = 11), (2) 2 small fishes
(n = 12), and (3) a small and a large conspe-
cific fish (n = 24). The overall lengths of the
large and small tested fish were 35 to 48
and 15 to 18 mm, respectively. The testing
apparatus and the testing procedure were
as in Expt 1, except that the fish response
was tested only with respect to exposure to
a piscivore, and, in some of the trials, in-
stead of a single fish, 2 fish were tested si-
multaneously. The position of the small fish
in a social group of 2 small fishes was com-
puted as the mean of their positions.

Data were transcribed as detailed for
Expt 1. However, records were also made
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Fig. 1. Apparatus used for testing predator recognition and social facili-
tation of predator avoidance in Dascyllus marginatus: (A) small cell for
large stimulus fish, (B) elongated cell for monitoring test fish response,

and (C) the releasing chamber
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of: whether the 2 fish were separated by
< 15 cm, a situation designated ‘associated’;
movement of the 2 fish in the same direction
while associated, termed ‘led’; and the iden-
tity of the leader. The distance of 15 cm
(about 3 body lengths of the large fish) was
selected because almost all joint movements
of 2 similar or differently sized fish in our
study were within this distance. We assumed
one fish to lead and the other to follow
because that movement pattern occurred
both when moving away from or towards the
predator. Moreover, when one fish sped up the other
increased its speed as well. Statistical analysis was car-
ried out following data transformation as for Expt 1.
Results were subjected to MANOVA and 1-way
ANOVA, followed by Student-Newman-Keul’s test for
multiple comparisons. The frequencies of ‘associated’
and ‘led’ behavior in differently sized pairs were com-
pared by means of the non-parametric Mann-Whitney
U-test (with χ2 approximation).

Expt 3: Social facilitation of predator avoidance in
very small (8 to 12 mm) post-settlement Dascyllus
marginatus. The third experiment was similar to the
second, except that the tested fish were much smaller,
with overall lengths of only 8 to 12 mm. These fish
were collected 2 to 3 d following settlement. In this
experiment fish were tested in only 2 social environ-
ments: (1) 2 small fishes (n = 24) and (2) a small and a
large conspecific fish (n = 12).

RESULTS

Expt 1: Effect of size on predator recognition

MANOVA revealed an overall significant effect of
treatment on fish responses (Wilk’s test statistic, W8,114

= 0.548; p < 0.0001), a lack of a size effect (W4,57 =
0.940; p > 0.4), but a significant treatment × size inter-
action (W8,114 = 0.712; p < 0.02). The main effects of
treatment and fish size on escape time were non-
significant, but the size × treatment interaction was
significant (Table 1). The duration of the escape
response of small test fish from both the predatory
and non-predatory fishes was about 8 s and that from
the empty cell about 2 s. Large test fish maintained
their escape from the predator for twice as long as
from the non-predator, and their escape time from the
empty cell was intermediate (Fig. 2A). The escape
distance was significantly affected only by treatment;
the effects of size and of size × treatment interactions
were nonsignificant (Table 1). Overall, irrespective of
size, the test fish covered the longest distance (47.7 ±
43 cm) when confronted by the predator, the shortest

(6.7 ± 4.4 cm) when confronted by the empty compart-
ment, and intermediate distances (24.1 ± 31 cm) in
avoiding the non-predator. The escape velocity was
not affected by size, but the effects of treatment and
of the size × treatment interaction were significant
(Table 1): overall, irrespective of size, the test fishe
escaped from the predator at the highest speed (6.3 ±
4 cm s–1), from the empty cell at the lowest (4.1 ±
6.3 cm s–1), and from the non-predator at an inter-
mediate speed (5.6 ± 5 cm s–1). Large test fish escaped
at a similar speed from both stimuli fishes and at
less than a third of that speed from an empty cell.
Small test fish escaped at a similar speed from stimuli
fishes (about half the speed of large test fish), and
an empty cell (Fig. 2B)

There was a highly significant main effect of treat-
ment on the average location of Dascyllus marginatus
in the testing apparatus (Table 1). Overall, irrespective
of their size, fish were located closest (26.7 ± 24.4 cm)
to the empty cell, more than twice as far (58.5 ± 68 cm)
from the predator, and an intermediate distance from
the non-predator. Fish size had no significant effect on
mean position, but there was a significant size × treat-
ment interaction, indicating that the responses differed
among different-sized fish (Table 1). Large test fish
avoided the vicinity of the predator: they stayed about
80 cm from it, compared with less than half that dis-
tance from the non-predator, and stayed closest to the
empty cell (Fig. 2C). The small fish maintained similar
intermediate distances from both the predator and the
non-predator, and a smaller distance, but not signifi-
cantly so, from the empty cell (Fig. 2C).

Expt 2: Social facilitation of predator avoidance in
small fish (15 to 18 mm)

Small Dascyllus marginatus spent most of the time
associated when exposed in pairs to a predatory fish.
The level of association did not differ significantly (χ2 =
0; df = 1; p > 0.99) when associated with either a small
or a large fish (54.2 ± 51.9 and 67.2 ± 33.1%, respec-
tively). The frequency of movement of the 2 fish in the
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Effect df Escape Escape Escape Mean
time distance velocity location

Size 1,60 0.014 1.417 1.286 0.03
Treatment 2,60 2.626 14.393*** 3.521* 16.17***
Size × Treatment 2,60 4.189* 0.872 6.484** 3.38*

Table 1. Results of 2-way ANOVA (F-values) of the effect of size of
Dascyllus marginatus (large and small) and treatment (piscivore,
non-piscivore, and empty aquarium) on the initial escape response, and

mean location of D. marginatus (*p < 0.05, **p < 0.01, ***p < 0.001)
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same direction (i.e. led) while associated did not differ
statistically between matched and unmatched pairs
(χ2 = 1.041; df = 1; p > 0.3), although fish tended to lead
more often in the latter (14.4 ± 17.3 and 6.3 ± 6.2%,
respectively). The larger fish was the leading partner
2.7 times as often as the small one.

MANOVA revealed an overall significant effect of
group composition (W8,76 = 0.609; p < 0.02) on the
responses of small fish when exposed to a predator.
Group composition had significant effects on the fol-
lowing 4 tested parameters: escape time (F2,42 = 10.838;
p < 0.001), escape distance (F2,42 = 15.955; p < 0.001),
escape velocity (F2,42 = 3.983; p < 0.03), and mean loca-
tion (F2,44 = 5.630; p < 0.01). The escape time of a small
fish paired with a large one was >6 times as long as
that while it was paired with a small one and almost
twice as long as that of a single fish (Fig. 3A). The
escape distance of a small fish paired with a large one
was >2.5 times that of a single small fish and >10 times
that of a pair of small fishes (Fig. 3B). The escape veloc-
ity of a small fish paired with a large one was almost
twice that of a single small fish or of a pair of small ones
(Fig. 3C). The average location of a small fish paired
with a large one during the 4 min of testing was twice
as far from the predator as that of a single small fish or
of a small fish paired with another small one (Fig. 3D).

Expt 3: Social facilitation of predator avoidance in
very small post-settlement fish (8 to 12 mm)

Very small Dascyllus marginatus differed in the
times they spent associated with a similar-sized fish or
with a large one (χ2 = 18.264; df = 1; p < 0.001). When
paired with another small fish they spent almost the
entire time (99.0 ± 1.8%) associated with it, compared
with less than half of the time with a large one (47.2 ±
33.9%). The frequency of movement of the 2 fish in the
same direction (i.e. led) while associated did not differ
statistically between matched and unmatched pairs
(χ2 = 2.460; df = 1; p > 0.1), although leading tended to
happen more often in matched than in unmatched
pairs (11.5 ± 9.9 and 4.8 ± 5.5%, respectively). In
unmatched pairs the larger fish was the leading part-
ner 1.6 times more often than the small one.

MANOVA revealed an overall significant effect of
group composition (W4,29 = 0.680; p < 0.03) on the
responses of post-settlement fish when exposed to a
predator. Group composition had significant effects on
2 of the 4 tested parameters: the escape distance
(F1,32 = 6.632; p < 0.02) and the escape velocity (F1,32 =
11.394; p < 0.02). The escape distance of a very small
fish when paired with a large fish was about 3 times as
long as that when it was paired with a small one
(Fig. 4A); and the escape velocity of a very small fish
was more than twice as great when it was paired with
a large fish as when it was paired with another very
small one (Fig. 4B). There were non-significant effects
of pair composition on the escape time (F1,32 = 0.120;
p > 0.7) and average location (F1,34 = 1.28; p > 0.2) of
very small fish.
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Fig. 2. Dascyllus marginatus. Responses of large (49 to 60 mm)
and small (13 to 17 mm) fish to sudden exposure to a predator,
a non-predator, and an empty cell. Columns not sharing let-
ters are significantly different (p < 0.05). Error bars indicate 

standard deviation
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DISCUSSION

This study revealed that, whereas adult Dascyllus
marginatus are able to discriminate between predatory
and non-predatory fishes, juveniles are unable to do so,
and this inability to recognize predators may contribute
to the greater vulnerability of juveniles to predation.
The difference in predator recognition capability was
particularly evident in its effect on the mean position of
the test fishes, less so in its effects on the various com-
ponents of the initial escape response. The intensity of
the initial avoidance response of a test fish when ex-
posed very close to a much larger hetero-specific one
was independent of whether or not that large fish was a
piscivore. However, a large test fish was probably able
to practice discrimination after examination of the large
hetero-specific from a greater distance. Some of the
avoidance responses of the test fish may represent a
general fright response due to confinement in a small
space prior to testing and the movement of the opaque
partition while lifting the releasing chamber.

Predator recognition in this study was mainly
based on visual cues, since there was no
exchange of chemical cues between the stimuli
and the test fish. However, one cannot rule out the
transmission of acoustic cues through the glass
partition that separated the fishes (Katzir 1981).
The visual cues that enable predator recognition
by adult Dascyllus marginatus are not known. A
large number of facial features, e.g. size and
shape of the eye and/or mouth, of reef fishes could
theoretically serve as cues for discrimination
(Karplus & Algom 1981). Adult Chromis caeruleus
responded differently to complex 2-dimensional
models of a grouper and a surgeon fish that dif-
fered in many parameters (Karplus et al. 1982).
These were the same type of fish used in the pre-
sent study. A study of the responses of C.
caeruleus to simple models, which differed in only
1 parameter at a time — eye or mouth size, struc-
ture of the mouth, or distance between the eyes —
revealed that mouth size and structure provided
the cue for predator recognition (Karplus et al.
1982). In a preliminary study in which Anthias
squamipinis were confronted with the same type
of models, eye size and distance between the eyes
were cues that enabled predator recognition
(L. Fishelson pers. comm.). In view of the variation
among species in the actual cues they use for
predator recognition, only controlled experiments
could reveal the cues that serve adult D. margi-
natus for this purpose. This study did not address
the recognition of predators by chemical cues,
and thus it cannot be ruled out that juveniles
recognize piscivores by olfaction.

Juvenile fish that are not born with the ability to recog-
nize their predators may acquire or refine that ability by
1 or more of 3 processes: (1) maturation of the sensory or
neural system, which does not require exposure to a
predator (Munz & McFarland 1973, Coss 1978, Blaxter
1986); (2) individual learning, which may be a dangerous
process that involves the exposure of a naive fish to a
predator (Csanyi & Doka 1993); and (3) social transmis-
sion, by which a naïve fish may learn to recognize preda-
tors through exposure to them in company with experi-
enced individuals (Mathis et al. 1996, Vilhunen et al.
2004). Several recent studies have addressed the prob-
lem of social transmission of predator recognition with
relation to stock rehabilitation programs and sea ranch-
ing of commercial edible fishes (reviewed by Suboski &
Templeton 1989, Brown & Laland 2001), but none in
connection with reef fishes. However, social transmission
of information concerning the learning of twilight migra-
tion routes from more experienced conspecifics has been
demonstrated for the reef fish Haemulon flavolineatum
(Helfman & Schultz 1984).

220

Fig. 3. Dascyllus marginatus. Responses of small (15 to 18 mm) fish
to sudden exposure to a predator while isolated (S) or paired with
a small (S-S) or large conspecific (S-L). Columns not sharing letters
are significantly different (p < 0.05). Error bars indicate standard 

deviation
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In the present laboratory experiment, the exposure
of a juvenile Dascyllus marginatus in the company of
an adult to a piscivore elicited greater avoidance of the
predator than exposure of 1 or a pair of juveniles, and
the difference was attributed to the association with
the adult, their joint movement, and, especially, the fol-
lowing of the adult by the juvenile. In the testing appa-
ratus the very small, newly settled juveniles spent less
time in association with an adult and
were, therefore, less influenced by its
behavior. Possibly, the body size of the
very small fish acted as a constraint,
making it harder for them to follow the
much swifter adults.

In this study social facilitation of
predator avoidance has been demon-
strated, but not the actual occurrence
of learning. That would have involved
the test exposure of unaccompanied
juveniles that had previously been
exposed to a predator in the company
of an adult, to enable a distinction
between being influenced by a con-
specific and actual learning (i.e. the
acquisition or modification of predator
avoidance).

Laboratory studies on social facilita-
tion of predator recognition in fishes
often lack identity with the situation
of free-ranging animals in the field.
Social facilitation of predator avoid-
ance, as studied by us in the laboratory,
is probably practiced by fishes on the
reef. Mixed-size schools of Dascyllus
marginatus associated with branching

corals have a typical distribution pattern that facilitates
transfer of information between school members. Im-
mediately after settlement the very small juveniles oc-
cupy the inner space of the coral, and we found them to
be only little affected by adults when jointly exposed to
a predator. Larger juveniles venture out of the corals,
and the adults occupy the space still further out (Sh-
pigel 1982, R. Katzenstein unpubl.). An approaching
piscivore is first encountered by the adults who rush
into the coral and so induce retreat of the juveniles,
which are closer to the coral. The repeated, selective
withdrawal of adults upon the approach of a piscivore
and their lack of response to an approaching non-
predator could transfer the crucial knowledge of preda-
tor recognition to naïve juveniles (Fig. 5).

We suggest that branching corals inhabited by
mixed-size fish could serve as permanent information
centers, somewhat similarly to the role of large trees in
relation to roosting or breeding birds (Ward & Zahavi
1973, Brown 1986, Krause & Ruxton 2002). In this role
they would store information on predator recognition,
e.g. the foraging times of different piscivores, and this
information could be culturally transmitted from the
experienced adults to the naïve juveniles. We predict
that the survival of juvenile Dascyllus marginatus shar-
ing corals with adults should be higher than that of
juveniles occupying corals by themselves. Indeed,
such a result was obtained for the related D. aruanus
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Fig. 4. Dascyllus marginatus. Response of very small (8 to 12
mm) post-settlement fish to sudden exposure to a predator
while paired with a small (S-S) or a large conspecific (S-L). 

Error bars indicate standard deviation

Fig. 5. Dascyllus marginatus. A graphic presentation of social transmission of 
information on predator recognition in mixed-size schools
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(Jones 1987, Forrester 1990). Social transmission of
predator recognition within schools of mixed-size fish
that inhabit branching corals could be an additional
reason for juveniles to prefer to settle into corals inhab-
ited by conspecifics rather than into empty corals. The
advantages of being associated with larger con-
specifics more than counterbalance the cost of
increased competition, which was found to manifest
itself in reduced growth and slower maturation (Coates
1980b, Forrester 1990, 1991, Booth 1995).

Acknowledgements. We thank Dr. A. Genizi and Mrs. M.
Zahrchi of the Department of Statistics at ARO for their
advice. Thanks also to Dr. A. Barki of the Aquaculture
Research Unit of the Volcani Research Center and 2 anony-
mous reviewers for comments on the manuscript.

LITERATURE CITED

Blaxter JHS (1986) Development of sense organs and the
behaviour of teleost larvae with special reference to feed-
ing and predator avoidance. Trans Am Fish Soc 115:
98–114

Booth DJ (1992) Larval settlement patterns and preferences
by domino damselfish Dascyllus albisella Gill. J Exp Mar
Biol Ecol 155:85–104

Booth DJ (1995) Juvenile groups in a coral-reef damselfish:
density-dependent effects on individual fitness and popu-
lation demography. Ecology 76:91–106

Brown CR (1986) Cliff swallow colonies as information cen-
ters. Science 234:83–85

Brown C, Laland K (2001) Social learning and life skills train-
ing for hatchery reared fish. J Fish Biol 59:471–493

Carr MH, Hixon MA (1995) Predation effects on early post-
settlement survivorship of coral-reef fishes. Mar Ecol Prog
Ser 124:31–42

Coates D (1980a) The discrimination of and reactions towards
predatory and non-predatory species of fish by humbug
damselfish, Dascyllus aruanus (Pisces, Pomacentridae).
Z Tierpsychol 52:347–354

Coates D (1980b) Prey-size intake in humbug damselfish,
Dascyllus aruanus (Pisces, Pomacentridae) living within
social groups. J Anim Ecol 49:335–340

Colin PL (1971) Interspecific relationships of the yellowhead
jawfish, Opistognathus aurifrons (Pisces, Opistognathi-
dae). Copeia 1971:469–473

Coss RG (1978) Development of face aversion by the jewel
fish (Hemichromis bimaculatus, Gill 1862). Z Tierpsychol
48:28–46

Csanyi V, Doka A (1993) Learning interactions between prey
and predator fish. Mar Behav Physiol 23:63–78

Doherty PJ, Sale PF (1985) Predation on juvenile coral reef
fishes: an exclusion experiment. Coral Reefs 4:225–234

Fishelson L, Montgomery LW, Myrberg AA Jr (1987) Biology
of surgeonfish Acanthurus nigrofuscus with emphasis on
changeover in diet and annual gonadal cycles. Mar Ecol
Prog Ser 39:37–47

Forrester GE (1990) Factors influencing the juvenile demog-
raphy of a coral reef fish. Ecology 71:1666–1681

Forrester GE (1991) Social rank, individual size and group
composition as determinants of food consumption by
humbug damselfish, Dascyllus aruanus. Anim Behav 42:
701–711

Fricke HW (1975) Selectives Feinderkennen bei dem Anemo-
nenfisch Amphiprion bicinctus (Ruppel). J Exp Mar Biol
Ecol 19:1–7

Helfman GS, Schultz, ET (1984) Social transmission of behav-
ioural traditions in a coral reef fish. Anim Behav 32:
379–384

Hixon MA (1991) Predation as a process structuring coral-reef
fish communities. In: Sale P (ed) The ecology of fishes on
coral reefs. Academic Press, San Diego, CA

Holbrook SJ, Schmitt RJ (2002) Competition for shelter space
causes density-dependent predation mortality in dam-
selfishes. Ecology 83:2855–2868

Holzberg VS (1973) Beobachtungen zur Ökologie und zum
Sozialverhalten des Korallenbarsches Dascyllus marginatus
Ruppel (Pisces, Pomacentridae). Z Tierpsychol 33:492–513

Hurley AC, Hartline PH (1974) Escape response in the dam-
selfish Chromis cyanea (Pisces, Pomacentridae): a quanti-
tative study. Anim Behav 22:430–437

Ishihara M (1987) Effect of mobbing toward predators by the
damselfish Pomacentrus coelestis (Pisces: Pomacentridae).
J Ethol 5:43–52

Jones GP (1987) Some interactions between residents and
recruits in two coral reef fishes. J Exp Mar Biol Ecol 114:
169–182

Karplus I (1978) A feeding association between the grouper
Epinephelus fasciatus and the moray eel Gymnothorax
griseus. Copeia 1978:164

Karplus I (1979) The tactile communication between Crypto-
centrus steinitzi (Pisces, Gobiidae) and Alpheus purpuri-
lenticularis (Crustacea, Alpheidae). Z Tierpsychol 49:
173–196

Karplus I, Algom D (1981) Visual cues for predator face recog-
nition by reef fishes. Z Tierpsychol 55:343–364

Karplus I, Goren M, Algom D (1982) A preliminary analysis of
predator face recognition by Chromis caeruleus (Pisces,
Pomacentridae). Z Tierpsychol 58:53–65

Katzir G (1981) Aggression by the damselfish Dascyllus aru-
anus L. towards conspecifics and heterospecifics. Anim
Behav 29:835–841

Krause J, Ruxton GD (2002) Living in groups. Oxford Univer-
sity Press, Oxford

Mathis A, Chivers DP, Smith RJF (1996) Cultural transmission
of predator recognition in fishes: intraspecific and inter-
specific learning. Anim Behav 51:185–201

Munz FW, McFarland WN (1973) The significance of spectral
position in the rhodopsins of tropical marine fishes. Vision
Res 13:1829–1874

Myrberg AA Jr, Thresher RE (1974) Interspecific aggression
and its relevance to the concept of territoriality in reef
fishes. Am Zool 14:81–86

Myrberg AA Jr, Brahy BD, Emery AR (1967) Field observa-
tions on reproduction of the damselfish Chromis multilin-
eata (Pomacntridae) with additional notes on general
behavior. Copeia 1967:819–827

Sale PF, Ferrel DJ (1988) Early survivorship of juvenile coral
reef fishes. Coral Reefs 7:117–124

SAS Institute (1989) SAS/STAT user’s guide, Ver 6, 4th edn.
SAS Institute, Cary, NC

Schmitt RJ, Holbrook SJ (1999) Mortality of juvenile dam-
selfish: implications for assessing processes that deter-
mine abundance. Ecology 80:35–50

Shpigel M (1982) Niche overlap among two species of coral
dwelling fishes of the genus Dascyllus (Pomacentridae).
Environ Biol Fish 7:65–68

Shulman MJ (1985) Coral reef fish assemblages: intra- and
interspecific competition for shelter sites. Environ Biol
Fish 13:81–92

222



Karplus et al.: Predator avoidance in coral reef fish

Smith RJF, Smith MJ (1989) Predator-recognition behaviour
in two species of gobiid fishes, Asterropteryx semipuncta-
tus and Gnatholepis anjerensis. Ethology 83:19–30

Steele MA (1999) Effects of shelter and predators on reef
fishes. J Exp Mar Biol Ecol 233:65–79

Steele MA, Forrester GE (2002) Early predation on three reef
fishes: effects on spatial patterns of recruitment. Ecology
83:1076–1091

Stein RA (1979) Behavioral responses of prey to fish preda-
tors. In: Stroud RH, Clepper H (eds) Predator–prey sys-
tems in fisheries management. Sport Fishing Institute,
Washington, DC

Suboski MD, Templeton JJ (1989) Life skills training for hatch-
ery fish: social learning and survival. Fish Res 7:343–352

Sweatman HPA (1983) Influence of conspecifics on choice of
settlement sites by larvae of two pomacentrid fishes (Das-
cyllus aruanus and D. reticulates) on coral reefs. Mar Biol
75:225–229

Sweatman HPA (1985) The influence of adults of some coral
reef fishes on larval recruitment. Ecol Monogr 55:469–485

Sweatman HPA (1988) Field evidence that settling coral reef
fish larvae detect resident fishes using dissolved chemical
cues. J Exp Mar Biol Ecol 124:163–174

Thresher RE (1976) Field experiments on species recognition
by the damselfish Eupomacentrus planifrons (Pisces,
Pomacentridae). Anim Behav 24:562–569

Vilhunen S, Hirvonen H, Laakkonen MV-M (2004) Less
is more: social learning of predator recognition requires a
low demonstrator to observer ratio in Arctic charr (Salveli-
nus alpinus). Behav Ecol Sociobiol 57:275–282

Ward P, Zahavi A (1973) The importance of certain assem-
blages of birds as ‘information centers’ for food finding.
Ibis 115:517–534

Webster MS (2002) Role of predators in the early post-settle-
ment demography of coral-reef fishes. Oecologia 131:
52–60

Wickler W (1963) Zum Problem der Signalbildung, am
Beispiel der Verhaltens-Mimikry zwischen Aspidontus
und Labroides (Pisces, Acanthopterygii). Z Tierpsychol 20:
657–679

223

Editorial responsibility: Roger Hughes (Contributing Editor),
Bangor, UK

Submitted: August 4, 2005; Accepted: January 30, 2006
Proofs received from author(s): July 30, 2006


