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Odd fish abandon mixed-species groups when threatened
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Summary. In a field experiment, two juvenile size
classes of striped parrotfish (Scarus iserti), stop-
light parrotfish (Sparisoma viride), and ocean sur-
geonfish (4canthurus bahianus) were threatened by
a model of a common predator (the trumpetfish,
Aulostomus maculatus) while alone and in mixed-
species groups of 3—100 members. Striped parrot-
fish, which usually constitute the majority of a
group, used the groups for protection. Stoplight
parrotfish, present in very low numbers, hid in the
coral. Individuals of both species left a group
sooner if it had fewer conspecifics. Small surgeon-
fish sought protection in groups, while larger indi-
viduals, too big to be consumed by the trumpetfish,
swam away alone. These results may be explained
by differences in the protection derived from
mixed-species groups, and particularly, by the high
predation risk suffered by odd individuals.

Introduction

Predator avoidance is considered a major force
promoting formation of groups in vertebrates (re-
viewed in Morse 1977, 1980; Bertram 1978; Hob-
son 1978). Compared to solitary individuals,
groups detect predators earlier (Powell 1974 ; Sieg-
fried and Underhill 1975) and attacks directed at
groups are less successful (Neill and Cullen 1974;
Kenward 1978; Major 1978). Each member has
a lower risk of capture as one of many possible
prey (Hamilton 1971), provided that all individuals
appear similar to the predator (Hobson 1969,
1978). Sometimes individuals that belong to rare
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or minority species are overlooked by predators
with a search image for more common prey (Krebs
1978). Often, however, when an animal in a group
differs in some way from most others, this odd
individual has a greater predation risk (Hobson
1969; Mueller 1971, 1975; Milinski 1977 ; Ohguchi
1978). Thus, although membership in mixed-spe-
cies groups connotes improved protection (Ehrlich
and Ehrlich 1973; Alevizon 1976; Buskirk 1976;
reviewed in Morse 1977), participants with few
conspecific members might suffer a disproportion-
ately high risk of predation (Hobson 1963 ; Mueller
1977; Barnard 1979). For these minority individ-
uals, protection may improve as number of conspe-
cifics increases and oddity declines (Mueller 1977).
The present study reports supporting evidence: in
a field experiment, coral reef fish abandoned mixed
groups when threatened, leaving sooner if a group
had fewer conspecific members.

Methods

Study site and population. Experiments were conducted in a
shallow (3—5m) back-reef area at Buck Island (BI) National
Monument, St. Croix, US Virgin Islands. The densely-branched
coral Acropora prolifera dominates the area, with interspersed
patches of sand and rubble. Because the BI reef is legally pro-
tected, natural predators are abundant and fishes are accus-
tomed to SCUBA divers. Foraging groups of juvenile parrot-
fishes (Searus iserti [formerly croicensis|, Sparisoma atomarium,
S. aurofrenatum, S. radians, S. viride), young surgeonfish (A4 can-
thurus bahianus), and various wrasses (Halichoeres bivittatus,
Halichoeres maculipinna, Thalassoma bifasciatum) are a promi-
nent feature of the area. The groups are in constant flux, chang-
ing in size and species composition as fishes join or depart
(Wolf 1983; see also Itzkowitz 1977).

Experimental procedure. I used a model of the trumpetfish (Au-
lostomus maculatus), a diurnal predator common to the area,
to threaten juvenile striped parrotfish (Scarus iserti), stoplight
parrotfish (Sparisoma viride), and ocean surgeonfish (Acanthur-
us bahianus). The model was made by preserving a 43 cm (stan-
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Table 1. a Number of focal individuals tested with a trumpetfish
or grunt model while alone or in mixed-species groups of differ-
ent sizes. b Typical proportion of each species in the groups
studied

a

Group Trumpetfish model Grunt model

size

Scarus  Sparisoma  Acanthurus  Sparisoma
iserti viride bahianus viride
1 10 20 20 20
3-9 12 14 13 10
10-19 12 8 9 10
20-39 9 11 6 8
40-59 9 8 10 12
60-100 2 1 4 0
Total 54 62 62 60
b
Group Mean percentage of members No. of

size groups

Scarus Spar- Other Acan- Other
iserti  isoma species of thurus species
viride Sparisoma bahianus
39 29 29 12 23 7 49
10-19 52 15 10 19 4 39
20-39 78 7 5 8 2 34
40-59 75 6 5 8 6 39
60-100 70 3 5 8 14 7

dard length) trumpetfish in formalin and coating it with a thin
layer of fiberglass (Helfman 1983). When fastened to the end
of a 1 m rod of transparent plexiglass, the model could be
moved in a lifelike manner by a diver. Because of time con-
straints and a large barracuda that repeatedly attacked the
models, I used a control model (the non-piscivorous French
grunt, Haemulon flavolineatum) only in trials testing stoplight
parrotfish. In these control trials, however, I was able to note
the behavior of striped parrotfish and ocean surgeonfish in
the groups.

For each prey species, two size classes of individuals were
tested while alone or in groups of 3-100 members (Table 1).
The lengths of the small and medium parrotfishes were
25-40 mm and 60-75 mm respectively; for the surgeonfish,
these values were 25-30 mm and 60-75 mm. In each trial, while
holding a plexiglass rod and model behind me, I approached
within approximately 2 m of a randomly-chosen focal individ-
ual. I estimated its standard length by comparison with freely-
swimming tagged individuals of known size (Wolf 1983), noted
its species, and recorded the size and species composition of
its group. The trumpetfish model was then presented in a verti-
cal, head-down, stalking position. In control trials, the grunt
model was presented in a normal swimming position. Fleeing
fish were pursued for 20 s and the response of the focal individ-
ual was recorded. To prevent fish from habituating to the mod-
els, I moved to different areas in the study site between trials,
and never presented a model to the same group twice.

Results were analyzed using tests described in Sokal and
Rohlf (1981): an approximate #-test that allows unequal vari-

GRUNT TRUMPETFISH
RESPONSE MODEL MODEL
Group
Alone
Coral

40 30 20 10 0 10 20 30 40 50 60
NUMBER OF TRIALS

Fig. 1. Absolute frequency of different responses of Sparisoma
viride to predator (trumpetfish) and control (grunt) models.
Group includes fish that stayed with their original group, soli-
tary fish that joined a group, and fish that left their original
group to join another, larger one. Alone includes fish that left
their group to swim alone, and solitary fish that swam away
alone. Coral includes fish that left a group to hide in the coral,
and solitary fish that entered the coral. The broken lines indi-
cate values for only the fish that left a group. Responses to
the two models are significantly different (G=33.83, 2 df, P<
0.001)

ances (two-sample z-test in Minitab statistical package), the
Mann-Whitney U-test, the G-test for contingency tables (using
log-likelihood ratios), and stepdown multiple regression. Para-
metric tests were used only when assumptions of normality
were met.

Results

Trial results indicate that fish responded to charac-
teristics of the models and not to the diver manipu-
lating them. In preliminary studies, fish behaved
normally in the presence of a diver and no model.
Although stoplight parrotfish continued to forage
and swim normally when approached by the con-
trol model, they stopped foraging and usually hid
in the coral when threatened by the predator
(Fig. 1). In the presence of the control model, stop-
light parrotfish in groups were equally likely to
continue foraging in the group or to leave it to
forage elsewhere (G=2.49, 1 df, P>0.05), but far
more likely to stop foraging and abandon the
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Fig. 2. Relative frequency of different
responses of each species to a
trumpetfish (predator) model. Response
categories as in Fig 1. Acanthurus whose
groups dispersed are not included (sce
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48.20, 1 df, P<0.001). Striped parrotfish and sur-
geonfish in the groups approached by the control
model appeared to continue their normal foraging
activities.

The three prey species differed significantly in
their response to the predator model (Fig. 2; G =
103.53, 4 df, P<0.001). Striped parrotfish asso-
ciated with groups when threatened, stoplight par-
rotfish hid in coral, and surgeonfish had a more
varied response. Focal individuals could be classi-
fied as either (a) seeking protection in groups (soli-
tary fish that joined other fish, fish that remained
in a group, and fish that left a group to join a
larger group), or (b) not using groups for protec-
tion (solitary fish that did not join nearby groups,
fish that left a group to swim alone or hide in
the coral). Fish that abandoned a group usually
did so early in a trial, although timing was related
to group size and species composition, and will
be discussed later. Individuals left to join a larger
group only if it were very near the original group.
Because groups were foraging over coral at the
beginning of each trial, fish that left a group to
hide in the coral were able to dart directly into
a shelter site without increasing their exposure to
the predator.

Parrotfish behavior was independent of body
size (Fig. 3a, b), but the behavior of surgeonfish
was not (Fig. 3c). Small surgeonfish generally
avoided the predator in groups while larger indi-
viduals swam away alone. On the few occasions
when small surgeonfish left groups, their depar-
tures were different from those of the other fishes
tested. They attempted to stay with the flecing

Scarus
iserti
n=31
Sparisoma
viride
n=31
Acanthurus
bahianus
G=21.94
p<.001

n=25

n=31

. SOUGHT PROTECTION IN GROUPS

D DIDNOT SEEK PROTECTION
IN GROUPS

Fig. 3. Proportion of small and medium fishes using groups
for protection when threatened. Small Scarus iserti and Spar-
isoma viride were 2.5-4 cm; medium sized individuals of these
species were 6-7.5 cm. Small and medium sized A. bahianus
were 2.5-3 cm and 6-7.5 cm respectively. All lengths are esti-
mated standard lengths. Shaded areas include fish that asso-
ciated with groups to avoid a predator model (Group response
of Fig. 1. Individuals that did not associate with groups when
threatened (A4lone and Coral responses of Fig. 1) are included
in the unshaded areas. A G-test indicates no significant interac-
tion between size of individual and use of groups for protection
by Secarus or Sparisoma, but these tests must be viewed with
caution because of low expected values
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Table 2. Relationship between time with group, and group size
and species composition. Results are from stepdown multiple
regression. Examination of residuals indicated that no transfor-
mations were necessary. No significant relationships were found
for Acanthurus bahianus

RrR? F P

Scarus iserti
Time=2.12 +0.54W 0.58 7.00
W =number of Scarus
individuals in group
Time =4.80+0.516X—4.08Y 0.94
X =group size
Y =number of Sparisoma
individuals in group

<0.05

2494  <0.02

Sparisoma viride
Time=1.60+1.07Z 0.15 6.93
- Z=number of Sparisoma
viride in group

<0.01

group, but appeared unable to keep pace with the
other members.

Parrotfish responses to the predator were re-
lated to group size and species composition, as-
pects that may influence vulnerability. Groups
abandoned by striped parrotfish were smaller than
those used for protection (¢=2.049, 11 df, p <0.05)
by about 50%. Most had fewer than 20 members
and thus coptained a low percentage of striped
parrotfish (Table 1b). The tendency of striped par-
rotfish to remain with a group was positively re-
lated to group size while it was negatively related
to the number of members in the genus Sparisoma
(Table 2). Time with group was also positively re-
lated to the number of conspecific members. How-
ever, number of striped parrotfish was highly cor-
related with group size (r=0.99), and group size
yielded a better fit in the regression. Stoplight par-
rotfish remained longer in groups with more con-
specifics (Table 2). No significant factors were
found for small and medium-sized surgeonfish.

In 6 trials, mixed-species groups containing
small focal surgeonfish dispersed when threatened,
leaving the surgeonfish without a group in which
to hide. Each unit had 10 or fewer members, was
significantly smaller than groups that did not dis-
perse (i=—5.04, 14 df, P<0.001), and contained
a significantly higher proportion of Sparisoma
than did non-dispersing groups (Mann-Whitney
U-test, p<0.05).

Discussion

The general belief that predator avoidance pro-
motes group formation (Morse 1977, 1980; Ber-
tram 1978; Hobson 1978 ; Shaw 1978 ; Keenleyside

1979; Schaik 1983; Helfman 1984) is supported
by the behavior of threatened groups at Buck
Islands (which ceased feeding, tightened ranks,
fled, and occasionally merged with other groups),
by the strong tendency of striped parrotfish and
small surgeonfish to associate with a group in the
presence of a predator model, and by the tendency
of individuals to stay longer in groups that are
larger or have more conspecifics, which presum-
ably confer more protection. Other studies report
similar results: in the presence of a simulated or
live predator, some fishes form schools (Breder and
Halpern 1946; Girsa 1973) while others, already
in schools, reduce their ‘nearest neighbor’ distance
(Potts 1970; Riippell and Gosswein 1972; Ra-
dakov 1973; Major 1977). Birds, too, increase
group size when a predator is present (Caraco et al.
1980).

A contrary result from the present study is that
individuals of some species abandoned groups
when threatened (Fig. 2). This paradox may occur
because the protective merits of mixed groups
differ among species and individuals. Of all the
fishes tested, medium-sized surgeonfish would be
least susceptible to predation by a large trumpet-
fish the size of the model. Because their deep bod-
ies and larger size would prevent them from fitting
casily into the predator’s mouth, they would not
need the protection of a group. Larger predators,
however, might elicit a different response (Potts
1981).

Distinctive coloration and low numbers (no
group had more than 5) make juvenile stoplight
parrotfish odd and vulnerable in groups. Their in-
traspecific agonism may increase risk in a group
by attracting the attention of a predator (McFar-
land and Hillis 1982) and/or limiting the number
of conspecific members (Wolf 1983). This species
uses the reef, rather than groups, for protection.
A small home range (Wolf 1983) and close associa-
tion with the substrate (Barlow 1975) presumably
allow familiarity with safe hiding places.

In contrast to stoplight parrotfish, juvenile
striped parrotfish often numerically dominate
mixed groups (Table 1b; Itzkowitz 1974; Wolf
1983). Their tendency to roam over large areas
(Ogden and Buckman 1973; Itzkowitz 1977; Wolf
1983) may limit familiarity with available shelter
sites and, as in pelagic fishes, lead to schooling
as a form of cover-seeking (Williams 1964).

Thus, the various species differ in their tactics
for avoiding predators, while behavioral flexibility
allows individuals to tailor these responses as
needed. Perhaps, for example, a threshold number
of conspecific members is needed before an indi-



vidual will remain with a group when threatened.
Agonistic species, such as stoplight parrotfish,
might rarely reach these thresholds, while more
sociable species, such as the striped parrotfish, may
frequently exceed them. In any particular group,
however, individuals of each species behave ac-
cording to the number of conspecifics actually
present.

These results suggest that an individual is at
higher risk in groups with fewer conspecific
members, and consequently raise the question:
why does a potentially odd individual join groups?
Studies of single-species and mixed groups suggest
many possible benefits of membership. In a group,
this individual may detect approaching predators
carlier (Powell 1974 ; Siegfried and Underhill 1975;
Lazarus 1979), be less timid in its search for food
(Magurran and Pitcher 1983), devote more time
to feeding and less time to surveillance (Powell
1974; Berger 1978; Caraco 1979; Barnard 1980;
Lipetz and Bekoff 1982), and/or derive other feed-
ing benefits (Robertson et al. 1976; Pitcher et al.
1982). When a predator has been detected, how-
ever, such an individual might increase its chance
of escape by leaving the group, where it would
be the likely target if it remained, and concealing
itself in the available shelter (Eshel 1978). Such
a tactic would be most appropriate when the aban-
doning individual could hide immediately, avoid-
ing a prolonged search for shelter that might in-
crease exposure to the predator. The departure
might provide an early warning of alarm for re-
maining group members (Thompson and Barnard
1983), but also may increase their risk by reducing
group size {e.g., trials with small surgeonfish) and
by removing a more vulnerable target (Eshel 1978).
This could be advantageous to the abandoning in-
dividual because a predator presented with the re-
maining members as alternative prey might be less
likely to search for the one that departed (Helfman
1978). Thus, odd individuals may derive antipreda-
tor benefits from mixed groups despite the oddity
effect, if alternative sources of cover are easily ac-
cessible.
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