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Abstract. In this study we examine possible incentives behind the formation of mixed species
schools for both juvenile and adult fish. Aspects of foraging and flux in school compositions were
observed to exert selective pressures for schooling. We found that adult schools experienced
significantly greater fluxes of individuals than juvenile schools. Adults also foraged at signifi-
cantly greater rates than juveniles in these mixed species schools. Juveniles were found signifi-
cantly closer to substrate refuges at the beginning and end of trial periods and traveled signifi-
cantly shorter distances than adults. These results indicate that adults in mixed species schools
spend more time foraging than juveniles in mixed species schools. This suggests that adults
school in order to maximize foraging efficiency, while juveniles may have alternative reasons for
schooling, such as group defense against predators. These observations may be instrumental in
explaining why schools form and in predicting how they will behave.

INTRODUCTION

Schooling is a multi-functional so-
cial behavior commonly found in ma-
rine fish. Partridge (1982) defines a
school as a group of three or more fish
in which each member constantly ad-
justs its speed and direction to match
those of the other school members. A
more general definition of schools is
given by Shaw (1970), who states that
schools are "composed of fish that are
mutually attracted to each other." This
study attempts to elucidate the different
behaviors and the selective pressure be-
hind the formation of juvenile and adult
mixed species schools.

Although both single and mixed
species schools commonly are found on
the fore reef of Discovery Bay, Jamaica,
this study focuses on the behaviors ex-
pressed by mixed species schools.
Individuals in mixed species schools can
be categorized into two groups:

(1) Core species are composed of
individuals who lead the school

and determine its direction and

movement.
(2) Transients are individuals that
move in and out of the core
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school and determine the overall
flux in school composition
(Itzkowitz 1977).

In addition, schools are distinctly sepa-
rated by age into juvenile or adult con-
gregations.

Several explanations have sug-
gested why fish form mixed species
schools. Defense against or protection
from predation by piscivores is one pos-
sible reason (Reinthal and Lewis 1986).
Williams (1964) has proposed that
through schooling an individual's
chances of being attacked are signifi-
cantly reduced. The confusion effect
created by a group of fish may make it
difficult for a predator to choose one fish
to attack. Once an individual is selected
as the prey target, the predator may be

further distracted by the movements of

the school, allowing the prey to escape
(Partridge, 1982). Furthermore, this
strategy, in which the many eyes have a
greater chance of detecting a predator at
an earlier time, increases the chance for
escape and would also decrease preda-
tion on schools.

Additional explanations for the
formation of mixed species schools per-
tain to foraging advantages.

Species*

“Table 1. Adult and juvenile fish found schooling and non-schooling in censuses of the fore reef,

Discovery Bay, Jamaica,
N ———

Adults? Juvenilestt

Number Number Number Number
schooling non- schooling non-

schooling schooling
“Thalassoma bifasciatum (bluehead wrasse) 2 16 83
Halichores gamoti (yellowhead wrasse) 10 6 66
H. bivitattus (slippery dick) 6
H. cyanocephalus (yellowcheek wrasse) 3 1
Clepticus parrae (creole wrasse) 29 2
Hypoplectrus puella (barred hamlet) 13 4
H. indigo (indigo hamlet) 6 17
Chromis multilineata (brown chromis) 12
C. cyanea (blue chromis) 219 6 27
Stegastes variabilis (cocoa damselfish) 11 3
S. leucosticus (beaugregory damselfish) 21
S. fuscus (dusky damselfish) 15
S partitus (bicolor damselfish) 20 11
Microspathodon chrysurus (yellowtail damselfish) 4
Scarus iserti (striped parrotfish) 16 8
S. taeniopterus (princess parrotfish) 96 1 56
Sparisotne aurofrenatum (redband parrotfish) 8 4 31 2
Sparisoma viride (stoplight parrotfish) 4 1 15
Acanthurus chirurgas (doctorfish) 8 3
A. bahianus (ocean surgeonfish) 21 1 9
Pseudupeneus maculatus (spotted goatfish) 6 0 2
Mulloidichthys martinicus (yellow goatfish) 8 0
Serranus tigrinus (harlequin bass) 1 11
Chaetodon capistratus (foureye butterfly fish) 5 1
Holacanthus tricolor (rock beauty) 3
Holocentrids. (squirrelfish ) 27
Epinephelus spp. (hinds) 9
Totals 467 162 306 16

*total number of adult schools found = 18

"total number of junvenile schools found = 13

*For adults, all species with at least three individuals are listed; for juveniles, all species with at least

two individuals are listed.

Individuals in mixed species schools
have greatly increased foraging rates in
comparison to solitary fish (Reinthal and
Lewis 1986). A school also may be more
efficient at locating resources, especially
in environments of patchy food distribu-
tion. In addition, large schools are more
successful invaders of protected territo-
ries and can acquire access to the pro-

- tected resources there (Robertson, et al.

1976). Furthermore, the species in these
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groups tend to have different feeding
preferences and in this way avoid com-
petition and the depletion of resources
(Itzkowitz 1977). The individuals also
take advantage of the different foraging
behaviors of the individuals in the
school. For example, wrasses eat the
small animals stirred up by the other
feeding herbivores, such as parrotfish
(Barlow 1974).



Table 2. Numbers of core group individuals
and transient individuals and flux ratios for

adult and juvenile schools.
Adult schools

Number of Number of Flux ratio
individuals in transients

core group

3 154.5 019

6 38.0 158 -

6 137.0 044

5 23.0 217

15 37.5 400

13 173.5 075

4 108.0 0.37

5 71.5 069

12 25.5 471
mean=7.66 mean=85.38 mean=0.17
Juvenile schools

49 35.5 1.38

45 26.5 1.69

85 22.0 3.86

56 8.5 6.59

49 415 1.18

15 33.5 448

16 13.5 1.19

22 12.0 1.83
mean=42.13 mean=24.13 mean=2.27

We hypothesized that higher pre-
dation pressure on juveniles, due to
their small size and consequently
greater vulnerability, would make the
primary motivation for juvenile school
formation predator defense. Thus, we
would expect to see less foraging and
traveling in juvenile schools than in
adult schools, and we would also expect
to find juveniles closer to refuge habitats
than adults. Furthermore, one would
expect to see fewer transients joining
and leaving juvenile schools, because
these are stable groups seeking defense,
and the opportunity to take advantage
of foraging behaviors would not exist.
Conversely, we would expect to see
many transients in adult core groups
coming and going for foraging pur-
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poses. Adults would be expected to
travel longer distances to forage and
would be less concerned with being lo-
cated near substrate refuges.

METHODS

Mixed species school observations
were conducted 3-7 March 1993, in the
fore reef of Discovery Bay, Jamaica. All
data were collected with SCUBA
equipment at a depth of 30-40ft and
recorded on underwater slates. First,
fish species censuses were taken in the
morning and afternoon of 3 March to
determine diurnal species abundance
and richness in the study area. A 60m
transect was extended across the reef in
a random direction for each of the two
data sets. A diver would swim the tran-
sect line for 15min recording the number
of fish of each species and whether the
individual was juvenile or adult,
schooling or non schooling. All fish ap-
proximately 2m on either side of the.
transect were recorded. Two transects
were completed for both the morning
and afternoon. ;

The next part of the study involved
recording transient school members
from 4-5 March. After a mixed species
school was located and recorded and the
core schools became apparent, each
diver would follow a core for 15min
recording the number and species of
transient fish that joined and departed
from the core (Itzkowitz 1977). During a
dive, one adult and one juvenile school
was observed. Two morning and two
afternoon data sets were collected.

Finally, on 6-7 March mixed species
school foraging behaviors were ob-
served. Once a school was discovered,
each diver would select

Adult
School Type

Mean # of Individuals in School Core

Juvenile

Figure 1. School core sizes in juvenile and adult
schools.

a focal fish of a different species. A bolt
with flagging was placed carefully near

“the focal fish so as not to disturb the

activity of the school. This would mark
the location of the fish prior to the 3min.
observation and facilitate measuring the
distance to the nearest refuge habitat.
Immediately after placing the bolt, the
diver would then begin the 3min trial
and follow the fish recording all nips.
We defined a nip as each time the fish
actively pecked at substrate or algae,
presumably attempting to feed.
Another bolt was placed where the fish
was at the end of the time period. The

 distance between the bolts was used as

an approximate measure of distance
traveled. In addition, the distances of
both the initial bolt and the end bolt
from a refuge of suitable size for the
focal fish were recorded. Again, data
was collected in two morning and two
afternoon dives, with a total of seven-
teen adult and eighteen juvenile forag-
ing observations. As data collected
during both the morning and afternoon
were during feeding time, we compiled
all adult data and all juvenile data.
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Figure 2. Mean juvenile school core size in
the morning and the afternoon.

RESULTS

A total of eighteen adult schools
and thirteen juvenile schools were ob-
served during the censusing. Adult
species most commonly censused in-
clude blue chromis and princess parrot-
fish. The majority of these individuals
were found in schools as opposed to
alone (Table 1). Commonly censused
juvenile species include bluehead
wrasse, yellowhead wrasse, and
princess parrotfish. Most of these indi-
viduals were also found in schools at the
time of censusing.

When comparing the means of
adult and juvenile core group sizes, we
found that juvenile core groups were
significantly larger than adult core
groups (t=4.04, p<0.01; Figure 1).
Because juvenile core group sizes varied
slightly between morning and afternoon
observations, we compared mean core
group sizes at these two times of day
and found significantly larger juvenile
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Figure 3. Mean # of nips taken per fish in adult
and juvenile schools.
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Figure 4. Mean distance from substrate refuge at
beginning of time period for fish in juvenile and
adult schools.

core groups in the morning than in the
afternoon (t=2.76, p<0.05; Figure 2).

Flux ratios, defined as the (total #
of individuals within a core group)/(#
of transients), were calculated for both
adult schools and juvenile schools. We
found significantly lower flux ratios for
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Figure 5. Mean distance from substrate refuge at

end of time period (3min) for fish in adult and
juvenile schools.

Mean Distance Travelled (m)
et oy Wy
N L N o o N e~
llllllllllllllllll‘l'lIllllll

<

Adult Juvenile

School Type

Figure 6. Mean distance travelled by fish during
3min time period in adult and juvenile schools.

adult schools than for juvenile schools
(Mann-Whitney U test: Ug=72, p<.001;
Table 2). There were many more tran-
sients in adult schools than there were
core individuals, while in most cases
there were fewer transients in juvenile

schools than there were core indi-
viduals.

A total of seventeen adult fish and
eighteen juvenile fish were observed
foraging. Numbers of nips taken and
distance measurements were taken for
each fish, and when comparing the
mean number of nips taken by adults
versus juveniles, we found significantly
more nips taken by adults (t=9.77,
p<.001; Figure 3).

Juveniles were found significantly
closer to substrate refuge as the begin-
ning of the 3min observation period
than adults (t=4.26, p<.001; Figure 4).
Juveniles were also found closer to sub-
strate refuge at the end of the 3min ob-
servation period than adults (t=4.88,
p<.001; Figure 5). When comparing to-
tal distances traveled by adults and ju-
veniles, we found that the adults
traveled significantly greater distances
than juveniles (t=7.01, p<.001; Figure 6).

Two species were observed both in
juvenile and adult schools. These
species were the hogfish and the
princess parrotfish. By comparing juve-
niles and adults of these species, we
were able to test the four foraging be-
haviors described above on a species-
specific level.

DISCUSSION

In the transect censuses of the fore
reef, almost twice as many individuals
and species were found for adults in
comparison to juvenile fish. However,
the juvenile schools later observed had
significantly larger core group sizes than
the adults. This size discrepancy could
be evidence of the anti-predation strat-
egy behind juvenile school formation.
The presumably more vulnerable juve-
niles could be utilizing strategies de-
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scribed by both the many eyes and con-
fusion effect defense hypotheses. The
larger core group sizes would increase
the success of both of these strategies
and thus reduce juvenile losses to preda-
tors.

One unexpected observation was
the significant difference between juve-
nile core sizes in the morning and the af-
ternoon. Although our data present no
explanation for this variance, possible
reasons may be related to light differ-
ences caused by overcast skies, both of
which can affect fish behavior. In addi-
tion, the cleaning services that some ju-
veniles perform might cause non-clean-
ing school members to leave temporarily
during the busiest cleaning times in or-
der to make room for the large adult
host fish arriving,.

Another notable observation was
the high flow of transients in the adult
mixed species schools. As both the
mean number of transients and the flux
ratio were significantly higher in the
adult schools than in the juvenile
schools, it appears as though the adult
fish are reaping the benefits of this for-
aging technique more than juveniles,
lending support to our expectation that
adults form schools primarily for forag-
ing advantages.

The concentration on foraging in
the adult schools is further evidenced by
the results comparing the mean number
of nips in adult versus juvenile schools.
The adults have a significantly greater
mean number of nips per 3min than the
juveniles. Thus, more of their energy
and time is focused on acquiring food
resources. In addition, the juveniles re-
main significantly closer to a refuge site
than the adult fish. The juveniles' prox-
imity to shelter may indicate that the
adults' main purpose in association is
not for protection, while juveniles ag-




gregate primarily for this reason. This
also would explain why the juveniles
were found to travel significantly
shorter distances during the 3min inter-
vals. In contrast, the adults would move
rapidly from one area to another in
search of feeding patches. Thus, all the
data resulting from our observations
appear to support the hypothesis that
the motivation behind juvenile mixed
species schools would be based on pro-
tection from predators, while the adults
would aggregate primarily for foraging
benefits.

One problem we encountered was
that the census of the fore reef fish origi-
nally was intended to prove the active
association of fish in mixed species
schools. However, a computer is neces-
sary to generate a random distribution,
representing the species that would be
expected in a school, based on all those
present in the population. We then
could have compared the random school
to the compositions of the schools we
observed to prove active association.
Instead, we could only compile a table
to show the frequency with which each
species was found schooling versus non-
schooling.

In addition, the distances of the
adults and juveniles, from refuges as
well as the distances traveled during the
trials should have been scaled to fish
size. The length of each focal fish
should have been recorded so that all
distances could have been translated
into body lengths for each individual.
We highly suggest that this improved
methodology be taken into considera-
tion by future observers.

Our study presents several possi-
bilities for further research. First of all,
one could examine the changes in core
size as the day progresses. Although
our significant variation in juvenile core
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size might not represent a larger trend,
core stability during the day would be
an interesting aspect of schooling to ob-
serve.
Secondly, more data trials on a
paired, species-specific level could be
done to examine changes in behavior be-
tween adults and juveniles in the mixed
species schools. Detailed observations
of this kind could establish approximate
fish sizes for different species at which
the emphasis of the activity and behav-
ior of the school shifts. Thus, while the
primary reasons for mixed species
school formation are becoming clearer,
many aspects of school behavior remain
to be discovered.
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