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Abstract—Schooling makes it easier for fish to find food objects, increases the intensity of feeding and, as a
result, improves food supply. The effect is achieved due to well-developed imitative behavior and stress reduc-
tion in schooling fish. Staying in a school increases the duration and frequency of feeding, expands the range
of available food items, allows the development of new spatial and food resources, reduces the time spent on
restoring feeding behavior after stressful loads due to a change in biotope, threat or attack by a predator, and
in other cases. Forming a school makes it possible to overcome the resistance of territorial fish that protect
food resources in their home areas. Higher feeding efficiency in a school equally affects both non-predatory
and predatory schooling fish. However, being in a school can presumably also lead to increased intra-school

food competition.
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The main significance of schooling in the feeding
behavior of fish lies, first of all, in significantly facili-
tating the search for prey and accelerating the rate of
food consumption. The effect is achieved due to the
fact that when moving in a school, it is enough that not
everyone, but only a part of the fish, who are the first
to start feeding, are the first to notice the patch of for-
age organisms. The view of feeding fish, as well as,
possibly, the spreading food stimuli of other modali-
ties, for example, chemical or acoustic, attract the rest
of the school here, and soon all the fish gather in the
discovered feeding area and begin to intensively feed
until the availability of feeding organisms decreases
below the critical level due to a decrease in the density
of food objects or until the fish stop feeding for some
other reason—due to the decrease in feeding motiva-
tion, the emergence of danger, changes in illumination
or other abiotic conditions, etc. The concentration of
all the fish in the school in the feeding area is achieved
not only due to the direct attractive action of stimuli of
various nature, but also due to well-developed imita-
tive behavior in fish. The fish that are the first to find
food and show a directed behavioral reaction to its
source, drag their closest partners with them, and after
them all the other fish of the school (Radakov, 1973;
Gerasimov, 1983). It is precisely because of imitative
behavior that individuals of different ages in mixed
schools often do not differ from each other in terms of
the probability and speed of finding feeding areas
(Peuhkuri, 1998a).

Rapid detection of food objects and, as a result, a
higher rate of feeding of fish in a school is achieved not
only due to imitative behavior, but also due to the fact
that the mere presence of partners in a school or sim-
ply individuals of their own species is already enough
to increase the intensity of food consumption. Single
individuals of the pristella Pristella maxillaris (=rid-
dlei) and the European bitterling Rhodeus amarus eat
much more food if they see even non-feeding individ-
uals of their own species (Radakov and Mocheck,
1972). When setting up this experiment, the influence
of imitative behavior on the intensity of food intake by
single fish was completely excluded, since the fish-
actors were pre-fed to saturation, and the type of food
did not cause them to display any elements of feeding
behavior. The presence effect, i.e., the presence
of other individuals of the same species nearby or the
presence of visual or other sensory contact with them
is undoubtedly associated with the suppression of
stress that develops in isolated schooling fish (Lebe-
deva et al., 2000). One of the manifestations of stress
caused by this factor is a sharp increase in the intensity
of respiration in schooling fish during isolation (Maly-
ukina, 1966; Parker, 1973; Ross and Backman, 1992;
Nadler et al., 2016). Being in an unfamiliar environment
causes less stress, as measured by an increase in blood
cortisol levels, if the fish (zebrafish Danio rerio) are in
a shoal rather than in isolation (Pagnussat et al., 2013).

Fast detection of food, more efficient foraging, and
increased feeding intensity in fish in a school com-
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Fig. 1. Average frequency of food grasping by the schooling
(@) and solitary (o) parrotfish Scarus rivulatus (a) and par-
rotfish of other species (b)—S. ghobban, S. schlegeli, S. niger,
S. flavipectoralis and Hipposcarus longiceps when eating
during the daytime in one of the bays of the Great Barrier
Reef; (T)—mean value error (according to: Welsh and Bell-
wood, 2012).

pared to single fish have been experimentally demon-
strated using a large number of examples. Such data
were obtained for the Atlantic herring Clupea haren-
gus, the flier Centrarchus macropterus, the three-
spined stickleback Gasterosteus aculeatus, the Eur-
asian minnow Phoxinus phoxinus, the Arctic cisco
Coregonus autumnalis, the yellow-finnes sculpin Cot-
tocomephorus grewingkii, the flathead grey mullet
Mugil cephalus, and many others (Nikol’skii and
Kukushkin, 1943; Blaxter and Holliday, 1958; Parrish
et al., 1958; Volkova and Kozhov, 1966; Volkova,
1969; Radakov and Mocheck, 1972; Olla and Samet,
1974; Mittelbach, 1984; Foster, 1985; Ranta and
Lindstrom, 1990; Ryer and Olla, 1992; Steinegger
et al., 2020). It has been established that, while in a
school, the parrotfish Scarus rivulatus and other fish
feed twice as intensively during the entire daytime as
when they are outside the school (Fig. 1) (Welsh and
Bellwood, 2012). Using the examples of the obligate
schooling Eurasian minnow and the facultative
schooling goldfish Carassius auratus, it was shown that
with an increase in the school size, the speed of detec-
tion of hidden prey by fish increases (Pitcher et al.,
1982), primarily due to a wider search for food objects
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Fig. 2. Influence of the school size on the feeding activity
of the three-spined stickleback Gasterosteus aculeatus; the
numbers next to the squares indicate the number of obser-
vations (according to: Ranta and Kaitala, 1991).

and a greater “sensor equipment” of a large school.
Using the example of the three-spined stickleback, it
has been established that the greater the number of
individuals in a shoal, the faster they begin to feed
when transplanted into a new aquarium, the greater
the percentage of feeding fish and the higher the feed-
ing intensity—the number of food grasps per unit of
time and the number of grasps made in one demon-
stration of the tilting upside down position, which is a
specific feeding position in sticklebacks. These
changes in the feeding behavior of fish occur most
dynamically when the number of experimental fish
increases from 1—2 to 5—10 individuals (Fig. 2) (Ranta
and Kaitala, 1991). Forming small schools enabled
juveniles of the pumpkinseed Lepomis gibbosus to suc-
cessfully hunt cladocerans and other aquatic inverte-
brates (Mittelbach, 1984).

Compared to solitary individuals, staying in a
school gives fish the opportunity to develop a larger
number of feeding points, which was demonstrated in
experiments on the walleye pollock Gadus chalco-
grammus (= Theragra chalcogramma) (Fig. 3) (Baird
et al., 1991). Of interest are the observations made on
the behavior of the Barrier Reef chromis Chromis nit-
ida, a small schooling plankton-eating fish that stays
near coral colonies and hides in them during daylight
hours in case of danger or at night for rest. To feed,
these fish leave their shelters and move away from
them for a short distance into the open ocean, where
the conditions for feeding are much better, but the
threat of being attacked by predators is also higher. It
was found that the greater the distance at which a
school moves away from the edge of the coral colony,
the higher the number of the school and the larger the
fish that make up it (Fig. 4). In turn, in larger schools,
fish feeding is more intense. In other words, the devel-
opment of dangerous, but profitable areas of the reser-
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Fig. 3. Influence of the school size on the number of the
walleye pollock Gadus chalcogrammus (=Theragra chalco-
gramma) visiting feeding areas (according to: Baird et al.,
1991).

voir by schooling fish is achieved only if the level of
protection (safety) of fish, their ability to resist preda-
tors, is simultaneously increased. Either this is
achieved due to specific protective mechanisms of
schooling behavior, the effectiveness of which is pro-
portional to the size of a school, or due to better loco-
motor abilities in large fish, which are able to move
faster to shelters (Sackley and Kaufman, 1996).
During school feeding, food resources are more fully
assimilated, the range of consumed objects is
expanded (Ranta and Lindstrom, 1990), which con-
tributes to a decrease in intra-school food competi-
tion. Being in a school, especially in a large one, pro-
longs the feeding time of fish when a danger (predator)
appears (Milinski, 1976).

Relatively recently, it was found that individuals
that are part of the same school can perform different
functions when searching for and obtaining food, but
due to cooperation, the efficiency of achieving the
desired goal by fish is significantly increased. Long-
term tracking of the behavior of individuals of the
gold-saddle goatfish Parupeneus cyclostomus, living
among coral reefs, found that some individuals in a
shoal perform the function of beaters, chasing and
forcing moving prey to hide in shelters among corals.
Other fish from the same shoal surround such a shelter
and, exploring it, find and seize the hidden prey. After
some time, they themselves become beaters, providing
other individuals of their shoal an opportunity to feed,
i.e., there is a constant rotation of the functions per-
formed by partners in the school. In the population of
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Fig. 4. Size composition (a) and size (b) of schools of the
Barrier Reef chromis Chromis nitida entering the open
ocean for feeding at different distances from the coral reef
(according to: Sackley and Kaufman, 1996).

these fish, there are also individuals who prefer to stay
alone and feed, looking for sedentary prey hidden in
the ground (Striibin et al., 2011).

With an increase in the size of a school, the time
spent by fish on the feeding spot increases progres-
sively (Fig. 5), and the proportion of longer visits to
the feeding area increases (Fig. 6). Thus, in schools
consisting of 20 individuals, the proportion of visits by
fish to a feeding area lasting >1 min was 25% for gold-
fish and 15% for Eurasian minnow, while in the small-
est shoals consisting of only 2 fish, 74% of visits in
goldfish and 88% in minnow had a duration <10 s
(Magurran and Pitcher, 1983). It is possible that this
effect is facilitated not only by the faster detection by a
school of a patch of forage organisms, but also by the
increased skittishness of individuals or fish in small
schools and their slow adaptation to a new environ-
ment, the desire to stay longer in shelters and leave
them less often. Fish, being in a larger school, more
easily overcome the protective effect of dense swarms of
planktonic crustaceans. For example, the blue-green
chromis Ch. viridis feeds on such prey the faster the
larger its school (Smith and Warburton, 1992).

Fish in small schools are characterized by frequent
bursts and sharp turns to the sides, which indicates
their restlessness (Fig. 7). High schooling fish, for
example, Atlantic herring, when kept alone, stop feed-
ing and may die from stress (Gerasimov, 1962). Under
artificial conditions, single individuals of the yellowfin
Baikal sculpin do not feed, while in a shoal they
actively consume the food offered to them (Volkova,
1969). Another explanation for more efficient feeding
in a school may be mutual stimulation of each other by
fish. Thus, the visual perception of a feeding individ-
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Fig. 5. Feeding time of the Eurasian minnow Phoxinus
phoxinus during 8 min of observation depending on the
number of fish in a school (according to: Magurran and
Pticher, 1983).

ual has a stronger attracting effect on the three-spined
stickleback than the presentation of each of the stimuli
separately—the appearance of food or individuals of
its own species (Keenleyside, 1955). The sight of feed-
ing conspecifics leads the high schooling Atlantic her-
ring to such a strong excitation that individuals that are
far from food reflexively make grasping movements
(Gerasimov, 1962, 1983).

An interesting behavior called hiding behavior
is shown by schooling fish in an unfamiliar environ-
ment or at wariness caused by other reasons (Mila-
novskii and Rekubratskii, 1960). It consists in the fact
that one or more fish separate from the school, located
at some distance from the food, which quickly
approach and grasp the food and immediately return
to the school. Group hiding can also take place, i.e.,
the whole school quickly makes a burst to food and
moves away. Such behavior is interpreted as a manifes-
tation of food excitation (Rekubratskii, 1967).

In some cases, the development of food resources
by fish is facilitated by the formation of schools that
are heterogeneous in terms of species. Thus, joint
schools of the midnight parrotfish .S. coelestinus and
the blue tang surgeonfish Acanthurus coeruleus feed
more successfully on young shoots of algae in areas of
the reef protected by the territorial threespot damsel-
fish Stegastes (=Fupomocentrus) planifrons, which is
able to defend its area from single individuals, but is
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not able to successfully resist a fish school (Alevizon,
1976). This feature of school feeding of fish is well
illustrated by the example of the herbivorous parrot-
fish S. iseri (=croicensis), in which some individuals
lead a territorial lifestyle and constantly stay on their
individual feeding area, while others move over a
rather large territory and often unite. The ratio of
“stray” schooling and territorial individuals of the par-
rotfish is related to the abundance of the euryphagous
damselfish, which actively guards its territories and
prevents other fish, including . iseri, from feeding on
them. The observations made showed that stray indi-
viduals of S. iseri are much more often attacked than
schooling individuals of this species. Single individu-
als also have a higher food motivation. Thus, the for-
mation of schools allows stray individuals of parrot-
fish, which do not have their own food area due to the
high density of the damselfish, to successfully exist in
conditions of high food competition. Schools of
S. iseri often include other herbivorous fish, which
also increases their food potential (Buckman and
Ogden, 1973; Robertson et al., 1976).

Forming a school makes it possible to overcome
the resistance of territorial fish, fiercely defending
their territories, and other schooling fish. When a
school of such fish moves along the reef, stop for feed-
ing of even a few individuals exponentially involves all
other fish in the food-procuring activity. This is a very
effective technique for successful feeding in individual
territories protected by solitary hosts, unable to
restrain the simultaneous invasion of a large number
of fish (Vine, 1974; Alevizon, 1976; Robertson et al.,
1976; Mochek, 1987).

A theoretical model has been proposed to describe
the rate of consumption of forage organisms by
schooling planktophagous fish (Eggers, 1976). The
model is a translation of the well-known Holling’s disk
equation, which describes the rate of consumption of
forage organisms (C) by single-feeding individuals:
C=AN/(1 + AN x TH), where A is the volume of the
visual field (a cylinder with a radius equal to the max-
imum lateral visibility distance of prey), N is the den-
sity of prey, TH is the time from the beginning of the
pursuit to the capture of prey. The change in the den-
sity of forage organisms during feeding of a school is
described as: dN,/dt = —C,/y, where 7 is the index of
the probability of meeting the i-th individual with
food, C;is the rate of consumption of forage organisms
by fish in the school in relation to the i-th individual,
N, is the density of forage organisms in the volume of
the visual field of the i-th individual of the school. The
expression of the average feeding values of a fish
school and the density of forage organisms is achieved
by approximating the model in the form of finite dif-
ference equations: C; = yN,/(1 +yN; _,TH) and N; =
N; _, — (C; — 1)/y. The study of the proposed model
showed that the probability of school formation
decreases with high food density, large distance between
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12; e, j—20 (according to: Magurran and Pitcher, 1983).

individuals, and small school size. According to the
model, the advantages of schooling behavior are espe-
cially pronounced with aggregated food distribution.

A schooling lifestyle helps to find and obtain food
not only for non-predatory fish, but also for those
predatory fish that, like predatory mammals, are able
to use the so-called collective hunting tactics. This
tactic allows them to overcome the resistance of small
schooling fish that are prey items (Major, 1978; Potts,
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1981; Landeau and Terborgh, 1986; Parrish, 1993;
Hansen et al., 2022).

It should be noted that, along with the obvious
advantages that arise, being together in a school can
lead, as expected, to an increase in intra-school
food competition between school members
(Pitcher, 1986; Pitcher and Parrish, 1993). Such com-
petition manifests itself in a reduction in the time
spent by fish grasping and swallowing food objects
(Street et al., 1984), or in a decrease in the frequency

No.7 2023
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Fig. 7. Influence of the school size on the number of bursts (a) and sharp turns (b) made by the Eurasian minnow Phoxinus phox-
inus in 10 s while in areas with no shelters (according to: Magurran and Pitcher, 1983).

of hunting bursts made by predatory fish attacking
prey in a group (Hansen et al., 2022). This effect
becomes noticeable when the number of fish in a
school reaches 10—12 individuals (Morgan and Col-
gan, 1987) and it is more pronounced, the more
numerous the school is (Uematsu and Takamori,
1976). The intention of hungry fish to stay in smaller
schools is also interpreted as one of the adaptations to
a decrease in food competition between schooling
partners (Van Havre and FitzGerald, 1988; Krause,
1993). It has been established that in heterogeneous
schools, larger individuals, consuming the main part
of the food, compete with smaller fish (Krause, 1994).
If the proportion of large individuals in a school is low,
their feeding activity is also reduced (Peuhkuri, 1997,
1998b). In some coral reef fish, such as the adult
grunts Haemulon spp., the intensity of feeding signifi-
cantly increases during solitary swimming compared
to schooling: the average frequency of food grasping
from the substrate increases from 2.3 to 12.5 per min
(Pereira and Ferreira, 2013). Similar data were also
obtained for another coral fish, the bluehead wrasse
Thalassoma bifasciatum (White and Warner, 2007). It
is believed that food competition is reduced in this
way, while the schooling is required for these fish
mainly for protection from predators. In general, the
number of examples showing a decrease in the effi-
ciency of feeding in fish forming schools is small, and
they do not always concern obligate schooling species.

Thus, the association of fish in schools in most
cases facilitates the detection of food objects, increases
the intensity of feeding, and, as a result, increases the
supply of fish with food. Schooling not only leads to a
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decrease in the time spent on searching and detecting
food objects, but also increases the duration and effi-
ciency of feeding, and increases the time that fish
spend on getting food. As a result, fish in schools con-
sume food more food and do it more often, restore
their feeding behavior much faster after stress loads
caused, for example, by a predator attack or a change
in biotope. Being in a school makes fish more compet-
itive in obtaining food, expands the range of food
objects available to them, and allows them to develop
new spatial and food resources. The benefits of a
schooling lifestyle equally affect both non-predatory
and predatory schooling fish.
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