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ABSTRACT

ine infiruence pi visual and augltive stimutl coming
survev vesset or predaiors was observed py day on trop

gone simultaneousiy irom & wultra-tight motorizea seaptane and
a diver. In otner 1nstances a motorized sail boat was used

periorming acousticat observations of a single school wh
passed f1rst using sails and then motor. As a result, t
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nal structure of a scnoot, 1its external shape and its volume may
change rapldiy accorglng to externat perturbations which can be
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kely that 7or surtface schoots at ieast the structure of a stres-
sed schooc 1S rather constant.
INTRODUCTION

[ne 1nternal structure of a fish school can De generally
gescribed by three groups of parameters:

-The mean density of the whole school (i1in terms of number of
fi1sh per cubic meter or Kg/m=).

-The arrangement of 1npdividual fish 1nside this structure

(hompgeneity of the density, variations 1n the relative position
o7t the {13sn, variation 1n the reiative and absolule tilt angles,
2L

-lhe external snape of the school (which Is wusually Llinkea
to the internal structure).

These parameters are probably governed by numerous 1internal
factors (1.e. relative to the fish itself, such as maturation
stage) or external ones. This last group of factors can be divi-
ded 1n two subgroups: environmental conditions (for 1i1nstance,
temperature, light intensity, availability of preys, etc) and ex-
ternal stimulil (such as visual or auditive stimuli coming from a
naturat predator or from a vessel).

ALL these 1nternal and external factors probably 1nteract in
a complex way, and therefore modelizing the fish school structu-
res and behaviours -or generally speaking pelagic fish behaviour-
represent a challenge which unfortunately is presently out of our
reach. This paper intends to give some pieces of information in
changes 1n fish school structure of tropical pelagic species ac-
cording to two sources of external stimuli: predator and vessel.

This 1nformation, even though representing small pieces of
the puzzle, seems interesting to take 1nto account 1n the case of
acoustic survey because the internal structure of schools 1s sus-
pected to introduce some bias in the biomass estimation or 1in the
species i1dentification.

Some hydro-acoustic observations on a school were carried
out by day from a vessel using alternately sails and motor. Vi-
sual observations, both underwater and aerial, were also made.

I - MATERIAL AND METHODDS

1.1. Hydro-acoustic observations

A sail boat of 16 meter overlength, motorized by a8 116 hp
inboard diesel motor, was used during this experiment, carried
out on the 15%" of February 1989 at 9:05 a.m. 1in the south of
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Coche 1sland (Venezuela) were the depth was 13 meters. The same
singte school was overpassed three times consecutiveiy at a few

minutes 1ntervat. This surtface school was initially detected by
sight and overpassed at 1.5 knots using sails the first time (1n
fact, as the wind was very weak, the motor was also used for 1m-

putsing the boat and 1t was stopped around 100 m before reaching
the school). The second time the school was overpassed, the motor
was running at 800 r.p.m. (around 3.5 knots), and the third time
at 1400 r.p.m. (around B knots).

A E-YM Simrad portable sounder (70 KHz) was used wilth its
narrow beam transducer (11°) 1nstalled starboard at 7 m from the
stem and at 1.5 m under the sea surface. The signal was recorded
on @ portable digital recorder ORT (Sony). The power of this
equlpment was supplied by a 12 volts battery, and therefore the
electric ptant of the boat was stopped in order to Limit the nol-
se lLevel.

Later 1n the lLaboratory the signal was processed for each

1ndividual transmission by the echo-integrator RGENUR, wusing 1.4
m depth 1intervals of 1integration.

1.2. Visual observations

In Martinigque (French W.I.) schools of Harenqula clupeola
are usually observed 1n coastal areas by day, in shallow waters
over seagrass beds. This structure 1s considered as defensive
meanwhile during the night the fish emigrate offshore and disper-
se for foraging (Silva Lee, 1974). The schools are usually small
compared to other clupeoids (from one to S tons). The high trans-
parency of the water in the shallow bay of Grande Anse allows for
visual observations both underwater and aerial (Fréon and Gertot-
to, 1988). As this species 1s not exploited and the area 1s a
seaside touristic resort, the fish are used to the swimmers and
are not afraid of them as long as they keep swimming at the sur-
face.

On February 28*" and May 9+, 19838, a school of H. clupeala

was observed and photographed at the same time under water by a
swimmer and from an ultra-Light airptane flying between 60 an 90

meters of altitude. R Nikonos V with a 28° lLens was used for the
underwater sights and a8 reflex camera with a 70-200° zoom and a
polarizing filter was used in the airplane. The sensitivity of

the films was respectively 100 and 400 ASA for underwater and ae-
rial sights. Even though the relatively high sensibility retained
for aerial photography allowed for high speed of obturation, the
quality of the photos were not always perfect owing to the unsta-
bility of the small airplane during the windy season. Neverthe-
lLess, from these photos taken more or less from the vertical po-
sition above the school, it was possible to estimate the surface
it occupied by using the size of the swimmer as a reference in
the calculation of the scaling factor.




IT - RESULTS

11.17. Hydroacoustic observations

The school overpassed thnree times shows a reduction of 1its

cross-section, both i1n the vertical and horizontal dimenslons
(after applying a scaiing factor proportional to the vessel
speed). Moreover the mean depth increased, specially from the
first cross section to the second, owing to the diving of the
surface fish (which was visible above the transducer from the
boat during the first cross section, and disappeared completely
Later, even around the boat). In the Llast «cross section the

school seemed to split 1nto two *sub-schools" at slightly diftfte-
rent depths (fig. 1).

As the volume occupied by a school is often irregular and as
the sounder provides a distribution only in two dimensions, the
observed differences could be due to a different location of the
cross section 1inside the school and/or to a real change 1n 1ts
shape and location, during the time elapsed between two successi-
ve Ccross sections. DOespite an important saturation of the sounder

(gain 7 on a scale of 10), the analysis of the signal allowed
confirmation that the school really increased its 1internal mean
density. The mean density of the samples lLow-pass filtered to

eliminate the samples above a threshold (here 50 mV) provides a
good 1indication of the Level of dispersion of the individuals
(Marchal, 1988); 1t was calculated at 381 (arbitrary units) 1in
the first «cross section and 659 in the third one (owing to a
technical problem, the signal of the second cross section was not
recorded). Moreover, the internal structure of the school shows a
high variability in both figures but in different ways (fig. 2).
During the supposed unstressed cross section the structure pre-
sented Large vaccuoles of Low density, specially 1n the Left side
of the diagram, which corresponds to the start of the cross sec-
tion by the vessel. The right part 1s denser and deeper. This may
reflect the beginning of a diving avoidance reaction which could
be due to a contagious and fast propagation of ‘“"wave of agita-
tion" inside the school (Radakov, 1973) initiated by the arrival
of the hull and the keel 1n the field of vision of the first fish
encountered at the surface, after they were overpassed by the

transducer. This phenomenon could be accentuated by the fact that

the boat speed fell during the first cross section (boat forging
ahead).

During the third cross section the distribution of the den-
sity was different from the first one. The surface of the area of
Low density was smaller than previously and concerned first of
all the “neck® between the two "sub-schools" in course of consti-
tution (fig. 2). The distribution of the density 1s much more
structured, with two maximal values in the centre of each “sub-
school® and a strong gradient of density around these points, op-
posed to the 11 maximal points of concentration (plus 7 secondary
points) in the first cross section.
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1I1.2. Visual observations

External shape of the schools

The one hour observation of the first survey of a school 1n-
dicated that the shape of a school and the horizontat surface 1t

occupiled 15 highlty varilable i1n time, as mentionned by other au-
thors {(Bolster, 13958; Hara, 1385; Squire, 1878). The surface va-
ried from a range of 1 to 4 (fi1ig. 3) and the observed shape can

be subdivided 1n two types:

-amiboide type when the school looked slack and unstructured
(fig. 3a to 3c);

-egg-shaped type when the school 1s homogeneous and dense
(fig. 3d to 3f; photo 1). The simultaneous underwater observa-
tions indicated that thlis type of shape corresponded to the arri-
val of a group of predators: Elagatis bipinnulatus (photo 2).

Internal structure of the stchools

The second survey of a school gave the same kind oif results:
at the beginning of the observation the school presented an 1irre-
gular shape, but 1n addition the irregultarities of 1ts 1internal
structure were perceptible from the airplane (owing to a better
guality of the photographs) and provided "smoke-lLike" pictures
(photo 3). Ouring the middle of the survey, the school was cros-
sing the bay and presented a compact structure and egg-shaped L1i-
mits, with a denser nucleus i1n the centre (photo 4). R few minu-
tes Later the shape was the same but the internal structure was
at the opposite of the previous sight: irregular with a Low den-
sity in the centre and a high density at the periphercy, sugges-
ting a circular movement (photo 5) typical of the defensive
"“mill" structure (Pitcher, 1986). The last sight (photo &) repre-
sents a typical egg-shaped and compact structure.

No predators were observed by the diver 1in this case but
owing to the lLimited field of view in the water and to the high
speed of displacement of the school, their presence cannot be to-
tally excluded. Another explanation to the change observed in the
school behaviour could be the influence of the airplane shadow
and/or noise, flying at low altitude (Hara, 1985). At the end of
the one hour survey, the school presented again a typlical egg-
shaped Limit and a compact internal structure (photo 7).

Concomitant underwater sights confirm the differences in the
internal structure which was dense and with a regular interfish
distance (at Least in the field of view of the camera) or made- of

inter mingled fish columns separated by lLarge vaccuoles (photos 8
and 9).



Even though these phpotos were made on anotnher Ctupelas spe-
c1es, they confirm tne acoustic observations made 1n Venezueta on
sargline Qr anchovy.

IIT - OISCUSSION

The pionneer studles on the internal structure of schools
were performed 1n tanks and concerned few examplars of fish. From
such observations 1t was concluded that the retative position oOf
tndividuats 1n a school presents a diamond like structure whicn
is supposed to be favourable to swimming performances from an hy-
dgrodynamlic point of view (see for exampite Weilhs, 1873; Breder ,
1976). Sucgh a regular structure is not always contirmed by 1n
situ observations of Large schoots, at least when using a Large
scale of observation for the whole school description. in tempe-
rate areas, the heterogenelty 1in the density distribution of witd
schools was atready aobserved by Cushing (13977) using a multibeam
Ltaterat sonar. From in vitro observations, Pitcher and Partriage
(1979) mentionned that an i1ncrease 1n swlmming speed produces
more compact schools but from the variability of their results
they suggest that the "arousalb lLevel can generate equally Llarge
agirtierences". The present results validate this hypothesis.

Frevious observations of the i1nternal structure of stresseao
and unstressed fish schoals were carried out by our team 1n Vene-
zuela uslng a different experimental protocol (Freon and Geriot-
to, 1988): the unstressed schools were observed using an adrift
dinghy, and stressed schools were observed with a 24 m overlength
research vessel. The results 1ndicated alsp that the 1internal
structure of school was highly variable with vaccuoles of very
Low density and area of high concentration, specilally for the
unstressed schools. The stressed schools presented generally a
higher density in the upper part (Geriotto and Fréon, 1988). Rs
other experiments of the same authors indicated that those surfa-
ce schools were diving when the reasearch vessel was approaching,
1t was suggested that the higher density of the upper part of the
school reflected a compression in this area in response to a hig-
her stress. 5Some exceptions were observed for the schools Laying
near the bottom, and the interpretation was the Limitation of the
vertical avoldance possibility for the Lowest part of the schoot.
it seems that 1n the present experiment using sails and motor,
such a case occured because the Lowest part of the school, when
initially observed, laid at only 3 m above the bottom (if we sup-
pose 1t did not dive at all during the first cross section). The-
refore, the same gradient 1in density was observed in the upper
and Lower part of the stressed school. The vertical avoildance was
Limited and associated to a lateral avoidance, probably resulting
in the constitution of two schools.

The heterogeneity of the schools at a large scale, specially
when unstressed, does not mean that the diamond like structure 1s
never observed in situ. In fact at a smaller scale this structure
appears even when vaccuoles are observed: the fish around the
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9H10 9H15 9H20
Fig 1. Echogram of the _free school  overpassed thiree
times by the sail_ boat wusing first sails and two
different motor speeds.
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teabes cay-shaped struciure of dense and homogeneous
scheol duiring the Tirst survey .

Photo 2. Underwater photography of flight reaction of the
school to predators during the first survey.

Photo 3. "Smoke like" structure of the school during
the second survey.




Photo 5. Defensive "mill " structure of the school
during the second survey.

_Photo 6. Circular and compact structure of the school
at the end of the second survey.
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Photc 8. Underwater pﬁotography of column-shaped fish structure
and large vacuoles during the first survey.

Phhoto 9. Underwater phdLography of column-shaped tish structure
and large vacuoles during the first survey.





