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Observations on fluctuation and quantity estimations made by means
* of echo sounders belong also to the complex of observations made on pela-
gic fish.!)

Results obtained mostly in northern seas refer to evalution of abundance,
estimation of fish quantities by means of automatic measuring calculation of
intensity and number of return signals from fish comparing them with the
traces on echograms and vith other factors (Dragesund and Steinar
1965; Richardson et al 1959; Mitson and Wood, 1961; Truskanov
and Sherbino, 1964), and to estimation of fish quantities by ranging the
traces on echograms in length groups (Valdez and Cushing, 1959;
Tungate, 1958).

An effort was made to determine the quantity and fluctuation of quantity
of pelagic fish by using method of ranging fish-concentration traces into cate-
gories. For this purpose, fraces of fish obtained on echograms were placed
into three categories. In the first category (Table I) are the traces, the surface
of wich on the echogram is not over 1 mm?2 In the second are traces from
1 to 6 mm?, and in the third, those from 6 to 25 mm?2 In this way an earlier
division into two groups (Kaéié; 1966) is completed to follow more easily
eventual fluctuations, especially of larger concentrations of pelagic fish. An

1) T am honoured to thank Dr R. MuzZinié, higher research fellow, on her help
and advice during the work.




eventual error, which might occur while determining the size of fish concen-
trations with this method and due to some factors of biotic or abiotic nature,
was reduced by a large number of observations.

Table 1. Distribution into categories of fish traces accordiing to their surface
(mm?2) on echograms

Surface of traces on echograms
Category
Minimum Maximum
I 0,01 1
IT sy |
III =6 25

These studies were made in Kastela Bay from mid-1962 to the and of 1967,
at first every two weeks and then generally in monthly intervals.

Notes were made on three profiles, begining in the morning after sunrise
and finishing in the first half of the day.

There were 71 altogether.

The echo sounder »Simrad« — Sildeasdic, type 580-4, frequency 30 kHZ,
was used.

1. Size of traces

Up to now investigations proved that fish traces, found in Ka$tela Bay,
were rather small. Their surface on echograms was rarely over 25 mm?2. Jud-
ging by these limitis of traces, the fish did not form large concentrations
(Kac¢id, 1966).

2. Fluctuations of fish quantity throughout the year

The data show that a calendar year is divided into two periods by quan-
tity and number of concentrations of pelagis fish:

(a) from May to October;
(b) from November to April.

Such distribution is dictated by the appearance of traces on echograms
and it could be called the summer winter season of pelagic fish concentrations
in Kastela Bay.

It is characteristic for the summer period that, durring May, the number
of pelagic fish concentrations starts to grow suddenly, and that this increase

(of all the categories of traces), lasts throughout the summer, more or less inten-
sive, but it is always seen distinetly.

Some less intensive concantrations can sometimes be seen in May and
June, while in other summer months they are more intensive. This summer
period is known as the »fishing season of pelagic fish in Kastela Bay«.

By the end of October, and especially in November, a sudden decrease
in the nubmer of traces, i.e., of fish concentrations, begins in all the three
categories.



The winter period is characterized by a very small number of fish concen-
trations. This is quite evident so that during a large nubmer of observations,
not a single trace of fish was noted on echograms (see Fig. 1, echogram »c«).
It is also a fact that in all the years of investigations a smaller number of fish
traces has been registered than in only one summer period.

The rhythm of appearance and disappearance of pelagic fish in the Bay,
and connected with it also the fluctuations of its quantity in winter and sum-
mer periods, is shown on Table 2.

Table 2. Average number of traces of three categories according to observa-
tions in individual years

! Mean number of traces

Year ' e ‘ :

| Summer period Winter period

j (May — October) (November — April)

i 1I I I I1 IIT

1962 33.4 6.8 11.5 11.0 = —
1963 34.0 19.9 35.5 9.1 4.4 8.3
1964 10.5 5.1 6.2 3.0 1.6 1.7
1965 19.8 13.1 12,1 1.8 1.8 14
1966 17.9 14.3 10.6 1.3 23 0.6
1967 127 15.8 11.3 4.2 4.2 2.6

Factors which infleunce the increase or decrease in the pelagic fish con-
centration in Kastela Bay probably are numerous and in mutual dependence.

No conclusion could be drawn about the influence of clouds on the less
possibility to register fish concentrations. It seems, however, that temperature
rhythm of the Bay and sardine movement during spawning and feeding
(Karlovac 1954, Vudcetié¢, 1963) i. e, transport of pelagic fish larvae,
sardine in particular, toward the Bay is of basic importance to establish the
quantity fluctuation of pelagic fish, especially sardine, which is most often
found in the Bay (Muzinié, 1954; Kac¢ié, 1966). Tagging sardines (Muzi-
nié¢, 1952) and investigations into its ecology in the mid-Adriatic (Muzi-
nié¢, 1954) suggest this as well as some observations on the movement of sar-
dine larvae from the region of spawning toward the coast (Karlovaec, 1965).

3. Fluctuations in individual years and in the whole investigated period

The year 1963 is clearly distinguished from all other years, especially 1964,
by the quantity of fish concentrations. While the number and size in 1963
were considerable, in 1964 they were remarkably small (see Table 2). A consi-
derable number of fish concentratinos in 1963 was registered in November
and December, which was not found in other years and this makes it also
different from other years.



Figure 1. Echograms in the year of the greatest and the smallest number of
pelagic fish concentrations in Kastela Bay. All the echograms were obtained about 9
o'clock in the morning rather clear or completely clear weather a — 18 7. 1963;
b — 22, 7. 1964. The echogram c¢ was obtained in winter (26. 2. 1963).

Studying the categories of traces the whole period of investigations, i. e.,
from 1962 to the end of 1967, it is clearly seen that number of traces decreased
noticeably in all three categories during the winter period (see Table 3).

Table 3. Mean nubmer of fish traces of three categories according to observa-
tions for summer and winter periods of 1962 — 67.

Mean number of traces
Year Period SRS g
I 1I III
1962—67 summer 21,3 12,5 14,6
1962—67 winter ' 5,1 2,4 2.4
!

4. Fluctuation in individual months

The quantity of pelagic fish changes in the Bay during summer in the
same months and about the same dates but in different years (see Fig. 1).
Such changes in the same months of different years are very frequent.

EER

Investigations show that by using method of putting the traces of pelagic
fish concentrations into categories the fluctuation and estimation of approxi-
mate quantities of fish can be, to a certain degree, followed even in the seas
which do not abound in rich fish funds or large concentrations.

Some factors of biotic and abiotic nature, which perhaps influence the
fluctuation of pelagic fish quantities in Kastela Bay, are under observation.
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SUMMARY

Concentrations of pelagic fish in Kastela Bay was followed with an echo-
sounder from 1962 to the end of 1967. Traces of fish concentrations on echo-
grams were grouped according to their superficies in order to estimate the
abundance of fish and their fluctuations. Differences in quantity (relative
1o the number of concentrations) of pelagic fish between winter and summer
periods and between individual years and months were found. Generally,
larger quantities were found in summer than in winter; especially in 1963 as
opposed to other years, and in particular 1964, which had the least.
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KRATAK SADRZAJ

Pratilo se koncentraciju pelagi¢ne ribe u Kastelanskom zaljevu od sredine
1962. do kraja 1967. godine upotrebom ultrazvuénog detektora. Znakovi kon-
centracija riba dobiveni na ehogramima grupirani su prema njihovoj povrsini,
radi mogucnosti procjene koli¢ine pelagiéne ribe i njezinog kolebanja. Nadene
su razlike u koli¢ini (dnosno broju koncentracija) pelagiéne ribe izmedu zim-
skog i ljetnog razdoblja i izmedu pojedinih godina i mjeseci. Vece koli¢ine
zabiljezene su u ljetnim nego u zimskim razdobljima, te 1953. nego ostalih
godina, a naro¢ito u odnosu na 1964. godinu.
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