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ABSTRACT

Statistical data of the yearly Nephrops catch in the Yugoslav waters for
the period 1960 /70. and the fishing effort data, the number of effective fishing
days in a year, have been pointed that the average Nephrops population abun-
dance in the Central Adriatic is considerably higher (53 kg/fishing day/year)
-— region A, then in the Northern Adriatic (22 kg/fishing day/year) — region
B. Calculated values of the yield regression lines, between the catch per unit
effort against the total yearly effort for the eleven years period for the both
Nephrops fishing regions do not show that there is a direct relationship
between them. Obtained values of the correlation coefficients (r) were: in the
central open Adniatic (region A) r = —0.06, and northern channel region B,
r = 0.09. It seems that behaviour of the Nephrops population inside of the
clay-lomay bioceonose »Nephrops norvegicus — Thenea muricata« alonge the
Yugoslav coast, more directly, determines the index of abundance of the
population.

In the selectivity Nephrops experiments with the synthetic bottom trawl,
whose stretched mesh-sizes of the cod-end were: 41.6 mm, 52.8 mm, 62.6 mm,
the following 50% retention lengths of Nephrops were obtained (lc) 4.3; 5.2;
9.2 cm. The selection factors of the synthetic cod-end with the knots (210/48
Den) were: 0.9, 1.5.

INTRODUCTION

Due to its high market price trawling of Nephrops in the Adriatic has
an exceedingly great importtance. In the eleven years period, from 1960 to
1970, the yearly catch of Nephrops in the Adriatic ranged from 770 to 1,258
tons. In this period Yugoslavia’s share in the catch was 13.3. percent of the
total Adriatic catch, within the Yugoslav waters exclusively, while the greater
share was by the Italian trawlers, who were fishing mainly on the continen-
tal shelf.

Although the yearly Nephrops catch of the Yugoslav trawlers was con-
siderably lower in the Adriatic Sea than that of the Italian ones, the mean
percentage of Nephrops in relation to other edible benthic groups was con-
siderably higher (12.4%) in the Yugoslav fishery than in the Italian (2.0%b).

Yugoslav trawlers catch Nephrops on the continental shelf exclusively,
only within the Yugoslav territorial and tnternanal waters (Fig. 1). The
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fishing grounds cover an area of approximately 800 square miles within
which, in addition to Nephrops, trawling normally includes also other benthic
groups of fishes like: Chondrichthyes, Osteichthyes among which the follo-
wing families in the Central Adriatic stand out: Scylliidee, Rajidae, Gadidae
and Carangidae.

With regard to geo-morphological and hydrographical conditions, size and
number of trawlers and duration of the fishing season, the trawling area of
Nephrops within the Yugoslav waters can be divided into two geographically
quite separate regions:

A — trawling region in the open Central Adriatic approx. 200 square
miles

B — trawling region of the Northern Adriatic channels approx. 600
square miles

The Yugoslav trawlers fishing in those regions are made of wood with
the following characteristics: A — Central Adriatic: length 18—25 m, width
4.6—6.5 m, 38—123 BRT, engine power from 220 to 400 HP. The total number
of commercial trawlers fishing in this region is 6—10 vessels during a year.
The mentioned vessels belong to the combined iype trawler-sciner, which,
most frequently by mid-spring, abandon the trawling in the Central Adriatic,
and in summer months they begin fishing small (sardine, anchovy) and large
(tuna) pelagic fish. In autumn, September, trawl season begin again.

B — Channel region of the Northern Adriatic: length 14—18 m, width
4.0—4.9, m, 20—30 BRT, 80—150 HP. The number of trawlers during a year
is from 65 to 116. As different from the vessels in the Central Adriatic the
cruises of these vessels are more frequent, thanks to the enclosed area.

Table 1 — Total yearly catch of demersal species and Nephrops catch (tons) in the
Adriatic Sea for the period 1961/69 year

Year 1961 1962 1963 1964 1965 1966 1967 1968 1969

Total demersal catch I 39107 36352 36 141 39 644 45 027 50 622 56 368 54 937 54 694
Total demersal catch Y 1590 1150 1116 1458 1366 1188 1147 1050 946

Together 40 697 37 502 37 257 41 102 46 393 51 810 57 515 55 987 55 640
Nephrops catch I — — 687 660 1021 1030 1136 1077 932
Nephrops catch Y 182 120 93 119 161 141 122 137 153
Nephrops together — — 770 779 1182 1171 1258 1214 1085
%9 Nephrops catch of

the total demersal I — — 19 1.7 2.3 2.0 2.0 2.0 1X

%0 Nephrops catch of

the total demersal Y 114 104 7.4 82 118 119 106 13.0 162
I — Italy
Y — Yugoslavia

Within the mentioned regions the Nephrops population is closely con-
nected with the clayey-loamy bottoms (Morovié, 1951; O. Karlovac, 1953;
Crmkovié, 1965 — in manuscript) making characteristic biocenosis »Nephrops
norvegicus Thenea muricate« — (Gamulin-Brida, 1962). In the Central Adriatic
Nephrops fishery is conducted at the depth of 180 to 220 m, and in the chan-
nels of the Northern Adriatic at the depth of 40 to 100 m. From the hydro-



Table 2 — Yugoslav yearly Nephrops catch (tons) and effort data for the fishing grounds in the Central open Adriatic and
Northern channel region for the period 1960/70 year

Year 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
Central Adriatic (region A) 48 33 10 11 23 17 34 43 50 30 12
Effort (fishing days/year) 697 694 416 590 794 375 499 589 525 417 264
% of the total demersal catch — 18.1 8.3 13.3 19.3 10.6 24.1 35.2 36.5 19.6 9.9
Northern channels (region B) — 149 110 72 96 144 107 79 87 123 109
Effort (fishing days/year) — 5674 4512 4742 4951 5267 5230 4581 5167 4358 5093
%o of the total demersal catch — 81.9 91.7 86.7 80.7 89.4 75.9 64.8 63.5 80.4 90.1
Yugoslav total Nephrops catch — 182 120 33 119 161 141 122 137 153 121

‘ON
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graphical viewpoint both areas are characterized by small annual temperature
amplitudes in the bottom layer, so that in the Northern Adriatic channel
region these oscillate from 8.5°C to 12.0°C (Crnkovi¢, 1965). In the open Cen-
tral Adriatic, the temperatures in the bottom layer are within the limits of
8.0°C to 13.6°C (O. Karlovac, 1956; Zupanovié, 1969).

In these trawling regions fishing is done in the daytime, mostly from
early dawn to twilight, so that the effective trawling day lasts from 8 to
10 hours.

Yearly catch and catch effort data

The statistical data on the total yearly catch of Nephrops in the Yugoslav
territorial waters and the data on the total fishing effort (number of fishing
days per year) for the period 1960/70 are shown in Table 2.

The data in Table 2 show that the yearly Nephrops catch in the Yugoslav
waters oscillates considerably and in the mentioned period it is from 83 to
182 tons. An average of 20.0 percent of the yearly Nephrops catch belongs
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to the Central Adriatic, and 80.0 percent to the channel region of the Northern
Adriatic. ;

To estimate the settlement density of this population in the Central and
the channel regions of the Adriatic, and to estimate the degree of the over-
fishing of this population Figures 2 and 3 give the data on the catch per each
region separately. According 1o the data in Figures 2 and 3 it can be stated
that the catsh per effort unit is considerably higher in the open Central
Adriatic, region A, than the catch per effort unit in the region B. which
means that the index of the Nephrops population density in this region is
higher. These statisticaly stated differences in the index of Nephrops
abundance withing two geographicaly separated regions, probably, due from
the differences in the engine power of the fleet. For the central Adriatic
calculated slope of the yield regression line [y = 59.33 + (—0.01) x], between
the total fishing effort and catch per unit effort, points out megative value
(b = —0.01), while the slope of regression line (y = 16.00 + 0.01 x) of the
{ishing region B has a posilive value (b = 0.01).
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Since the two calculated values of the slopes do not differ very much
irom each other, i. e. it could not be said that by further encreasing of fishing
effort encrease of catch per umit effort could be expected, we tryied to esta-
blish relationship between those two variables by means of correlation
coefficient (r). Obtained values for correaltion coefficients for the central
Adriatic (r = —0.06) and for channel region (r = 0.09) do not show any
relationship between catch per unit effort and total fishing effort in the case
of Nephrops population. It seems that biological factors, like yearly spawning
cyclus of the Nephrops individuals, i.e. behavior of the population O. Kar-
lovac, 1953; Juki¢, 1971) plays more important part in the catchability of
the species.

Nephrops selectivity experiments

In his ecological study on Nephrops in the Adriatic O. Karlovac (1953)
states that the mean length of the Nephrops population in the Central Adria-
tic is 10.7 cm, i. e. less than the mean length of the Nephrops in the channel
region of the Northern Adriatic, 11.5 am. Realizing that it is of greatest impor-
tance to protect the Nephrops population from overfishing, the author sug-
gests, by basing it on the biological and biometrical observations, that it
would be necessary to protect the female samples of 9 ecm (the first sexual
maturity of the female occurs at 6.5 cm) by regulating the fishing gear, which
would make it possible to preserve 30 percent females of the total population.

Having in mind such a statement and the fact that, in the Yugoslav
trawling, mo measures of mesh-size regulations of the bottom trawl have been
put into effect, by basing it on scientific experiments, we were induced to
examine for the first time to what extent the size of the cod-end affests the
selection catch of Nephrops in the Adriatic. To understand the importance
of the preliminary experiments on the cod-end selectivity Figure 4 and 5
bring the length composition of the Nephrops population fin the Central
Adriatic on the basis of scientific and marketing data. The data show that
80.0 percent of the whole Nephrops population in the region A consists of
samples smaller than 12 cm. The unfavorable composition of the commercial
catches, in addition to the biological characteristics of the population, lies in
the unsolved problem of the right usage — the imesh-size regulation of the
cod-end.

The experiments on selection by trawl nets were conducted during August
1971 (region A) with a synthetic trawl with knots, from the research vessel
m/m »Bios« (300 HP). The system of ccvered cod-end was used. During the
experiment the ship’s rate was 3 miles an hour. All the time the same trawl
used (Fig. 6) only the size of the cod-end was changed in the course of the
experiments (41.6 mm, 52.8 mm, 62.6 mm, stratched mesh-size). The I.C.E.S.
mesh gauge (pressure 5 kg) was applied in gauging the mesh-size of the wet
cod-end after ifs being used several times. The values for the mesh-size of
the cod-end in Table 3 represent the mean values of the stretched mesh-size
of the cod-end. The total length of the Nephrops samples from the top of the
rostrum to the end of the telson is given in the centimetres. The obtained
results are given in Table 3 and Figures 7 a, b, c.

According to the data from Table 3 and Figures 7 it follows that in spite
of the selection factor of the synthetic trawl net from 0.9 to 1.50 the values
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of 50% retention length, the values (lc), are very low, especially for the size
of the cod-end of 41.6 mm (Ic = 4.3 ¢m), 52.8 mm (lc = 5.2 cm) and 62.6 mm
(Ic = 9.2 cm).

If we know the facts about the trawling conditions in Yugoslavia, where
the problem of mesh-size regulation of the cod-end has not yet been treated,
and that current fishing regulation allow the trawlers to use the cod-end of
40 mm, stretched mesh-size (it was often found that fishermen in Adriatic
use even smaller meshes of the cod-end from 32 to 36 mm), and the fact that
most trawlers use cotton trawl nets, one may conclude that Nephrops popu-
lation in the waters of Yugoslavia is exposed to a hight level of exploitation

Discussion

As this species in the Adriatic is very interesting from its biological and
economic point of view it has been studied since early times. The first bio-
logical studies of this species are found in the works by Lorenz (1863), who
belives that this species in the Adriatic is a glacial relict. The works by
Gauss-Garody (1912, 1913); Pesta (1914, 1918); Santucci (1926) deal mostly
with the problems of biology, ecology and distribution of this species in the
channels of the Northern Adriatic. The recent studies on the Nephrops popu-
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lation (O. Karlovac, 1953; Crnkovi¢, 1965 — in manuscript; Zupanovié, 1969;
Jukié, 1971) deal with the problems of the ecology and catchability of this
species in the Central and Northern Adriatic. According to O. Karlovac (1953)
the Nephrops population density in the Central Adriatic is greater than in
the other regions of the open Adriatic. The author has registered greater
density only in the Northern Adriatic channels. He belives that this species
in the Adriatic is closely connected with the habitat of the clayey-loamy
sediments, so that he rejects Lorenzs hypothesis that Nephrops in the Adria-
tic is a glacial relict, which is ecxlusively connested with the sea bottoms of
colder waters. Crnkovié (1965) has studied the biology and ecology of Nephrops
in the channels of the Northern Adriatic and has stated that the size cha-
racteristics of the samples in this region (Fig. 8) do not differ much from the
samples ‘in the northern seas of Europe. The problem of the changes within
the settlements, especially regarding the size of the samples, the author
explains as the relationship of the hight of exploitation and by basing it on
scientific data, he explains and finds the changes in the composition of the
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Nephrops settlements in the channels of the Northern Adriatic as the preda-
tory relationship Selachii-Nephrops.

Zupanovié¢ (1969) belivees that the yearly fluctuation in the Nephrops
catch of commercial trawlers in the Central Adriatic are closely connected
with the mean annual changes of temperature in the bottom layer. At higher
temperatures he found higher yearly catches, and vice versa. Juki¢ (1971),
studying the influence of the abiotic factor of light on the daily catch of
Nephrops in the Central Adriatic, has found that the catches early in the
morning and early in the evening are much higher than those during strong
daylight. The same author says that the quantity of and the changes in the
manthly catches of Nephrops in the Central Adriatic are probably influenced
by the composition of the Nephrops population, i.e. by the relation between
males and females, because it is known that the sexually mature females with
external eggs bury themselves into the bottom sediments (O. Karlovac, 1953),
and in these months (Jan. Aug. Nov. in the Central Adriatic, when the nuber
of males examples in the trawl catches is greater thanthat of the females,
the everage weight of the catches are also greater.
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Table 3 — Selectivity data for Norway lobster (Nephrops norvegicus L.) in the
central open Adriatic — region A, with covered cod-end (August, 1971)
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6 23 5 28 82.1 9 — 9 — 7 10 7 41.2
T 82 23 105 78.1 26 10 36 722 26 41 67 38.8
8 207 67 274 75.5 65 13 78 83.3 72 134 206 35.0
9 311 65 376 82.7 75 8 83 904 113 179 292 38.7
10 339 40 379 89.4 i 5 82 939 139 168 307 45.3
11 294 24 318 95.5 70 3 73 95.9 165 91 256 64.5
12 188 — 188  100.0 36 L 317 97.3 88 45 133 66.2
13 99 —_— 99 —_ 29 — 29  100.0 57 19 76 75.0
14 64 — 64 — 13 — 13 —_ .40 6 46 87.0
15 44 — 44 — 14 — 14 —_ 38 3 41 92.7
16 29 — 29 — 5 — 5 — 15 — 15 100.0
17 23 — 23 — 2 — 2 — 6 1 7 —_
18 10 — 10 — 2 — 2 —_— 3 —_— 3 —
19 2 — 2 — 2 — 2 — 1 —_ 3 | —_
2 1 — 1 — —_ = — —— — — — —
Total 1718 289 2007 429 40 469 780 699 1479

In the experiments with trawl selection with regard to population Jensen
(1865) has found that the cotton net whose cod-end is 69 mm (12) 18 cotton
twine in the regions of Skagerak and Kattegat has the 50% retention length
of Nephrops at the total length of 93 mm (le = 93 mm) and selection factor
from 1.30 to 1.37 Anmcellin (1965) working in the gulf of Gascogne with the
cod-end 63.9 mm on the experiments with trawl selection regarding Nephrops
has obtained the selection factor of 1.41.

Pope and Thomas (1965) working on the experiments on the Nephrops
selection in the Firsth of Clyde region have stated that the level of escape of
Nephrops (lc) through the cotton mesh of the cod-end is between that of
double manila and simple nylon, at equal mesh-sizes of the cod-end.

Data based on the catch per unit effort show that the Nephrops popu-
lation density is higher in the open Ceniral Adriatic than in the channels of
the Northern Adriatic, and in the former region it is from 18 to 95 kg/fishing
day/year, with the mean value of 53 kg/fishing day/year. In the channel
region of the Northern Adriatic the demnsity is from 15 to 28 kg/fishing
day/year, with the mean value of 21 kg/fishing day/year. In spite of the
various isizes and engine power of the trawlers, which in the Yugoslav traw-
ling conditions does not mean also a proportionate increase in the trawling
effectiveness, (Zupanovié¢, 1953), our findings do not agree with those by
O. Karlovac (1953) who has established that the density of the Nephrops popu-
lation is higher in the channels of the Northern Adriatic. We are of the opi-
nion that the data by. O. Karlovac, collected by the research vessel during
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1951/52 omly in April, May and June, can not be a true evaluation of the
Nephrops abundance that might be compared with the other regions in the
Adriatic, because it was later found (Crnkovié¢, 1965), by basing it on the
scientific and commercial data during the whole year, that months (April,
May, June) are the maxima of occurrance and catch of Nephrops in the
channels of the Northern Adriatic, oxing to behavioir of population.

The low values of the catch per unit effort in the Central Adriatic which
were registered in the years 1962, 1963 could be explained by an earlier
statement by Zupanovié (1969) that the mean annual temperatures affect the
Nephrops catch, because a lower bottom temperature of only 9°C was regis-
tered in those years. The predatiory relationship that Crnkovi¢ (1965), has
stated in the channels of the Northern Adriatic between the groups Selachii
and Nephrops, could not be stated in the Central Adriatic (Juki¢, 1971; Jardas,
1971). Jardas (1971) claims that Selachii group have no predatory relation at
all toward Nephrops because in the mourishment of these fishes predominate
crabs with their dominant species Alpheus glaber, Squilla desmarestia, Ga-
strosaccus labatus, Lophogaster typicus, Solenocera membrancea.

From the data on the yearly catch per unit effort specialby for the Cen-
tral Adriatic, as the evalutation of the density and state of the Nephrops popu-
lation, megative value of the slope of yield regression line points out possibi-
lity of overfishing of the population. This statement for the Nephrops popu-
lation in the Central Adriatic coincides with the findings by Jukié¢ (1971)
who, on the basis of the mean length analysis of the males and females
between the periods 1948/49 and 1968, noticed a decrease in the mean lengths.
In the preliminary selectivity studies by mean of synthetic trawl the obtained
selection factors from 0.9 to 1.5 do not differ much from the values stated
by Jensen (1965) and Amcellin (1965) for Nephrops in the regions of Skagerak-
-Kategat and the Gulf of Gascogne where cotton netts were used.

Conclusion

On the basis of the statistical data of the yearly Nephrops catch in the
Yugoslav waters for the period 1960/70 an ddata of the total effective yearly
effort for the same period for the two main Nephrops fishing areas alonge
the Yugoslav coast we could conclude the following:

1. the index of the Nephrops population density is much higher in the
open central Adriatic than in the channel northern regions;

2. under present trawl fishing conditions inside the two main Nephrops
fishing grounds, direct relationship between the total fishing effort
and catch per unit effort has not been stated. Calculated and obtained
values of yield regression line slopes as well as correlation coefficient
do not show evidently that Nephrops population in the both areas
has been significantly under or over-exploited.

Experimental data of the Nephrops selectivity, in order to protect the Ne-
phrops population within the Yugoslav waters, pointed out mnecessity for
increasing the mesh-sizes of the existing cod-ends of the trawl for protection
of the immature Nephrops individuals.
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JUGOSLAVENSKI ULOV SKAMPA

Stjepan Jukidé

Institut za oceanografiju i ribarstvo, Split

KRATAK SADRZAJ

Na temelju istatistickih podataka o godiSnjem ulovu Skampa u jugo-
slavenskim vodama za period 1960—1970. i podacima totalnog efektivnog godi-
$§njeg napora za isti period i to za dva glavna podru¢ja uzduz jugoslavenske
obale, moZemo zakljuciti slijedece:

Indeks gustote populacije raka Nephrops morvegicus mnogo je veéi u
otvorenom srediSnjem dijelu Jadrana nego wu kanalima sjevermog podrucja;

u prisutnim wvjetima mibarenja kotom na dvjema glavnim wribolovnim
podrué¢jima gdje se ovaj rak lovi, direktni odnos izmedu totalnog ribolovnog
napora i lova po jedinici napora nije iznesen.

Izra¢unate i dobivene vrijednosti regresione krivulje kao i korelacioni
koeficient ne pokazuju da je populacija ovog raka ma oba podrucéja znatnije
ispod ili iznad eksploatiranog.

Eksperimentalni podaci za selektivnost raka Skampa, wu svrhu zastite
nezrelih primjeraka, ukazuju da treba svakako takova konstrukcija mreza,
koja bi imala korisni uéinak.
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