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I ,. INTRODUCTION 

1. When dealing with the exploitation of a fishing region a clear distinction 
shquld first be made between the open seas and the enclosed seas and basins. 
This distinction is particularly necessary if we wish to examine fully the 
influence of ma~ on the aquatic biota. In comparison with open marine areas, 
the enclosed seas or basins are much more influenced by man in this respect, 
and therefore the regulations required for the purpose of .fishery management 
of various regions should not be standardized. Conclusions on the degree of 
the exploitation of a sea or basin, and on concrete measures needed tJ protect 
that particular area (but net other areas which, although similar, do not 
precisely correspond), can only be drawn on the basis of an analysis of faotors ­
influencing the productivity of that sea, of the extent of utilization by man, 
and so on. 

2. These arguments were borne in mind when we attempted to compare the 
Adriatic with other, more, or less exploited seas. 

3. Differing from other European seas, not excluding the branches of the 
Mediterranean, the Ldriatic is notably poor in phosphates and nitrates. This 
deficiency is the result of a series of factors (e.g. insufficient chemical 
polarization, saturation ,vi th . 6xygen, inadequate liberation of P04 from the 
sea bed, etc.), which contribu'te to increasing assumption, by the Adriatic, 
of the properties of an ·oligotrophic basin (Bu1.jan, 1953( a)). ')). 

4. The deficiency in nutrient salts in a sea (by analogy with Liebig 1 s Law 
of the Minimum) was found to influence its total productivity. By taking 
the production of the Adriatic as a function of its amount of phosphorus 
( Riley et al. :1949; Harvey 1950) ~nd by comparing it with th~ English 

, Channel, for example, we shall see how far these two fishing regions 
differ in their potential fertility. 

II. PHOSPHORUS CONTENT .AND FERTILITY OF WATER MASSES 

A. The Adriatic 

5. 
Its 
300 

The Adriatic covers an area of 132,500 km2 and has a volume of 31.7 x 1012m3 • 
average depth is 239.3 m. T~e exploited Continental shelf to a depth of 
m~, has an area of 103,717 km, with a volume of 16.7 x 1012m3 

Numbers within parentheses refer to items in the bibliography. 
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6. The amount of total phosphorus found in the central Adriatic along the 
profile Split-Monte Gargano, in 1952/53 averaged 9.l'.} P mg/t (Buljan 1953(b)). 
By multiplying this average amount by the total water v9lume of the Adriatic, 
we obtain a value of about ,291,000 tons of total phosphorus, of which some 
153,000 tons occurs in the waters over the exploited shelf, the extent of which 
is explained above. 

7. · About 74,000 tons of fish were caught in the Adriatic in 1953. This 
would correspond for a phosphor~s content of 1.2°/oo in fish, to 89,0 tons of 
P or 0.03% of the Pin the Adriatic as a whole, and 0,06% of the Pin the 
waters over the exploited shelf. The value thus obtained represents a crop 
70 to 80 times smaller than that of an artificially fertilized lake or lagoon.y 

B. The English Channel 

8. The English Channel (area VII D +Eon the maps of the International 
Council for the EJCploration of the Seas) covers an area of 82,100 Km2 and has 
a volume of 5.9 x 1012 m3. Its average depth is 72 m. 

9• The amount of total phosphorus found in the English Channel in 1947/48 
averaged 15.0 P mg/t (Armstrong and H,:-.rvey, 1950), corresponding to about 
88,000 tons of total phosphorus computed for that area. 

10. The 1948 fish catch amounted to -some 56,000 tons, equalling 67.0 tons of 
P o.r. 0 •. 08% of the. total P of the area, 

11. The ratio .of nutrient salts, in the Minimum,. is still less favourable 
in the Adriatic if, instead of total phosphorus, fre~ phosphates (P-P04) are 
considered, since these represent about 1/3 to 1/7 of P-total in the Adriatic, 
and up to 2/3 in the English Channel (Buljan, 1953(b)), 

:?} "Hier rechnet man bei oiner einmaligen Dungungsgabo mit einer 
-~uckgowinnungsquote von nur O. 7% im ersten Jahr, der alle,rdings in 
den wait oren Jahren noch weitere,allerdings wes entlich . · 
kleinere schnell ~bfallende Mehrertr!ge folgen'' (Kalle, 1953), 
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III. INTENSITY OF EXPLOITATION OF THE FISH RESOURCES 

A. · . . The Adriatic 

12. According to the . available dat.a l./, ., the following catches were take:p. in 
the Adriatic after the World Wa:r Ilg 

Ca~ches in Tons 

Year .1947 1949 1950 1951 .. 1952 1953 M· 

Pelagic 
SpeO,ies 

23,945 .23,927 32,442±/ 
.: .i. ·' 

34, 83J 30_, 558 34,318 36,667 30,957 

Dem rsal 
Species 

TOTAL 

31,235 

-55,180 

34,590 35,442 

58,517 67,884 

42,814 38,244 37,580 37,457 36,766 

77,647 68,802 71,898 74,134 67,723 

Of demersal species caught in the Adriatic, 80,s are taken by trawlers • 
. The number of t.rawlers, according to the available data, was as follows g 

1947 5J 
920 

1951 5J 
1504 

1952 5J 
1683 

1953 

2025 

l/ Annuario Statistico Italiano 1949-50, p. 210-214, tav. 188, 220, Ser. V., 
Vol. V. Istituto Centrale d~ Statistica, Roma, 1953 
Stati.stica della pesca e della caccia, p. 17, 18, 51,, :52, 85, 89 and 94. 
Isti t,:uto . Statistico Italiano, Roma, :i9.54. 
Fede-ral Inst=!-tute •Of Statistics, No. 93 g Fish Catch-Distribution and 
Pa:·ccessing of Sea · anq. Freshwat~r Fish in 1953, :Belgrade, 1953. (The data 
on catches taken in the former Trieste Zone "B" have been added by the author), 
Institute of Statistics, P.R. of Croatia, No. 2/1954, Monthly St atistical 
Report, year III, p. lli Trawl F:i.Ghing in the •.lat6rs under Territorial 
Competence of the P.R. of Croatia, Zagreb, 1954. 
Basioli, J.g Development of Sea Fishing in the P.R. of Croatia, Institute 
of Economics, Zagreg, 1952. 

,!/ No data for Thynnus sp. are given in Italian statistics. 

§./ Motor trawlers only (motorpescherecci) from 25 HP up we;e considered from 
the Italian Official Statistics for 1947, 1951 and 1952~ while the number 
of vessels for 1953 was composed accordin~ to the method of work in this 
sort of fishery for the Adria.tic coast as a whole. 
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B. The Englf sh Channel . 

13. The data on catches referring to the area VIID + E have been taken from 
the Bulletin Statistique • .§/ The catches were as follows: 

Year 

])emersal 
Species 

Total Catch 
of 

all<./'.;pecies 

Catches in Tons 

1947 1948 1949 1950 · 1951 1952 

25,670 37,246 44,388 31~051 27,193 40,909 

41,377 55,778 57,942 67,013 85,112 123,171 

M 

34,410 

71,732 

The sudden increase shown by the catches taken in the English Channel 
from 1950 to 1952 should be attributed to the more intensive fishing by German 
trawlers equipped with' stronger engines_and more up-to~date devices fo~ the 
de:J;ection of fish shoals, and to the extension of the herring season (Meyer, 
1954). Other species, particularly the demersal were caught more or, less in 
the same quantities during the above period. This fact has been considered 
when comparing the .Adriatic and the Engli-sh Channel with regard to their 
utilization.and productivity, since it is on the •demersal species that the 
influence of man becomes most manifest. Since natural fluctuations are 
likely to be less significant in these species, the predatory influence of 
man is of cardinal significance._ . ·. It is quite different with the pelagic 
species :wher0 there are very --~afk:i:ld natural fluctuations, and the activity of 
man .is barely feJt (Rollefsen, 1951; · Tester; 1951). In making the. comparison, 
therefore,. b.etween the two fishing regions with regard to the intensity of 
exploitation r,f their deme.rsal fish populations, we shall consider the, siz~s o:f 
their catches in relation to the free-phosphorus content per unit area. 

IV. EXPLOITATION R.ATIO 

14. The extended Continental.shelf of the Adriatic yielded 37,688 tons of 
dem,e;rsal fish, or 363 kg/Kmt :per years during the five years period 1948-1953. 
The' c1verage yie}d of the English Channel, ·1947-1952, was 34,410 tons of all 
demersal species 1 or 419 kg/Km2. 

15 • We compare the total phosphorus, aud free-phosphates the t~vo fishing 
:regions and the corr.esponding catche.s thus: ,'. 

Bulleting Statistique, Conseil Permanent International pour l'Exploration 
de la Mer, Vol. XXXII - XXXVII, Copenhagen. 
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1) The total 

2) .P - P04 

3) Catch 

p 

4} Pin catch 

5) Ratio of 
Pin 

p 
catch 
P04 

'ts 1 I 7 1 tr I · · r, · · fl rs w J 

The Adrh.tio The Channel 
291,000 t 88,ooo . t 

33,000 t 58,000 t 
(291,000 X 0.115) (88,000 X 0.66) 

38,ooo t 34,000 t 

\ 38 X 1.2 34 X 1.2 :;i:: 

:a: 38 X 1.2 34 X 1.2 
33,000 58,000 

6) Ratio of the fraction P removed in catch in A _ 38 x 1. 2 x 58,000 ...-, 2 . . 
11 11 11 11 11 11 C 33,000 x 34 x 1. 2 - • 

. That is, tl:e fraction of · available pho sphorus· removed in catch in the Adriatic 
is twice the fracti~n removed in the Channel. · 

16. This repeated removal of limiting salts from the Adriatic will probably 
lead · to an unfavourable effect on the balance be:tween the fish and the. r est 
of the biomass within the eco-system. The composition of the iohthybcenosis 
in warmer shallow waters shows that the biO!IJaSS of useful animals is kept 
down to the ad~antage of the remaining animals • . (A larger number of species 
_but a small number of individuals, probably linked with a r etarded growth and 
little possibility of regeneration). The fishing proc~ss in the sea, 
particularly when it bears upon dernersal speci.es, thus results in gradual 
diminution of the tota:i biomass of ·useful animals. 

17 • . Al though we are fully aware ~f the f act that these comp1.1t ations were made 
in a rough way and that· they may', ' therefore, involve considerable errors; they 
still enable us :to draw at ' least some general conclusions as to the productivity 
and 'intensity of exploitation of the two fishing regions compared. 

V. THE BIOLOGICAL EFFECT OF EXPLOITATION 

18. The restriction of fishing that occu~red during the World War II had 
approximately identical effects on the demersal populations in the Adriatic 
and in the north European seas (Zupanovi6, 1953). An increase of all 
catches in 1946 by about 50% above the 1939-40 level was reported by D1Ancona 
(1950) for ' the north Adriatic, under identical conditions9:f weather, place 
and gear. We may look for causes bf . this increase in fish populations aft er 
the war either in the increase in the number of fishes on various fishing grounds, 
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or, more likely, in the increase ~f the average size of fishes in the population 
owing to the diminished mortality and to the greater probability of .survival. 
This latter ·hypothesis is confirmed by the 1951 findings in the Bay of Kvarner 
an_d in the Podvelebit Channel ( along the east coast of ' the Adriatic). The 
Bay of Kvarner, ;wing to its unswept mine-:,-fiel.ds, pre'served its virgin · sto,cks 
until 1951 when the trawling was resumed there. The average length _of 
Merluccius vulgaris, from the economic point of vhiw the most important species 
of the Adriatic de ep sea trawl fishery was 28.34 cm, with 75 .• 3;~ of specimens 
above 25 cm (according to Zei,(1940), this iimit is the border-line b e t ween 
the juvenil0 and· adult specimens.) The. average length of Merluccius caught in 
the PodveL,bit Channel in 1938, when trawling was prohibited there, was ~7. 3 cm, 
while in 1951, coming a·s a consequence of a more intensive trawling in that 
narrow sea during the postwar years, the average length of this species dropped 
to 23.4 cm with only 59.3% of specimens above 25 cm. This trend of decrease 
in the average length of tha population of Merluccius is evident in other 
channels a lso. Thus the Crikvenica Channel yielded the following average 
lengthsg 1938~ 21.0 cm; 1947: 27.5 cm; 1950~ 23.0 cm, and the Kvarneric 
Channel, 1938/40: 20.2 cm; 1947~ 29.12 cm; 1950: 25.7 cm. (Zupanovich, 
1953). 

19. As regards the open Adriatic, we can avail o.urselves of t;ie data on 
Merluccius catches supplied by some of the commerial trawlers only. These 
data refer to the fishing region lying west of Blitvenica Lighthouse 1/ in 
the direction 270° (43°30, N and 15°13' E). The !3-ata are included in Table I 
(unbracketed numerals refer to the total catch by all vessels during the month 
concerned, while bracketed numerals show the computed catch for 100 hours of 
work). 

Table I 

' I No. of 
Days of work 

vessels Merluccius vul12:aris Year 
taking Tot a l No. of 

F1·om -
kg. 

days 
to 

part 

1951 96 3 .xr.- 29 .xr. 8 8180 
(1065.10) 

1952 71 LX - 17.x. ' 9 4147 ' I 

(730.10) 

1953 44 4. xrr.-28. xrr. 4 205) 
(583.23) 

1954 26 . 3.XI. - 31.XI. I 4 1055 I (507.21) 

1./ This region is intensively exploited by Yugoslav trawlers. 
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20. The decrease in the average siza bf specimens within populations of 
. . 

economically important species, which is closely connected with the decrease in 
catches per unit of effort, was until lately considered one of the fundamental 
iniica,t ions of overfishing by the mL-'c jori ty of fishery bioligists. This f actor, 
however, if taken separately, does not prove ' over-fishing any longer (Graham, 
1951), and its consequences have rather an economic than biologic importance. 

21. Further investigdions will help us to solve the ·question whether the 
decrease in the average size of Merluccius __ in the Adriatic is re ally caused 

'· by, activities._ of man or is the consequence of some as yet unknown natur al 
fluctuations and migrations of adult specimens. 

VI. THE ECONOMIC EFFECT OF EXPLOITATION 

~ 

22. The fundam€nt al economic problem in which we are here interest ed is the 
relation between the catch and its cost. 
regard to various components of which they 
may be given in one of the following ways: 

These relations differ widely with 
consist, and their symbolic formulas 

i) Tp ~\ CV + cf 

ii) Tp '"'---- CV + Cf 
~ -

iii) Tp ----:. " -"" Cy '+ Cf 

where Tp stands for the total proceeds from catch, Cv for variable cost, 
.Cf for fixed cost. 

23. In the first case, the total proceeds (Tp) is much higher than the 
composite total cost (cv + Cf) and m1.y represent the maximum net return. 
One could talk here about profit from fishery, 

and 

24. But the competition among the fishin g i.l!l..:. t·s, · particularly in -!;he enclosed 
basins like the Adriatic, do not allow that maximum of net r eturn to remain 
for a long time at the point where "the marginal cost equals marginal production" 
( 5), and the exploitation goes on even beyond that maximum, causing the variabl,e 
~oat to rise out of proportion to the catch value, this lo gically l eading to a 
balance between the total proceeds (Tp) and total composite cost. (ii) 

25. In the third case we have an example where the catch proceeds do no_t cover 
the total cost any more and where the fiaherman's employed wo rk is by far_ 
underpaid in comparison with other similar professions. · At this exploitation 
r a~e the variable cost is particularly high (fuel, effort, etc.) and the total 
catch remains constant or can even grow smaller owing to decimation of the 
aver2.ge size of adult specimens of economically important species in the 
population. 
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26. By applying these deductive concl~sions on the trawli~g in the 
vvhich involves about 80% of all the ·ca:tches of demer~al s.pecies, we 

. . ~ . 
without demur ·that today in: some of the zones: the si tus.tion is not 
our third case with regard to the economic aspect of e~ploitation. 

VII. CONCLUSIONS 

Adri-atic 
might say 
far from 

. . \ 

27 • · In comparison with the English Channel, . the Adriatic is 5,4 to 6.0 times 
po.orer _in freewphos:phates (P - P04). · But the proportion of phosphorus 
removed from the Adriatic by taking de~ersal species, is twice the removal 
proportion from the English Channel. ~ 

28. Th; biological effect of the exploitation of the Adriatic manifests itself . . , 

.. in the d,e.crease~·,of th.e · average size of Merluccius vulgaris, economically the 
most important species in the Adriatic deep se.c;1 trawl fishery,.,, and,', in the 

· reduction· in catch pe:r, unit of effort. Fur~he r ~nvestigations .. may show in 
what degree these d~creases are to be attribuied to the activity of man arid in 
what proportion are they .the conseq_uence of natural fluctuations and migrations 
of ~dµlt ind~vidu~~s. 

29. The economic effect of exploitat:i_on _ by means of trawls in .the Adriatic 
. reflects ·itself in the fact that fishing.is unprofitable as a consequence of 

. . ~ .. ·.: ... . 
the increased intensity of fishing by a gro,:ing .number of trawlers in some 
zones of the Adriatic and in the decrease in w-:;ight of the total catch of _ 
demersal species. 

30. It would be useful, in my opinion, to make ~nearly attempt to reao~ a 
scientific solution.of the problem, since this would enable us to·nave better 
knowledge of the pr_esent status of . fish resources in• some zones ~i.:..the Adriatic, 
m.l clearer ideas about the proper measures to constitute e., ftshery management 
aimed at improvement in that status. 
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