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Deaitin:g with the stamstica~ data of the ,tota'l hake (Mer­
luccius merluccius L.) a1nI11uall catch in the Adriatic sea and 
con-esponding esti!Illated fishiing effoirt for the period from 
1959 to 1978 year u:sing the concept of the production mo­
deLs; linear (S c h a e f e r, 1954) ailid expcnen-tial (F o x, 
1970), it has been tried to assess values od maximum susta­
ianble yield (MSY) and oipti:mal fishing effort (foPT ), for 
management purposes. 

Achieved va,lues of maixiimu,m sust:ainaible yield foc the 
hak:e poJpulation in the Mrdatic sea raniged: fro'm 2.818 to 
3.273 tons per year with corresponding fishing effort: from 
54.348 to 62.632 fishing days per yeair. 

Values of the total marta'llity coeffilcient (Z) obtained by 
Gu'lJ.and's method (G u 11 a n d, 1968) for the period 1970-
1979, equa'1s (Z = 0,79) on the avera:ge. On the basis of bottom 
trawl selecttvity experiments (Grani. ć and Ju ki ć, 1980), 
in Adriatic non selective trawl fishery, using approaches 
B e v e rt o n and H o lt (11956) iit has been estima ted total 
moctality coefficient (Z = 0,77). 

INTRODUCTION 

The hake (Merluccius merluccius L.) population in the Adriatic sea is a 
part of demersal multi-species population over the continental shelf being 
exclusively exploited by bottom trawl nets, which resources have been inten­
sely exploited after second World War because of the great market demand. 

Because of its importance a number of ichtyologists have studied biology 
and ecology of the specie in the Adriatic sea .(Ka r 1 ova c, 1959; Ju ki ć, 
1972; 1975; Jardas, 1976; Mužinić and Karlovac, 1975; Zupa­
n o v ić, 1968). On the contrary to the mentioned studies this study deals with 
relationship, between fishing intensity in the Adriatic sea bottom kawl fishery 
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and hake stock size. From such relationrs an attempt has been đone to assess 
the maximum sustainable yield (MSY) of the population with corresponding 
optimal fishing effort (fon). 

MATERIAL AND METHOD 

Fishery statistical data of the annual catches of the hake in the Adriatic 
for Yugoslavian part are obtained from Republic Department for Statistics, 
while for Italy Statistical Bulletin GFCM No. 2 (1978) and No. 3 (1979) were 
used. 

Assessing abundance index of the hake population, as catch per unit 
effort (0), statistical data of one Yugoslavian cooperative (»Jadran« - Split) 
were mainly used. These data has been considered as »representative sample« 
for yugoslavian trawl fishery because of the general characteristics: category 
of the trawl fleet (average ~3-25 m length, 240 HP), intensity of fishing 
operation and fishing area, mostly in centra! open Adriatic. 

On the 1,ame time, catch per unit effort data of mentioned cooperative 
have been used for estimation of total expended fishing effort in Adriatic 
hake trawl fishery (G u 11 a n d, 1968) by relation: 

(1) 

where (fe) represents estimated total fishing effort, {C) total annual catch and 
{U) average catch per unit effort of the ,..representative sampile«. 

On the basis of the length frequency distribution of the hake popu1ation 
in the centra! o:pen .Adri,atic (2 u pano vi ć, 1968; Ju ki ć, 1975) it has been 
stated that the greatest percentage of the hake population belongs from Ist 
to IIIrd year class. 

Estimating relationship between fishing effort and abundance changes, 
recomendation given by G u 11 a n d (1968) has been respected: 

F=----- (2) 
3 

i. e. the abundance index value in the observed year is the result of the 
average fishing effort from previous three years. 

Stock assessment of the hake population in Adriatic sea is đone by pro­
duction models methodology (S ch a e fer, 1954; F o x, 1970), which is based 
on the direct relationship between fishing effort, catch per unit effort, popu­
lation growth and size. 

In calculation of the total mortality coefficient (Z) two methods were 
used: 

1. On the basis of monthly catch in centra! open Adriatic is applied 
equation (G u 11 a n d, 1964): 

(3) 
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where the time interval (t) comprises the period from beggining of summer 
(May-July), till next spring (April-May). 

2. On the basis of the cod-end selectivity data of the bottom trawl net 
(G ran i ć and J u ki ć, 1980), for no selective Adriatk trawl fishery using 
constants of growth equation (B e rt a 1 a n f f y, 1938) and formula (B e v e r­
t on and H o 1 t, 1956) rought estimation of (Z) value was made: 

k (L-1) 
Z=----- (4) 

1-lc 

where (K) and (L) are the constants in the Bertalanffy equation, (I) average 
catch length aind (le) is 500/o retained point. 

RESULTS 

With regard to statistical data of the hake annual t-rawl catch in the 
Adriatic sea in catch oomposition hake makes 4,20/o of the total annual catch. 
In Italian trawl fishery it makes 3,80/o while in Yugoslav trawl fishery, mostly 
undertaken along the eastern Adriatic coast, it makes in average 18,60/o. 

Changes in annual trends of italian and yugoslav hake fishery have similar 
pattern (fig. 1) with correlation coefficient (r = 0,937). 
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Fig. 1. Annua[ catch (C - tons) fluctuations of the hake 
(Merluccius merluccius L.) population in the Adriatic 
Sea regarding statistical information for: Yugoslavia 
(YU), Italy (I) and cooperati.ve organization ... Jadran« 
(Bl), foir 1959/1978. 

Annual catch of both, italian and yugoslav hake yields, as well as landings 
of the cooperative (►►Jadran« - Split) mostly for the centra! open Adriatic 
have significant upward catch trend during period 1959-1978. This is much 
more significant if statistical data are divided in to two series: 1958-1969 and 
1971-1978 . . The results set out in figure 1 show evident upward trend of the 
hake catches from 1971, in contrast to the previus period when the total 
catch was in continuous decrease. 
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Table 1. Ca'lo.ulated hake (Merluccius merluccius L.) catch tirends in the Adriatic 
sea during: 1959-1968, 1971-1978 and 1959-1978 

1959-1968 1971-1978 1959-1978 

Catch Cora-eI. Mean Co-rrel. Mean Correl. Mean 
by coeff. increase coeff. increase coeff. increase 

»Jadran« -0,599 -2,179 0,714 8,886 0,540 2,424 
Spli,t 
YUGOSLAVIA 0,337 6,336 0,991 75,012 0,742 21,333 
ITALIA -0,229 --Jll,590 0,796 229,369 0,577 51,480 

TOTAL 
ADRIATIC -0,086 -5,255 0,835 304,381 0,630 72,843 

Hake catches in the Adriatic sea with estimated fishing effort and the 
average values of the catch per unit effort, are shown in the table 2. 

Total catch have ranged from 1,931 tons/year to highest value of 4.337 
tons/year. Estimated total fishing effort has the highest value in 1963, 1968, 
1969 and 1970 year but with the lowest abundance indices. 

Generally, the trend of the fishing effort has slight decrease value with 
coefficient (b = -945,801). Catch per unit effort, as a measure of the popu­
iation abundance, has higher value (b = 2,28), especially after 1971, probably 
due to the use of more effective fishing gea,rs, i. e. bottom trawl nets. 

Table 2. Total annual catch (C - tons) of hake Merluccius merluccius L.) in the 
Adriatic sea with co:r:responding estimated fishing effol't (fe - fishing days) 
and average catch per uni.t effort (U - kg/day/boat) for the period 1959-
-1978 

Year C fe u 
1959. 2.439 58.507 41,67 
1960, 2.359 48.055 49,09 
1961. 2.443 46.749 52,90 
1962. 2.037 34.270 59,44 
1963. 2.020 105.981 19,06 
1964. 1.991 38.940 51,13 
1965. 2.441 77.615 31,45 
1966. 2.571 47.576 54,04 
1967. 2.604 33.783 77,08 
1968. 2.280 l\15.268 19,78 
1969. 2.231 105.986 21,05 
1970. 2.080 102.970 20,20 
1971. 1.931 49.811 38,72 
1972. 2.537 41.707 60,78 
1973. 2.028 23.038 88,03 
1974. 2.831 40.328 70,20 
1975. 3.224 30.949 104,17 
1976. 4.337 46.983 92,31 
1977. 4.130 31 .628 130,58 
1978. 3.400 56.818 59,84 

The funtional relation between catch per unit efforit and fishing effort 
is very high, i. e. correlati:on coefficients are: linear co11relation ~r = -0,791) 
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and exponential correlation (r = -0,920), which leads to a conclusion that the 
empirical data can be better arpproximated by the exponential curve described 
by funtion: U = uoo e-bf, which comprises 84,60/o of the data. On the basis 
of the trend of the catch per unit effort of the hake population and fishing 
effort (Fig. 2) it has been noticed that the values (f0 , U) in the considered 
period oscillate around the population equili!brirum state. From the data results 
that the annual hake catch has been near the equilibrium population yield, 
i. e. somewhat lower from the optimal value up to 1974 while after 1974 year 
higher of the maximum sustainable yield value. 
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Fig. 2. Equilihrium stare of the hake (Merluccius merluccius 
L). ,po,p,ulation in the A:drriatic Sea. 

Talble 3. Estima,ted va!Lues of the relati~n between catch an:d fishing effort (C/f), 
maximulm sustainalble yield (MSY), op,tf:mal cacth per uni<t effort (fOPT) 
and correlation coefficient (r) for hake (Merluccius merluccius L.) population 
i,n the Adtiaroic sea for 1959~1978 

Models 

PaTameters Linear Exponential 
----------- - --- --- ----------- - ·- - - ----- - ··· 

Relation C/f 
MSY 
UOPT 
fOPT 
r 
r2 

U= 104,508 - 0,000834f 
3.273 

52,25 
62.632 

-0,791 
0,626 

U = 140,979 e-0,0000184 f 

2.819 
5,1,86 
54.348 

-0,920 
0,846 
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Fig. 3. Relatiooshtp between fishing effort and hake (Mer­
luccius merluccius L.) catch in the Adriatic Sea. 

Calculated values of the table 3 graphically are presented in the figure 3. 
Using the relation (3) estimated values of total mortality coefficient (Z) 

and fishing mortality (F) for the period 1970-1979 are set out in the table 4. 

Table 4. Estimated values of the tota[ moirtaHty coeffioi,ent (Z), fishirng effort (f) amd 
fishing mortality coefficiernt (F) of the hake (Merlucciµs merluccius L .) 
population in the Adriatic sea for period 1970---<1979 

Year-Month z f F 

70IV-71ill 0,597 251 0;163 
7lVI -72IV 0,777 356 0,231 
72VII-73IV 0,765 653 0,424 
73VII-74V 0,954 594 0,386 
74VII-7frII 0,412 518 0,337 
75VI -76IV 1,137 705 0,458 
76V -77IV 0,566 641 0,417 
77V -781V 0,943 866 0,563 
78VI -79V 0,956 706 0,459 

Average 0,790 588 0,382 

r (Z/f) = 0,529 P> 0,2 q = 0,0006498 M= 0,408 
s2z = o,0477il. < 0,1 
s2 = 0,2184 
s2f = 31584,395 
Sf = 177,719 

Relationship between total mortality coefficient (Z) and fishing effort (f) 
for Adriatic hake fishery has been presented in figure 4. 

For the analysed period 1970-79 year, coefficient of fishing mortality 
(F) has significant upward trend (Fig. 5). Obtain:ed results from equation (4) 
are presented in table 5. 
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Table 5. Estimaited value of the bake PQPulaition total mortality ooefficient (Z) on 
tbe basis orf botrom trawl cod-end mesh size selectivity experiment and 
popularti.on ~wtb pairameters in Adriatic non selec.tive trawl fisbery 

K = 0,12 L = 85,5 cm 1 =23,0cm le= 13,2 cm (40 mm Den) 

K (L-1) 
Z=----=0,77 

DISCUSSION 

Applyirng production model approach, two explicit assumptions should be 
accomplished, i. e. it should be stated relationship between average stock size 
and fishing effort as well as population growth and stoci{ size. 

In the case of hake population stock assessment studies in the Adriatic 
sea these two conditions are not at very high degree saitisfied, probably, 
because of the following causes: first, average abundance indi ees and estimated 
total fishing effort in the Adria-tic hake fishery have been assessed only on 
the base of good fut scarse statistical darta informations of only one yugoslav 
cooperative organization »Jadran« - Split, whose trawl fleet ·mostiy operate 
in the central open Adriatic (Jaibuka pit), covering a smaller part of fishable 
stock. Second, trawl fishing ground in the centrale open Adriatic is charaterized 
by presence, throughout of the whole year, of »-small« hake individuals (first 
and second year class) that make a bulk of commercial trawl catch and it 
might _be considered as hake's main spawning and recruitment ground (2 u-
p a nov i ć, 1968; Ju ki ć, 1975). • 

With regaro to mentioned conditions some finding might be explained. 
For intance, relationship between fishing effort and catch per µnit effort for 
the period 1968-1971, in spite of maximum value of expended fishing effort, 
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F,ig. 4. Relationshiip 1between total morta:lity coefficient (Z) 
va;lues and fi!Sbing effort for Adriatic bake (Merlu­
ccius merluccius L.) fishery during 1970/1979 year. 
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the lowest aibundance index were noted (Fig. 3), probably because of unfavo­
urnble hydrogmphic conditions an its reflection to the general production 
properties (P u ch e r - Pet kov i ć and Zore - A r ma n da, 1973). 
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Fig. 5. 'I\rend of fishiing mortality (F) va­
lues dt.11rin:g 1970}1979 year. 

On the basis of cohort analysis of the hake population in the central 
Adriatic Z u pano vi ć (1968), estimated coefficient of the total population 
mortality (Z = 0,79) for the period 1956-1966. 

Analysis of the cod-end selectivity experiment of bottom trawl and abun­
dance index changes, for the period 1970-1979 with (Z) values of (Z = 0,79) 
and (Z = 0,77) show that coefficient of total population mortality have not 
changed very much during last twenty year. Is seems that the level of explo­
itation of the hake in the centra! open Adriatic has rema~ned, more or less, 
stable. 

In the areas of the west Mediterranean, in studies of influence of trawl 
fiishery to the hake population, Rob 1 e s et al. (in L o p e z - V e i ga, 1979) 
obtained values (Z = 0,94 for the age groups 1 and 2; (Z = 3,42) for age 
groups of 2 and 3·, and (Z = 0,60) for the hake of more than 3 years old. 
B runo et. al. (1978) obtained values (Z = 1,29) and (Z = 1,36) for the hake 
in the Balearic islands. They consider achieved values to be very high. 

Comparison of values of (Z) for the Mediterranean fishin,g regi:ons, it 
seems that coefficient of total mortality for hake in the central Adriatic sea 
might be related to a lower level of exploitation. 

Obtained va1ues of (MSY) for a hake coincide with other apprnaches 
(Ju ki ć and P i c cine t ti, 1979). Using trawl-survey methodology (Alve r­
s o n and P e r e y r a, 1969) they estimated Adriatic demersal resources stan­
ding stock size from whi-ch evaluated harke is standi-ng stock size ranges 
between 3.657 and 7.383 tons. 

CONCLUSIONS 

Stock assessment studies of the hake (Merluccius merluccius L.} popula­
tion in the Adriatic sea, for the period 1959-1978, have pointed out the 
following: 

- Maximum sustainable yield (MSY) of the harke population in the 
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Adriatic sea varies from 2.819 tons/year (exponential model) and 3.373 tons/year 
(linear model), with optimal fishing effort between 54.349 (ex,ponential model) 
and 62.638 (linear model) fishing day/year. 

- Calculated yield values, especially in case of the exponential model are 
somewhat higher, except for the period 1974-1978, that the actual catch. 

- Taking into consideration the actual catch values especially during 
last five years, it might be concluded that the catch amount and the fishing 
effort are not liikely to increase, i. e. these values more or less tend to oscilate 
around the optimal yield values of the bake population size in the Adriatic 
sea. 
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KRATAK SADRŽAJ 

Populacija oslića (Merluccius merluccius L.) u Jadranskom moru od po­
sebnog je značaja za komercijalni ribolov, i predstavlja jedinstveni eksploata­
cioni stock ribe iskorištavan od talijanskih i jugoslavenskih ribara. 

Kako između intenziteta ribolova i veličine populacije postoji funkcionalna 
ovisnost, koja se direktno očituje na visini ribolovne smrtnosti populacije, a 
time i na sveukupni rnst (produkcije) populacije, to smo u radu nastojali da 
utvrdimo ovu povezanost i na osnovu takvih podataka procjenimo optimalni 
biološki nivo iskorištavanja (MSY - Maximum sustainable yield) oslića u 
Jadranskom moru, kao i odgovarajući optimalni intenzitet ribolova (fopt), za 
potrebe pravilnog gospodarenja. 

Studija obuhvata statističke podatke ukupnog ulova oslića u Jadranu, s 
odgovarajućim, izračunatim, ribolovnim naporom, za vremensko razdoblje 
1959-1978. godine, u kojoj su korišteni produkcioni modeli; linearni (S ch a e­
f e r, 1954) i eksponencijalni (F o x , 1970). 

Izračunato je, da pri relativno stalnom trendu ribolovnog napora (b = 
= -945,801), ulov po jedinici napora, tj . abundancija oslića u Jadranu posje­
duje tendenciju rasta (b = 2,28). Abundancija populacije u odnosu na ribo­
lovni napor posjeduje visoku statističku signifikantnost, s vrijednostima koe­
ficijenata korelacije, linearni (r = -0,79), eksponencijalni (r = -0,92), te signi­
fikantnost koeficijenta regresije (P < 0,01) u oba slučaja (sl. 2) . Izračunate 
vrijednosti optimalnog nivoa iskorištavanja (MSY) oslića u Jadranskom moru 
kreće se od 2.818 do 3.273 tone, uz odgovarajući ribolovni intenzitet (f0llJ od 
54.348 do 62.632 ribolovna dana u godini (sl. 3) . Ocjenjeni koeficijent ukupne 
smrtnosti populacije (B e v e rt on i H o 1 t), 1956) iznosi (Z = 0,77), odnosno 
(Z = 0,79) prema G u 11 a n d-ovom metodu. 


