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ABSTRACT

The abundance and distribution of Merluccius merluccius in the
Libyan waters are studied from the catches of bottom trawling
surveys. The size and age composition of the fish im the catch
ware analysed. The length-weight relationship and condition Factor
were calculated. The length and weight of the otolith wers studied
In relation to fish length amd weight. Age determination and growth
studies were made for different sewes and were compared with tha
growth rates in different regions. The size and ago at First maturity
were also investigated,

INTRODRUCTION

The hake Merluccius merluceius L. is one of the most commeon fish species
in the Mediterranean and in the eastern Atlentic, from Iceland and Lofoten
Islands to Morocco, while rare off Mouritania and Senegal. Separate
statistics for this species are found In most of the Mediterranean countries
and the catch reported for the Mediterranean in 1870 totalled 17800 tons
{Fischer, 1973}

The various biological aspects of this economically important fish species
have been studied in many areas (Hickling, 1930 & 1933; Heldt, 1952;
Bagenal, 1954; Lataconnoux, 1955; Figueras, 1965........ etc.). However,
in the Libyan waters little is known about this fish. So, the present work
alms to gain information about the fishery blology of this species as well
as Lo xnown seinething about its abundance and distribution in the Libyan
waters.

MATERIAL AND METHODS

A bottom trawling survey was carried out by the Japanese vessel (Hoyo—
Marg -1500 H.P.) in the period from 18W August, to 19th September
18972, according to the agreement between Libyan and the Taiva Fisheries
Uompany, Tokvo-lapan {Gorgy, 18725k Another survey was carried out

the reseqrsly veszel "Al-Dluktashel" - 425 H.P., of the Libvan Mearine
rier, in the period from September 1873 to Septembe
| rarch project with "SOUOREAH



(Grenoble - France). During these two surveys, the two vessels used one
and the same fishing gear, a fish trawl net of the Italian style, with a
mesh cod end of 18 mm.

The investigated ares is devided into three regions, fhg. 1. The first
is the Libyan territorial waters off Tripolitania (from Zuara to Sirte),
the second [s the Libyan-Tunisian continental shelf in the Gulf of Gabes
{from 33" 30° to 36° 30' M. Latitude), and the third is the Gulf of Sirte
(from Sirte to Bengazi).
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Fig. 1. The surveyed area in the Libysn Waters and Gulf of Gabes,

After each haul, the total catch was sorted into species and the total
welght of each species was recorded. The material was analysed sccording
to the size of the yield, i.e. all the individuals were tested in poor catches,
but representative samples were taken from sbundant catches. Biological
analysis involved length measurement, fish weight, determination of sexes
and state of maturity. The otoliths of M. merluccius were taken for age
determination and growth studies.

In mddition to the data collected on board during the two surveys, random
samples of M. merluccius were taken from Tripoll fish market during
the period from December 1973 to May 1974, for measuring individual
fish weight and recording other necessary biclogical data together with
collecting otoliths, For the examination of otoliths, it was placed with
its concave side directed upwards in & small dish filled with xylol.
Examinations were cerried out by & low power binocular microscope with
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black base and reflected light. Under these conditi :
appear white and hyaline zones dark. ans, op&gue Eones

Fizsh Abundance and Distribution

The relative abundance and distribution of M. merluccius in the
experimentsl catches of "Hoyo-Maru” are shown in table 1, {Gorgy, 1972),
and that of "Al-Muktashef” in table 2, (Sogreah, 1973-74L

In the two campaigns M. merluccius was totslly absent in shallow waters
(< 50 m), while present in gll other depths. In both surveys M. merluccius
was most abundant in the teritorial waters and the Gulf of Gabes, at 100-
200 m. depth, while of less importance at other depths. In the Gull of
Birte, another picture weas observed, the M. merluccius was less abundant
at 100-200 m. depth, than in other depths.

Size Frequency

Mo special differences were observed in the size distribution of the
fish, f.e. during "Al-Muktashef" campaigns, the length frequency of M.
merlucciug in the catches of both the Libvan territorial waeters and the
Gulf of COabes were nearly the same. Therefore, the length frequency
of M. merluecius in the two regions was analysed according to the season,
table 3. The data showed a shift in the abundance of certain length groups
in the autumn and spring campaigns.

As regards depth, it has to be mentioned that at 50-100 m. depth, the
majority of M. merluccius were of small sizes, while at 100-200 m. depth
the moderate sizes were abundant. At Z00-300 m. depth, the catch was
mostly composed of small fishes together with some large specimens.

Table 1
Catch per hour and percentage composition of M. merluccius
im the catches of ®"Hoyo - maru", according to depth.

Depth (m. ) B0 = 100 100 - 200 20k = 300

Kg/h % Kg/ib % Mgih %

Territorial waters 0.8 1.4 10.0 19.2 1.1 05.8
Gulf of Gabes 2.3 4.3 ns.3 10.6 2.0 04.8
Glf of Sirte 4.8 5.4 0o.4 01.2 2.7 10.0
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Table 2
Cateh per Baur and prreontage coepad | tion of M. mrluccies 1n
Lhe catches of “Al-Huktashaf, accsrding tn decth.

Regiom Tércitnrinl Saiers Gull =f Gabes
Depth {m. | 50 - 14 100 - O - 200 E2 . 10 1o - @0 300 - 100
=5 kpih 2 gh i Edh L weh T kp/h % kgh %
Kabuyen 1973 1.3 1.8 Il.A 4% .9 oi.r - BRE 272 1B.D E3.M
Spring 1974 T3 LT 0RE B - DA v N - R o % S T R - s
Sumer j4974 1.0 .0 L S 1 - 9.3 15.9 2:3 1.8 0% 21.5 33,10 6.9

Age Composition

The analysis of age of M. merluccius in the catches of "El-Muktashel"
showed that its age composition varied according to depth. Taking the
catch of the autumn campaign as an example, table 4, we found that at
a0-100 m. depth range the majority of the ‘cateh was composed of young
fish In their first year of life (0-age group). Other young sge groups (1
and II}) were also found, but in small percentages.

In deeper water (100-200 m.)} fishes of age group | were the most abundant,
while those of the @, Il and Il age groups were common, and those of age
groups IV, V and VI were represented in small percentages.

At 200-300 m. depth range, the majority of the eatch were composed
of fishes belonging to the 0- age group. Fishes of the I, Il and Il age groups
were less abundant, while fishes of older ages were only represented by
one or two individugls for each age group. It has to be mentioned that
fishes older than sge group ¥V were only found at this depth, while it was
absent in shallower depths (< 200 m.).

It has to be concluded that the young age groups were cominmon at all
the investigated depths, while the oldest age groups were only found in
waters more than 200 m. depth.

Length - Weight Relationship

The examination of data obtained for the total body weights of M.
merluceius revealed no significant differences between sexes of the same
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Table 1
Lasgth Trequemcy distributian of M, serluccies i1n P qalches

af " Hl=Mektashaf" during & san amd Spring carga bgns.
Figs Autumd Sprieg Figh LTLER ) Tring
Lgerest & Carp Cursg Lenpgt® Camp. Carc
[oem, ) L 11 o H [ ooma ) Ha T o, |
jul] - - oz g, 4 H 13 2.8 1] 1.5
Qs - 14 orL.3 i 13 2.9 111} L.5
05 = - 12 2.4 Fi 1% 4,2 (1] .5
a7 i B2 s 4.1 n 7 2.5 oF 1.3
= o BE.3 i3 oA.A i | 1l 2.4 12 2.2
[ 17 Ly 3 04,1 Er oE 1.1 iL] 0.8
13 17 a7 35 0G.4 11 o5 1.1 L] 0.2
11 £l L i3 ar.m 34 of 1.3 05 n.e
1¥ 1% 3.5 [ 3] 12.0 13 (v] 1 0. b 1.1
13 [Fo 1.3 LT in.5 16 2 o.s k] 0.8
14 n 6:1 L1 {11 EF o 1.3 oz o.4
15 1% i.& 12 0.5 m [k a.? - -
1% i 5.7 13 p2.8 13 1 a.f a3 0.5
17 2 19 15 02,7 an Gk 9.2 - g
i &3 5.1 od 0l.5 a] [ =% § =] 0.z
19 N a4 4 ] no.e a2 - - {n} ] Q.2
o i5 1.3 o7 01.3 Lh! = - ]| .
| 3 ran on 01.5% a5 i 0.2 . =
i ] [ (1] 01-1 LE oL .2 - -
A ) 11 z.4 0% Do_® 52 il 0.2 - =
i | {2 4.8 0 0l LT ol 0.2 = -
ko % 1.2 oE 0.5 Bl - B il b.2
o) 1% L ¥ 00_% B# nl 0.2 = -

length in case of immature fish (less than 21 em.T.L.), but in case of mature
fishes the females are somewhat heavier than the males of the same length,
table 5.

The equation { W = ¢ L") is used in the study of length-weight relationship.
Using the grouped lengths and the correspending weights of 158 males,
ranging in total length from 13 to 41 em., and of 81 females ranging from
14 to 44 cm.T.L., led to the following equations

For mgles :

Log = -5.6683 + 3.2178 Log L.

For females :

Log W = -5.5668 + 3.1T80 Log L.
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Table &
fge corppeition of M. merfuccius 'n the calches

pf "Ei-Puktasmal” during 1371, secording to depth

Depth [m.] - 100 100 = 200 200 = 300
fige Hi. &f Ho, of Wy of
Fizsh | Fish i Fish 1
o pL 5 oxl 11 128 i1
I o3y HES 111 n nir 5.0
Il o1 1] s 25 00a 2.0
L i 05 B3 21 004 o34
4 - = U6 05 ool 0. 6
¥ - - nin 01 0l 0.6
Vi - E oo4 oL ong 01.3
¥l - - . ooz 1.3
Y11l - = - - 0ol 0o. 6
(14 = o - - ool on. 6

However, & length-weight equation, to be most useful, should include
fish of both sexes, sampled at various times throughout the year. Bias
for seasonal wvariations, sex differences, maturity and stage of gonads
is minimized by this procedure. Therefore the following general equation
for the combined sexes would be the most usable for the length-weight
relationship of M. merluccius;

Log W = - 5.8176 + 3.2767 log L.

Condition Faotor

For the purpose of comparing the mﬂmtlm of & fish, the cube relationship
of length to weight (K = W x 100/L%) is ususlly used. When the dats are
calculated for separste sexes, sccording to various length groups (Table
8), it is evident that for both sexes the maximum value of "K" is for the
20-25 em lepgih range, after which there iz & marked decrease in the
value of "K". This is most probably due to the attainment of maturation.
Then a second decresse is chserved for the 35-40 cm length. This may
be due to the higher sexual activity at that length. Also, it has to be
noted that for all length groups, the females have a higher condition factor
than males.

Age Determination and Growth Studies

The otoliths of may fish species consists of alternating concentric layers
of opaqgue and hyaline material. In many fish speciez it bhas been found
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Table 5
length = weight relationship of M. merlsccius
durlrg 1872 - 15§73,

Fish Malas Females Combined Saxes

lengih Mo, of Av. emp. Moo of Av.emp. Mo, of  Av, emp.  Caleulsted
[ oo b fish walght fish  weight Fish waight wedght

13 ni o1z = - o e 4 mn1z.m
14 = = 1 s L aors 0016 .4
15 ag ole 1 0a24a iz onlg onan.s
i = =, 5 T = - oneh. 4
17 0 b 1 0030 04 24 roal.o
18 il 040 = - o1 040 0037.4
15 1 50 1 QG o4 1045 0044.5
24 i jik:1a) 1 HHI th] oG 0052.8
21 L] 065 1 ez 1 Q0es 0e62.0
22 oG azn 2 0oTn og 007 aonva.o
3 i o2e 4 0oeG 18 H I DrEd.q
4 L 113 3 1112 17 11l noge. o
P 2 17 & 112 L] BWE:] o110.0
26 Al 135 I e i 0135 o1as.o
27 14 143 L ordg 19 0145 i141.0
I8 18 158 q i6e bt 0150 0159.0
19 23 170 2 1%a 25 oivn QIvE.0
3n 03 193 | 0200 13 4] 0LEE.0
3 il 221 4 a2z7 15 rgal n222.0
32 1] 47 5 L 13 n2dz 45,0
k| 0y 77 4 0303 132 03a4 0272.0
14 ) 208 b o311 12 a30d 3o0.0
a5 13 e i [ Hid ] o7 0323 0330.0
3 13 330 2 340 1] 0334 03620
EF ) = - i naea (i 035 03gd.0
38 oL 417 ¥ 1431 05 G428 0432.0
39 = - k5 0437 nz 457 od .0
10 = = 1 048E ol i 0571.0
a1 01 oo I 034 03 0508 I554.0
12 = = 1 LR oz 50 g00.8
43 d1 G938 1 rgas i 0538 N64E.0
st oz &T3 2 0673 1] 0E7T 0E9%9.0
54 B - i 1270 i1 127 T1366.0
G2 - - 1 2000 0 2000 1140.0

that the lormation of these opaque and hyaline layers js an annusl or
segsonal phenomena and thus the otelith strueture gives an indication
of the age of individual fish (Groham, 1929; Hickling, 1933; Gambell &
Messtorlf, 1964). BSuch a pattern of opague and hvaline zones is found
in the ctolith of M. merluccius {Bagenal, 1954; Lataconnoux, 1855; Figueras,
1965 1, and so, it provides a very useful method of age determination.
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Tebl= &
The condition factor Tor maled and ferdles of
Barluccivs werluccius, dering 1992 = (973

Milasz Feralas
Length
Froup Ho. aof Asmrage K sa. of Average K
[ em |} 1 shas srp, Wk, fishas cup. Wi,

15 = 20 x5 0J9.6 0.739 04 nE0@ 0, 74§
& --26 Ly 2.5 0,655 19 1039 0. 504
25 = 30 110 L3G.1 0.554 5 150.& 0.7k
B-n s Har.p a5 25 275.0 0.801
J5 - A0 gor 136.4 0.6M i} Ie0.a o.721
& - 45 (-] s00.0 0.55] oy 5E6.% 0,765

Relation between the growth of fish and its otolith :

Templemsn & Squires (1956) found that in case of haddock
(Melanogrammus aeglifinus), the relation between fish length and otolith
length or weight can be used to differentiate between populations. This
depends on the fact that they have different growth rates. The author
also pointed out that in the cod (Gadus callorius) the otolith weight is
much more useful than the otolith length In the differentiation between
populations,

For M. merluccius ranging from 20 to 44 cm.T.L., having otoliths varying
from 10.6 to 20.0 mm in length and from 100 to 603 mg. in weight. The

relationship between fish length on one hand and the following items on
the other were studied:

1- otolith length.

2- otolith weight.

4= percentage length of otolith over fish length.
4- percentage weight of otelith over fish weight.

The examination of the data revealed a progressive lncreasse of otolith
length with the increase of fish length (Table 7). The relation between
these iwo parameter is a8 linear one. The percentage length of otolith
over fish length shows a slight decrease with the increase of fish length.
The data in table 8, agree with the finding of Templeman and Squires

(1856) that the otolith weight relative to fish weight decreases considerably
with increase of fish size.
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Tabie 7
Fisa langth, wtalith length a=d percentape ef otolith Tangth
to fish Tength of Merfuccius serlecclus, dering 1972 = 1973,

Fish Otalith Gtolith L. Flsh (tnliEs NeaTith |
Length fo, of Langth ¥ Lop J Fish Lenpth Ao, sf LergEh 1 308 7 Flih
[ em | fishes | me | Length |l om ] Tiahas . ) Lanyth
i) 01 0.k 5.3 33 3 1. 5.F
i na 11,0 5.2 3¢ & 1.5 8.1
s o4 1.7 5.3 1] 3 178 5.1
3 K] 11.% 5.7 35 4 15 §.0
L 03 12.3 L | a k4 19.3 q4.%
e o 12.7 5.1 ] 4 188 4.5

fi 12 13,1 .0 w ki 15.4 5.0
1 f1}] 13.2 1.9 L1 3 Fii i 5.0
| L] 14.3 5.1 41 k4 .2 a9
9 11 15.1 £ a7 k4 .4 .9
1] a7 15.3 5.0 LE] | .6 6.3
31 11 15.% 5.0 LE| Fd ZL.0 (N}
32 faT 15.5 §.1 45 - = "

Growth Rates
A- Growth in length :

The preliminary examination of the age and length composition of - M.
merluccius showed marked differences in the growth rate of males and
females. 5o the collected dats were treated separately according to sex
(Table 9).

It is clear that females have a higher rate of growth than males. This
may be related to the fact that most males attain their sexual maturity
earlier than females. This also shows that the males disappear from the
catch at relatively younger ages, with the result that the largest and oldest
fish in the catch were always females,

For both sexes, the growth increment in length for the first year is
very high (146 & 150 mm. for the males and females respectively). Growth
increment shows a marked decremsse in the second year, reaching about
one third of that in the first year. The minimum annual increment in
length is reached during the fourth year of life. After that, the growth
increment in length shows a regular increase with the increase of age.

Many investigators (Figueras, 1965; Zupanovic, 1958 ) have pointed out
the presence of three different periods in the growth rate of M. merluccius.
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Table 9
Growth im Tength of males snd females of
M. meriwccius dering 1972-1971.

mos 1 e 5 F e daal & s

Hgw Lengthk Increment Lengih Increment
group . - [N 4 o, L i, H
1 ok lag 146 I -4 150 150 k]
11 14 183 o4F 2 -] iz ns2 11
111 | 235 043 11 ] 287 n4s 1}
1w iz 2T 038 09 1% 250 a3 1]
¥ 7] e oan 10 i} LK} nas ]
Vi o3 k=3 nag 11 06 IE DEd 13
¥1l 1] Ll nay 11 0z ATe arz 15

LN -
iz

- - ol g e -
- "= o1 &0 D .

The [irst period is characterised by rapid growth, the second by slow growth,
while the growth rate becomes faster again during the third period. This
phanomenon [s alse obsereved in the present work. The growth rate is
high during the first year, sharply decresses in the second year, reaching
minimum wvalue during the fourth year, after which it starts to increase
again with the increase of age.

Growth rate in different regions :

According to Belloc (1928), the growth of M. merluccius in the
Mediterranean iz very slow, which s due to the fact that the Mediterranean
hake belong to a special variety of dwarf hake In Lateconnouxs (1955)
opinion, there is no speclal dwarl hake in the Mediterranean, where the
growth is comparable with that found along the Atlantic coasst. This is
evident from the following comparisen of average length of various age
groups of M. merluccius living in different areas (Table 10).

Figueras (1985) pointed out the presence of different population, with
different rates of growth along the eastern coast of Spain. The growth
of individuals living In relatively deeper water was much faster than those
living in shallow water. The suthor thried to explain this phenomena b
changes in the envireonment and feeding conditions.

B- Growth in Weight :
The calculated weight for the different age groups were computed for

the males and females (Table 11}, from the general length-weight equation.
It is clear that the lowest annual increment of weight was during the first
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Takle 18
wrowth Aates [cm, | of the Hake (M. serlsccius) 1= SifTerant regions.

Fagioa RuULRgs S Wwars af Life

1 i 3 4 § E ! i 4 o
Jeotland HICKLIMG {1533} = = 15.6 X4 361 a).E  §l.i BD.E BB TR =
Bay of Biscay Letaceomngue] 1955 ) - - - = A0 420 450 510 61.0 &30 7
Cartallion Fgueraz| 1985 ) = 11.% 2.8 1.5 .5 P58 278 110 - 3.0 3S.0 -
Sea of Marmara Rutaygdl {1965} W15 1§58 X7 6.8 4.7 268 304 3.0 W0 N
F o182 2.2 248 2F7 315 1.8 400 470 495 -
Central Adriatic Tupasawic (1968} < ..._M.____ 15.0 B0 350 0.0 a0 #5.0 BRLD - -
Likyn Eresest Hork(1974) H A6 .3 3.8 A 34 HE &0 - - -

F 180 E0O 247 29.0 33.B XA &.0 M0 BRD
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Table 13
Sexual maberity of H. merlueccius In Uhe LPkyan walers
durfisg [972-1873, according to Tish ages.
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SUMMARY AND CONCLUSION

The sbundance and distribution of M. merluceius in the different regions
of thg Libyan waters were studied as catch rates and parcentage to the
total catch, for various depth-ranges down to 300 meters. All trawling
EUFVEVs indic&tﬂd that III. merluccius was (otally absent in shallow waters
{< 50 m.), while present in deeper waters. It was most abundant in both'
the Libyan territorial waters and the Gulf of Gabes at 100-200 and 200-
300 m. depth, while of less importance in shallower waters (50100 m.).

During "Al-Muktashef™ compaigns the length frequency of M. merluceius
in the catches of both the Libyan territorial waters and the Gulf of Gabes
showed similar distribution according to depth. At 50-100 m. the majority
of hake were of small sizes (5-27 cm.), while at 100-200 m. the moderate
gizes (14-39 cm.) were abundant. At 200-300 m. the catch was mostly
composed of small fishes (6-20 cm.) together with some large fish of varicus
length groups. Also the age composition of M. merluecius in the catch
varies according to depth. It was mlso found that young fish are common
at all the investigated depths, while the oldest age groups are only found

in deep waters.

Examination of data obtained for individual weights of M. merluccius
revealed no significant differences between sexes in case of the immature
fizsh. But in case of sdult fishes, there are more differences in the length-
welght relationship. The females are somewhat heavier than the males.

154



When the condition factor was calculated for the different =exes,
according to various length groups, it was found that the females have
always a higher value of "K" than the males of corresponding lengths.
Also, it has to be mentioned that for both sexes the value of "K" is high
for the 20-25 m length-range, after which 8 marked decrease is obsereved
and this is most probably due to the attainment of maturity,

Heke ranging from 20 to 44 em T.L. has otolith varying from 10.6 te
21.0 mm. in length and from 100 to 60D mg. in weight. The relationship
between fish length or fish weight on one hand and the various otolith
measurements on the other hand, showed s progressive increase of otelith
length or weight with the increase of fish length or weight. At the same
fime, the percentage length or weight shows a slight decrease with the
increase of fish length or weight.

The study of growth rate of opposite sexes showed a marked difference
between males and females. The females have a higher growth rate than
males, this may be related to the fact that most males attain sexisl
maturity earlier than females.

For both sexes, the growth increment in length for the first year is
very high (146 and 150 mm. for the males and females respectively). During
the second year the growth increment shows a marked decrease, reaching
about one-third that of the first year. The minimum annual increment
of length is reached in the fourth year, after which the growth increment
shows a more or less regular increase with the progressive increase of
Bge. This coincides with the finding of many authors, who pointed out
the prersence of three different periods in the growth rate of hake.

Comparison of the growth rate of M. merluceius in different regions
of the Mediterranean and Atlantic Ocean revealed the high growth rate
of Atlantic hake over that of the Mediterranean. Moreover, the M.
merluccius in different regions of the Mediterranesan has different growth
rates. According to Figueras (1965), the growth of individusls living in
relatively deeper water was much faster than those living in shallow waters
and the author tried to explain this phenomenon by changes in environment
and feeding conditions. )

As regards the growth in weight, the hake gain the lowest annual
increment during the first year, after which the annual increment in weight
increases with the progressive increase of age. Also, it has to be mentioned
that the annual increment of weight for the females is always higher than
that of males throughout the whole life span. Furthermore, the annual
increment in weight for females of age groups VI and VII are nearly double
that of males of the correspondihg age groups.

The present data have pointed cut that the smallest male attains maturity
at 21 em.T.L., while the smallest female at 24 ecm., this indicates that
the females of M. merluccius in the Libyan waters attains maturity at
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@ body length longer than the males. As regards the age of maturity,
it was alsu found that both sexes attain maturity during their fourth vear
and all fishes are sexually mature by the end of their six year of life.

The present results of the size and age at sexual maturity coincide with
the data obtained by many investigators for the Mediterranean hake.
However, it i5 far from that obtained for the Atlantic hake, where a
different fish population exists. So, it Is worth mentioning that the present
results confirm  the theory of sell-regulation In fishes, where the
Mediterranean hake population has a lower growth rate, attaining maturity
at a8 smallet size and younger age than the Atlantic population, which
has higher growth rate and attains maturity at & larger size and older

age.
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