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ABSTRACT
asic population parameters of the cuttlefish Sepia dollfusi. in the
Gulf of Suez were described from samples of commercial
landing made between September 2002 and May 2003. A total of 600
5. dollfusi with mantle lengths ranged from 45 to 147 mm were
studied. Age and growth were estimated using progression analysis
model by applying Bhattacharya method. There were no significant
differences in population parameters between sexes. The theoretical
maximum length Lr. = 169 mm and the growth coefficient K = 0.91/
year. Total, natural and fishing mortalities were 3.57, 1.07 and 2.5 per
year respectively. The exploitation ratio (E =0.7) suggests that the
fishing pressure on S. dollfusi in the Gulf of Suez is high. Relative
yield per recruit and relative biomass per recruit analysis showed that
S. dollfusi stock in the Gulf df Suez in a situation of over-fishing. For
the management purposes, the current exploitation rate should be
reduced by about 5 1 % to maintain a sufficient spawning biomass and
the present length at first capture should be raised to about 86 mm
ML.
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INTRODUCTION
Cephalopod fishery in the Gulf of Suez is economically very
important for Egypt, due to the high commercial values on national
and international markets. Cephalopods constitute about 7.5% of the
total catch by trawlers in the Gulf of Suez of which 5% was cuttlefish
and 2.5% was squids ( reports of General Authority for Development
of Fisheries Resources during 1995-2003). The major species of
cuttlefish in the Gulf of Suez are .V. savignyi. S. dollfusi, S.pharaonsis
and Sprashadi (Emam . 1983 & 1994 ).
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Despite the great importance of cuttlefish in the Gulf of Suez, only
very limited studies on these species are available. Emam (1983) on
the morphometry of three species of the cuttlefish from the
Mediterranean and Red Sea. Emam (1990) on the reproductive
biology and nervous system of S. savignyi. Abdalla et al (1993)
estimated the age and growth of S. savignyi. Emam (1994) assessed
the stock of S. prashadi. Emam and Saad (1997) studied the
morphometry and population dynamics of S. dollfusi.
For cuttlefish stock assessment, it becomes necessary to
elucidate the key aspects of their biology and dynamics. The present
study is aimed to estimate the basic parameters required for the
management of S. dollfusi in the Gulf of Suez during the present time
and to compare them with the previous studies.
MATERIALS AND METHODS
Samples of S. dollfusi were collected monthly from the
commercial trawl fishery off the Gulf of Suez. A total of 600
specimens were analysed from September 2002 to May 2003.
Specimens were separated by sex and their mantle length (ML) was
measured to the nearest mm and their total body weight (BW) was
recorded to the nearest 0.1 g. The collected samples were grouped into
1 cm ML classes for modal progression analysis (MPA).
The length frequency data was treated by computer based analysis
for estimation of the population parameters. F1SAT software of
GayaniJo et al (1997) was used for all computations. The following
methods were applied in this study:
• The Bhattacharya method (1967) to distinguish different
components from the length frequency data.
• Wetherail method (1986) to estimate the ML* and Z/K.
•
Gulland and Holt method (1959) to estimate the growth
parameters of the von Bertalanffy growth model (ML*. K
and t0).
• ELEFAN I method (Pauly. 1987) to estimate the growth
parameters (ML* and K).
• Length convened catch curve method of Pauly (1983 a&b) to
estimate total mortality coefficient.
• Taylor's formula (1960) and Rikhter and Efanov method
(1976) to estimate natural mortality coefficient.
• Catch curve analysis (Pauly. 1984 a&bl to estimate the length
at first capture.
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The logistic curve to describe the gear selection ogive as S| =
1/ [I + e (Sl " s: " u ] where SL = number of cuttlefish of length L
in the codend divided by number of cuttlefishfish of length L
in the codend and in the cover, L is the length interval
midpoint and Si and S: are constants.
The relative yield per recruit (Y/RV and relative biomass per
recruit (B/R)' were estimated by using the Bevenon and Holt model
(1966) as modified by Pauly and Soriano (1986).
The length - weight relationship was estimated usinu the power
b

equation W= aL where W is the total weight, L is the mantle length.
The fishing mortality coefficient (F) was computed as F = Z - M.
while the exploitation rate was computed from the ratio F/Z (Gullnnd.
1971).
RESULTS AND DISCUSSION
Mantle length - body weight relationship
A total of 600 specimens of the cuttlefish S. dollfusi ranging in
ML from 45 to 147 mm and in BW from 12.3 to 400 g were used to
describe the ML-BW relationship (Fig. I). The regression equation
obtained from plotting BW against ML is:
W = 0.12687 L 3009!
Emam and Saad (1997) estimated the ML-BW relationship for the
same species with average ML from 5.6 to 12.4 cm and mean BW
from 35 and 238 g as W = 0.4993 L2"456 The difference between bvalues may be due to the wider range of both ML and BW used in the
present study.
Age and growth
Age was determined based on length-frequency studies using the
Bhattacharya's (1967) method (Fig. 2). It was possible to identify two
components which were considered as distinct age groups or cohorts
for S. dollfusi. The Bhattacharya method was used to analyse the
monthly length frequency data to obtain the mean length and number
of individuals in each cohort (Table 1). The instantaneous relative
monthly growth in ML ranged from 4.2% to 26.6% while growth in
body weight varied from 1.8% to 18.4%. The maximum growth rate
was recorded during the first three months of life for ML and at age of
18 months for BW. These results are in close agreement with the
findings of Emam and Saad (1997). They found that the longevity of
S. dollfusi in the Gulf of Suez was extended to two years and rate of
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growth in length is much higher in young individuals than the old
ones,
Growth parameters
First estimates of the asymptotic length (Lcc) and the ratio between
the coefficients of total mortality and growth (Z/K) obtained from
Wetherall plot {Fig. 3) were 166 mm and 3.78. Subsequently the
estimates of La. was used in ELEFAN I and the parameters obtained
by this method are La. = 165 mm and K = 0.89 per year. Although the
growth parameter L^c could be estimated using ELEFAN I program
directly, the WetheralJ method was used to facilitate the identification
of K-value compatible with the value of Leo which is more reliable
than when this parameter is estimated together with Leo (Pauly.
1986a). The mean lengths obtained from Bhattacharya method (Table
1) were applied to the Gulland and Holt plot (Fig. 4) to estimate Loo.
K and t0. The values obtained were Leo = 169 mm. K = 0.228 per
quarter year (K= 0.91 per year) and t0 = -0.08 year. Results of the
ELEFAN I program compare well with those of the Bhattacharya
analysis and also with the results of Emam and Saad (1997). They
gave an estimate of Lx = 16.8 cm, K = LI45 year"1 and tn = -0.024
year.
Mortality estimates
The Wetherall method gave an estimate of 2 ; K = 3.78 and
subsequently the total mortality coefficient Z = 3.44 using K= 0.91.
This value is closed to the value of Z obtained using length converted catch curve analysis (Z= 3.7) (Fig. 5). The natural mortality
coefficient calculated from Taylor's approximation (Caddy. 1983)
was 0.96 per year. Rikhter and Efanov method gave an estimate of M
= 1.18 per year The mean values of Z and M gave a value of fishing
mortality F = 2.5 and exploitation rate E = 0.7. Relatively high values
of ftshing mortality and exploitation rate reflect the high level of
exploitation. Emam and Saad (1997) estimated Z. M F and E as
5.025, 2.066. 2.959 and 0.59 respectively. The higher level of
exploitation in the present study is due to the increasing of fishing
effort exerted into the trawl fishery during the last fishing seasons.
Length at first capture
The resultant curve derived from the catch curve provided an
estimate of L;*. L?o (U) and L75. The obtained values were 63. 73 and
82 mm for L;*. L50 and L-> respectively (Fig. 6). These values are
corresponding to an ages of 0.51, 0.62 and 0.73 year respectively.
Emam and Saad (1997) eave an estimate of Lc = 8.2 cm. The lower
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value of Lc estimated in the present study is may be due to the
increasing of small individual's numbers in the fishery as a result of
the growth over-fishinu.
Recruitment pattern
The recruitment pattern of 5. dollfusi is obtained by projecting a
set of length frequencies backward onto a one year time axis. The
recruitment pattern suggests one recruitment pulse per year (Fig. 7j.
Trawl net selectivity
Assuming a mean code-end mesh size of 1.9 cm for the trawl net
and Lc = 7.3 cm, the estimate of selection factor (SF) was 3.79 (Lc =
SF x mesh size), this factor making the calculations of Lc possible for
other mesh sizes. The selection ogive analysis of & dollfusi (Fig. 8)
led to estimates of Lc = 7.7 cm and of the guessed L' (length at full
retention) = 13 cm.
Relative yield per recruit (YVR)
The plot of Y"/R against E (Fig. 9A) gives an optimum level of
exploitation rate at E = 0.61. Both of Eo.i (the level of exploitation at
which the marginal increase in yield per recruit reaches 1/10 of the
marginal increase computed at a very low value of E) and Eo.? (the
exploitation level which will result in a reduction of the unexploited
biomass by 50%) were estimated. The obtained values of Eo.i and E<>5
were 0.56 and 0.34. respectively. The present level of E (0.7) was
higher than that which gives the maximum YVR. Also the current
exploitation rate is higher than the exploitation rate {E0.5) which
maintain 50% of the stock biomass. For management purpose, the
exploitation rate of S. dollfusi should be reduced from 0.7 to 0.34
(51%) to maintain a sufficient spawning biomass since the maximum
YVR is not the target point but the maximum constant yield (the
maximum constant catch that is estimated to be sustainable, with an
acceptable level of risk, at ail-probable future levels of biomass) is the
target reference point for fisheries management (Caddy and Mahon,
1995). Besides, it is always safe to be on the left of the maximum YVR
than to use its current value. Emam and Saad (1997) estimated the
yield per recruit of S. dollfusi in the Gulf of Suez and concluded that
this stock was slightly overexploited (they gave a value of E = 0.59).
To determine the effect of the length at first capture on yield, the
relative yield per recruit was estimated using a different value of L.
(86 mm instead of 73 mm). The results (Fig. 9B) indicated that with
increasing L a higher Y7R can be obtained. It was obvious also that.

6

Sahar F. Mehanna and Amal M. Amin

when we use Lc = 86 mm, the maximum Y'/R was obtained at E= 0.69
(current E = 0.7). This means that, the present level of L is not the
optimum L. for this species and it must be about 86 mm (about 9
months old). The values obtained for EOJ and E0.5 were 0.66 and 037
respectively.
It could be concluded that the S. dollfusi stock in the Gulf of Suez
is overexploited. To maintain this valuable resource the present level
of exploitation rate should be reduced by decreasing the fishing effort
or reducing the duration of the fishing period. Also, it is recommended
to increase the length and age at first capture by increasing the mesh
sizes to about 2.3 cm.
REFERENCES
Abdalla. I. M.; Bebars, M. L; Emam, W. M. and Khattab. F. I
(1993). Age and growth of Sepia savignyi from the Red Sea.
. J. Fac. ScL UAE Univ., J (1): 20-35.
Adam, W. (1941). Notes sur les cephaJopods. XVIIL Sur les especes
de cephalopods de la mer rouge decrites C. G. Ehrenberg en
1831 et sur une nouvelle espece de Sepia (Sepia dollfusi sp.
Nov.). Bull. Musee royal d'Histoire naturaelle de Belgique.
77(62): ]-]4.
Bertalanffy, L. von (1938). A quantitative theory of organic growth
(Inquiries on growth Laws. 2 ). Hum. Biol., JO: 181-213.
Beverton, R. J. H. and Holt, S. J. (1966). Manual of methods for fish
stock assessment. Part 2. Tables of yield functions. FAO
Fish. Tech. Pap./ FAO Doc. (38) Rev., 1: 67pp.
Bhattacharya, C. G. (1967). A simple method of resolution of a
distribution
into Gaussian components. Biometrics.
23: 115-135.
Caddy, J. F. (1983). Advances in assessment of world cephalopod
resources. FAO Fish. Tech. Pap., 23J: 452p.
Caddy. J. F. and Mahon* R, (1995), Reference points for fisheries
management, FAO Fish. Tech. Pap.. 347; 83pp.

POPULATION DYNAMICS OF THE CUTTLEFISH SEPIA 7
DOLLFUSI (ADAM, 1941) IN THE GULF OF SUEZ, EGYPT
Emam. W. M. (1983). Morphometnc studies on three species of the
genus Sepia from the Mediterranean and Red Seas, Bull. Inst.
Oceanogrph. Fish., 9: 341-346.
Emam. W. M. (1990). Reproductive biology and nervous system of
Sepia savignyi from the Red Sea. Ph. D, Thesis, Zoology
Dep., Fac. ScL Ain Shams Univ.
Emam, W. M. (1994). Stock assessment of the cuttlefish Sepia
prashadi (MoJlusca: Cephalopoda) in the Gu]f of Suez.
Indian! Mar, Sci., 23: 35-38.
Emam, W. M. and Saad, A. A. (1997). Morphometric studies and
population dynamics of Sepia dollfu&i (Cephalopoda:
Sepiidae) from the Suez Gulf- Red Sea. Egypt. J. Aquat.
Biol.&Fish., 7(7): 117-138.
Gayanilo Jr., F. C ; Spaire. P. and Pau]y, D. (1997). The FAOICLARM Stock Assessment Tools (FiSAT). FAO
Computerized Information Series (Fisheries). No. 8. Rome,
FAO.
Gulland. J. A. (1971). The fish resources of the Ocean. West Byfleet.
Surrey, Fishing News (Books), Ltd.. for FAO.: 255pp.
Gulland. J. A. and Holt, S. L. (1959). Estimation of growth parameters
for data at unequal time intervals. J. Cons. Perm. Int.
Explor.Mer. 25(1): 47-49.
Pauly. D. (1983a). Some simple methods for assessment of tropical
fish stocks. FAO Fish. Tech. Pap,. 234: 52pp.
Pauly. D. (1983b). Length-converted catch curves. A powerful tool for
fisheries research in the tropics. Part 1. ICLARM
Fishbyte./f2):9-13.
Pauly. D. (1984a).,Length-converted catch curves. A powerful tool for
fisheries research in the tropics, (pan II). ICLARM Fishbyte.
2(1): 17-19,

Sahar F. Mehanna and Amal M. Amin
Pauly, D. (1934b). Length-convened catch curves. A powerful tool for
fisheries research in the tropics. (Ill: conclusion). ICLARM
Fishbyte, 2 (3;: 9-10.
Pauly, D. (1986a), On improving operation and use of the ELEFAN
programs. Part II, Improving the estimation of Lac. Fishbyte
4{\): 18-20.
Pauly. D. (1987). A review of the ELEFAN system for analysis of
length- frequency data in fish and aquatic invertebrates.
ICLARM Conf. Proc. 13: 7-34.
Pauly, D. and Soriano, M L. (1986). Some practical extensions to
Beverton and Holt's relative yield-per-recruit model. In: J. L.
Maclean, L. B. Dizon and L. V, Hosiilo (eds.). The First
Asian Fisheries Forum,pp 491-496.
Rikhter, V. A, and Efanov, V. N. (1976). On one of the approaches to
estimation of natural mortality of fish populations. TCNAF
Res.Doc, 76/VI/8: 12pp.
Taylor, C. C, (1960). Temperature, growth and mortality - the Pacific
cockle. J. Cons. OEM. 26: 117-124.
Wetherall, J. A. (1986). A new method for estimating growth and
mortality parameters from length-frequency data. ICLARM
Fishbyte-/(7;: 12-14.

soo

400

300

-

200

T OO

o

O

*

3

e
Montle

©

12

15

Lengthicm)

Fig.(1). Mantle length-body weight relationship of Sepia dollfusi from
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Fig. (7), Gear selection ogive for Sepia dollfusi from the Gulf of Suez.
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Fig. (8). Recruitment pattern of Sepia dollfusi from the Gulf of Suez.
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