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ABSTRACT

The edible marine snail Turbo coronatus from Shaikh Ebrahim Island spawns mainly in the
spring, with a spawning peak in May in which all reserves studied (total proteins,
carbohydrates, and total lipids) declined to a seasonal minimum value. A second minor but
continuous spawning period was also observed between September and December. Whole,
wet and dry tissue weights as well as ash-free dry weight (AFDW) were significantly lower in
May and September, whereas water content was maximum in December and minimum in
April. Total lipids formed the main reserve, while total proteins and carbohydrates
contribution was less. The increased levels of the calorific content per AFDW were due
mainly to accumulation of total lipids (42%) and secondly of carbohydrates (37.5%) and
total proteins (36%) in the period prior to the major spawning in May, in which gamete
maturation usually takes place. The dry weight proportions of the main components were:
total proteins 60.97-82.18%, carbohydrates 3.39-9.35%, total lipids 4.00-8.00%, and ash
9.13-18.79%. Calorific content varied between 3.36-4.43 kcal/g dry weight.
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INTRODUCTION

Turbo coronatus are intertidal algal browsing animals widely distributed on rocks, (Jones,
1986). Despite their abundance in many areas in Bahrain such as Budaiya, Meridien, Asry,
Marina club and Jaww (Green, 1994), relatively little is known about seasonal changes in
their biochemical composition, calorific content and reproductive cycle.

The seasonal changes in biochemical composition of marine invertebrates are generally
attributed to gametogenesis, reproductive cycle and availability of food supply. In marine
organisms, lipid, protein and carbohydrate are extremely important biochemical components,
which are involved in many metabolic reactions related to gametogenesis and spawning
(Martinez, 1991; Sprung, 1995; Berthelin et al., 2000).

Environmental factors, specifically food availability and temperature have been shown to
influence seasonal fluctuations in energy reserve levels (i.e. proteins, carbohydrates and
lipids) in marine molluscs (Arakawa, 1990; Robinson, 1992; Ruiz et al., 1992; Park et al.,
1999 a,b; Kang, et al., 2000; Martinez et al., 2000; Hyun et al., 2001).

The aim of the present study was to describe the relationship between the reproductive cycle
and energy reserves in adult Turbo coronatus by measuring seasonal changes in tissue weight
and biochemical composition. We also include estimates of calorific values of the
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biochemical components of mature animals during the period March 2003-March 2004. This
study is the first in the region (Arabian Gulf) that provides information about the chemical
composition, spawning, and the nutritional values of the edible snail Turbo coronatus.

MATERIALS AND METHODS

Sampling and preparation of materials

Samples of 20 individuals were hand picked from the surface of the intertidal rocks at Shaikh
Ebrahim Island every month. Water temperature and salinity were measured on the
collection day. Most snails used over the experimental period were within the shell size of
20-22 mm in length, and 15-18 mm in width, measurements were made with vernier calipers
(= 0.1 mm). The months of October and February were an exception, since the shell length
of most snails was below 20mm in October (16.06 £0.3mm), and more than 22mm in
February (24.47+0.54mm). Snails were transported to the laboratory and kept in sea water for
24 hours in order to allow gut clearance. The soft tissues were removed, weighed and dried in
an oven at 60°C to a constant weight. The dried material from approximately 4-5 individuals
was mixed together and then ground to a powder using a mortar and pestle. The powdered
materials were stored in a desiccator over activated silica gel until analysis.

Biochemical analysis

Total proteins were estimated as total nitrogen, using the procedure of Guebel et al. (1991).
Since most proteins contain 16% nitrogen, the total nitrogen values were then multiplied by a
protein conversion factor of 6.25. Carbohydrates were determined using the phenol-sulphuric
acid method of Martinez (1991). For the lipid assay, aliquots were extracted following the
procedure of Folch et al. (1957). Cholesterol determination was carried out following the
procedure of Postama and Stroes (1968).

Ash

Five samples of the dried material were placed in a muftle furnace at 500-600°C for 12 hours
to ensure complete incineration of all organic matter. Ash-free dry weight (AFDW), water
content and water percentage were calculated.

Determination of the calorific content

The calorific content for each biochemical composition (kcal/AFDW) was calculated. The
energy conversion factors of 4.1 kcal.g™', (17.2 kl.g™"), 4.3 keal.g ' (17.9 kJ.g ", and 8.42
kcal.g_1 (34.69 kJ .g']) for carbohydrate, protein, and lipid were respectively adopted in the
present study (Craige et al., 1978; Beukema and De Bruin; 1979). The calorific content of
the soft tissues of Turbo coronatus (kcal/g dry weight) and the calorific content of a standard
animal, considered as an individual of 4.58 g total weight, and 22.02 mm length, was then
calculated from the biochemical components.

Reproductive activity

In the present study, the reproductive activity of the snail Turbo coronatus was determined by
the use of the seasonal variations of the standard animal AFDW, which normally indicate the
onset of organic matter accumulation for reproduction (Beninger and Lucas, 1984).

STATISTICAL ANALYSIS

Monthly data of total biochemical composition, tissue wet weight; tissue dry weight and
water percentage were analyzed using ONE WAY ANOVA to test for seasonal variations.
The monthly mean values of each measured parameter were also statistically compared using
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Duncan’s Multiple Range Test. All statistical analysis was performed using STATGRAPHIC
software version 5.

RESULTS

Temperature and salinity

Significant fluctuations in water temperature and salinity were recorded throughout the study
(Table 1), with a maximum water temperature of 36.90+0.00°C reached in August, and a
minimal value of 19.76+0.03% in December. The salinity showed a significant fluctuation,
ranging between 40 and 45%o.

Table 1. Monthly variations in environmental parameters of the seawater, Ash (g), AFDW (g), and tissue water
percentage of Turbo coronatus (mean + SE). Figures in the same column having same superscript are not
significantly different at P<0.05.

Month/Year Temperature Salinity Ash AFDW  Water % (n=20)
°C %o

March 03 23.80+0.10° 42.00+0.00° 0.04+0.001 0.35 67.22+2.72°¢
April 03 29.70+0.85¢ 40.00+0.00° 0.04+0.001 0.36 50.02+2.52°
May 03 27.83+0.38¢ 42.66+0.00°¢  0.03+0.001 0.17 67.60+1.01°¢
June 03 31.20+0.00" 43.00+0.00°¢  0.02+0.001 0.10 66.42+1.91°¢
July 03 34.50+0.008 43.00+0.57°¢  0.0440.002 0.32 66.71+1.13%¢
August 03 36.90+0.00" 40.38+0.00" 0.04+0.003 0.26 65.92+1.58"
September 03 31.90+0.00" 40.38+0.00" 0.03+0.003 0.18 68.18+0.81°¢
October 03 30.26+0.21° 45.00+0.00° 0.01+0.007 0.15 66.77+£2.07°¢
November 03 23.360.03° 43.33+0.33%¢  0.02+0.002 0.12 69.41+1.16>¢
December 03 19.76+0.03* 45.00+0.00° 0.02+0.003 0.29 71.42+0.73¢
January 04 20.00+0.10° 44.66+0.33° 0.02+0.001 0.25 70.77+0.34%¢
February 04 20.36+£0.20*°  43.33+0.88“¢  (.05+0.008 0.22 69.40+0.52°¢
March 04 21.10£0.11° 44.33+0.33%¢  0.02+0.001 0.22 66.36+0.54%¢

' Statistically significant at P<0.05.

Shell size and tissue weight

The seasonal changes in shell size, whole weight and tissue weight are summarized in Figs.
1-2 and Table 2. A minimal drop in the whole weight was registered in September
(3.424+0.12g), whereas whole weight increased to reach a maximum value in February
(5.58+0.12g). A sharp decrease in shell length (16.06+0.30) was registered in October, and
in shell width (15.40+0.28-16.77+£0.29) from September-November. The wet and dry tissue
weight decreased, to reach a minimum value in June.
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Fig. 1: Monthly variations in average shell width (mm) of Turbo coronatus (mean + SE).
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Fig. 2. Monthly variations in average shell length (mm) of Turbo coronatus (mean = SE).

Table 2. Monthly variations in whole weight (g), tissue wet weight (g), and tissue dry weight (g) of Turbo
coronatus (mean + SE). Figures in the same column having same superscript are not different at P<0.05.

Whole weight Wet weight Dry weight
Month / Year (n=20) (n=20) (n=20)

March 03 4.71+0.16%¢ 1.14+0.108 0.33+0.01°%¢
April 03 4.77£0.15% 0.83+0.04¢ 0.40+0.01"
May 03 4.85+0.21° 0.64+0.03° 0.20+0.00°
June 03 3.89+0.15*° 0.38+0.02° 0.12+0.00°
July 03 5.00+0.22%" 1.07+0.03"¢ 0.35+0.01%¢
August 03 4.05+0.14*0¢ 0.90+0.04%¢ 0.30+0.01¢
September 03 3.42+0.12° 0.65+0.02° 0.21+0.01°
October 03 3.68+0.14*° 0.71+0.03%¢ 0.23+0.01°
November 03 4.15+0.195¢4 0.69+0.03%¢ 0.21+0.01°
December 03 5.74+0.198 1.18+0.038 0.33+0.01%%¢
January 04 5.09+0.19%" 1.03+0.03%%¢ 0.30+0.01¢
February 04 5.58+0.37"¢ 1.18+0.068 0.36+0.01°
March 04 4.59+0.17°%¢ 0.94+0.03%¢1 0.31+0.01°¢

" Statistically significant at P<0.05.
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Ash and water percentages

The water percentage of the soft tissues and the ash percentage are summarized in Table 1.
The results showed a significant decrease in water percentage in April only (50.02+2.52%).
Ash percentage reached a minimal level in December (9.13%), whereas the maximum level
was registered in February (18.79%).

Biochemical composition

Seasonal changes in the biochemical composition of the soft tissues are summarized in Table
3. Total protein reached a maximum value in April (82.18+1.2%) and a minimal value in
August (60.97+6.8%).

Table 3. Monthly variations in Total Protein concentration (%), Carbohydrate concentration (%), Total lipids concentration
(%), Ash (%), Cholesterol concentration (%), and Cholesterol percentage of total lipids of Turbo coronatus (means + SE).
Figures in the same column having same superscript are not significantly different at P<0.05.

Tota.l Carbohydrate  Total lipids Ash Total Cholesterol Cholesterol

Month/ Year Protein conc. (%) conc. (%) (%) (%) conc. (%) % of total
conc. (%) : : : lipids
March 03 74.60+6.4*° 5.73+0.16>¢ 6.72£0.63° 1026 97.32  0.57+0.00° 08.47
April 03 82.18+1.2° 5.59+0.23" 8.00£0.67°  10.00 105.77  0.560.00° 07.00
May 03 62.70+1.9* 3.93+0.15° 6.88£0.23°  15.00 88.53  0.53+0.02f 07.70
June 03 62.84+0.5*° 6.33+0.27°¢d¢ 4824035  16.67 90.66  0.26+0.01° 05.38
July 03 70.88+1.3*° 8.59+0.56" 4.42+40.42*°  11.11  95.00  0.48+0.00° 10.83
August 03 60.97+6.8" 9.35+0.392 5.50£0.46° 1333 89.14  0.38+0.01¢ 06.90
September 03 67.08+1.5*° 5.52+0.21° 5.25+0.31*° 1733 95.18  0.39+0.01¢ 07.42
October 03 75.89+1.8*° 6.55+0.08°%¢ 450+£0.18*°  11.01 97.95  0.26+0.00° 05.77
November 03  69.84+8.8"" 6.41+0.33%%¢ 4.13+0.35*  16.85 96.60  0.23+0.00° 05.57
December 03 69.39+2.1%° 5.80+0.05"<¢ 4.13+0.22*  09.13 88.45  0.32+0.00° 07.75
January 04 75.96+3.6™° 6.72+0.12° 450+0.18*° 1041 97.59  0.20+0.00" 04.40
February 04 69.39+7.9*° 6.61+0.16%¢ 4.00£0.37°  18.79 98.79  0.31+0.00° 07.75
March 04 62.84+1.1° 6.97+0.29° 5.44+0.17° 1125 86.50  0.31x0.00° 05.70

" Statistically significant at P<0.05.

The carbohydrate content dropped gradually, to reach a minimum value of 3.93+0.15% in
May. A second drop in carbohydrate content was registered in September (5.52+0.21%).
There was a distinct seasonal cycle of changes in lipid content. Total lipid content reached
the maximum level in April (8.00 = 0.67%), whereas the greatest decrease in total lipid
content was recorded during the months of October and February, with a minimal value of
4.0 £ 0.37% recorded in February. Cholesterol content varied between 4.4-10.83% of the
total lipids, as shown in Table 3. The lowest values were registered in January (4.4% of the
total lipids) and the highest in July (10.83% of the total lipids). No relationship existed
between total lipids and cholesterol when expressed as percentage of total lipids. However, a
positive correlation was observed when the data were expressed as a percentage of dry weight
(r=0.79, p<0.005).

Calorific content

The seasonal changes in calorific value of total proteins, carbohydrates, and total lipids kcal/g
of dried weight, kcal/AFDW, and Kcal/standard animal are shown in Table 4. The total
calorific values of a standard animal ranged between 0.33 and 1.59 kcal/standard animal, with
a maximum calorific value in April. Total calorific values per gram dry weight varied
between 3.36 and 4.43 kcal/g dry weight, with a maximum value recorded in April.
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Table 4. Monthly variations in Total protein, Carbohydrate, and Total lipid calorific content (Kcal/g dry weight);
Calorific content of Total Protein, Carbohydrate, and Total lipid (Kcal/ AFDW); and Total Kcal/standard animal
(Kcal/ AFDW) of Turbo coronatus.

Total Total . . Total Total Total Kcal/
Month/Year Protein Protein Carbohydrate Carbohydrate Total lipid Total lipid Keal/g Keallg standard

Kcal/g Kcal/AFDW Keal/g KeaVAFDW Keal/g KeaVAFDW dry weight wet weight animal

(Kcal/AFDW)
March 03 3.21 1.12 0.24 0.08 0.56 0.20 4.01 1.32 1.40
April 03 3.53 1.27 0.23 0.08 0.67 0.24 4.43 2.21 1.52
May 03 2.70 0.46 0.16 0.03 0.58 0.10 3.44 1.10 0.59
June 03 2.70 0.27 0.26 0.03 0.40 0.04 3.36 1.14 0.34
July 03 3.05 0.10 0.35 0.11 0.37 0.12 3.77 1.24 0.33
August 03 2.62 0.68 0.38 0.10 0.46 0.12 3.46 1.18 0.90
September 03 2.88 0.52 0.23 0.04 0.44 0.08 3.55 1.14 0.64
October 03 3.26 0.49 0.27 0.04 0.38 0.06 391 1.29 0.59
November 03 3.00 0.36 0.26 0.03 0.35 0.04 3.61 1.08 0.43
December 03 2.98 0.86 0.24 0.07 0.35 0.10 3.57 1.00 1.03
January 04 3.27 0.82 0.28 0.07 0.38 0.10 3.93 1.14 0.99
February 04 2.98 0.66 0.27 0.06 0.34 0.07 3.59 1.11 0.79
March 04 2.70 0.59 0.28 0.06 0.46 0.10 3.44 1.17 0.75
DISCUSSION

Reproductive cycle

The reproductive cycle of marine organisms is known to be highly variable with Australian
mollusc species Turbo torquatus found to undergo two spawning per year (Ward and Davis,
2002), whereas most studies on turbinids elsewhere in the world concluded that they undergo
an annual spawning cycle (Toshiaki, 1993; Hideki et al., 1995; Foster et al., 1999).

Little is known about the biology of the genus Turbo in the Arabian Gulf.  Growth,
reproduction, respiration, feeding, energy flow, and seasonal variations in energy and
biochemical composition of Turbo sarmaticus in the Eastern Cape have been studied
(Lombard, 1977; McLachlan and Lombard, 1980). They have found that Turbo sarmaticus
spawns during the summer-autumn (December-April).  Lasiak (1986) studied the
reproductive cycle of Turbo coronatus present on the Transkei coast in southern Africa, and
suggested that Turbo coronatus may be a partial spawner, with a distinct peak in spawning
activity between December and February. Lasiak (Lasial, 1986) has also suggested that this
species may have multiple spawning events, with the peak in spawning activity occurring
during the period of maximum sea temperature.

The present investigations have revealed that Turbo coronatus are capable of spawning twice
a year, namely in spring and summer, with the main spawning event occurring in the spring.
Turbo coronatus had one peak spawning in May, and a minor continuous spawning period
between September and December when water temperature ranged between 19.76+0.03°C
and 31.9+0.00°C. Therefore, major spawning occurred outside the warmer months of July
and August, when the water temperature can range between 34.5+0.00°C and 36.9+0.00°C.
However, no correlation was found between spawning and temperature during the study
period, except a negative correlation with whole weight (r = -0.60, p < 0.05). Although a
negative correlation was found between total lipids and cholesterol and salinity (r = -0.63 and
r = -0.62 respectively, p < 0.05) during the study period, salinity had no significant effect on
spawning.
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Gross biochemical study

A seasonal increase was observed in the total lipid content in April (8.55 £0.61%), that could
mainly be attributed to the period of increased energetic demand in the gonads due to gamete
development. These results are consistent with other studies on molluscs which have shown
that as oogenesis proceeded, total lipids become the most important of gonadic materials
(Sarkis, 1993). The total lipid content of Turbo coronatus ranged from 4.0 £ 0.00 to 8.55 +
0.61% of dry tissue weight. The results showed a clear period of energy storage (March-
April) and another period of energy utilization (May-July). The cessation of reproductive
activity was followed by a fluctuation in the lipid content throughout the remainder of the
study. The cholesterol content ranged between 4.4 and 10.83% of total lipids and showed
significant variation throughout the period of study (0.20 £0.00-0.57+0.00% of dry weight).
A positive correlation between cholesterol and total lipid was recorded (r = 0.79, P < 0.05),
suggesting a primarily structural role.

The present study showed a significant fluctuation in carbohydrate concentration, reaching
minimum levels in May (3.93+£0.15%), September (5.524+0.21), and December (5.8+0.05).
These findings are consistent with other studies on bivalves, which attribute the high levels of
carbohydrate and glycogen to full gonadal maturation, whereas the lower levels of
carbohydrate and glycogen could thus be the indication of spawning (Berthelin et al., 2000).

The total protein content of Turbo coronatus decreased to reach a value of 62.70+£1.9% in
May, which was accompanied by a significant decrease in percentage of carbohydrate, and
total lipids, probably due to spawning. The results of this study are in agreement with other
studies on bivalves, which have shown that protein levels increase before spawning, and
decrease immediately after spawning (Labarta et al., 1999; Berthelin et al., 2000; Gagne et
al., 2002). The low concentration of total proteins in August and September coincided with a
low total lipid concentration from October till February, suggesting one more distinct phase
of continuous spawning between September and December.

Biochemical composition of Turbo coronatus (Table 3) showed that total protein makes up
82% of the dry weight. The result of the present study is consistent with several studies on
marine organisms which have shown that protein content accounts for 50-85% of the dry
weight (Beukem and De Bruin 1979; Shafee, 1981; Beninger and Lucas, 1984). The total
protein (62.7-82.18%) content was found to be the major component throughout the study
period of the dry weight, whereas carbohydrate and total lipids always remained at a lower
level (3.93-9.35%) and (4.00-8.00%) respectively. The summation of the three main
components, total proteins, carbohydrates and total lipids, as well as ash yielded totals
varying from 88.45-105.77% (mean 94.5% of the ash dry weight), with a mean deficit of
5.5% ( Table 3). The lack of summation to 100% is commonly observed in studies of
biochemical compositions (92.5%) (Ansell, 1972); and (94%) (Beukema and De Bruin,
1979). The reasons for the lack of summation to 100% are complex. However, others
(Beukema and De Bruin ,1979) have suggested that the deficit could mainly be due to free
carbohydrates and tightly bound water, since material dried at only 60°C would usually
contain 2 to 3% of water.

Peak spawning (May) in Turbo coronatus, is associated with a total loss of energy of 22.26%,
to which each component contributes in the following proportions: total proteins 19.48%,
total lipids 1.12%, and carbohydrates 1.66%. The contribution of each component to the total
energy expenditure is 36% for total proteins (from 1.27-0.46 Kcal/AFDW), 37.5% for
carbohydrates (from 0.08-0.03 Kcal/AFDW) and 42% for total lipids (from 0.42-0.1
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Kcal/AFDW). Therefore, lipids may serve as the main energy reserve, particularly during the
non-spawning period, whereas proteins and carbohydrates serve only in a limited capacity as
an energy reserve during this period.

Estimation of the calorific content

The calorific content of the snail Turbo coronatus fluctuated throughout the study period,
most probably due to gametogenesis and spawning. The calorific values ranged from 3.36-
4.43 kcal/g dry weight (1.14-2.21 kcal/g wet weight; 0.33-1.59 kcal/standard animal), with a
maximum value of 4.43 kcal/g recorded in April, which coincided with the increased values
of all biochemical components (total proteins, total lipids, and carbohydrates) prior to the
major spawning peak in May. In comparison with other marine organisms studied (Ansell,
1974; Ansell and Bodoy, 1979; Tierney et al., 2002), the calorific content of the snail Turbo
coronatus estimated in the present work, indicate that this marine organism is rich in protein
and poor in carbohydrate and lipid, which makes it a suitable nutritional choice for health-
and weight-conscious individuals.

CONCLUSION

The present study suggested that the biochemical composition of the snail Turbo coronatus
followed a seasonal cycle related to reproductive activity. A significant decrease of
biochemical contents was observed in May, resulting in a fall in tissue weight. These
changes closely paralleled changes in whole, wet and dry tissue weight. Major peak
spawning was initiated in May, while a second minor but continuous spawning was recorded
between September and December and was associated with decreased dry weight levels.

Calorific content varied between 3.36-4.43 kcal/g dry weight. The contributions of energy
for major spawning event in May were: total proteins 36%, carbohydrates 37.5%, and total
lipids 42% of energy during major spawning period. Therefore, the results of this study
suggest that energy for reproduction is primarily derived from lipids.

ACKNOWLEDGMENTS

The authors are grateful to Dr. Redha Shams, Director of the National Mariculture Center
(NaMaC), Kingdom of Bahrain for providing the facilities used during the collection of
samples from Shaikh Ebrahim Island. Thanks are also due to senior Biology students at the
University of Bahrain who participated in this project and to Prof. Salim Akhtar, Chemistry
Department, University of Bahrain for proof- reading the manuscript.

REFERENCES

Ansell, A.D. (1972). Distribution, growth and seasonal changes in biochemical composition
for the bivalve Donax vittatus (da Costa) from Kames Bay, Millport, J. Exp. Mar. Biol.
Ecol., 10: 137-150.

Ansell, A.D. (1974). Seasonal changes in biochemical composition of the bivalve Chlamys
septemradiata from the Clyde Sea Area, Mar. Biol., 25: 85-99.

Ansell, A.D., and Bodoy, A. (1979). Comparison of events in the seasonal cycle for Donax
vittatus and Donax trunculus. In. Cyclic phenomena in marine plants and animal. Proc. 13th
europ. Mar. Biol. Symp., edited by E. Naylor & R. G. Hartnoll. Pergamon Press, Oxford and
New York., pp. 191-198.

64



Freije & Al-Sayed., J. of Arab Universities for Basic and Applied Sciences. Vol.6, 2008, 57-68

Arkawa, K. (1990). Natural spat collecting in the Pacific oyster Crassostrea gigas
(Thunberg)., Mar. Behav. Physiol., 17: 95-128.

Beninger, P., and Lucus, A. (1984). Seasonal variation in condition, reproductive activity and
gross biochemical composition of two species of adult clam reared in a common habitat:
Tapes decussates L. (Jeffreys) and Tapes philippinarum (Adams et Reeve). J. Exp. Mar. Biol.
Ecol., 79: 19-37.

Berthelin, C., Kellner, K., and Matieu, M. (2000). Storage metabolism in the Pacific oyster
(Crassostrea gigas) in relation to summer mortalities and reproductive cycle (West Coast of
France). Comp. Biochem. Physiol. Pt:B. Biochem, Mol. Biol., 125: 359-369.

Beukema, J.J., and Bruin, W. De. (1979). Calorific values of the soft parts of the tellinid
bivalve, Macoma balthica (L.) as determined by two methods. J. Exp. Mar. Biol. Ecol., 37:
19-30.

Craige, J.F., Keenely, M.J., and Talling, J.F. (1978). Comparative estimations of the energy
content of fish tissue from bomb calorimetry, wet oxidation and proximate analysis,
Freshwater Biol., 8: 585-590.

Folch, J., Lees, M., and Sloane-Stanley. G.H. (1957). A simple method for the isolation and
purification of total lipids from animal tissues. J.Biol.Chem., 226: 497-509.

Foster, G.G., Hodgson, A.N., and Balarin, M. (1999). Effect of diet on growth rate and
reproductive fitness of Turbo sarmaticus (Mollusca: Vetigastropoda: Turbinidae), Mar. Biol.,
134:307-15.

Gagne, F., Blaise, C., Pellerin, J., and Gauthier-Clerc, S. (2002). Alteration of the
biochemical properties of female gonads and vitellins in the clam Mya arenaria at
contaminated sites in the Saguenay Fjord. Mar, Env. Res., 53(3): 295-310

Green, S. (1994). Bahrain sea shells. Printed by Arabian Printing & Publishing House W.L.L,
Bahrain. 178 pp.

Guebel, D.V., Nudel, B.C., and Giulietti, A.M. (1991). A simple and rapid micro-Kjeldhal
method for total nitrogen analysis, Biotech. Tech., 6: 427-430.

Hideki, Y., Mikio, N., Hiroaki, H., and Kenji, G. (1995). On the maturation and spawning of
moon coronate turban, Lunella coronata coreensis (Recluz, 1853), J. faculty Appli. Biol Sci,
.Hiroshima University., 34: 133-145.

Hyun, K.H., Pang, I.G., Klinck, J.M., Choi, K.S., Lee, J.B., Powell, E.N., Hofmann, E.E., and
Bochenek, E.A. (2001). The effect of food composition on Pacific oyster Crassostrea gigas
(Thunberg) growth in Korea: a modeling study. Aquaculture., 199: 41-62.

Jones, D.A. (1986) A field guide to the sea shores of Kuwait and Arabian Gulf. University of
Kuwait. Kuwait, 192.

65



Freije & Al-Sayed., J. of Arab Universities for Basic and Applied Sciences. Vol.6, 2008, 57-68

Kang, C.K., Park, M.S., Lee, P.Y., Choi, W.J., and Lee, W.C. (2000). Seasonal variation in
condition, reproductive activity, and biochemical composition of the Pacific oyster,
Crassostres gigas (Thunberg) in suspended culture in two coastal bays of Korea. J. Shellfish
Res., 19: 771-778.

Labarta, U., Fernandez-Reiriz, M.J., and Perez-Camacho, A. (1999). Energy, biochemical
substrates and growth in larval development, metamorphosis and postlarvae of Ostrea edulis
(L.), J. Exp. Mar. Biol. Ecol., 238(2): 225-242.

Lasiak, T. (1986). The reproductive cycle of the intertidal gastropod Turbo coronatus Gmelin
1791, on the Transkei coast. S. Afr. J. Zool., 21: 153-155.

Lombard, H.W. (1977). Die bevolkingsdinamika van en energievloei deur Turbo sarmaticus
op twee rotsstrande in die Oos-kapp. M.Sc. thesis, University of Port Elizabeth, South Africa.
181.

McLachlan, A., and Lombard, H.-W. (1980). Seasonal variations in energy and biochemical
components of an edible gastropod Turbo sarmaticus (Turbinidae). Aquaculture., 19: 117-
125.

Martinez, G. (1991). Seasonal variation in biochemical composition of three size classes of
the Chilean scallop Argopecten purpuratus Lamarck, 1819. The Veliger., 34: 335-343.

Martinez, G., Aguilera, C., and Mettifogo, L. (2000). Interactive effects of diet and
temperature on reproductive conditiong of Argopecten purpuratus broodstock. Aquaculture.,
183(1-2): 149-159.

Park, M.S., Lim, H.J., Jo, Q., Yoo, J.S., and Jeon, M.J. (1999a). Assessment of reproductive
health in the wild seed oysters, Crassostrea gigas, from two locations in Korea. J. Shellfish
Res., 18:445-450.

Park, M.S., Lyu, H.Y., and Lee, T.S. (1999b). Investigation on the cause of bad natural seed
collection of the pacific oyster, Crassostrea gigas: relationship between the conditions of
mother shell and the viability of the released eggs and larvae based on the pathological and
embryological survey. J. Korean Fish. Soc., 32: 62-67.

Postama, T., and Stroes, J.A.P. (1968). Lipid screening in clinical chemistry, Clin. Chim.
Acta., 22: 569-578.

Robinson, A. (1992). Gonadal cycle of Crassostrea gigas Kumamoto (Thunberg) in Yaquina
Bay, Oregon and optimum conditions for brood stock oysters and larval culture.
Aquaculture., 106: 89-97.

Ruiz, C., Abed, M., Sedano, F., Garcia-Martin, L.O., and Sanchez, J.L. (1992). Influence of
seasonal environmental changes on the gametes production and biochemical composition of

66



Freije & Al-Sayed., J. of Arab Universities for Basic and Applied Sciences. Vol.6, 2008, 5768

Crassostrea gigas (Thunberg) in suspended culture in El Grove, Galicia, Spain. J. Exp. Mar.
Biol. Ecol., 155: 249-262.

Sarkis, S. (1992). The turkey-wing mussel, Arca zebra: Aspects of its ecology, reproduction
and physiology in Bermudan waters. Ph.D., University of Plymouth, Plymouth, U.K.

Sarkis, S. (1993). Seasonal changes in the gross biochemical composition of the turkey
wing Arca zebra, in Bermuda. J. Shellfish Res., 12(2): 329-336.

Shafee, M.S. (1981). Seasonal changes in the biochemical composition and calorific content
of black scallop Chlamys varia (L.) from Lanveoc, Bay of Brest. Oceanol. Acta., 4: 331-342.

Sprung, M. (1995) Physiological energetics of the zebra mussel Dreissena polymorpha in
lakes. Growth and reproductive effort, Hydrobiologia 304,117-132.

Tierney, M., Hindell, M., and Goldsworthy, S. (2002). Energy content of mesopelagic fish
from Macquarie Island, Antractic Sci., 14 (3): 225-230.

Toshiaki, F. (1993). Annual cycle of reproduction in a turban shell Lunella granulata, at
Chinen, Okinawa, Galaxea., 11: 135-42.

Ward, D.W., and Davis, A.R. (2002). Reproduction of the turban shell Turbo torquatus
Gemelin 1791(Mollusca:Gastropoda), in New South Wales, Australia. Mar. Freshwater Res.,
53: 85-91.

67



Freije & Al-Sayed., J. of Arab Universities for Basic and Applied Sciences. Vol.6, 2008, 5768

Qg)a,\l\ojju\ﬂlﬁuiszudbﬂ\&\ﬂbgﬂﬂqﬁ\ 6 giaall il

Turbo coronatus Gmelin 1791

Al ) g% o8 Aay b
Rl € 32038 . ool drala o slall A0S lad) o sle aud

uaalall
)l il B s 43S s i) Turbo coronatus ¢ ) Ol 8 S A )y Canall 138 Cargiad
A o Al clea i 5.2004 aobe ) 2003 0s e e 8N DA @l cpadl e Gl dalill e
Byl sl S5 pals o tly Gy e b b 4T G dears ol dead b Tay sl
8oy (50 IS (S0 Al 5 el ISE Ol el Of Jaa gl 085 LS Ll Tan ] ) 0 sall 5 Al 50 S0
¢ bl G55l (S o (8 s paRliail G e Al jall Clay rannd s sl 5 el On ¢ B el
Gsinall b A el Cans Leiy Gaais sile 565 Y8 slo )l (e JAD Gl o585 el sl
AN Gl o ) il Jen 55 LS sl e b el (5 sl At Jil5 pensd e IO daasSU L)

A pe (8l g S5 AN s gl il L 5 3all sl (5 3l IS

Y 5f o 3ol e AT Gl 55l &)l el (5 giann 833 oan ) ) o ) ol il 53
I lng (%36) AN Slisis ) () o5 ey (%37.5) Slowe s S Y Gl (%42) Bl Gl 65 54 )
039 e A 1 3 sall s () Gl 2 g LS Z LAY 7 guas DA oy (35 sile gl (A SN s g A
Loy %18.79-9.13 4K (1583 %8-4 ¢l u 51 S %9.35-3.39 ¢4lS Clisi 5 51 %82.18-60.97 (o il

ailal) (5 e )l o) SIS SLS 4.43-3.36 0 sl ol s simall qansi a5l i LS

68



