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Changes in the Condition Index and Chemical Contents of Venerupis
(decussata decussata L.) from the Egyptian Coastal Waters.

ELNady, FE.

Oceanography Department, Faculty of Science
Alexandria University, Alexandria, Egypt.

Abstract

Changes in the condition index and chemical contents of adult and young aged exotic
Manila Venerupis (decussata decussara L.) have been studied. Animals were collected
monthly from El-Mex Bay during the period from April 1993 to April 1994. Monthly
variations in total lipid, phospholipid , triglyceride , free fatty acids (FFA), phosphorus,
potassium and magnesium were determined in animals of different sizes. Their average
values being; 20.93%, 10.54%, 1.04%, 1.26%, 4.23 mg/g, 3.26 mg/g and 1.71 mg/g dry weight
for the corresponding parameters respectively. Mostly,there was a fall in the condition index
associated with considerable rise in total lipid and their constituents (Phospholipid, FFA and
triglycerides). Venerupis tissues are of extremly high lipid and relatively high phospholipids,
it constitutes about 49% of the roe lipid comparing to about 6% FFA and 5% triglycerides
and consequently low cholestrol content. It has very low lodine value, mostly within the
average of 27.8 to 31.85, and is characterized by low density and low unsaturated lipids.

Fluctuations in the lipid content of the animals followed the relative change in food
intake throughout the year and the state of maturation. A marked reduction in lipid and
some of its constituents was associated with lowering temperature in winter, as the result of
the reduction in feeding activity. The major period of spawning occurred from June through
September, and is accompanied by lipid metabolism.

P and K were found to promote the growth rate and increased with increasing the

condition index and showed high bioaccumulation rate, in contrast to Mg.
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Introduction

Venerupis decussata decussata L. are restricted in its distribution and abundance. It
occurs along the USA pacific coast, strait of Georgia, British Columbia, Queen Charlotte
Islands (Walne, 1972; Nosha and Kenneth, 1973; Johannessen, 1973 a&b), and some areas
along the Egyptian coastal waters (Hassan, 1974; El-Nady 1977).

The biochemical composition of bivalves has long excited interest, it shows some
seasonal variations associated with their reproductive cycles. In bivalve molluses, two types
of reproductive cycles are found. In the first group, prolifiration of gonads begins in spring,
in the second, gonad development begins before the winter (Chipperfield, 1953). In spite of
the differences in the reproductive cycles, the seasonal variations in biochemical composition
in most species had showen many similarities (Walne, 1972).

Lipid, the main storage reserve, tend to be high in the spring, and this is almost
certainly associated with the ensuring reproductive activities. During reproduction a decrease
in lipid was recorded, which may be associated with the utilization of lipid as an energy
reserve during adverse winter conditions (Walne 1972).

Among the striking feature of the biology of most Lamellibranchs is its ability to store
large quantities of fat during the feeding season, to be used as a source of energy when food
production in the sea is at minimum. As a result, wide variations in fat content being
recorded during a single year of life or a short - term period.

This study contribute extensively to our knowledge occurrence of shallow - water
exotic Manila, and pointed out that no commercial quantities of this clam have occured in
the Egyptian waters. Its importance lies mainly in the serve as a model of the life history of
the other species.

The prime importance of fat in determining the dietetic value of the organisms and
its importance as a physiological characteristic, has resulted in the studying of the lipid in the
commercial importance species of bivalves such as clams (Venerupis decussata decussata L.).

In this work we have studied the changes in the condition index, total lipid and lipid
constituents; phospholipids, free fatty acids (FFA) and triglycerides in addition to the lipid
saturation (iodine value, IV) in both mature and immature stages of venerupis. The
bioaccumulation of the non-critical elements; P, K and Mg were also determined in view of

time and age variations.

Material and Methods
Sampling was carried out over one year, from April 1993 to April 1994. They were
collected alive monthly from the local fishermen of El-Mex Zone, which is subjected to higly
industrial waste water discharge, and brackish water from Umum Drain, rendering the area
more polluted. Details of length, weight ( rate of growth) and state of maturation are

available for nearly all of the organisms analysed. Analysis were made as soon as possible
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after collection, usually within 2 days. Length-weight relationship was studied an about 100
organism of different sizes of the combined sex during August.

Condition index (the ratio of the dry flesh weight to the total dry weight, flesh + shell
x 10° was determined according to Gabbott and Walker, 1971. Condition factor was
calculated using Fulton’s condition factor (K = 100 x weight/length®) (El-Nady & Abde! -
Aziz, 1994).

Total lipid was determined by refluxing portions of the dried sample in a soxhlet
apparatus with a 2:1 mixture of chloroform - methanol, according to the procedure of Bligh
and Dyer, 1959. Water content was determined by difference between the wet and dry
weight of the flesh, after drying at 70°C to constant weight. lodine value (IV) of the roe lipid
was determined using Hannus method (El-Samra, 1972).

The lipid fractions of principale interest; the phospholipids, free fatty acids
triglycerides were isolated from the samples by saponification and extraction (Ackman et al.
1969).

Phosphorus content was determined according to the method of Aspila et al. 1976.
Potassium and Magnesium were estimated, after acid digestion of the soft parts (Tariq et
al. 1991). They were measured using flam photometer and atomic absorption
spectrophotometer respectively.

Statistical analysis: One way ANOVA, linear correlation, regression analysis were
used. Student’s t-test was used to compare means at P = 0.05 and 0.01 levels of significance.
Results and Discussions
1- Seasonal variation in length, weight and condition index of exotic

Manila (Vererupis decussata).

Morphometric data for the bivalve venerupis was obtained. Inclusion of age as a
variable considerably an important factor that would be encountered. As the size is a good
estimation of age, it was throughly estimated. The mean length varied between a minimum of
2.06 cm in September and a maximum of 5.67 cm in June, i.e seasonal variations in the growth
rate (length and weight) of the species seemed to be more significant. The species commenced
in spring (April) reaching its maximum during summer when the gonads were ribe, the average
weight ranged from 0.27 - 1.27 gm and 1.03 - 16.59 gm/body tissue in immature and mature
species respectively. The growth rates of length, hight and breadth were found to change with
increasing length, causing a change in the form of the shell. Until the length reaches 13 mm the
shell’s growth tends towards an oblong form. Between 13 and 43 mm the trend is towards a
spherical form. Above 43 mm a spherical flattened form and increased thickness is achieved.
Similar observations were recorded by Johannessen (1973 a & b) with some deformations of the
inner shell surface of the same species as a result of infection by trematoda metacercaria, the

older species showed severe deformation. According to Nosho and Kenneth, (1973) the mean



03: 34 30 January 2011

Downl oaded At:

946 EL-NADY

length of venerupis at annual age increments was, 24 mm after 1 year, 30 mm after 2 years, 40
mm after 3 years and 44 mm after 4 years.

Association between the total length and wet weight of the body (shell + tissue) without
gender was significant (r = 0.92, p < 0.01). Seasonal variations in the growth rate of venerupis
are mostly controlled by its feeding activity (LeGoff & Daguzan, 1991 and Zwarts, 1991). In
winter, the relative reduction in the standing crop of plankton (Dowidar and El-Nady 1982 and
Akamine et al. 1991) and the low water temperature seemed to suppress the feeding activity of
the, animals, in addition to the fall in the filtration rate, lead to decrease in the condition index.
While, increasing in the feeding activity during spring blooming of plankton resulted in rising
the weight of the species during summer, and increased in both condition factor and condition
index (P < 0.05), in which increased temperature may resulted in higher metabolic rate and this
increased energy demand that can be met either from food or reserves. During gonad maturation
(in September), pronounced fall in the previous factors was recorded. In general, the condition
index increased in immature than the mature animals, ranging from 77 (in December) and 156
(in April). i.e. the young animals grow faster than the old ones, as recorded by Johannessen,
1973a.

Lipid - iodine value relationship

The lipid content of venerupis displayed seasonal variations, being 20,93 % 8.22 and
17.97 % 6.21% for mature and immature animals respectively. In mature organisms, gonads
start to develop in early summer, and remarkable decrease in lipid was observed (Fig. 1),
due to its consumption as a source of energy during gonad formation, and lipid metabolism
might occurred, as reported for some molluses e.g sepia officinalis (Bouchaud, 1991).
According to Nosho and Kenneth, 1973 the major period of spawning for V. japonica
occurred from May through September. Spatfall was heaviest from June through October.
So, sexual maturation would alter the lipid distribution. It is also consumed as a source of
energy during cold months, where it showed pronounced fall in both young and old animals.
The lipid content in venerupis is characterised by the major peaks in June, October and
January in mature animals, and a minor peak occurred in April. On the other hand, the
great reduction in filtration rate at low temperature that reach to zero (Walne, 1972)
induced that, feeding activity would be reduced for long periods during the winter months,
compared to the high filtration rate in summer, and consequently increased feeding activity,
growth rate and lipid content. A pronounced reduction in lipid in young animals from
September through March was recorded, when water was relatively clear and of low
particulate materials.

The average lipid content in V. decussata lies within the order of magnitude that of
some fish species such as Hake (El-Nady and Abdel-Aziz, 1994), and higher than that of
fresh water crayfish (15%, Wolfe, 1964), crustacean, blue crab (0.52%) and parapenaeus spp.
(0.91%) as recorded by Dabrouski et al. 1969.
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mature and immature V. decussata.
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Iodine value (IV) being one of the characteristics used to define oils by species of
origin and purity. IV are considered to be extremely low at about 100 (Ackman & Eaton,
1967), accordingly, roe lipid of venerupis are of low IV, being 15.13 - 104.47 and 8.26-44.87
in immature and mature organisms respectively. It displayed seasonal variations, that differ
with size. Unlike that in some fish (Ackman et al. 1969), size does not appear to have an
important influence on fat content or IV. In the young aged animals, IV increased in
October and January which are mostly in line with the generalization that low temperature
induces a higher IV in venerupis fat (Hilditch and Williams, 1964; Malins and Wekell, 1969).
In mature animals, it increased in May, June and December (Fig. 1). The general behaviour
in fat IV seemed to be of significant inverse correlation with the total lipid (p < 0.05). The
total fat IV fell by about 18 unit from June through August, at a time when total fat
decreased approximately from 26 to 18% (during gonad maturation). The animals are not
believed to feed extensively during this period.

The tentatively suggested rise in venerupis oil IV immediately after spawning probably
represents fat deposition from feeding on organisms contain high IV fatty acids (Ackman
and Hooper 1970). This could be laid down as low-density fat of low IV as slowly as possible
to permit elimination of surplus water after spawning. Generally, the lipid of venerupis is of
low density in comparison with fish oil of high I'V fatty acids (104-135, Ackman and Eaton,
1970), Shrimp (165-176), Euphausid (138) as recorded by Ackman and Eaton, 1967 and
zooplanktonic crustacea (200, Yamada, 1964).

Phospholipid, Free fatty acids and Triglycerides

Comparisons of fatty acid composition are essentially on a "type of lipid" basis.
Seasonal variations in phospholipid (PL), free fatty acids (FFA) and triglycerides displayed
similar trends in their distribution among the young and old animals and are in great
correspondence with the lipid distribution (p < 0.01). The maximum peak of lipid being
recorded in October was mostly associated with that of triglycerides, FFA and phospholipids.
However, they are inversely correlated with the saturation value (IV) where p < 0.01. The
reduction in IV of depot fat should provide a compensating decrease in density of the
remaining fat, as fatty acids of low IV have lower densities.

Venerupis roe lipid contain about 49% phospholipid, 6% FFA and 5% triglycerides.
Phospholipids are extremely increased because they are probably intimately involved in cell
membranes and function, and therefore represent residual "essential" lipid remaining when
all depot lipid reserves such as triglycerides have been exhausted. It is then increased when
total lipid has accumulated (Fig. 3). Similar observations were found for rock lobster (50%
phospholipid, De Koning and Mc Mullan, 1966) and zooplankton (54% phospholipid and
8% triglycerides, Brockerhoff et al. 1964). As cholestrol is one of the essential constituents

of triglycerides, venerupis oil and consequently its soft parts are of low cholestrol content.
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The average values of triglycerides ranged from 0.59 - 1.76% (mean 1.04%) and 0.46 -
1.29% (mean 0.86%) dry body weight in mature and immature animals respectively, and it
is directly correlated with total lipid (Fig. 5). It is therefore possible to view typical high fat
with typical high FFA formation (Fig. 4), as two aspects of onc development: the
catastrophic mobilization of depot fat as a source of energy in the later stages of sexual
maturation and during spawning. Nevertheless, the soft parts of venerupis showed apparently
intact phospholipids in mature animals (10.54%) slightly higher than that of immatures
(8.91%). FFA has probably occurred similarly to the body lipid hydrolysis in both mature
and immature stages (Fig. 2). In matures, the total lipid and their constituents have shown
distinct pattern in their distribution, they increased markedly during summer due to high
feeding activity (prespawning), decreased to minimum levels in September (spawning
period), where sever hydrolysis of phospholipids has occurred and exhausted. Then increased
in October due to intenssive feeding after spawning. In immatures, they only increased in
spring as a result of food availbility. However, Association in phospholipids between mature
and immature animals is more pronounced (p < 0.05) while it was displayed in case of FFA
and triglycerides (Fig. 2). Moreover, the amount of PL was appreciably higher, indicating
that less hydrolysis had taken place in these less active organisms, comparing to fish of low
PL and severe hydrolysis (Ackment et al. 1969). The fatty acid compositions of phospholipids
and triglycerides are dissimilar in most marine organisms (Addison et al. 1968). Mac Callum
et al. 1969, believed that, the type of phospholipid initially present, are essentially similar in
composition in most marine animals, with phosphatidy! choline predominating (- 60%),
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phosphatidyl ethanolamine and serine present in lesser amounts. However not all organisms
are subject to similar seasonal fluctuations in lipid and its composition. In some species lipid
reserves are obviously catabolized during periods when food is scarce, in others the
metabolism becomes sluggish to tide the animals over this period, so fat is probably still the
most important energy source under the later conditions.

Unfortunatly, most bivalves have only a limited capability of metabolizing some
organic pollutants such as petroleum hydrocarbon compounds, due to lack the hepatic

microsomal enzyme, hence, they can accumulate large quantities of these contaminants
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Table 1. The average values of P, K and Mg in V. decussate, water and sediments and their
bioaccumulation factor.

element | Conc. in V. Conc. in water | Conc. in accumulation
decussata (1) gm/ (2) sediment factor
mg/g (3)
P 409 1.4x10° 0.70 2.90x10°
K 333 0.40 10.10 8.90
Mg 1.90 1.30 18.7 1.46

1- Present work
2- El-Nady, unpublished data
3- Mahmoud et al. 1992

(Berthou et al. 1987). Moreover, the increased concentration of some heavy metals in the
ambient water in El-Mex Bay and consequently in venerupis (El-Nady in press) seemed to
give rise to pronounced reduction in the lipid content and growth rate (p < 0.05) according
to the following order: Zn > Fe > Pb > Ni > Cd.

Accordingly, the toxic metals (Zn, Pb) might inhibit the growth of venerupis and reduce its
nutritive value.

Phosphorus, Potassium and Magnesiom

The average values of the non-critical elements in soft parts of venerupis being 4.09,
3.33 and 1.9 mg/g dry weight for P, K and Mg réspectively (Table 1). Only P content being
increased with increasing total lipid and its constituents (p < 0.01) where as an inverse one
(p < 0.01) with the saturation value (IV) was recorded.

The rate of accumulation of P, K & Mg in the soft tissues increased markedly in the
organisms with an inverse order with their concentration in the surrounding medium (water
and sediments, Table 1). Particularly for P, where its bioaccumulation factor reach several
thousands (2.9 x 10°). The animals obtain most of their body P via filtration through different
accumulating mechanisms rather than from water or sediments. De Jorge et al. 1966, found
its concentration being 1.38 mg/g fresh weight in M. xerecus, however practically, no
phosphorus may found in sea water.

Mg concentration in venerupis increased during the period of sexual maturation and
high filtration rate in spring and summer, as it is one of the biochemically function elements
for all living organisms and can accumulate it through different food chain. Stapleton, 1968
found that Mg concentration in the squid has been reported to increase during sexual

maturity.
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The concentration of K, Mg and P in venerupis were high when compared with those of
other animals (tubes of Telepsavus, Zola, 1967). The obtained results certainly indicate
active incorporation of these elements in the animals. Similar accumulation of P and Mg
have been reported for the tubes of polychaetes (Pautard and Zola, 1968).

Biomineralization in molluscs statocysts is unusual, in which these ions are secreted
into a comparatively large volume of fluid deposition, rather than being secreted by a
membrane applied to the mineralized structure (Morris, 1991). Also the ionic composition
of the statocyst fluid, suggests possible mechanisms by which "diurnal" growth increments are
formed in molluscs. This was demonstrated from the increasing concentration of K and P
(with exception of Mg) with the growth rate (length and weight) of venerupis and increasing
the condition index (p < 0.05), in contrast to what happened with heavy metals (Hiss and
Robert, 1987). The low concentration of Mg within the body tissue may indicate an active
transport mechanism, probably in the form of a Na/Mg or K/Mg Pump (Morris, 1991), as
the concentration of Mg is in the order of that found in sea water. The rate of
bioaccumulation of K seemed to behave similarly in both mature and immature animals (p
< 0.05). Unlike that of Mg where the bioaccumulation increased in an inverse order with
age during different times (Fig 6 a-c), as the young animals grow faster than the old ones
(Johannessen, 1973a).

Active uptake of most elements particularly phosphorus can be significant, especially
during blooms, when it has been utilized by phytoplankton (Kinnish, 1992), zooplankton
facilitate the removal of such elements by consolidating them in fecal material which sinks
to the seafloor and concentrate in the bottom organisms. Accordingly, these organisms are
considered to be an essential factors in the absorption and redistribution of most elements.
On the other hand, adsorption of most metals on to the particulate matter owes to the
concomitant rise in the concentration of some major cations in the filter feeding animals,
particularly bivalves where they have considerable tissue contact for the uptake of dissolved
clements and cannot regulate the concentration of the observed elements as well as other
organisms. (e.g. fish).
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