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Abstract: A small scale laboratory study was conducted to determine the effects of
salinity ranging from 15, 20, 25, 30, 35, 40, and 45 ppt on the filtration rates of juvenile
oyster Crassostrea iredalei with 25 ppt as the control. Three juvenile oysters (shell weight:
1.04 £ 0.12 g; shell length: 1.9 £ 0.2 cm; shell height: 1.9 + 0.1 cm) were used to test the
filtration rates in each salinity over the course of 8 hours. The hourly filtration rates were
determined from the exponential decrease in algal (Chaetoceros calcitrans) concentration
as a function of time. The oyster in 35 ppt salinity produced the highest overall filtration
rate (FR2) with 134.06 + 15.66 mL~ hr! oyster and the lowest overall filtration rate (FRz)
occurred in oyster exposed to 15 ppt and 45 ppt with 31.30 = 6.90 mL~* hr! oyster and
32.11 = 7.68 mL™ hr! oyster respectively throughout the 8 hours. The result from this
study can be useful for optimum oyster culturing and the oysters can be employed as a
natural biofilter in marine polyculture farming.
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INTRODUCTION

Oysters belong to Class Bivalvia under Phylum Mollusca. The commercial oyster
species which are normally found in Malaysian waters are Crassostrea iredalei
and Crassostrea belcheri (Nawawi 1993). Crassostrea spp. oysters are known to
thrive in estuarine conditions and usually produce abundant spatfall (Angell
1986).

In Wilson and Seed’s (1974) laboratory experiments, it was found that
particulate matter present in water stimulates and maintains the pumping rate in
mussels. In the same experiment, it was shown that mussel pumping rate
stopped at 15 and 50 ppt. In terms of food selection, Shumway et al. (1985)
found that bivalves have preferences of algae cell selection. Food rejection also
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exists once the animals’ digestive capacity reaches a certain threshold
concentration whereby the surplus filtered particulate is rejected as pseudofeces
(Bayne & Newell 1983).

This study focuses on determining salinity ranges affecting oyster
filtration rates for culturing C. iredalei in Malaysian estuaries which are subjected
to mixed and semi-diurnal tides and monsoons with variable precipitation rate.
This study is of importance to produce higher quality oysters to market in the
multimillion Ringgit export industry and also its possible application as a biofilter
in polyculture farming with animals who thrive in similar salinities to minimise the
need of constructing new culture pens and possibly doubling the income of
culturists.

MATERIALS AND METHODS

Acclimatisation of Sample

Single celled diatom, C. calcitrans with an average cell size of 5 um were
cultured in 1000 L tank and were used for this experiment. Juvenile oysters of
species C. iredalei with the shell weight of 1.04 £ 0.12 g, shell length of 1.9 £ 0.2
cm and shell height of 1.9 £ 0.1 cm were acclimatised in 20 L plastic aquariums
containing filtered seawater of salinity between 25 and 26 ppt for 4 days. Aeration
was provided throughout the acclimatisation period and the oysters were fed
twice daily with cultured algae.

Experiment Preparation
Filtered seawater with salinity between 30 to 32 ppt were either diluted with
distilled water to achieve lower salinity (15, 20, 25 ppt) or added with sodium
chloride (NaCl) to achieve higher salinity (35, 40, 45 ppt) and measured with a
refractometer (Vee Gee STX-3) The temperature was monitored to be in the
range of 26°C—28°C. The pH level was monitored to be at a range of pH 7.8 to
pH 8.3 throughout the experiment with a portable pH meter (Hanna HI 8424).
Twenty one aquaria measuring 10 x 20 x 15 cm each were set up with
aeration for the experiment with each aquarium containing 2 L seawater of a
different salinity (15, 20, 25, 30, 35, 40, 45 ppt with 25 ppt being the control)
added with an average of 58.57 + 2.96 x 104 cells mL-! of C. calcitrans. There
were three replicates for each salinity. A total of 63 juvenile oysters were picked
from the acclimatisation aquarium and introduced into each aquarium containing
three oysters. Seawater sample from each aquarium was sampled hourly over
the period of 8 hours and the algal concentration was counted with a
haemocytometer under a light microscope with x100 magnification.
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Determination of Filtration Rate

The filtration rate (FR) was obtained via the indirect method of measuring the
decrease in algae concentrations in the oyster aquarium using the formula
(Coughlan 1969) below:

FR = (V/nt) In (Co/Cy)

where,
V = volume of water per aquarium (mL)
n = number of animals per aquarium
t = time (hour)
In = log base e
Co and C: = algal concentrations (cells) at time 0 and at time t (hour),
respectively.

This formula was used to calculate the hourly filtration rates (FR1) and
overall filtration rate (FR2) in each salinity.

Statistical Analysis

The filtration rates by different salinities were analysed with SPSS version 22.
Independent sample analysis consisting of the Kruskal-Wallis test and the Dunn-
Bonferroni post hoc test was applied to the data as it was found not to be
normally distributed in nature.

RESULTS AND DISCUSSION

Throughout the experiment, no mortality was reported on the experimented
individuals of C. iredalei. This could be contributed by the fact that Crassostrea
oyster were able to tolerate in a salinity range of 0—42 ppt (Shumway 1996).
Current study only reported survival of oyster juvenile after 8 hours and the
effects of prolonged high and low salinity exposure could not be concluded.

Figure 1 shows the hourly filtration rates trend of the C. iredalei juvenile
at different salinity. Dips and peaks in different hours were observed, suggesting
that at the dips, juvenile oyster slowed down its filtration and increased its
filtration during the peaks.
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Figure 1: The hourly filtration rate (FR1) of C. iredalei juvenile cultured in
different salinities.

The lowest filtration rates were reported in 15 and 45 ppt (Fig. 1) as
these were extreme salinity values. This could be contributed by a mechanism to
tolerate salinity where bivalves close their valves to isolate themselves from the
external environment and osmolarity differences, lessening filtration. As a result,
normal physiological processes are inhibited (McFarland et al. 2013). Being able
to withstand the large salinity difference, Carregosa et al. (2014) inferred that
there is an osmoregulation correlation with the increased Venerupis
philippinarum clam’s inner sodium availability with external salinity of 7, 14, and
42 ppt. Coughlan et al. (2009) suggests that survival of marine organisms at low
salinities could be contributed by higher energy consumption of the organism to
regulate and maintain intracellular osmolarity.

The highest average filtration rate in this study was reported in 35 ppt
water whereby the C. iredalei juveniles cleared the most algae from the water
column (Fig. 2). In a related study, Enriquez-Ocafna et al. (2012) reported the
highest filtration rate in mangrove oyster, Crassostrea corteziensis, to be under
the conditions of 35 ppt and 32°C. O’ Connor et al. (2008) concluded in his study
on the survival and growth of Saccostrea glomerata, that the optimal growth
salinity for juveniles was found to be at 35 ppt in 30°C, which could also be said
about the juveniles in this study that in the short exposure to 35 ppt. C. iredalei
juvenile could optimally grow until a certain period of time where survivability
becomes more important than growth, where the same study by O’ Connor et al.
(2008) reported the optimal survival salinity was found to be at 30 ppt in 23°C.
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Figure 2: C. calcitrans hourly clearance trend.

The Kruskal-Wallis test showed that the filtration rates in control salinity
25 ppt and 30 ppt were statistically similar, suggesting that juvenile oyster culture
within the range of 25 to 30 ppt would yield almost similar results.

If short periods of low salinity exposure during rainfall happens, the
oysters could still survive, as it would continue to feed but at a slower rate (Sutton
et al. 2012). However if rainfall persists for a longer period of time, death of
oyster due to starvation or hypoxia from prolonged valve closure could happen.
Besides that, glycogen storage in the oyster would be depleted during times of
low salinity exposure, suggesting that the oyster would be less firm, less springy,
less creamy, and less appealing to consumers (Tan et al. 2016).

With its ability to filter in a wide range of salinity, oyster could be
deployed into aquaculture farms such as fish or shrimp farms to maximise the
space usage of the culture infrastructure. Its filtration mechanism could naturally
lessen luminous bacteria linked with shrimp culture (Tendencia 2007) and lessen
pollution index in shrimp ponds (Su et al. 2011) reducing the need of manual
human filtration, added chemicals, and ultimately lowering production costs.
However, constant aeration is still needed to circulate the water body so as to
avoid oxygen deficient layers which might affect both the main culture organism
and the oysters. Also, the stocking density should be taken note of so as to not
subject both the main culture organism and oyster for space competition.
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CONCLUSION

C. iredalei juvenile are able to continue filtering in at least 8 hours of exposure in
the salinity range of 15-45 ppt where the highest filtration rate occurred in 35 ppt.
This study has shown that the juveniles did not stop filtering even in lower or
higher than normal salinity, but the filtration rate just slowed down. Further
studies on the tipping point of growth versus survivability could be called upon to
understand the life priority of different stages of oyster.
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