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Abstract

Though blood cockle is an important and cheap prateurce for the Malaysian population, the proturcin
Selangor decreased drastically from 2010 to 20X8wvé¥er, production was basically constant in Pexa#t
Penang, which are north of Selangor, during theespemiod. This suggests something happened sphifia
the Selangor cockle culture ground. The presendystwestigated the influence of tidal variatioreowa 25-hour
period on water quality from mouth of river to dfége area in Buloh River, Selangor cockle cultureugd,
Malaysia. Water below pH 5.7-6.5 is generally tHuug be harmful to aquatic animals. The waterin tidal
flat had acidic pH when ammonium was high, wheqgdswas alkaline when ammonium was low; therefore,
toxicity due to ammonia might be low in that arétowever, pH was 4.3-5.3 at ebb tides in cockleucelt
ground, which suggests that pH rather than ammaniéy influence cockle growth and survival rate.
Accordingly, the upper stream region of this rigliould be surveyed to determine the origin of armamand
pH in this water.
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Introduction

Extensive aquaculture of blood cockfnadara granosa, has been present in Perak, Malaysia since 1948; i
is an important and cheap protein source for thiakan population (Pathansali and Song 1958; Brii©®85).
Natural spats of blood cockle are collected fromdrshores for extensive aquaculture, scattered ineatidal
flats, and cultured by the non-feeding and sowirgghmd. As the cockles take in surrounding organiants
detritus, this culture method functions to impravater quality. Thus, the culture of bivalves inchgl blood
cockle, recycles nutrients generated as waste flamans (Nakamurat al. 1998; Mirsadeghit al. 2013)
Therefore, cockle culture is thought to functionaas environmentally friendly and ecologically comnvsgive
form of aquaculture.

The coastal waters of Selangor, Malaysia are sdntkeomajor culture grounds of blood cockle. Howgve
cockle production in Selangor has decreased dadigtisince 2010 (DOF Malaysia 2010-2013). Raetlal.
(2013) investigated ammonia concentrations fromudaa-June, 2013 in Buloh River, Selangor, Malaysia,
which flows into cockle culture ground; they foumeéry high ammonia concentrations since April 2013.
Although blood cockles are typical bivalves thavddemoglobin inside their bodies and adjust to $ainity,
hypoxia, and air exposure (Davenport and Wong 198@)y conclude that high ammonia concentratioatis
least partially responsible for the decline in degbroduction.

Water quality in coastal regions changes greatlingwo the tides. In general, there are flood tided ebb
tides twice daily, and their timing is delayed appmately 50 minutes each day. The present studgsiigated
the influence of tidal variation of water quality ¢ockle culture grounds in Buloh River, Selanddalaysia. To
this end, 9 samplings were performed at risingydidfalling, and ebb tides over a 25-hour period.

Materials and M ethods
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Fig. 1. Sampling stations in Buloh River and thislobre area

Water quality observations were performed aroundolBRiver, Selangor, Malaysia at neap tide over
approximately 25 hours from 4:00 on October 311&n80 on November 1, 2014. Five stations desigh&tE0—
SE4 were set from the river mouth to the offshaemawhereas one station, SBLO, was set withinmitlee (Fig.

1). Nine samplings were conducted at the ebb,gisflvod and falling tides over the 25-hour peridde
investigation was performed at SBL1, upstream érttier, at 16:30 at the lower low tide on OctoB#&r There

are blood cockle culture ground between SEO-SEZnlynaicinity of SE1. The following water quality
parameters were evaluated: water temperaturejtgalid, nutrients (ammonium, nitrate, nitrite, [gphate, and
silicate), total nitrogen, total phosphorus, chfdrgll a, and suspended solids. Water temperature andtgalin
were measured by a water quality meter (AAQ-RINKIBF Advantech Co. Ltd., Japan), and pH was measured
by a portable pH meter (HM-21P, DKK-TOA Cor., JapaBurface water was collected directly in 500mL
plastic bottles. Sampled water was filtered throwgl®.6aM Whatman Nuclepore membrane filter and a
Whatman GF/F filter to measure suspended solids catmrophyll a, respectively. The filtrate was used to
measure nutrients.

Ammonium was analyzed as described previously Isal8eand Sawada (1980) according to the modified
indophenol method (Sol6rzano 1969). Nitrate, mitriphosphate, and silicate were analyzed by thedatd
methods as described previously by Persaired. (1984) using a spectrophotometer (V-630, JASG(pad).
Chlorophylla was extracted witiN,N-dimethylformamide (Suzuki and Ishimaru 1990) aedednined using a
fluorometer (Trilogy, Turner Designs, USA) as désed previously by Strickland and Parsons (1972).
Meanwhile, for total nitrogen and phosphorus arig)ymotassium persulfate was added to sampled wateate
and phosphate were formed, respectively, usingudockave under alkaline and acid conditions (D’Hiaal.
1977; Menzel and Corwin 1965; Sol6rzano and Sh&®0)L Finally nitrate and phosphate were analyzed t
determine total nitrogen and phosphorus, respdgtive

Results

Temperature, salinity, and pH

Water temperature, salinity, and pH at four tidalations are shown in Figure 2. Water temperatase high
at 13:00, 16:00, and 20:00, and was influenceddtsr sadiation besides the tidal variation in their (SBLO)
and tidal flat (SE1 and SE?2). At offshore statid@Sthe variations in temperature, salinity, andveéte small.
In the river (SBLO), salinity was 0.2-0.5 psu abéides and 1.6-2.7 psu at flood tides, respegtiddébwever,
at SE1 and SEZ2 (i.e., the culture ground), theatians in the above mentioned parameters were faggrdless
of ebb or flood tide. The variations of salinitydatemperature were small at SE4. pH in water wag-31.26 at
ebb tide, and 4.64 and 4.36 at flood tide in therr{SBLO). Hence, water in the river was alwayisliac pH at
SE1 almost exceeded 7 at flood and rising tided, inexceeded 7 at SE3 even at ebb tides. In gengta
converged at approximately 8 at offshore statiod.SE
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Ammonium concentration was high in the river, SBitQll tidal stations, decreasing gradually from tiver
to the offshore area (Fig. 3). At SE1, the cockldure ground, it was high at ebb tides (70-1M) but low at
flood tides (2.4 and 4M); thus, the change of ammonium concentration gwin tidal variation was large.
Meanwhile, the nitrate concentration at SBLO in fiver differed according to time rather than tigdatiation: it
was comparatively high from 4:00 to 13:00 and lownf 20:00 to 5:30 the next day. Although nitrate
concentration was higher than ammonium concentrasib SE1 and SE2 at flood tides, it was <iNd.
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Meanwhile, although the nitrite concentration waghhin estuaries and offshore areas, it wasutPin all
samplings. The phosphate load from land regionslassand its concentration in the river rangecfr6.04—

0.14 uM; it was occasionally high at SE1-SE4. Silicatesvi®0-300uM in the estuary, decreasing gradually
from the river to the offshore area.

Total nitrogen and phosphorus

Total nitrogen changed with respect to ammoniunceatration, which accounts for 60-80% of nitrogen i
the river; the concentration decreased graduadynfthe river to the offshore area (Fig. 4). Althbugtal
phosphorus was very high at 5 points, it rangethffo3—1.2uM except for these stations; high total phosphorus

was observed in the river, SBLO, and cockle culgnmuind, SE1 and SE2, and resuspended substangeshai
included from bottom sediment.
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Fig. 4. Tidal variations of total nitrogen and iqthosphorus at sampling stations

Chlorophyll a and suspended solids

Chlorophylla concentration, an index of phytoplankton, spikecockle culture ground (i.e. SE1 and SE2)
(Fig. 5). Chlorophylla concentration varied widely at SE1, ranging frof8~BOpg/L. As there was a spike in
daytime, this might indicate the influence of prsytathesis rather than tidal variation. Suspenddidssavere

also high at the 5 stations with high total phosphptherefore, resuspension might influence itsceatration.
At other stations, suspended solids ranged fronT 4r@/L.
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Fig. 5. Tidal variations of chlorophy#l andsuspended solids at sampling stations
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Fig. 6. Blood cockle production in Selangor, Perakd Penang
States from 2010-2013
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Fig. 7. Tidal variations of ammonium concentratéord pH at SE1, a cockle culture ground

Discussion

Blood cockle production in Selangor decreased yréam 2010 to 2013 (Fig. 6; DOF Malaysia 2010-201
However, production was basically constant in Penadtk Penang, which are north of Selangor, duriegstime
period. This suggests something happened spetfficalthe Selangor cockle culture grounds. Ramliakt
(2013) measured ammonia concentrations in BuloleiRand suggest high ammonia concentration is biigeo
factors responsible for the decline of blood cogkleduction. Concordantly, the ammonium concergratiias
very high in the present study. However, we usedbdified indophenol blue method, which was basethe
method of Sasaki and Sawada (1980), to measutetdleconcentrations of ammonium and ammonia. Witén
and temperature increase, the ratio of ammoniartm@nium also increases, creating toxicity for amubfie
(Kikuchi and Wakabayashi, 1997; U.S. EnvironmeRtatection Agency, 2013).

Ramli et al. (2014) investigated the tolerancelobd cockle to ammonia in detail. In the presentgt as the
river water was acidic (pH 3.97-4.26), it was thouthat ammonium was present in the river. Thel tida
variation of ammonium concentration and pH at SiB& ¢enter of cockle culture grounds) is shownigufe 7.
The pH in the culture grounds was acidic when amuomnwas high, whereas the pH was alkaline when
ammonium was low. Therefore, ammonia-induced toxiaiight be low under such conditions. However, aiH
ebb tides at SE1 was acidic at 4.3-5.3. Althoug# dlifficult to specify how water acidity affectgjuatic lives,
water below pH 5.7-6.5 is thought to be harmful kifhara and Furuki 2010). Therefore pH rather than
ammonia is suggested to influence cockle growthsamdival rate. Although water treatment plants Imige a
source of ammonia (Randt al. 2014), the origin of the acidic water remainsnmkn and should therefore be
evaluated.

Few mangrove region has developed around SelaBgmause there is no feed supply from a mangrove
region, phytoplankton and benthic algae are thoughplay important roles as feed for blood cockibe
phosphate concentration was very low in the presgrly, considering the Redfield ratio (Redfieldabt1963),
i.e., the atomic ratio of phytoplankton, N:P = 16Therefore, phosphate might be a limiting factor i
phytoplankton growth. Phosphate characteristicalligorbs particles, making it comparatively easidybe
removed by water treatment plants. If water treatnmdants influence on nutrient load from upstreatfrihe
Buloh River estuary, this would explain the low ppbate concentration. However, there was some spike
phosphate concentration owing to resuspension fiottom sediment. Phosphorus was supplied to tidés f
with a large amount of sediment due to rainfall aright suspended to the water column. Thus, ietersary to
consider nutrient supply from bottom sediment daiflats.

There are some shrimp culture ponds and a fishillege between SBLO and SBL1 (uppermost part of the
river). In order to investigate effects of wastesvatom culture ponds and the fishing village, mi#i pH, and
ammonium and phosphate concentrations collecteblatide (16:30) were compared between SBLO andlSBL
(Table 1). However, there were no differences betwatations, although salinity increased slightiyng to the
influence of seawater. Therefore, the results ssigipe load origin of nutrients and low pH is upatn of the
shrimp culture ponds and fishing village. In ortieidetermine their origins, it is necessary to syrthe upper
stream region including water treatment plants.

Table 1. Comparison of salinity, pH, and ammoniurd phosphate between SBLO and SBL1.

Station S pH Ammonium Phosphate
(psu) @M) (M)

SBL1 (upstream) 0.283 4.03 138.42 0.10

SBLO (downstream) 0.502 4.02 126.32 0.14
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Conclusion

Blood cockle production in Selangor decreased yréam 2010 to 2013. The water in the tidal fldtBuloh
River had acidic pH when ammonium was high, whepthsvas alkaline when ammonium was low; therefore,
toxicity due to ammonia might be low in that aretwever, pH was 4.3-5.3 at ebb tides in cockleucelt
ground, which suggests that pH rather than ammuonag influence cockle growth and survival rate. 6@
necessary to survey the upper stream region aftbenear cockle culture ground.
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