
INTRODUCTION

In recent years, there has been much
emphasis on better understanding the
physiochemical parameters of coastal marine
waters especially variability that effect the basic
biology, physiology and ecology of many benthic
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ABSTRACT

Selected hydrological parameters at the nesting grounds of horseshoe crabs along the Pahang
coast were determined. A complete year data from March 2010 to February 2011 was collected using
advanced multiparameter meter model Hanna HI 9828 probe. The surface water temperature varied
from 29.060C - 19.360C at Balok and 29.10C-15.080C at Pekan station with mean annual temperature
of 24.08±2.910C at Balok and 22.97±3.260C at Pekan. Surface water salinity varied from 30.11ppt-
2.09ppt at Balok and 33.45ppt – 3.38ppt at Pekan station with mean annual salinity of 17.9±10.63ppt at
Balok and 20.5±10.04ppt at Pekan coastal waters. Seasonal fluctuation in the pH of the water varied
from 8.65-6.61 at Balok station and 8.18-6.12 at Pekan station. Throughout the sampling period the
coastal waters of both the sampling sites were well mixed. The Dissolved oxygen (DO) in the water
varied from 7.75-4.21ml/L at Balok and 7.75ppt – 3.06ml/L at Pekan station with mean annual DO of
6.24±0.95ml/L at Balok and 5.76±1.08ml/L at Pekan coastal waters. Physicochemical parameters
showed apparent seasonal fluctuation in the salinity of the surface water was observed in both the
sampling stations (P < 0.05) while other parameters such as temperature, pH and dissolved oxygen
did not vary significantly.

Key words: Physicochemical parameters, Salinity, pH, temperature,
DO and horseshoe crab nesting ground.

and pelagic organisms. In this respect, coastal
environments are one of the most productive areas
in the world that point out the necessity of having a
proper knowledge regarding their benthic
productivity and the environmental parameters
influencing their subsistence. Several studies have
been addressed on the influence of various
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physicochemical parameters on the distribution and
diversity of benthic community around the world
(Alongi, 1990; Mazzola et al., 1999; Rodrigues et
al., 2001; Ogunwenmo et al., 2004; Yap et al., 2003).
Due to their high sensitivity towards the fluctuation
of various hydrological parameters, they are being
considered as effective tools for detecting alterations
in aquatic ecosystems (Pinder et al. 1987). In view
of this, all physicochemical parameters are the
indicators of the existing water quality of the aquatic
water body that would help in enriching the
macrobenthic community in that habitat (Kröncke,
2006; Sivadas et al., 2011). There are number of
studies were carried out to check the hydrology and
its influence on the macrobenthic community in the
coastal waters (Morton and Wu, 1975; Ogunwenmo
et al., 2004; Gosain et al., 2006). However, published
information on the major physicochemical
parameters in the horseshoe crab nesting ground
is still scanty. Hence, present study was aimed to
determine the four major physicochemical
parameters such as temperature, salinity, pH and
dissolved oxygen in the surface waters of the
horseshoe crab nesting grounds.

MATERIAL AND METHOS

Study area description and water sampling

Balok (Lat3°56.194’ N, Long103°22.608’ E)
and Tanjung Gosong (Pekan: Lat3°36.181’ N,
Long103°23.946’ E) in the Pahang state of East
coast of Malaysia were observed to be the nesting
grounds of Horseshoe crabs (Zaleha et al., 2010).
Adult horseshoe crabs migrate from the off shore
continental shelf to spawn on intertidal sandy
(T.gigas) and mud sandy beaches and mangrove
area (C. rotundicauda) at every full and new moon
at these sampling locations (Figure 1).
Meteorological data showed that high rainfall during
monsoon season (November to January). Twenty
years (1968 to 1987) of accumulated data obtained
from the Malaysian Meteorological Department
(MMD)

showed that the monsoon seasons with
strong winds and long frequency periods with mean
annual rainfall of 3064mm occurred from November
to January. Meanwhile the non-monsoon seasons
with low rainfall occurred during April, May and June.

Field observation unveiled the intensive fishery
activities along the sampling locations besides
industr ial activities and human inhabitation
processes which could possibly introduce
considerable level of contaminants into the water
body. The physicochemical parameters such as
temperature, salinity, pH and Dissolved oxygen were
measured using the handheld multiparameter meter
model Hanna HI 9828.

RESULTS

Temperature
The surface water temperature at the

nesting grounds of horseshoe crabs along the
Pahang coast was recorded. The surface water
temperature varied from 29.060C - 19.360C at Balok
and 29.10C – 15.080C at Pekan station with mean
annual temperature of 24.08±2.910C at Balok and
22.97±3.260C at Pekan. Maximum and minimum
temperature was recorded during full moon days of
October 2010 (Non monsoon) and January 2011
(Monsoon) respectively at Balok station while Pekan
station had maximum and minimum temperature
during full moon days of March 2010 (Non monsoon)
and December 2010 (Monsoon) respectively. The
average surface water temperature during non-
monsoon and monsoon season at Balok station was
26.13±2.230C and 22.15±2.260C respectively while
it was 24.53±2.390C and 19.84±2.440C at Pekan
station respectively. There was no significant
variation in temperature was observed between two
seasonal periods (P > 0.05). Monthly variation in
the temperature is graphically depicted in Figure 2.

Salinity
Surface water salinity varied from 30.11ppt

– 2.09ppt at Balok and 33.45ppt – 3.38ppt at Pekan
station with mean annual salinity of 17.9±10.63ppt
at Balok and 20.5±10.04ppt at Pekan coastal waters.
The maximum and minimum salinity was recorded
during full moon days of March 2010 (non-monsoon)
new moon days of January 2011 (monsoon) at Balok
station while Pekan station had maximum and
minimum salinity during full moon days of March
2010 (Non monsoon) and February 2011 (Monsoon)
respectively. The average surface water salinity
during Non monsoon and Monsoon season at Balok
station was 24.88±4.12ppt and 3.96±1.01ppt
respectively while it was 27.08±3.56ppt and
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Fig. 1: Location of the sampling area

Fig. 2: Monthly variation in surface water temperature at the nesting grounds of horseshoe
crabs along the Pahang coast. Note: FM = Full moon time; NM = New moon time

7.34±2.71ppt at Pekan station respectively. There
was a significant variation in salinity was observed
between two seasonal period (P < 0.05) while it
was non-significant during lunar cycle. Monthly
variation in the salinity is graphically depicted in
Figure 3.

pH
Seasonal fluctuation in the pH of the water

varied from 8.65-6.61 at Balok station and 8.18-
6.12 at Pekan station. The maximum and minimum
water pH was recorded during full moon days of
March 2010 new moon days of July 2010 (non-
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monsoon) at Balok station while Pekan station had
maximum and minimum pH during full moon days of
May 2010 (non-monsoon) and July 2001 (non-
monsoon) respectively. The average water pH during
non-monsoon and monsoon season at both the
sampling sites (Balok = 7.57±0.65; Pekan = 7.26±0.69)
did not influenced significantly by seasonal or lunar
cycle. Monthly variation in the surface water pH is
graphically represented in Figure 4.

Dissolved Oxygen
Throughout the sampling period the

coastal waters of both the sampling sites were well
mixed. The Dissolved oxygen (DO) in the water
varied from 7.75 – 4.21ml/L at Balok and 7.75ppt –

3.06ml/L at Pekan station with mean annual DO of
6.24±0.95ml/L at Balok and 5.76±1.08ml/L at Pekan
coastal waters. The maximum and minimum DO was
recorded during full moon days of December 2010
(monsoon) and July 2010 (non-monsoon) at Balok
station respectively while Pekan station had
maximum and minimum  salinity duringnew moon
days of February 2011 (Monsoon) and April 2010
(Non monsoon) respectively. The average DO level
during non-monsoon and monsoon season at Balok
station was 6.02±1.01ml/L and 6.69±0.65ml/L
respectively while it was 5.51±1.08ml/L and
6.26±0.95ml/L at Pekan station respectively. Monthly
variation in the surface water pH is graphically
represented in Figure 5.

Fig. 3: Monthly variation in surface water salinity (ppt) at the nesting grounds of
horseshoe crabs along the Pahang coast. Note: FM = Full moon time; NM = New moon time

Fig. 4: Monthly variation in surface water pH at the nesting grounds of horseshoe
crabs along the Pahang coast. Note: FM = Full moon time; NM = New moon time.
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Fig. 5: Monthly variation in surface water dissolved oxygen (ml/L) level at the nesting grounds
of horseshoe crabs along the Pahang coast. Note: FM = Full moon time; NM = New moon time

DISCUSSION

Apparent seasonal fluctuation in the
salinity of the surface water was observed in both
the sampling stations (P < 0.05) while other
parameters such as temperature, pH and dissolved
oxygen did not vary significantly. This observation
was primarily due to the high fresh water inflow into
the coastal waters during monsoonal seasons
(Bachelet et al., 2000). It is also to be noted that
salinity is a main limiting factor determining the
diversity and distribution of sensitive macrobenthic
community along the coastal environment (Lamptey
and Armah, 2008). Team, (1995) recorded an
average salinity of the open sea that generally varies
between 33 and 38, whereas for the coastal waters
of Hong Kong, a salinity range of 20 to 30 has been
reported by Hill, (2005). The two study beaches are
typically of oceanic (Balok) and estuarine (Pekan)
with wide ranges of salinity being recorded during
the study period. The low salinities recorded at the
two study sites, particularly during monsoon season,
indicated that they are under the profound diluting
effect of freshwater emanating from the adjacent
coastal regions. It was also noted that the
macrobenthic fauna of tropical sedimentary systems
experiences fluctuations in salinity and sediment
erosion leading to wide variations in species diversity
(Alongi, 1989; Mistri et al., 2000). The observed
drastic reduction in the salinity during monsoonal

season probably washed away the stenohaline
macrobenthic forms along the sampling stations
during monsoonal period. Similar observation was
also reported in previous studies (Alongi, 1990;
Lomas et al., 2005; Hagberg and Tunberg, 2000;
Liang et al., 2002). Various studies has been carried
out to determine the influence of various
physicochemical parameters on the egg hatching
success and larval survival of horseshoe crabs
(Ehlinger and Tankersley, 2003; Chatterji et al., 2004;
Zaleha et al., 2011) where they unanimously
observed the significant influence of coastal water
salinity over the hatching success and faster
development of horseshoe crab larval stages. It was
also noted that the optimum salinity level of 30ppt
would initiate/induce early hatching of horseshoe
crab (T.gigas) eggs as early as 26 days after
fertilization (Zaleha et al., 2011). However, Ehlinger
and Tankersley (2004) has found that embryo in
the eggs of L. polyphemus could develop into larval
stage and successfully hatch in salinities between
10 and 70 ppt. This might probably due to the nature
of the embryonic membrane of horseshoe crab (L.
polyphemus) eggs which is highly permeable to
water, chloride and sodium ions proved the ability
of Limulus to change it permeability when
maintained at low salinity medium.

Temperature values were high and
remained relatively stable throughout the sampling
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period with annual mean temperature of
24.08±2.910C at Balok and 22.97±3.260C at Pekan.
Since significant changes in the water quality
parameters directly influence the community
structure of macrobenthic invertebrate, surface
water temperature probably had no effect on the
distribution of benthos in this study. This observation
agrees with those of previous work by (Kumar, 2005)
who reported that the distribution, abundance,
productions and population dynamics of benthic
macro invertebrates in Lagos Lagoon and harbor
were not affected by water temperature. Besides
this fact, Shuster, (1950) reported that seasonal
pattern in temperature  seems to govern the
breeding activity of local horseshoe crabs as
spawning pairs have been  observed swimming
towards the breeding beaches during spring and
summer when water  temperatures >20 0C.
Spawning of horseshoe crabs in other areas, for
example, Limulus polyphemus in Delaware Bay,
USA, also occurs during the warmer months from
May to August  with a peak in June (Shuster,  1950).
It was also observed that surface water
temperatures  recorded at both the sampling
stations, in general, corresponded closely to
ambient air  temperatures with  a  difference  of  - 1
0C only and  such  a  pattern  of  co-variation  is
common  for coastal waters of Hong Kong (Chiu,
1998), Singapore (Janet, 1993) and Indian ocean
basin (Gosain et al., 2006)

The pH of oceanic water is generally
maintained within a narrow range from 8.0 to 8.3
(Hill, 2005) whereas in estuaries, pH is determined
by the degree of seawater mixing with freshwater
and values of between 6.9 and 7.8 are common
(Team, 1995). pH levels in coastal waters are,
moreover, not only affected by freshwater inputs, but
also by algal photosynthesis  (Bowmer and Muirhead,
1987) and organic decomposition (Albrecht et al.,
1997). Active algal growth uses up carbon dioxide
while organic decomposition releases carbon dioxide
and both cause a shift in the carbonate-carbon
dioxide equilibrium leading, respectively, to an
increase and a decline in pH. The conducive pH and
high dissolved oxygen level in the sampling area
might be due to the constant mixing of water body
by the wave action (Balok station) and wage current
process (Pekan station) besides the turbulence from
atmospheric winds interaction.

In general, dissolved oxygen level was
maximum in surface waters, particularly coastal
waters. The surface water of marine and estuarine
readily permits oxygen enrichment through
atmospheric exchange, and sufficient light can
penetrate surface waters to allow the oxygen-
releasing process of photosynthesis to occur
(CCME, 1999). In the euphotic zone (where light
intensity is sufficient to photosynthetic processes),
photosynthesis may exceed respiration and there
is net production of oxygen; below the euphotic
zone, a net consumption of oxygen occurs (EOS,
2003). In deeper waters, especially where light is
scarce, oxygen is consumed by bacteria during
decomposition of organic matter. In these cases,
oxygen concentration can be reduced to negligible
levels and lead to anoxic. The areas where there
are significant low levels of dissolved oxygen are
restricted circulation, abundant organic matter,
industrial discharge, sewage etc. Oxygen depletion
occurs in deep marine waters with thermal or salinity
stratification occur (Prashant et al., 2009).
Monitoring dissolved oxygen will provide indication
of water quality in coastal areas. Anoxic (no oxygen)
and hypoxic (very low oxygen) events, and dissolved
oxygen were used as a tool in ecosystem integrity
and quality (Rosenberg et al., 2002). Most aquatic
animals need optimum oxygen to survive and with
the exception of air, breathing animals will use
oxygen dissolved in water. But the macrobenthic
community primarily depends on the dissolved
oxygen in water. Dissolved oxygen depletion has
shown lethal effects on physiological and behavioral
changes in variety of organisms (Halim et al., 2007).
If prolonged changes occur in dissolved oxygen
levels in coastal waters, modification can also be
expected in the local biotic community structure.
Species intolerant of depressed oxygen will either
die or try to avoid the environment, while, tolerant
species will survive in low dissolved oxygen levels.
In view of this, present result proved that the water
in selected sampling sites are well mixed and thus
exhibited high Dissolved oxygen levels.

The Relationships between Physicochemical
Parameters

The physicochemical characteristics of the
coastal waters fluctuate continuously due to the
introduction of various domestic and industrial
discharges. These parameters have direct and
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indirect influence on the distribution and seasonal
fluctuation of macrobenthic community composition
and its diversity (ESL/RPI/GLDD, 2004). There is,
however, paucity of quantitative data on both
macrobenthic fauna and abiotic factors in coastal
waters of Malaysia. It was also evident from previous
studies that the various physicochemical parameters
interact with each other and ultimately influences
the community composition of sensitive organisms
in the coastal habitats (Rosenberg et al., 2002;
Prashant et al., 2009). Hence the relationship
between various physicochemical parameters
observed during Monsoon and Non-monsoon
seasons were analyzed in this study. The observed
high salinity and dissolved oxygen during monsoonal
season in Balok station might be primarily due to

the high inflow of fresh waters during monsoon
season and constant mixing of nutrients into the
coastal region triggered the reduction in salinity with
increasing dissolved oxygen content during
monsoonal season in Balok station. Similar
observation was reported by Penjan et al., (1999)
who observed positive influence of salinity and
dissolved oxygen in Mekong Delta, Vietnam during
monsoonal cycle. Overall, the interdependency of
selected physicochemical parameters proved the
unique nature of coastal waters at the nesting
grounds of horseshoe crabs where the interactions
between the parameters are non-significant due to
the constant influx of various anthropogenic inputs
(Penn and Brockmann, 1994; Brockmann, 2002;
Chabot et al., 2008).
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