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Effects of ecological variation in two estuaries on growth and
survival of the clam Meretrix sp., northern fava.
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Meretrix sp. were collected monthly within quadrats in two estuaries at Jepara
and Tayu, northern Java.
Data on length, width and weight were used to compare growth patterns. The
growth coefficients Kwere rather different (0.300 in Tayu against 0.364inJepara).
Survival during desiccationwas tested at room temperature (25 'C). Clams from

Jepara estuary tolerated aerial exposure better (LTsO : I32 h) than clams from
the Tayu estuary (LTso : 108 h). The concentrations of lead and copper were
measured in sediments. The levels were low in both estuaries.
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INTRODUCTION
Meretrix sp. have thick ovate shells, posterior
margins longest and somewhat flattened.
Umbones are large, inflated, located slightly
towards the anterior end. Externai surface of
shell is smooth, colour variable from whitish,
grey to black brownish; interior white, pallial
sinus deep (Nateewathana 7995).

Venerid clams of the genus Meretrix are free

living burrowing molluscs inhabiting surf
beaten sandy shores or sandy and muddy
bottom of bays, estuaries and brackish water
(Bal & Rao 1984). They grow up to 75 rnrn,
weigh nearly a0 g @al & Rao I9B4), and live
in salinities of 10-30 %" with optimum between
20 and 26 %o (Nie 1991; Pillay 1993). They can

tolerate anoxic or hypoxic conditions. During
prolonged aerial exposure, bivalves suPpress
their metabolic rate and their metabolic
processes become predominantly anaerobic
(Eertman & de Zwaan 1994). Theede et al.

(1969) showed a perturbing effect of chemical
compounds dissolved in sea water on energy
metabolism, which was expressed by u
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decreased tolerance to anoxia. In areas where
access to oxygen strongly fluctuates (e.g.

intertidal and strongly eutrophicated zones),
the success or failure of populations may
(partly) rely on their ability to survive anoxic
conditions. Hence, studies of ecological
variations in two different estuaries will give
a holistic evaluation of the species Meretrix sp.
and how the environment affects their natural
growth and tolerance to air exposure.

MATERIAL AND METHODS
Field work was conducted one time each
month during june, July and August 1999 in
two estuaries of Jeparaand Tayu, CentralJava.
Meretrix sp. were collected from ten randomly
placed quadrats (1 x 1 m). Clams found in each

square were kept separate, counted and
measured. Natural growth of Meretrir sp. was
estimated using von-Bert alanffy growth
equation (with ELEFAN software) using the
shell length (Pauly 1984).We used the formula
L(r\: L [1- e -K(t-to)], where:
Li,i : length at time t
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to : hypothetical age at time zero
L : asymptotic length (maximum length)
e : Natural antilogarithm
K: coflstant (growth coefficient)
Enaironmentnl parameters. - Sediment and
water samples were taken from two locations
in the Jepara and Tayu estuaries. Samples of
sediment were taken from each location for
analysis of structure, pH and organic matter.
Temperature, hydrogen sulphide (H2S),
hydrogen ion concentration (pH) current, and
dissolved oxygen were measured at each
sampling time.

Nitrate (NOg), nitrite (NOz), and total
ammonia (NHg) were measured according to
Parson et al. (1989), and phosphate (PO+r
according to Reichelt (1993). Water sample6
were kept in the cool box prior to nitrogen
analysis. Flame-less atomic absorption
spectrophotometry (Perkin-Elmer 3110 B) has
been used for Pb and Cu levels determination
either in water or sediment.

Air exposltre. - Survival to air exposure
followed Eertman & de Zwaan (1994). A total
of 30 clams (30-33 mm length) were
acclimatizedfor2x24hrs in 26%' filtered sea
wate4, then exposed to air at25"C. Clams were
checked every 12 hours. Criteria for survival
were: (1) Ability to open and close the valves.
(2) Dull colour of mantle and smell indicating

Table 1. Number of individuals (n), average length
and maximum dimensions of Meretrix cf. meretrix,
standard deviation.

dead animals. (3) Doubtable, closed shells
were transferred to water and checked for
oxygen uptake. LTso (aerial exposure times
resulting in 50 % mortality) was adopted to
compare mortality.

Phy toplankton. - Phytoplankton was collected
with a standard plankton net (28 cm diameter)
towed for 15 m along the vertical direction of
the water current. Flence, the current velocity
wouldbe presuming as stagnantwater. To cal-
culate the amount of phytoplankton cells 1-1,

this following formula is used:
N: L lVw xSalSb x Vb/Vs x F

where
N : total number of cells l-1.
Vw : total volume of water sampled.
Sa : number of squares in Sedgwick Rafter.
Sb : number of square counts.
Vb : screened water volume (in the bottle).
Vs : water volume in Sedgwick Rafter

(0.001 ml).
F : phytoplankton count in Sedgwick Rafter.

RESULTS AND DISCUSSION
Density and growth. - lepara had an average
population density of 8.9 individuals m-2 with
an average weight of 16.4 g ind.-1, while Tayu
had 77.8 ind. m-2 with an average weight of
only 3.9 g ind.-1 (Tabte I). Meretrix sp. were
often found together in nests, harbouring 3 to

(mm) width (mm), and weight (g), average (av.)
collected from lepara and Tayu estuaries. SD :

JEPARA

No of ind./m2

Length (m-)
Width (mm)

Weight (g)

TAYU

No of rnd.lmz

Length (mm)

Width (mm)

Weight (g)

june Iuly August Total

n average SD n average SD average SDn average & maximum

110 11

32.3 14.0

26.0 1,I.2

15.1 12.5

224 22.4

19.5 5.6

15.1 4.3

3.1 2.7

87 8.7

34.7 15

27.5 11.8

77.9 73.9

1.62 16.2

22.4 6.7

77.4 5.4

4.6 4.0

707
32.5 1.4.3

28.2 72.5

79.5 1.4.6

150 15

23.6 4.8

19.3 4.0

4.6 3.7

av. :8.9 ind./m2

60.6 mm length

49 mrn width
av.:76.4g lind.

av. : 17.8 ind.lrn:
43.7 mm length

35.3 mm width
av. : 3.9 glind.



Figure 1. Nest of Meretrix sp. The number of
individuals in the nest is between 3 to 36
individuals.

Table 2. Estimating von Bartalanffy growth
parameters (using ELEFAN method) of Meretrix
cf . meretrix L. at jepara and Tayu estuaries.

Location / Parameters Jepara Tayu

l* (infinity) 57.75 44.60

K (growth coefficient) 0.364 0.300

T zero - 0j0 - 0.74

Table 3. Environmental parameters in two
estuaries of Jepara and Tayu

Parameters Jepara Tayu

Temperature
("c)
Salinity (%")
Hydrogen ion
conc. (pH)
Dissolved
oxygen (pp-)
Sediment orga-
nic matter (%)

Substrate
composition

Suspended
solids (*g 1')
Current
(m/minute)
Hydrogen
sulfide (HrS)

Distance from
river mouth (m)

707

Table 4. Ammonia, nitrite, nitrate and phosphate
concentrations at surface water of Jepara and
Tayu estuaries.

NH, NO, NO, POn
(pp-) (pp*) (pp*) (pp*)

Jepara 0.000112 0.009013 0.6296 0.00328

Tayu 0.000140 0.009400 0.4280 0.00299

l2B.l 5678910 11 12

age (rnonths)

Figure 2. Estimates of the Natural Growth Curve
Pattern (von Bertalanffy) of Meretrix sp. in Jepara
and Tayu estuaries.

June ,luly Argtst

Figure 3. Mean values of phytoplankton counts
(cell 1-1 x 104) for 3 sampling occasions at Jepara
and Tayu estuaries.

survival (%,)

0 24 '18 72 96 L2O 144 168

time (hrs)

Figure 4. Aerial exposure tolerance of Meretrix (class

30-33 mm length) at 25 oC from jepara and Tayu
estuaries.
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36 small individuals (Figure 1).

Growth estimates using the Elefan method
showed that the K value (growth coefficient)
at Jepara was higher than at Tayu (Table 2).
Tayu had a dense population of young
Meretrix sp. Ther efore, it cannot be excluded
that intraspecific competition for food resulted
in stunted growth. The ecological situation at
Tayu, where organic matter concentration of
organic matter was higher in Tayu than in
Jepara (6.2% against 2.8% respectively, Table
3) seemed to favour growth (Figure 2).

The L length of Meretrlx reache d 57.7 mm
inlepara compared to 44.6 mm in Tayu due to
in every sampling. This agrees with records
from the study areas. In Tayu we never found
Meretrix longer than 43.7 rnrn. But local people
in Tayu claimed that the size of Meretrix
approached 60 mm.
Behnaiour. - The nesting (Fig. 1) couldbe related
to burrowing activity. Where many
individuals dig in the same location, the
substrate becomes softer and unstable.
Hereafteq, the possible activity of protruding
the siphon is easier than if conducted by a
singie individual. The other possibility is
related to the individual digging period,
where smaller size clams may penetrate the
substrate easier. This is supported by the
observation that small bivalves are found on
top of big ones in a nest.

Trueman (1983) pushed dead shells into
sand and made comparison of the force he
applied with the force developed by the
retractor muscle. In bivalves with slim shells
the forces were relatively similar. In tumid
shells, the motion during burrowing was

approximately 75 % greater in life compared
to when the same force was applied to a dead
she11s.

Estuary ecology. - Ten ecological factors were
measured during our study (Table 3).
Temperature and salinity were slightly higher
inlepara than Tayu. Sampling was conducted
during the afternoon in Jepara and late
afternoon in Tayu. These two parameters were
related; when temperature increased salinity
also increased.

Hydrogen ion concentration (pH) in all
samples were in the normal range (7.5-8.4).If
pH exceeds 9.0, NHg can be released from
sediment, creating a poisonous environment
(Forteath 7990). Dissolved oxygen varied
between estuaries with Tayu having slightly
higher levels of DO than the Jepara estuary,
probablybecause of abetter exchange of water
in Tayu. Ahigher content of organic matter in
Tayu (Table 3) was expected to reduce oxygen
levels, but this was not measured. The values
of NH3 were low inboth estuaries. Nitrate was
high inlepara (0.6296 ppm) compared to Tayu
(0.428 ppm), (Table 4). Phosphate was rela-
tively higher in Jepara than in Tayu (Table 4).
Howeveq, the N and P concentrations inlepara
and Tayu estuaries were in the range of normal
values, and contributed to growth of
phytoplankton.

Phytoplankton varied between location and
the time (Figure 3).Widianingsih & Riniatsih
(1995) reported that in the wet season February
1995, the density of phytoplankton in the
Malacca Straight was only 103 cells 1-1.

The values of suspended solids were low in
both estuaries (|epara 734rng1-1; Tayu 757 mg

Table 5. Lead (Pb) and copper (Cu) measurements of surface water and sediment at Jepara and
Tayu estuaries. Data from 3 individual samples (1-3) at each site.

Jepara

23 mean 
I

Tayu

2 3 meansample

surface water Pb (ppm)

sediment Pb (ppm)

surface water Cu (ppm)
sediment Cu (ppm)

0.09 0.10 0.10

3.80 4.94 3.36

0.07 0.06 0.05

11.75 8.81 9.04

0.30 0.09 0.10 0.16

5.48 3.42 4.76 4.35

0.06 0.06 0.05 0.05

7.33 6.93 8.54 7.60

0.09

4.03

0.06

9.86



1-1) (Table 3) and much allochtonous material
was not deposited. The average percentages
of organic matter were low in both estuaries
(Reynold 197 I classification).

Aerial ex.posure. - Aerial exposure resulting
in 50 % mortality was 132hrs for Meretrix from
jepara estuary, compared to 108 hrs from Tayu
(Figure 3). The difference may be related to a
difference in time of transportation before the
experiment. It took 3 hours from Tayu and
only t hour from |epara. Hoffmann (1983)
assumed that metabolism would be influenced
by short-term fluctuation in ambient
temperature because acclimation is long-term
process.
Henay metnls. - Environmental conditions in
the estuaries are affected by anthropogenic
activities, i.e., furniture industry (Jepara) and
cassava flour and sugar cane industry (Tayu)
but the pollution is mostly organic. As shown
in Table 5, the concentrations of Pb and Cu
are still low compared to really polluted
estuaries. Differences between the two
estuaries are due to differences in mineralogy,
grain stze, org)anic matter, and of course the
sources of anthropogenic inputs. The health
standard of Pb in the aquatic organism is 2.5
ygPb B 

-1 wet wt. of body (Phillips et a\.7992),
0 *g kg -1 of Pb in oyster tissue, 1,.92mgkg -1

in mussel tissue, and4.62mg kg -1 in fish tissue
(Odzak et a\.7994). The metals (especially Pb)
have a persistent character (Taufiqet al.7996).
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