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Introduction 
In 2019, the world population was estimated 
to be more than 7.7 billion, which is a 1 billion 
increase from the 2007 estimate (United 
Nations, 2019). The rising human population 
created mounting pressure on global food 
security (Misselhorn et al., 2012; Frona et al., 
2019). Aquaculture is deemed as one of the 
potential mechanisms to address this perennial 
problem (Bene et al., 2016; Pradeepkiran, 
2019). However, the aquaculture industry itself 
may be in a critical state due to the changing 
climate (Hall, 2015; Reid  et al., 2019).

Several cultivable invertebrate species have 
shown signs of vulnerability to the changing 
environmental conditions (Ahmed & Diana, 
2015; Dworjanyn & Byrne, 2018; Steeves  et 
al., 2018). One of the proposed measures to 
mitigate the negative effects of climate change 
in the aquaculture industry is the search for new 
and better adapted species (D’Abramo & Slater, 
2019). Members of the mud clam genus Geloina 

(Polymesoda) have been reported to be resilient 
to adverse environmental conditions (Morton, 
1976; Gimin et al., 2004; Argente et al., 2014). 
This feature makes these mud clams potential 
candidates for aquaculture. Hence, gaps in the 
biological information of this genus should 
be addressed in order to develop cultivation 
techniques. This will eventually aid in the 
conservation and artificial production of these 
mud clams.

The mud clam, Geloina expansa (Figure 1), 
is one of the common bivalve species found in 
the Nypa zones of Loay-Loboc River in Bohol, 
Philippines. It is a suspension filter-feeder 
which burrows in muddy bottoms of brackish 
water ranges (Hiong, et al., 2004). G. expansa 
plays a significant role as a bioremediation 
agent, having the capacity to accumulate various 
heavy metals (Chuan et al., 2017) and persistent 
organic pollutants (Bayen et al., 2005) in its 
environment. Economically, G. expansa may 
be a potential source of antimicrobial drugs 
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(Argente & Ilano, 2015). At the moment, the 
G. expansa population in Loay-Loboc River 
is subject to artisanal fishery for small-scale 
commercial and sustenance consumption of the 
local residents.

The artisanal fishery of G. expansa in Loay-
Loboc River is carried out in the Nypa zones 
of the river. This activity is either for family 
consumption or secondary source of income 
for the community. Gleaning is done daily 
during low tide where clams are easily located. 
Gleaners use bare hands in harvesting the clams. 
The fishery is year-round and usually peaks on 
the onset of the rainy season. At the moment, 
there is no regulation on the fishery for G. 
expansa in Loay-Loboc River.

Given the importance of G. expansa, little 
is known on the biology and status of natural 
populations of this bivalve. Information on 
the population dynamics of bivalve species is 
significant in assessing its aquaculture potential 
(Stern-Pirlot & Wolff, 2006; Adjei-Boateng 
& Wilson, 2012; Argente et al., 2014). It can 
also convey vital facts for the management of 
a particular bivalve population (Del Norte-
Campos & Villarta, 2010; Dolorosa & Dangan-
Galon, 2014; Argente & Estacion, 2014). 
Population dynamics depict the means in which 
a given population develops and drops over time 
as regulated by birth, death, and recruitment. It 
serves as a basis for recognizing the varying 

fishery patterns and concerns, like habitat 
degradation, predation and ideal harvesting 
rates. Studies on the population biology of G. 
expansa are needed to prelude the development 
of culture techniques and to facilitate adequate 
stock management.

This study was conducted to assess some 
aspects of population growth, mortality and 
recruitment of G. expansa. It provides baseline 
biological information for future culture 
technique development in central Philippines. 

Materials and Methods
Clams used in this study were collected from 
the Nypa zones of Masayon, Loay-Loboc River, 
Bohol, Philippines (9.60853°N, 124.01265°E). 
The area is a known gleaning site for mangrove 
bivalves. The river has estuarine hydrologic 
characteristics, which is an ideal site for 
G. expansa since this species is a known 
brackishwater dweller (Hiong  et al., 2004). 
The clam bed is characterized with a muddy 
substrate. 

Eighty clams were collected monthly 
(October, 2012 to January, 2015) with the 
assistance of a commissioned bivalve gleaner. 
The sampling site (1ha area) was established 
with the help of local gleaners. Sampling was 
done every last week of the month during low 
tide to easily find the area where the clams 
aggregate. The commissioned gleaner used bare 
hands to collect samples. There was no size 
discrimination of G. expansa individuals during 
the sampling.

Collected clams were placed in pre-
labeled net bags and brought to the University 
of San Carlos-Marine Biology Laboratory 
for processing. Shell length of the clams was 
measured using a digital Vernier caliper (0.01 
mm precision) and recorded to construct a 
monthly length frequency data. Shell length was 
measured as the distance from the anterior to 
the posterior axis of the shell (Lomovasky  et 
al., 2005). The monthly length frequency data 
were used to determine growth, mortality and 
recruitment parameters with the help of FiSAT 

Figure 1: G. expansa from Loay-Loboc River, 
Bohol, Philippines
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II (FAO-ICLARM Stock Assessment Tools) 
program package (FAO, 2020).

Growth of the G. expansa population was 
assumed to be described by the von Bertalanffy 
growth function (VBGF) (Sparre & Venema, 
1998). Growth parameters such as the asymptotic 
length (L∞) and growth coefficient (K) were 
estimated using the ELEFAN I (Electronic 
Length Frequency Analysis). L∞ is interpreted as 
the mean length of a very old species, while K is 
the rate at which determines how fast the species 
approaches its L∞ (Sparre & Venema, 1998). The 
initial condition parameter (t0) was estimated 
applying the formula used for other bivalves 
(Hariyadi et al., 2017; Fauzan et al., 2018; Solis 
et al., 2019). In theory, t0 determines the point in 
time when the organism has zero length. 

log(–t0) = –0.3922 – 0.2752log(L∞) – 1.038log(K)

Moreover, annual growth rates were 
estimated based on the VBGF model (Sparre & 
Venema, 1998).

 ∆L
∆t  = K x (L∞– L(t))

Where ∆L
∆t  is the growth rate and  is the length 

at age t.

The longevity (tmax) of G. expansa 
population in the river was derived following the 
stadard equation used for bivalve species (Corte 
et al., 2015). The life span was predicted by an 
inverse VBGF formula, with the assumption of 
maximum length equal to 99% of the asymptotic 
length.

tmax = 

The shell length-total weight relationship 
was established through regression analysis. 
Correlations were based on the size-weight 
relationship formula used for clams (Colakoglu 
& Palaz, 2014; Yahya et al., 2018; Petteta et al., 
2019):

 W = aLb

Where W is the weight (g), L is the length (mm), 
a is the multiplicative factor of the species and 

b is the slope. The relationship established 
was used to interpret if the weight growth was 
isometric or allometric in relation to its growth 
in size. When b = 3, weight growth is isometric 
while when b ≠ 3, weight growth is allometric 
(positive if b > 3, negative if b < 3) (Petteta et 
al., 2019).

The predicted maximum length (Lmax) of G. 
expansa in the population was estimated based 
on the largest specimen sampled with the aid of 
the FiSAT II program.

The rate of total mortality (Z) of G. expansa 
population in the river was estimated from 
a length-converted catch curve using pooled 
monthly length-frequency data. The Z relates to 
the negative slope of the linear regression of the 
descending arm of the catch curve (Argente & 
Estacion, 2014). Estimation of natural mortality 
(M) was done using the method described by 
Argente and Estacion (2014), where the average 
of M/K values from Polymesoda (Geloina) 
species in literature was multiplied with that 
of the estimated K value from this study. By 
subtracting M from Z, fishing mortality (F) was 
derived. Exploitation rate (E) was projected 
by dividing the F by Z. The exploitation rate 
producing maximum yield (Emax) was also 
estimated with the aid of the FiSAT II program 
and compared with the current estimation of E 
to assess the status of the fishery.

Recruitments patterns for G. expansa were 
derived through a monthly length-frequency 
data. The size range of the samples was from 
18.56 mm to 90.55 mm and individual clams were 
grouped into 3-mm size classes. Recruitment 
peaks were observed by documenting the 
months with the most number of small clams (< 
40 mm). 

Thirty clams were collected monthly from 
the study site to determine the condition index 
(CI) of the G. expansa population in the river. CI 
was used to establish the time of spawning of the 
clams.  The CI of G. expansa had been reported 
to show direct correlation with its reproductive 
cycle (Rahim et al., 2012). To determine CI, 
internal shell capacity (ISC) and dry weight of 

[In In L99% – In In (L∞– L99%)]
K
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the soft tissues were obtained. The calculation of 
CI for the G. expansa population was based on 
the formula used by Ilano et al. (2007):

CI = ww
ISC

 x 1000

Where ww is the wet weight of the soft tissue 
and ISC is the internal shell capacity derived 
from the difference between the total weight and 
shell weight.

Water temperature and salinity were 
monitored on a weekly basis for the duration 
of the study. Recording of the parameters 
were done three times (5 am, 12 pm and 6 
pm) during the day of monitoring. Monthly 
water temperatures were recorded based on the 
readings of a laboratory thermometer. Monthly 
salinity measurements were done with the use 
of a field refractometer. Stepwise multiple 
regression analysis was used to determine the 
influence of these environmental parameters on 

the monthly variations of CI in the population of 
G. expansa in the river. The significance level 
was set at P ≤ 0.05.

Results and Discussion
The derived VBGF parameters from the 
monthly length frequency data (Figure 2) were 
L∞ = 91.35 mm, K = 0.75 yr-1 and t0 = -0.16 for 
the G. expansa population in Loay-Loboc River.

Fast growth in the G. expansa population 
was observed up to two years of age, with a 
mean growth rate of 21.13 mm yr-1 (±10.71 
SD) (Figure 3). Moreover, the majority of the 
samples (87.10%) were less than two years old 
(< 61 mm) in age. The estimated longevity (tmax) 
was 6.1 years while Lmax was 90.39 mm.

The length-weight relationship established 
for G. expansa indicated a positive allometric 
growth (Figure 4).

Figure 2: Restructured length-frequency data of G. expansa population in Loay-Loboc River with 
superimposed growth curve estimated by ELEFAN I (L∞ = 91.35 mm; K = 0.75 year -1; t0 = -0.16)

Figure 3: Size-at-age and growth rates of G. expansa population in Loay-Loboc River
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Based on the length converted catch curve 
(Figure 5), Z was 2.89 yr-1. The M/K values 
derived from other Polymesoda (Geloina) 
species (Table 1) indicated that the M for G. 
expansa population in Loay-Loboc River was 
0.90 yr-1. It follows that F and E were 1.99 yr-1 
and 0.69, respectively. The estimated Emax (0.41) 
was higher than E.

Based on the monthly length-frequency data 
(Figure 6), recruitment of G. expansa is year-
round. It also appeared that there are two peaks 
of recruitment in the population, which occurs 
every December to February and July to August. 
On the other hand, the monthly mean CI of G. 
expansa population in the Loay-Loboc River 
revealed a complementary spawning pattern to 
that of recruitment (Figure 7A). Reduced CI 
values, which indicated spawning activities, 

were observed from the months before the peak 
recruitment.

Figure 4: Length-weight relationship of G. expansa population in Loay-Loboc River

Figure 5: Length converted catch curve (r2 = 0.98) of 
G. expansa population in Loay-Loboc River used to 

estimate total instantaneous mortality (Z)

Table 1: Natural mortality (M, yr-1) and growth coefficient (K, yr-1) literature estimates of different 
Polymesoda species used to compute the M value of P. expansa population in Loay-Loboc River

Polymesoda species M K M/K Source
P. solida 0.210 0.204 1.029 Rueda & Urban, 1998
P. erosa 1.410 1.000 1.410 Dolorosa & Dangan-Galon, 2014
G. expansa 1.100 0.700 1.571 Yahya et al., 2018
P. erosa 0.760 0.760 1.000 Ransangan et al., 2019
P. expansa 0.820 0.820 1.000 Ransangan et al., 2019

Mean 1.202
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Figure 6: Monthly length-frequency distribution of G. expansa population in Loay-Loboc River. n: number 
of individuals; MS: mean size of individuals
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Figure 7: Mean condition index (A) of G. expansa population and mean water temperature (B) and salinity 
(C) in the clam bed in Loay-Loboc River
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Monthly mean values of water temperature 
(Figure 7B) and salinity (Figure 7A) in the G. 
expansa clam bed ranged from 25.17 to 28.67 °C 
and 1.08 to 10.58 ppt, respectively. The recorded 
annual mean water temperature was 26.52 
°C (±0.31 SD) while the annual mean salinity 
was 5.39 ppt (±2.32 SD). These environmental 
parameters contributed to the variations of G. 
expansa CI (r2 = 0.54; p < 0.0001) in Loay-
Loboc River (Table 2).

The hardiness and growth of bivalve species 
is a biological consideration in determining its 
potential for cultivation (Gosling, 2003). The G. 
expansa population in Loay-Loboc River has 
relatively longer life span compared with other 
tropical bivalves (Mattos & Cardoso, 2012; 
Ocaña, 2014). It even lived longer compared to 
other Polymesoda (Geloina) species (Dolorosa 
& Dangan-Galon, 2014; Yahya  et al., 2018; 
Ransangan  et al., 2019) and cultivable bivalve 
species (Lee, 1985; Thomas & Nasser, 2009). 
It has been reported that stress resistance is 
reliably associated with longevity in bivalve 
species (Treaster  et al., 2015). This suggests 
that the clam is tough and resilient in tropical 
environment, which is its known territory 
(Argente, 2016). Likewise, the results of this 
study showed fast growth rates of the clams 
for the first two years of existence, which is 
comparable with that of cultured bivalves such 
as Perna viridis and Paphia malabarica (Al-
Barwani  et al., 2007; Thomas & Nasser, 2009). 
The K estimate in this study is higher than in 
some bivalve species (Colakoglu & Palaz, 2014; 
Hemachandra  et al., 2017) which suggests that 
G. expansa in Loay-Loboc River will attain 
its asymptotic length faster. Sturdy and fast-

growing bivalves are normally selected for 
aquaculture (Lucas & Beninger, 1985).

This study showed a positive allometric 
growth of the G. expansa population in Loay-
Loboc River. This implies faster weight growth 
as compared with the growth in length of the 
clams. Weight growth of the clams can be 
attributed to the increase in soft tissue weight 
and the thickening of the shell. Increase in 
soft tissue weight indicates the good quality of 
the meat produced, which is a preferred trait 
in bivalve aquaculture (Yildiz et al., 2011). 
Changes in shell morphology (i.e. thickening 
of the shell) of Geloina species were influenced 
by the environmental conditions of their habitat 
(Morton, 1976; Bishop & Hackney, 1987; 
Gimin et al., 2004). Such changes in shell 
morphology make these bivalves resilient to 
predation, erratic weather disturbances and 
anthropogenic perturbations. Resilience to 
adverse environmental conditions is a biological 
characteristic of potential aquaculture species 
(Doubleday, 2013).

The mortality and exploitation parameters 
of the G. expansa population in Loay-Loboc 
River showed that the clam bed is overexploited. 
This is also the case for other Polymesoda 
(Geloina) species in various regions (Rueda & 
Urban, 1998; Dolorosa & Dangan-Galon, 2014; 
Yahya et al., 2018; Ransangan et al., 2019). The 
overharvesting of these clams is not sustainable 
and will lead to the collapse of the fishery and 
of the natural population as exhibited in other 
bivalves (Brazeiro & Defeo, 1999; Argente & 
Estacion, 2014). It also appeared that selective 
fishing pressure is apparent in G. expansa clam 
bed. Given that 87% of the samples collected 

Table 2: Stepwise multiple regression analysis of G. expansa population condition index (CI) with water 
temperature and salinity in Loay-Loboc River

Parameter Standard 
Estimate (β)

Standard 
Error

Parameter 
Estimate (B)

Standard 
Error P-level

Intercept 342.5398 106.8233 0.003916

Water Temperature -0.325251 0.141705 -9.2643 4.0362 0.031172

Salinity 0.682038 0.141705 7.0615 1.4671 0.000074

n = 26; r² = 0.54; P < 0.0001
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are less than 61 mm, it seemed that larger 
individuals are the target of the fishery. Large-
sized or adult clams are a potential parent stock 
for new recruits (Argente & Estacion, 2014). 
As the parent stock starts to increase in size, 
recruitment also increases (Gayanilo & Pauly, 
1997). If there is too much fishing pressure 
on large-sized G. expansa in the Loay-Loboc 
River, the whole population may deteriorate.  
The development of aquaculture techniques for 
G. expansa in Loay-Loboc River will aid in the 
conservation and management of the natural 
stocks.

The observed recruitment pattern and 
monthly mean CI of G. expansa population in the 
river suggest that recruitment and spawning of 
the clams were year-round. These reproductive 
characteristics are preferred in selecting bivalve 
species for aquaculture (Soria et al., 2014). 
The bimodal recruitment peaks observed from 
the G. expansa population was similar with 
other bivalves (Amin et al., 2005; Del Norte-
Campos & Villarta, 2010). The CI of G. expansa 
population in Loay-Loboc River was used to 
describe the reproductive activities of the clams, 
elucidating the spawning season. It appeared 
that there were two peaks of spawning events for 
G. expansa, which complements the recruitment 
pattern on an annual basis. It appeared that the 
offspring produced from the spawning activities 
were recruited in the population during the peak 
of recruitment. Similar cases were reported in 
other bivalves (Laudien et al., 2001; Kraeuter 
et al., 2005). Moreover, the variations in 
monthly CI were significantly predicted by the 
changes in water temperature and salinity. The 
results suggested that increase in temperature 
and decrease in salinity may trigger spawning. 
These may explain the peak of spawning 
activities in the dry months of March and April, 
where the temperature is highest as observed in 
this study. Likewise, peaked spawning activities 
observed during the wet months of September 
to November may be attributed to lower salinity 
during the rainy season. These data will be useful 
for the development of hatchery techniques for 
G. expansa.

Conclusion
The present study suggests that natural 
populations of G. expansa in Loay-Loboc River 
are sturdy and fast-growing mud clams. The 
spawning and recruitment in the population is 
year-round. G. expansa is an emerging species 
that needs to be protected and managed. In 
this time of climate change and rising human 
population, the search for new and better adapted 
species for aquaculture is deemed necessary. The 
biological attributes of G. expansa in its natural 
environment makes it a potential candidate 
species for aquaculture.  Development of culture 
techniques for this bivalve species will aid in 
the conservation and management of natural 
populations in central Philippines.
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