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1. Introduction
  

 The mangrove ecosystem was very essential 
ecologically and economically (Bersaldo et al. 2023) 
as it provides ecological benefits to the environment 
like coastal protection, habitat for small fishes and 
invertebrates (Honda et al. 2013), and economic 
benefits such as improved fishery productivity and 
help increase the income of coastal communities like 
gleaners (Bersaldo et al. 2022). In the Philippines, 
particularly in Eastern Samar, mangroves were prone 
to natural threats like typhoons and sea level rise 
(Primavera et al. 2016) and anthropogenic activities 

such as coastal development, reclamation, and illegal 
settlers in Davao (Pacyao and Barail 2020). Mangroves 
were very common in the Philippines, such as in the 
Davao Region (Friess et al. 2020; Bersaldo et al. 2023). 
However, human-induced destruction weighs more 
than the naturally occurring phenomena that ravage 
mangrove forests (Quevedo et al. 2020; Abreo et al. 
2021). In the Philippines, mangrove destruction was 
mainly influenced by the conversion of this area to 
aquaculture ponds that resulted in over 380,000 
hectares loss from 1918 to 1994 (Primavera 2000). 
In the past few decades, mangrove rehabilitation 
projects in the Philippines have been widespread to 
mitigate the decreasing cover, but active involvement 
among stakeholders is required (Camacho et al. 
2020).

ABSTRACT

Mangrove clam is the most sought-after bivalve in the Philippines due to its taste, 
size, and nutrition. Due to its economic importance, this paper aims to determine 
the population dynamics of mangrove clam P. philippiana harvested in gleaning 
sites in the Davao region using the FAO ICLARM Stock Assessment Tool (FISAT 
II). A total of 2493 clams collected from December 2018-December 2020 with 
sizes ranging from 14-84 mm SL and 2.2-178.6 g were classified according to size 
classes with 5 mm intervals. The length-weight relationship was computed and 
showed negative allometry (a = 0.002, b = 2.6205, R2 = 0.89). The estimated growth 
parameters using ELEFAN I was L∞ = 98.64 mm, K = 1.33 year-1, t0 = -1.07. 
Length converted catch curve routine estimated Z = 10.27year-1, M = 1.52 year-1, 
F = 8.75 year-1, E = 0.85, and backward extrapolation generated Lc50 = 34.83 mm 
SL which is below Lm = 65.76 mm SL. Recruitment patterns were highest during 
July and August 2020, and VPA showed a high F at 60 mm SL. Beverton and 
Holt Y/R analysis showed E0.5 = 0.328 and Emax = 0.551, yield isopleths derived 
from plotted Lc50/L∞ = 0.353 and E = 0.85 values were within quadrant D. The 
result revealed that Lm>Lc50 implies that mangrove clams gleaned in the area 
were small and immature. Moreover, F>Fopt and E>Emax and E>E0.5 suggest that 
mangrove clam fishery in the region was heavily exploited. The study concluded 
that the mangrove clam Pegophysema philippiana was overexploited and that a 
management strategy was needed in the Davao Region, Philippines.
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 Mangrove forests support and play an important 
role in global marine biodiversity and have provided 
ecological and economic benefits to human society 
(Raheman et al. 2020). In general, these salt-tolerant 
trees help improve water quality and the health 
of aquatic organisms, as mangroves are known to 
be effective in filtering wastewater and serve as 
microbial barriers for pathogens (Dai et al. 2020). In 
addition, the canopy of mangrove forests provides 
shelter, habitat, and protection for terrestrial 
organisms such as birds, insects, mammals, and 
reptiles (Nagelkerken et al. 2008). Moreover, 
underneath its roots inhabits diverse marine fishes, 
crabs, prawns, and other infaunal and epifaunal 
organism like clams, sea urchins, sea cucumbers 
and varied species of gastropods (Nagelkerken et al. 
2008; Bersado et al. 2022).
  Mollusk is one of the most diverse invertebrate 
biota found in the mangrove forest, and the majority 
of these organisms are gastropods and bivalves 
(Kabir et al. 2014). The mangrove clam Pegophysema 
philippiana is a type of bivalve that was abundant in 
the muddy substrate of mangroves and was among 
the local favorites in Panay Island and Davao region 
(Primavera et al. 2002; Bersaldo et al. 2022). This 
clam is usually found in mangrove areas with dense 
aggregations of Rhizophora species, which provide 
high sulfide concentrations that serve as food for 
their bacterial symbionts (Lebata 2001). Together 
with other shellfish, mangrove clams support 
the marine food web as they connect detritus to 
upper trophic organisms, which makes them an 
important species ecologically (Myers et al. 2011). 
Mangrove clam supports coastal communities by 
providing livelihood, income, and food (Primavera 
et al. 2002); for example, in the Davao region in 
which the growing economy of mangrove clams was 
reported in Baganga, Davao Oriental (Bersaldo et al. 
2022). Mangrove clams harvested in this area were 
sold locally and exported to nearby city markets 
(Bersaldo et al. 2022).
 Given the importance of mangrove clams 
in the region, no research requires extensive 
data collection existed. Mangrove clam study in 
the Davao region only deals with distribution 
(Bersaldo et al. 2022), value chain (Palma Gil et 
al. 2023), and biology (Lumogdang et al. 2022) 
and no assessment of the wild population. In 
a population dynamic study, the estimation of 
growth parameters like asymptotic length (L∞), 
instantaneous growth (K), natural mortality (M), 

fishing mortality (F), and exploitation rate (E) was 
important for the evaluation and management 
of a fishery stock (Mirzaei et al. 2015). Estimating 
population dynamics provides fishery managers 
and scientists with insights into better stock 
prediction and efficient management information 
that would benefit coastal communities, especially 
in developing countries (Tesfaye and Wolff 2015). To 
know if the wild population of mangrove clams in 
the Davao region is in optimal condition, the current 
study was conducted to evaluate the population 
dynamics of P. philippiana in the Davao region and 
to provide fishery managers information regarding 
the current stock of mangrove clams in the area that 
would aid in proper management interventions 
for the optimum harvest of the gleaned mangrove 
bivalve resources.

2. Materials and Methods

2.1. Study Area
 The study was conducted in the Davao region, 
specifically focusing on areas where the majority 
of the mangrove clam supply originates, namely 
Baganga in Davao Oriental, Sta. Cruz in Davao del 
Sur, and Malita in Davao Occidental. Mangrove clam 
Pegophysema philippiana specimens were collected 
from locations where clam harvesting was reported 
in each municipality (see Figure 1).

2.2. Sample Collection
 A total of 2,493 mangrove clams, P. philippiana, 
were collected from December 2019 to December 
2020 in the Davao region with the assistance of hired 
gleaners. Sampling times were determined based 
on their preferences for sampling locations. Shell 
length and total weight were measured in situ using 
a vernier caliper (Digital Vernier Caliper 200 mm, RS 
PRO, China) for length measurements and a digital 
weighing scale for clam weight. Before weighing, 
the mangrove clams were drained for a few minutes 
to minimize the presence of water inside the clam 
shells, which could influence their weight. Collection 
of samples was not continuous year-round due to 
travel restrictions imposed during the height of the 
Covid-19 pandemic and the request for an extension 
for the project. As a result, there were months where 
no data were available during April to October 2019 
due to travel restrictions when the collection was very 
difficult (Table 1). Furthermore, from January to April 
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of the following year, no sampling was conducted 
due to the pending request for the project extension. 
Despite the months with no available data, the 2,493 
samples collected over 11 months during a two-year 
period exceeded the criterion set by Pauly (1984) of 
a total sample size of 1,500 samples collected for at 
least 6 months to be used in length frequency growth 
studies (Konan et al. 2015).

2.3. Data Analysis
2.3.1. Growth Parameters 
 The monthly length frequency data of mangrove 
clam P. philippiana were sorted into size classes 
at five (5) millimeter intervals. MS Excel was then 
utilized to process the data and determine the shell 
length frequency distribution. Throughout the study, 

 
Figure 1. Map of the study sites in Davao region where mangrove clam was harvested regularly (pin indicates mangrove 

clam collection sites)

Table 1. Mangrove clam collection in the three study sites during the 2-year project duration. Sampling was affected 
during pandemic and project request for extension

Year
2018

20
19

Months Baganga Sta. Cruz Malita
December Courtesy calls

Travel restriction due to COVID-19

January
February
March
April
May
June 
July
August
September
October
November
December

92
75
81

63
66

80
71
70

89
59

75
78
58

75
73
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Table 1. Continued
Year

20
20

Months Baganga Sta. Cruz Malita

Request for project extension

Termination of project

January
February
March
April
May
June 
July
August
September
October
November
December

86
88
81
75
88
79

79
80
80
75
63
75

80
75
75
58
75
76

2493 samples of P. philippiana were collected in the 
Davao region for length-frequency data analysis. 
 The length-weight relationship (LWR) was 
calculated using the formula W = aLb where 
W represents weight, a denotes the intercept 
representing the initial growth coefficient, L signifies 
length, and b stands for the slope indicating relative 
growth rates and providing growth information (b = 
3 for isometric; b>3 for positive allometric; b<3 for 
negative allometric). The value of the slope b was 
subsequently analyzed using a t-test to establish 
growth patterns demonstrated by P. philippiana (Aban 
et al. 2017; Lopez-Rocha et al. 2018; Sajol-Degamon 
and Fernandez-Gamalinda 2021). The relative 
condition factor was then computed according to the 
formula of Le Cren (1951):

reached by P. philippiana at an infinite theoretical 
age; K indicates the rate at which the shell length 
approaches L∞; and t0 stands for the age of P. 
philippiana when the shell length was equal to zero. 
The theoretical age at length zero was independently 
calculated based on Pauly's (1979) equation as:  

wKn =aLb

 The FAO-ICLARM Stock Assessment Tool (FISAT) II 
software was employed to provide growth estimates 
using length frequency data collected throughout 
the study period (FAO 2020). The asymptotic length 
(L∞) was estimated using the Powell-Wetherall 
plot with a 95% confidence interval provided in 
the maximum length estimation support function, 
further determining the maximum goodness of fit 
(Rn) to provide an instantaneous growth (K) using 
ELEFAN I (Electronic Length Frequency Analysis). The 
Von Bertalanffy growth function equation was then 
computed using growth parameters (Gayanilo et al. 
1996): 

Lt = L∞ (1 - e-k(t - t0)) 

Log10(-to ) = -0.392 - 0.275 Log10 L∞ - 1.038 Log10 K

Ø' = log10K + 2log10L∞

log(M) = 0.0066 - 0.279 log(L∞) + 0.6543 log(K) + 0.4634 log(T)

3
k

tmax = 

F F
Z F (F + M)

E = =  Where Lt denotes the shell length of P. philippiana 
at time t; L∞ represents the asymptotic length 

 The Pauly and Munro (1984) equation was utilized 
to compute L∞ and K estimations for the growth 
performance index: 

 The longevity (tmax) of P. philippiana was calculated 
using the formula: 

2.3.2. Mortality and Exploitation Rates
 Total mortality (Z) was estimated using FISAT 
II routines in length-converted catch curves. 
Natural mortality (M) was calculated using Pauly's 
(1980) empirical equation for mortality at a mean 
temperature (T) of 27.1°C (Palomares and Pauly 
2022):

 Fishing mortality (F) was determined as the 
difference between Z and M, and the current 
exploitation rate (E) was calculated using Beverton 
and Holt’s equation (Guiland 1971):
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 An E value near 0.5 was considered indicative 
of appropriate exploitation, while E > 0.5 indicated 
over-exploitation (Tesfaye and Wolff 2015). The 
precautionary target reference point (Fopt) or 
optimum fishing mortality was calculated as Fopt = 
0.5 × M (Patterson 1992). Furthermore, backward 
extrapolation of the descending limb was used to 
estimate the probability of capture and obtain the 
value of the length-at-first capture(LC50). A selectivity 
curve was generated by fitting the logistic function 
to the probability of capture and size data, from 
which values of the sizes at capture probabilities of 
25% (LC25 ) and 75% (LC75 ). The length at first sexual 
maturity(Lm50) was computed using the equation of 
Hoggarth et al. (2006):

3. Results

3.1. Population Structure and Morphometric 
Relationship

Mangrove clam samples collected from the study 
sites identified within the Davao Region varied in 
size from 14 to 84 mm SL, with a mean±SD size of 
37.64±8.29 mm, and weights ranging from 2.2g to 
178.6g, with a mean weight±SD of 30.63±19.48g. 
Most harvested mangrove clams (87.77%) fell within 
the 30-50 mm SL range (see Figure 2).

The length-weight relationship of mangrove clam 
P. philippiana harvested in the Davao region revealed 
a strong positive correlation, as reflected in the 
value of the correlation coefficient (r2) equal to 0.89, 
indicating that the shell length of the mangrove clam 
can be used to explain its weight gain. The growth 
pattern shown by the collected mangrove clams in 
this study was negative allometry, as the value of the 
slope b (2.6205) was significantly less than 3, based 
on the t-test result (df = 2491; t = -68.95; P<0.001), 
suggesting that the rate of shell length increase was 
higher than the rate of weight increase. Moreover, 
the computed condition factor (kn) of mangrove 
clam P. philippiana ranged between 0.27-12.42, with 
a mean±SD of 1.03±0.31 (see Figure 3).

3.2. Growth Parameters
The restructured length frequency data with 

overlaid VBGF curves, using the values of asymptotic 
length L∞ = 98.64 mm and instantaneous growth rate 
K = 1.33 year-1, indicated that at least three cohorts 
were sampled during the entire duration of the study 
for P. philippiana in the Davao region. It also revealed 
spawning months between July and August 2020 
(see Figure 4).

The growth parameters of P. philippiana were 
determined as follows: asymptotic length (L∞) = 
98.64mm, instantaneous growth (K) = 1.33 year-1, 
theoretical age (t0) = -1.07 years, growth performance 
index (Ø’) = 4.11 and longevity (tmax) = 2.25 years 
(estimated life span). These parameters were utilized 
to calculate the Von Bertalanffy growth equation for 
P. philippiana in Davao region with formula Lt = 98.64 
(1 – e -1.33 (t + 1.07)) which further used to plot and 
identify the age of mangrove clam that approached 
asymptotic length. Mangrove clam P. philippiana in 
Davao region exhibited rapid growth increments in 
first 2 years of age (more than 95 mm SL) followed 

L∞
3

(Lm50) = 2 ×

M
K

L∞

(3 + )
3 ×

 While the optimum length (Lopt) was calculated 
using the empirical equation proposed by Froese and 
Binohlan (2000):

2.3.3. Recruitment, Virtual Population 
Analysis, Yield/Recruit and Biomass/Recruit
  A one-year recruitment pattern was obtained 
using restructured data from a time series length 
frequency. The recruitment model was derived by 
projecting the length-frequency data back onto the 
time axis, utilizing L∞ and K as parameter inputs 
(Moreau and Cuende 1991). Additionally, a length-
structured virtual population analysis (VPA) was 
conducted, incorporating the values of M, F, L∞, and K 
estimates to generate cohort analysis (Gayanilo et al. 
2005). Relative yield per recruit and relative biomass 
per recruit were estimated using the Beverton and 
Holt yield-per-recruit analysis selection Ogive values 
as a function of E (Pauly and Soriano 1986).
 The optimum exploitation (Emax) corresponds to 
yielding the maximum relative yield-per-recruit, 
where the exploitation rate at which the marginal 
increase in relative yield-per-recruit was 10% (E0.1) of 
its virgin stock, and E0.5 represented the exploitation 
rate corresponding to 50% of the unexploited relative 
biomass per-recruit (B/R). Additionally, a yield 
isopleth contour was generated to plot and identify 
P. philippiana's stock position based on Pauly and 
Soriano's (1986) quadrat rule using the values of Emax, Lc50 Mand
L∞ K

.
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Figure 2. Distribution of shell length (mm) of Pegophysema philippiana in the Davao region

Figure 3. Length-weight relationship of mangrove clam Pegophysema philippiana in the Davao region

Figure 4. Restructured length frequency distribution of mangrove clam Pegophysema philippiana with superimposed 
growth curved in the Davao region
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by a gradual slowing down thereafter, approaching 
an infinite length at 3 years old (Figure 5).

3.3. Mortality and Exploitation
Figure 6 illustrates the length converted catch 

curve, estimating total mortality (Z) at 10.27 year-1, 
natural mortality (M) at 1.52 year-1, fishing mortality 

(F) at 8.75 year-1, which was higher than optimum 
fishing mortality (Fopt) of 0.76. This suggests that 
P. philippiana in the Davao region is overfished, as 
supported by the estimated current exploitation rate 
(E) of 0.85, exceeding the optimum exploitation rate 
of 0.5 and well beyond the suggested conservative 
exploitation rate of 0.3.
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growth parameters
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Figure 6. Length converted catch curve of mangrove clam Pegophysema philippiana in the Davao region
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The length at first capture (Lc50) estimated in the 
probability of capture was 34.83 mm SL, with Lc25 
and Lc75 estimates at 31.66 mm SL and 38 mm SL, 
respectively (Figure 7). The computed length at first 
maturity (Lm50) was 65.76 mm SL. The computed 
length at first maturity was larger compared to the 
length at first capture, implying that the majority 
of the harvested mangrove clam P. philippiana was 
sexually immature.

3.4. Recruitment and Virtual Population 
Analysis

The recruitment pattern of P. philippiana in the 
Davao region was bimodal, with two recorded peaks 
in July (20.7%) and August (18.78%), although small 
recruitments occur year-round (Figure 8).

The length-structured virtual population analysis 
estimated that P. philippiana with lengths 10-25 mm 
SL were prone to predation and other natural causes 
of clam death. Furthermore, results revealed that P. 
philippiana in the Davao region with shell lengths 
30-85mm were more susceptible to gleaning, with a 
peak of fishing mortality (F = 11.66 year-1) observed 
at shell length 60 mm (Figure 9).

3.5. Yield Per Recruit and Biomass Per Cecruit
The yield-per-recruit and biomass-per-recruit of 

P. philippiana in the Davao region were estimated 
using Beverton and Holt yield-per-recruit analysis 
routine using Lc50/L∞ and M/K ratio as input 
parameters, equivalent to 0.35 and 1.14, respectively. 
The estimates of relative yield-per-recruit (Y’/R) and 
relative biomass-per-recruit (B’/R) are presented in 
Figure 10. In the Davao region, the maximum yield-
per-recruit of P. philippiana was obtained at the 
optimum exploitation rate of Emax = 0.551. E0.1 = 0.47 
represented the exploitation rate when the marginal 
increase of Y'/R was 10% of the virgin stock, and E0.5 

= 0.328 represented the exploitation rate when the 
stock was reduced to half of its virgin biomass. Lower 
values for E0.5 and Emax were observed compared to 
the current exploitation rate (E) of 0.85, implying 
that the mangrove clam P. philippiana in the Davao 
region was overexploited.

The yield isopleths were generated in the Beverton 
and Holts yield-per-recruit analysis selection Ogive 
routine using the values of M/K = 1.14 and L∞ = 
98.64mm. Furthermore, based on the interception 
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Figure 9. Virtual population analysis of mangrove clam Pegophysema philippiana in the Davao region
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Figure 11. The mangrove clam Pegophysema philippiana in 
the Davao region yields an isopleths diagram 
showing stock position (A = under-fishing, B = 
developing fishery, C = fully developed fishery, 
and D = over-fishing, according to Pauly and 
Soriano (1986))

 

of Lc50/L∞ = 0.353 and E = 0.85, the mangrove clam 
P. philippiana fishery in the Davao region falls into 
quadrant D, which is considered an overfished or 
overexploited area (Figure 11).

4. Discussion
 
 The exploited mangrove clam Pegophysema 
philippiana in the Davao region provides food and 
livelihood to coastal communities where these 
resources exist. A population dynamics study was 
required to provide information on the region's 
current stock of mangrove clams, which would 
assist fishery managers in developing management 
strategies for the sustainable harvest of this 
commodity. The current study provides baseline 
information on growth estimates, mortality, 
exploitation, and yield of P. philippiana based on 
length frequency data utilized in FISAT II (FAO-
ICLARM Stock Assessment Tool) routines.

4.1. Population Structure and Morphometric 
Relationship
 Length frequency data of P. philippiana collected 
in the Davao region from December 20018 to 
December 2020 showed that 87.77% of gleaned 

clams in the area were within 30-50 mm SL (Figure 
2). According to a previous study of mangrove clams 
in Panay Island, 30 mm SL was the minimum size of 
clams with mature gonads (Primavera et al. 2002) 
and at least 30-50 mm SL were considered sexually 
mature, as observed in the study of Araneta (2016). 
However, the computation of length at first maturity 
(65.76 mm) showed that the majority of the clams 
were small and young, as supported by the findings 
of Adan (2000), who observed adult mangrove clams 
ranging from 57 to 73 mm SL. As a limitation of this 
study, histological analysis of mangrove clam gonads 
should be incorporated to determine their actual 
maturity, which could support SL measurements. 
Clam shell length is greatly affected by multiple 
factors, such as the availability of food, changes in 
environmental parameters, and development of 
gonads (Sarà et al. 2009; Thomas 2013; Singh, 2017).
 Morphometric measurement of the length-
weight relationship (LWR) of P. philippiana in the 
Davao region revealed a negative allometric growth 
pattern (b = 2.62; P<0.001) and a very low mean 
condition factor (kn) of 1.03±0.31 (Figure 3). The 
value of slope b, which indicates growth patterns, 
was comparable to several studies showing negative 
allometric growth with values of 2.905, 2.77, and 
2.98, respectively (Gimin et al. 2004; Ramesha et 
al. 2009; Thomas 2013). However, Singh (2017) and 
Idris et al.(2012) recorded higher b values of 3.52 
and 3.11, respectively. In tropical marine organisms, 
b values between 2.5 and 3.5 is very common and 
acceptable, whereas isometric growth patterns (b 
= 3) are extremely rare in the wild (Froese 2006; 
Albogast et al. 2020). The different growth patterns 
observed in bivalves is mainly due to dense stock in 
the wild, sea level and food (Franz 1993); burrowing 
behavior and depth, (Gaspar et al. 2001); changes in 
shell structure as a result of phenotypical variances 
and presence of predators (McKinney et al. 2004); 
and the varying sizes observed in the sampled data 
(Froese 2006). The observed relatively low condition 
factor of mangrove clam in the study is comparable 
to the findings of Widianingsih et al. (2020) and is 
mainly driven by reproduction, secretion, and varied 
environmental conditions such as temperature and 
salinity (Bhatkar et al. 2021).

4.2. Growth Parameter
 The given estimates for asymptotic length (L∞) 
and annual growth coefficient (K) of the ELEFAN I 
routine are 98.64 mm and 1.33year-1, respectively 
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is presented in figure 5, which shows three cohorts 
of sampled data and spawning periods between 
July and August. The computed L∞ in the current 
study is smaller than 107.1 mm observed in Iwahig, 
Palawan (Dolorosa and Dangan-Galon 2014) while 
higher compared to Loay, Bohol (91.35 mm), Seitu 
District, Malaysia (76.1 mm), and Bangladesh (81.4 
mm) (Amin et al. 2009; Dolorosa and Dangan-Galon 
2014; Yahya et al. 2018). Further, the calculated K 
value in this study is bigger than the four mentioned 
studies with K values of 1 in Palawan, 0.7 in Malaysia, 
0.75 in Bohol and 0.97 in Bangladesh. Moreover, 
different findings for growth performance index 
(Ø’) is noted between this study and the studies of 
Dolorosa and Dangan-Galon (2014) (4.06), Yahya et 
al. (2018) (3.6), Argente and Ilano (2021) (3.79) and 
Amin et al. (2009) (2.07). The variations observed 
in L∞ and K between studies are mainly driven by 
fishing pressure and size of collected clams in each 
area, while the disparity in Ø’ observed is probably 
due to the unique value of L∞ and K used during 
computations (Zan-bi et al. 2022). Accordingly, Pauly 
(1991) and Sparre and Venema (1998) stated that 
Ø’ should not significantly differ when comparing 
related species because this will be the basis for 
determining the growth of clams if it follows the 
Von Bertalanffy growth function (VGBF) model. 
 Aside from otoliths for fish and growth ring 
analysis for clams, the length frequency data can 
also be used to identify the age of a certain sampled 
organism (Baali et al. 2021). The VGBF equation Lt = 
98.64 (1 - E -1.33 (t+1.07)) is computed to plot the age 
of mangrove clam in Davao region that approached 

L∞ (Figure 5). Younger mangrove clam P. philippiana 
grows rapidly from birth to 2 years, reaching more 
than 95 mm SL, then the growth rate declines as 
it approaches L∞ at the age 2.5-3 years. This result 
coincides with the calculated longevity (tmax) or life 
expectancy of 2.25 years. Several studies on bivalves 
show short life spans, as these invertebrate animals 
are considered short-lived organism (Wolff 2010; So 
et al. 2021). Accordingly, Pauly (1978) emphasized 
that higher estimated K value equate to shorter life 
expectancy with rapid growth, while lower K value 
organisms likely live longer and grow slower (Table 
2, Figure 5).

4.3. Mortality and Exploitation
 Mangrove clam mortality is driven by multiple 
factors such as environmental parameters 
(temperature and salinity), natural causes 
(predation and disease) and gleaning (Gosling 
2003). Total Mortality (Z) is 10.27 year-1, natural 
mortality (M) is 1.52 year-1, fishing mortality (F) is 
8.75 year-1 and current exploitation rate (E) is 0.85 
of mangrove clam P. philippiana in Davao region, 
which are higher compared to the study conducted 
in Palawan by Dolorosa and Dangan-Galon (2014) 
with values Z = 3.74 year-1, M = 1.41 year-1, F = 2.33 
year-1 and E = 0.62; Malaysia (Yahya et al. 2018) Z = 
2.1 year-1, M = 1.1 year-1, F = 1 year-1, and E = 0.47; 
Bangladesh Z = 2.63 year-1, M = 2.61 year-1, F = 0.02 
year-1 (Amin et al. 2009); and in Bohol (Argente and 
Ilano 2021) Z = 2.89 year-1, M = 0.9 year-1, F = 1.99 
year-1 and E = 0.69 (Table 3). The different findings 
observed in each area mainly influenced by its 

Table 2. Growth parameters of varied bivalve’s species estimated in different locations

*computed in this study

Species Location L∞ K Ø’ tmax Author

Polymesoda erosa
Geloina expansa
Meretrix meretrix
Geloina expansa
Pegophysema philippiana

Iwahig, Palawan
Setiu District, Malaysia
Cox’s Bazaar Coast, Bangladesh
Loay, Bohol
Davao region

107.1
76.1
81.4

91.35
98.64*

1
0.7

0.97
0.75

1.33*

4.06
3.6

2.07
3.79*

4.1*

3
4.3

3.1*
4*

2.25*

Dolorosa and Dangan-Galon 2014
Yahya et al. 2018
Amin et al. 2009
Argente and Ilano 2021
This study

Table 3. Mortality and exploitation estimate of varied bivalve species in different locations
Species Location Z M F E Author

Polymesoda erosa
Gelonia expansa
Meretrix meretrix
Gelonia expansa
Pegophysema philippiana

Iwahig, Palawan
Setiu district, Malaysia
Cox’s Bazar Coast, Bangladesh
Loay, Bohol
Davao region

3.74
2.1

2.63
2.89

10.27

1.41
1.1

2.61
0.9

1.52

2.33
1

0.02
1.99
8.75

0.62
0.47
0.01
0.69
0.85

Dolorosa and Dangan-Galon 2014
Yahya et al. 2018
Amin et al. 2009
Argente and Ilano 2021
This study
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unique ecological parameters, over-all well-being 
of clams, food availability, magnitude of gleaning, 
existing predators, and varied sample data collected 
(Zan-bi et al. 2022). To highlight findings in the 
current study, F (8.75 year-1) is very high compared 
to M and computed optimum fishing mortality (Fopt) 
value of 0.76 year-1. This data is further supported 
by the calculated value E 0.85 which is also above 
the optimum exploitation level 0.5 (Figure 6). 
These results reveal that the mangrove clam in 
Davao region is declining due to overexploitation 
or overfishing. According to Niamaimandi et al. 
(2015), an F value above Fopt means fishery resources 
are fished unsustainably leading to a decrease in 
its stock, and an E higher than 0.5 indicates that 
the area is overexploited or heavily fished and 
management strategies should be implemented to 
sustain its stock (Dalzell and Peñaflor 1989; Tesfaye 
and Wolff 2015). Moreover, if the current fishing 
pressure on mangrove clam in the region continues, 
a possible collapse of this fishery and diminished 
wild population stock will be possible (Argente and 
Estacio 2014). 
 The length at first capture (Lc50) of 34.83 mm SL, 
length at first maturity (Lm50) of 65.76 mm SL and 
optimum length (Lopt) of 71.48 mm SL shows that 
most gleaned mangrove clam P. philippiana in Davao 
region were juveniles (Figure 7). The computed 
Lm50 which is greater than Lc50 of this study, is in 
congruence with other bivalve studies conducted in 
Mexico (López-Rocha et al. 2018) and India (Sajan et 
al. 2015). Hence, it indicates that mangrove clam in 
the Davao region is prone to be harvested at smaller 
size prior to maturation. Accordingly, harvesting 
of small or juvenile organisms, which are sexually 
immature and do not have the capacity to spawn 
even once, may greatly impact its sustainable 
biological stock in the wild (Prasad et al. 2012).

4.4. Recruitment and Virtual Population 
Analysis (VPA)
 The recruitment pattern of mangrove clam P. 
philippiana occurs year-round in the Davao region, 
with the highest recruitment observed from 
June to October and two peaks noted in July and 
August, aligning with Pauly’s (1982) observation 
that tropical organisms commonly exhibit two 
recruitment peaks annually (Figure 8). This finding 
is consistent with the study conducted by Yahya 
et al. (2018), which reported recruitment peaks 

during southwest monsoon (June to August 2020) 
when nutrient enhancement happens. Spawning 
and recruitment are dependent on the gonadal 
development. To developed mature gonads 
for reproduction, clams must meet biological 
requirement such as food, temperature and 
limited environmental disturbance (Akombo et 
al. 2014). Understanding reproduction is crucial 
for predicting the spawning time of species and 
aiding in conservation efforts (Faizah et al. 2018). 
According to Rehatta et al. (2021), aspects such as 
the availability of adult stocks, reproductive success, 
and pre-recruitment mortality at both the larval and 
juvenile stages influence recruitment. Furthermore, 
the stability of wild bivalve populations relies on 
the continuous addition of younger clams through 
recruitment and the elimination due to various 
factors, including natural and fishing mortality (El-
Hosainy et al. 2017). The stock of mangrove clam in 
the Davao region is dominated by small immature 
clams (<Lm) and fishing mortality is very high 
(>Fopt), implying reduced availability of brood stock 
prepared to spawn, as supported by VPA estimates. 
 Virtual population analysis revealed that 
immature clams sized 30-60 mm SL (<Lm) are 
affected by gleaning, with heavily gleaned (F = 11.66 
year-1) observed at 60 mm SL, while clams sized 
10-20 mm SL are removed from the environment 
due to predation and disease (Figure 9). Fishing 
mortality varies with size, with smaller clams 
being less frequently gleaned compared to larger 
ones bigger, a common phenomenon observed in 
marine organisms throughout their lifespan (Mirza 
et al. 2012). The fishing scenario in the Davao region, 
where younger mangrove clams dominate the 
harvest, hampers the natural renewal of the stock 
through recruitment due to the limited number of 
brood stock, posing a risk to this resource (Dahel et 
al. 2019). Mangrove clams are essential in providing 
food and livelihood for the poorest sectors of 
the community, highlighting the importance of 
implementing fishery management measures 
to conserved and protect these resources for 
sustainability.

4.5. Yield Per Recruit and Biomass Per Recruit
 Maximum exploitation (Emax = 0.551) and 
optimum exploitation (E0.5 = 0.328) rates estimated in 
the current study are below the current exploitation 
rate (E = 0.85), negatively impacting the relative 
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yield per recruit of mangrove clam in the Davao 
region and implying an overexploited area (Figure 
10). Sajan et al. (2015) noted that exploitation 
rate and relative yield per recruit of wild stock 
are inversely proportional. In this study, higher 
value of E is observed compared to Emax, indicating 
overfishing, as supported by multiple studies (Azim 
et al. 2017; Dahel et al. 2019). Overfishing or over 
harvesting of mangrove clam populations can lead 
to a decreased in their size in the wild (Jamabo et 
al. 2009). Additionally, the exploitation of mangrove 
clam can be determined using the Z/K ratio, as 
described by Sajan et al. (2015) as a rule of thumb. 
Species with growth domination have Z/K value of 1 
and beyond 2 for species with high mortality (Balli 
et al. 2011); for this study Z/K is 7.72. Furthermore, 
ratio of F and Emax can also be used to identify the 
exploitation level; F/Emax >1 indicates overfished 
species (Hashemi et al. 2020), and for this study, 
the computed F/Emax ratio is 15.88. In general, using 
the value of Emax and E0.5 compared to E, along with 
the ratio of Z/K and F/Emax, mangrove clam P. 
philippiana is heavily exploited in the Davao region 
and requires conservation and management. This 
result is further supported by the yield isopleths 
generated using the Beverton and Holt Y/R analysis 
selection Ogive. 
 According to Pauly and Soriano (1986) yield 
isopleth model, the stock position of a certain 
species can be plotted according to four quadrants. 
A stock plot the lies within quadrant A (upper 
left) is considered underfished, quadrant B (lower 
left) represents a developing fishery, quadrant C 
(upper right) indicates a fully developed fishery 
and quadrant D (lower right) signifies an overfished 
fishery. Based on the intercept between the 
proportions of Lc50/L∞ (0.353) and E (0.85), the 
mangrove clam P. philippiana fishery in the Davao 
region is overfished, with gleaned clams commonly 
being smaller and younger. Hence, the computed 
length at maturity (65.76 mm SL) is higher than 
length at first capture (34.83 mm SL), indicating 
that the mangrove clam fishery in the region 
is experiencing growth overfishing. Therefore, 
management strategies such as regulating the 
harvested clam size is necessary and essential, 
along with controlling the frequency of gleaning in 
the area.
 In conclusion, the current study provides critical 
insights into the existing fishery of P. philippiana 
in the Davao region. Mangrove clams in Davao 

are overexploited resources, with most of those 
gleaned being small and immature. Therefore, a 
fishery management strategy is needed to preserve 
and protect this species. Furthermore, it is crucial 
to continue monitoring the harvest of mangrove 
clam in the region to provide annual catch data for 
future stock assessment and population dynamic 
studies. Lastly, the result of this study will serve 
as a basis for the development of policies that will 
aid conservation efforts for the sustainable harvest 
of mangrove clams in the Davao Region and the 
Philippines as a whole.
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