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The green mussel Perna viridis, is widely distributed and cultivated in the Philippines for commercial purposes 
or solely for subsistence consumption. Due to its tolerance to a wide range of environmental conditions, it can 
grow rapidly in dense colonies on a range of hard substrata. P. viridis cultured through longline and stake 
method, and those thriving in wild colonies in Leyte, Villareal and Cancabato Bays respectively were examined 
to provide data on the biological characteristics of this organism and its environmental conditions. Calculation of 
condition index (CI) revealed that green mussels in Cancabato Bay have the highest CI values (15.73% ± 5.95), 
followed closely by that in Leyte Bay (15.34% ± 2.37). Gross morphological examination of the mussels showed 
that females dominated the sex ratio throughout the sampling period in all bays (59% females: 41% males). 
Using Pearson’s correlation coefficient (P value < 0.05), combined data from the three bays showed a positive 
correlation on shell and meat dimensions with pH; as well as meat dry weight (MDW) and CI with dissolved 
oxygen (DO). However, a negative correlation on Meat Wet Weight (MWW), MDW, and CI with salinity was 
observed. Higher CI values in Leyte Bay than Villareal Bay imply that cultivated mussels grow better in longline 
method than in stake method. Further study is recommended to confirm these initial findings. This study can be 
used to better aquaculture strategies in the region. 

There are four mussel species, namely Perna 
viridis (green mussel), Modiolus philippinarum 
(Philippine horse mussel), Modiolus metcalfei (yellow 
banded horse mussel), and Mytella strigata (charru 
mussel) commonly consumed in the Philippines 
(Salinas and Rosario 2016). Among these mussel 
species, P. viridis is widely cultivated.

P. viridis is native to the Indo-Pacific region, from 
the Persian Gulf to the Philippines and Hong Kong, 
where it is widely distributed (Siddall 1980). It can 
either be found in the wild or cultured by mussel 
farmers. Cultured mussels are actually wild mussels; 
however, they have been gathered when young and 
encouraged to grow on man-made structures for easy 
harvesting (Paquotte 2008). Before the discovery 
of the green mussel as a potential aquaculture 
commodity, it was considered as a pest by oyster 

cultivators in the Philippines. It was only in 1962 that 
the Philippines became one of the countries outside 
Europe to consider this species as a primary crop 
itself (Guerrero et al. 1983; FAO 1999). 

It is useful to compare the status of cultured and 
wild green mussels, as their conditions may vary 
in different areas. Since green mussels are filter 
feeders, their growth and survival fully depend on 
the hydrological processes of the environment. In 
addition, a temporal monitoring of its shell growth in 
terms of length (SL), width (SW) and height (SH); as 
well as meat wet weight (MWW), meat dry weight 
(MDW) and shell dry weight (SDW) was conducted. 
These measurements were used to obtain the 
Condition Index (CI) to assess the condition and 
estimate the meat yield of green mussel production 
(Davenport and Chen 1987). Understanding the 
factors that cause dynamics in mussel biology such as 
environmental factors (Soon & Ransangan 2014), food 
availability such as phytoplankton composition and 
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Figure 1. Map showing the location of the sampling stations in Cancabato Bay, Leyte Bay and Villareal Bay.

abundance (Shumway 1985); modes of proliferation 
or cultivation methods (Rejeki et al. 2020) and stress 
conditions associated with growth, development, and 
reproduction (Al-Barwani et al. 2011) would largely 
contribute to aquaculture sustainability.

Green mussels are cultured in Leyte and Villareal 
Bays through longline method and stake method 
respectively; and are found in the wild in Cancabato 
Bay. This species contributes to the livelihood and 
has become a source of income to local residents 
in Eastern Visayas. Despite its extensive utilization 
as an aquaculture commodity, few recent studies on 
culture farms (Cebu and Orale 2017; Echapare et al. 
2019) and no information on this species occurring 
in the wild has been conducted in this region. This 
study thus aimed to assess useful aspects of biology 
and environment of P. viridis grown in different modes 
in Eastern Visayas, Philippines.  Environmental and 
biometric parameters, sex ratio, and condition indices 
of the collected mussels were compared in this study.

MATERIALS AND METHODS

Study Areas and Sample Collection

Three sites in Eastern Visayas namely, Leyte 
Bay (with three sampling stations), Villareal Bay (with 
two sampling stations), and Cancabato Bay (with two 
sampling stations), with P. viridis in different modes 
of propagation, were selected for the biological and 
environmental assessment of the organism. (Figure 
1). Coordinates and descriptions for the respective 
stations of these sites (Table 1) were recorded using 
the handheld Garmin Global Positioning System 
(GPSmap76CSx) device.

In Leyte Bay, green mussels along the coast 
of Leyte, Leyte, Philippines were cultivated using a 
longline method. All longlines were located in a single 
farming area. One longline is composed of a 50-m 
main line, with 2-m mussel socks tied to the main line 
at 50-cm intervals. Each sock is filled with 200 pieces 
of mussel spats. The main line is attached with plastic 
containers as buoys, while both of its ends were 
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connected to concrete anchors. The traditional stake-
farming method is prohibited in the area. 

On the other hand, in Villareal Bay, Villareal, 
Samar, Philippines, green mussels were cultured 
only through stake method. The bamboo stakes were 
placed in a wigwam arrangement and served both as 
spat collector and grow-out medium throughout the 
culture period. Lastly, only wild green mussels were 
found in the waters of Cancabato Bay, Tacloban City, 
Leyte, Philippines. 

Samples were taken monthly from December 
2018 to March 2019 to monitor one cycle of growth 
period from stages of undetermined sex (Stage 0 
and Stage 1) to sexual maturity (Stage 3) (Siddall 
1980). Forty-five mussel individuals with varied sizes 
were collected monthly from the stations of Villareal 
and Leyte Bays. Varied sizes usually correspond to 
mixed reproductive maturity, which was observed in 
the samples collected from Villareal and Leyte Bays 
as some individuals mature earlier than the others. In 
Cancabato Bay however, due to the scarce population 

of wild mussels coupled with low recruitment rate, 
only 15 mussels with stage 3 reproductive status 
were collected, since this is the stage where the 
sexes of the mussels can be distinguished. Samples 
were collected during during low tide, stored in a cool 
box compartment and immediately transported back 
to the laboratory in the University of the Philippines 
Visayas - Tacloban College for analysis. 

Environmental and Biological Parameters

Physico-chemical parameters (temperature, DO 
levels, pH, salinity, and current speed,) were taken 
in situ using a multi-parameter (Eutech 6500 Water 
Parameter Multimeter) 1-m below the water surface. 
The depths and water transparency of the bays were 
also measured using a calibrated rope with weight. 
Collected parameters were then compared with the 
optimum values set by Soon and Ransangan (2014) 
and DENR Water Quality Guidelines and General 
Effluent Standards (DENR 2016). Triplicates of 
250-mL water samples from each sampling station 
were collected into dark container bottles 1-m below 

Sampling Site - 
Mode of 
Proliferation 

Sampling 
Station 
No. 

Coordinates Sampling Station Description 

Cancabato Bay 
- Wild 
population 

1 11.219389 N 

125.017667 E  

Situated in Brgy. 88, one of the most populous 
barangays in Tacloban City.  

2 11.217111 N 
125.011750 E 

In close proximity to the heavily built-up areas in 
Tacloban City. 

Villareal Bay – 
Stake method 

1 11.582539 N 
124.892428 E  

Offshore farm near Lamingao Island. 

2 11.592978 N 
124.927689 E 

Near mainland with waters partially enclosed by 
Pacao and Burabod-Himyangan islands. 

Leyte Bay – 
Longline method 

1 11.44270 N 
124.45985 E 

Northernmost part of the farming area. 

2 11.42391 N 
124.46478 E 

Center part of the farming area. 

3 11.43335 N 
124.46164 E 

Southernmost part of the farming area. 

 

Table 1. Coordinates and corresponding descriptions of the sampling stations in Cancabato, Villareal 
and Leyte Bays.
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water surface for Total Suspended Solids (TSS) and 
chlorophyll-a concentrations, stored in a cool box 
compartment, and analyzed in the laboratory. TSS 
and chlorophyll-a concentrations were obtained 
following the procedure of American Public Health 
Association Standard Methods (APHA 2005) and 
Parsons et al. (1984), respectively. 

Mussel sex was distinguished by qualitative 
assessment of the gonadal tissue (see Table 2). A 
sexually mature female has an orange gonadal tissue 
and sexually mature males have dark cream colored 
gonadal tissue (Mc Donald et al 2018). 

Shell length (SL), height (SH) and width (SW) 
of the green mussels were measured with a plastic 
Vernier caliper. Fresh, wet weight of mussel meat 
(MWW) was measured using an OHAUS Pioneer 
analytical balance. The dry weight (MDW) of the meat 
and the shell (SDW) was determined by placing each 
part in a pre-weighed container, then placed in an 
oven at 60°C until the mass became constant. When 
the samples dried, these were again weighed using 
the analytical balance.

CI (%) =  Meat Dry Weight (MDW)
Shell Dry Weight (SDW)  × 100% 

 

Conditions index (CI was calculated using the 
formula (Davenport and Chen 1987):

Statistical Analysis

Differences in environmental parameters 
and condition indices of the mussels collected 
from different bays were determined using one-
way ANOVA (α= 0.05). If there was no significant 
difference in their environmental parameters, the data 
collected were consolidated to generate a correlation 
with the mussel’s biometric parameters and CI 
values. Pearson’s correlation coefficient was used to 
determine whether a relationship exists among the 
different environmental and biometric parameters of 
the mussels collected monthly during the sampling 
period. To determine whether the correlation was 
significant, the p-value was compared to a significance 
level of 0.05. 

 

 
Reproductive Stage 

 
Mantle and Gonad Condition 
 

 
Stage 0: Not developed 

 
Mantle is transparent, no sign of gonadal tissue. 
 

 
Stage 1: Early stage of 
gonad development 

 
Mantle is mostly transparent but white/cream/light yellow “webbing” 
pattern of developing gonadal tissue clearly visible – cannot always 
clearly determine sex. 
 

 
Stage 2: Developing 
gonads become evident 

 
Mantle is now semi-transparent with gonadal tissue: gonadal tissue 
becoming thicker. Females can now be clearly identified by their light 
orange gonadal tissue; males white/light cream gonadal tissue. 
 

 
Stage 3: Reproductively 
mature gonads present 

 
Mantle is opaque with gonadal tissues, gonadal tissue is thick, may 
appear granular looking. Fully mature females readily identified by 
dark orange to brick red gonadal tissue. Males cream to dark cream 
color. 
 

 

Table 2. Assignment of reproductive stage of Perna viridis based on observations of mantle and gonad 
conditions (McDonald et al. 2018).
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*Optimum range adopted from Soon and Ransangan (2014)
**Optimum range adopted from DENR Water Quality Standards Fishery Water Class I (2016)
¹ Data obtained from Malacura unpubl. data 

² Data obtained from Severino et al. unpubl. data

RESULTS

Environmental Parameters

The averages of different environmental 
parameters taken from Cancabato, Leyte, and 
Villareal Bays are shown in Table 3. Temperatures 
in all bays were recorded to have no significant 
difference (p>0.05) and ranged from 27.66°C to 
27.95°C in which all are were within the optimum 
range for mussel growth of 26°C to 32°C (Soon and 
Ransangan 2014). Moreover, no significant difference 
was also recorded for pH (p>0.05) which ranged from 
8.28 to 8.92 and all were within the optimum range 
of 7.9-8.2 (Soon and Ransangan 2014). The salinity 

levels (28.71 to 32.09 ppt) were not significantly 
different (p>0.05) and all values were within the 
optimum range (27-32 ppt) (Soon and Ransangan 
2014). The dissolved oxygen levels in the three bays 
(7.83 to 8.91 mg/L) did not vary as well (p>0.05) and 
all were within the optimum range (>8 mg/L) (Soon 
and Ransangan 2014). The TSS (103.60 to 128.17 
mg/L) were not significantly different (p>0.05) but all 
were above the optimum range of 25 mg/L.

On the other hand, transparency, depth, current 
speed and chlorophyll-a measurements were shown 
to have significant differences between the three 
bays (p<0.05). Villareal Bay had the highest water 
transparency (3.3 ± 0.6 m), then Cancabato Bay (1.86 

Parameters Optimum Range Cancabato Bay Villareal Bay Leyte Bay 

 
Temperature (°C)  

 
26-32*  

 
27.74 ± 0.78  

 
27.95 ± 0.71  

 
27.66 ± 0.31 

 
Salinity (ppt)  

 
27-32*  

 
28.71 ± 1.96  

 
32.09 ± 0.73  

 
31.56 ± 1.25 

 
Dissolved 
oxygen  (mg/L) 

 
>8*  

 
8.91 ± 0.99  

 
8.31 ± 0.51  

 
7.83 ± 0.64 

 
pH  

 
7.9 – 8.2*  

 
8.92 ± 0.17  

 
8.68 ± 0.12  

 
8.28 ± 0.20 

 
Current speed (m/s)  

 
0.1 – 0.3*  

 
0.03 ± 0.01b  

 
0.13 ± 0.06a  

 
0.14 ± 0.06 1a  

 
Total suspended 
solids (mg/L) 

 
25**  

 
103.60 ± 11.333  

 
111.64 ± 46.58  

 
128.17 ± 27.68 

 
Chlorophyll a (ug/L) 

 
0.7 - 1.7* 

 
0.1627 ± 0.03b 

 
0.3354 ± 0.03a 

 
0.1645 ± 0.06b 

 
Transparency (m) 

 
No Data 

 
1.86 ± 0.17 2b 

 
3.3 ± 0.6 a 

 
0.74 ± 0.33 c 

 
Depth (m) 

 
>8* 

 
4.68  ±  1.28a 

 
5.12  ± 0.40a 

 
3.39  ±  0.82b 

 

Table 3. Optimum range and confidence intervals of the environmental parameters obtained 
in Cancabato, Villareal and Leyte Bays from December 2018 to March 2019. Values 
are the means ± SD.a-b Means in a row without a common superscript letter (“a”) differ 
significantly (P<0.05).
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± 0.17), and lastly Leyte Bay (0.74 ± 0.33 m). When it 
comes to water depth, Villareal Bay was the deepest 
(5.12± 0.40 m), while Leyte Bay was the shallowest 
(3.39±0.82 m). The current speed of Leyte (0.14±0.06 
m/s) and Villareal (0.13±0.06 m/s) Bays were almost 
the same; while in Cancabato Bay, the current speed 
was 0.03±0.01 m/s. In terms of chlorophyll-a, Villareal 
Bay had the highest value (0.3354 ± 0.03 ug/L) while 
Cancabato Bay had the lowest (0.1627 ± 0.03 ug/L) 
concentration. No optimum range for transparency 
has been established yet; however, Soon and 
Ransangan (2014) reported that the green mussels 
grow best at turbidity range of 0.22-0.25 m. All three 
bays were shown to be below the optimum ranges 
for both chlorophyll-a and depth measurements 
(chlorophyll-a: 0.7–1.7 mg/L; depth: >8 m) (Soon and 
Ransangan 2014; DENR 2016). Nevertheless, the 
mean depths of Leyte Bay and Villareal Bay, were 
within the range (4 m to 7 m) moderately suitable 
for supporting green mussel farming (Soon and 
Ransangan 2014). Lastly, Leyte and Villareal Bays 
were observed to have current speed within the 
optimum range (0.1-0.3 m/s), while Cancabato Bay 
was below the optimum range. 

Biological Parameters

Shown in Figure 2 is the sex distribution in 
percentage of green mussels in the three bays, 
Cancabato, Leyte, and Villareal, from the month of 
December 2018 to March 2019. A monthly average 
of 9.58 and 4.38 mussel individuals in Leyte Bay 
and Villareal Bay, respectively, were collected with 
undetermined sex. These individuals were excluded 
from the computation of the percentage of male and 
female per sampling area as during these stages, 
the sexes were still uncertain. During the sampling 
period, there were more females than males (overall 
sex ratio is 59 females: 41 males), with no significant 
differences (p>0.05) in sex ratios between the bays.

Shown in Figure 3 (A), (B) and (C) are the 
monthly means of the shell length (SL), shell height 
(SH), and shell width (SW) of the mussels collected 
during the sampling period in Cancabato, Villareal 
and Leyte Bays. Shell lengths of mussels between 
bays (Villareal Bay: 66.36±12.84 mm; Cancabato 
Bay: SL=55.71±9.16 mm; Leyte Bay: 43.06±1.65 
mm) are shown to be significantly different from each 
other (p<0.05), while shell heights and widths are not 
(p>0.05). 

 

Figure 2. Sex distribution of green mussel in Cancabato, Leyte, and Villareal Bays from 
December 2018 to March 2019. Females dominated the sex ratio in all sites all throughout the 
sampling period, however no significant differences in the sex ratios were observed (p>0.05).
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Shown in Figure 3 (D) and (E) are the monthly 
mean of meat wet weight (MWW) and meat dry 
weight (MDW) of P. viridis collected in Cancabato, 
Villareal, and Leyte Bays. No significant differences 
in meat wet and dry weights were observed (p>0.05). 

 

C 

B 

A 

F 

D 

E 

Figure 3. Monthly variations of (A) shell length, (B) shell height, and (C) shell width, (D) meat wet weight, (E) meat dry weight 
and (F) condition index of P. viridis in Cancabato Bay, Villareal Bay, and Leyte Bay from December 2018 to March 2019. Values 
are the means ± SD.a-b  Means of the bays without a common superscript letter (“a”) differ significantly (P<0.05).
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A 
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Shown in Figure 3 (F) is the monthly condition 
index percentage (%CI) of P. viridis in Cancabato, 
Villareal, and Leyte Bays. Generally, Cancabato Bay 
had the highest CI (15.73%), but exhibited the largest 
drop and rise of CI values in comparison to the other 
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bays. The mean CI of P. viridis in Leyte and Villareal 
Bays were 15.34% and 14.83%, respectively. Overall, 
there was no significant CI difference between the 
mussels collected in the three bays (p>0.05).

Correlation of Parameters

Shown in Table 4 is the relationship between the 
combined environmental parameters and combined 
biometric parameters of the mussels in Cancabato 
Bay, Leyte Bay and Villareal Bay (n=1020). Shell 
length (r=0.50102), shell height (r=0.40712), shell 
width (r=0.43513), meat wet weight (r=0.65897) 

Variables 
Correlation 

Coefficient (r) 
p-value 
(0.05) p ≤ 0.05 

Environmental 
Parameters Biometric Parameters 

Salinity 

Meat Wet Weight -0.59868 0.00076 SIGNIFICANT 

Meat Dry Weight -0.36588 0.05552 SIGNIFICANT 

Condition Index -0.41401 0.02851 SIGNIFICANT 

DO 
Meat Dry Weight 0.47502 0.02955 SIGNIFICANT 

Condition Index 0.46624 0.03314 SIGNIFICANT 

pH 

Shell Length 0.50102 0.00661 SIGNIFICANT 

Shell Height 0.40712 0.03154 SIGNIFICANT 

Shell Width 0.43513 0.02066 SIGNIFICANT 

Meat Wet Weight 0.65897 0.00014 SIGNIFICANT 

Meat Dry Weight 0.54184 0.00290 SIGNIFICANT 

Chl-a 
Shell Length 0.50123 0.02063 SIGNIFICANT 

Shell Width 0.45126 0.04004 SIGNIFICANT 

Current speed Shell Length 0.55525 0.02646 SIGNIFICANT 

 

Table 4. Relationship between the combined environmental parameters and combined biometric 
parameters of the mussels in Cancabato Bay, Leyte Bay and Villareal Bay.

and meat dry weight (r=0.54184) of the mussels 
show a positive relationship with the pH of the bays. 
MWW (r=0.47502) and condition index (r=0.46624) 
also positively correlated with the DO of the bays. 
In addition, shell length (r=0.50123) and shell width 
(r=0.45126) show a positive relationship with the 
chl-a concentration. Lastly, shell length (r = 0.55525) 
positively correlated with the current. On the other 
hand, meat wet weight (r = -0.58003), meat dry weight 
(r = -0.53016) and condition index (r=-0.41401) of 
mussels show a negative relationship with the salinity 
of the bays.
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DISCUSSION

Sex Ratio and the Differences in Environmental 
Factors

Mussels are gonochoristic with similar sex ratio 
between males and females (Zupan and Tomislav 
2014). During the sampling period in all study sites, 
there were more females than males (overall sex 
ratio is 59% females: 41% males) signifying that the 
data was not within the normal population ratio of 
1:1. However, such a degree of fluctuation is often 
observed in family Mytilidae. In P. viridis, Barkati and 
Ahmed (1974) and Lee (1988) recorded a 56% and 
56.3 % male overall dominance, respectively. But, 
Walter (1982) noted a female dominance of 52.3% in 
the Philippines. According to Walter (1982), this may 
have been attributed to the characteristic year-round 
reproductively active population of green mussels and 
accompanied by asynchronous, repetitive spawning 
events. A female-biased sex ratio in this study may 
be due to the differences in environmental factors 
such as temperature, food availability and exogenous 
steroids. In a review by Coe (1943), he suggested 
that environmental conditions have influences in 
the sexual identity in bivalve species that exhibit 
alternative sexuality. This is further strengthened 
by Lee (1988) in his study on P. viridis reproductive 
cycle and sexuality in Hong Kong. According to Lee 
(1988), mussel populations respond to their local 
circumstances by adjusting their population sex ratio 
to improve their reproductive capability. This is called 
the sex reversal phenomenon wherein the stage 1 
mussels undergo follicular rearrangement to attain 
distinct sexes in Stage 2 when there are sudden 
changes in temperature and fluctuations in the food 
supply (Lee 1988; Peharda et al. 2006). In our study, 
changes in temperature were not observed. However, 
fluctuations in current speed were evident in Villareal 
and Leyte Bays with a significant decrease from 0.12 
m/s in December 2018 to 0.07 m/s in January 2019 
followed by a significant increase of 0.13 m/s in the 
succeeding month. Significantly low chlorophyll-a 
concentrations were also observed in Cancabato 
and Leyte Bays (both at about x̄: 0.16 ug/L) all 
throughout the sampling period, as compared to 
Villareal Bay (x̄: 0.34 ug/L). We hypothesize that 
the current speed and chlorophyll-a concentrations 
affected the availability of food supply, which caused 
P. viridis to undergo follicular arrangement and obtain 
a female-dominated population. A female-dominated 
population could be another strategy for increasing P. 
viridis reproductive success in the region, which could 

be similar with the findings reported in several studies 
on other bivalve species (Sastry 1968; Stenyakina et 
al. 2010; Teaniniuraitemoana et al. 2016). 

Environmental Influences on the Biometric 
Parameters of the Mussels

Growth in marine bivalves is expressed as 
an increase in body size and weight. From the 
combination of data from Villareal, Leyte, and 
Cancabato Bays, it is shown that the shell length 
(r =0.50102, p=0.00661), shell height (r = 0.40712, 
p=0.03154), shell width (r = 0.43513, p=0.02066), 
meat wet weight (r = 0.0.65897, p=0.00014) and meat 
dry weight (r = 0.54184, p=0.00290) were positively 
correlated with pH. Mussels begin to form their shells 
when they are just a day old. Calcium is extracted 
from the seawater and transported by specific proteins 
before calcium carbonate is formed (Kapsenberg 
et al. 2018). As the pH gets lower in the seawater, 
it becomes more acidic causing the carbonate ions 
to bind up and making them less abundant for the 
mussels to build their shells. The effect of the pH on 
their calcification rate also corresponds to the weight 
of the rest of their body which explains its positive 
correlation with the mussels’ meat weight (Orban 
et al. 2002; Flores-Vergara et al. 2004; Helmholtz 
Centre for Ocean Research Kiel 2017).

Dissolved oxygen is also a critical variable affecting 
numerous components of the aquatic ecosystem. 
Low DO levels are fatal to invertebrate species since 
it alters biogeochemical pathways and reduces the 
nutrient retention by the sediments (Caraco et al. 
2000). This explains why the MDW (r=0.47502) and 
CI (r=0.46624) of the mussels positively correlated 
with the amount of DO in the bays. The chlorophyll-a 
concentration in Villareal Bay (0.3354±0.05 μg/L) is 
significantly greater than the two bays (0.1627±0.04 
μg/L). According to Soon and Ransangan (2014), 
current speed is an important factor that determines 
the amount of food available for a mussel and a high 
chlorophyll-a concentration results for fast growth 
and increase in overall condition.

Green mussel is known to tolerate wide ranges 
of salinity (27-35 ppt); however, extremely low (0-15 
ppt) or extremely high (40-65 ppt) salt concentrations 
is not suitable for green mussel farming (Soon and 
Ransangan 2014). Elevated salinity can limit the 
growth of aquatic organisms (Blakeslee et al. 2013) 
which could explain the negative relationship of the 
meat wet weight (r=-0.59868, p=0.00076), meat dry 
weight (r=-0.36588, p=0.05552) and condition index 
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(r=0.41401, p=0.02851). While there is a negative 
relationship between the weights and the condition 
index of the mussels to the salinity of the bays, it 
does not always follow that an increase in salinity 
will result in a decrease in these parameters. Many 
other factors go together with changes in salinity. Low 
salinity, for example, might mean that rains came, 
bringing in nutrients for phytoplankton. For example, 
in Villareal Bay, other environmental parameters of 
the bay, such as the characteristic high TSS (98.02 
mg/L in February; 160.79 mg/L in March 2019) and 
phytoplankton content (0.20 µg/L in February; 0.23 
µg/L in March 2019) could have affected the mussel 
more than the salinity in the area.

Different Farming Methods

It is important to note that the farming methods 
are different in each bay. Cultivation practices may 
be one of the factors that have affected mussel 
growth. The mussels from stake farms of Villareal 
Bay exhibited lowest CI values than the wild mussels 
in Cancabato Bay and even when compared to the 
longline mussels in Leyte Bay. Overcrowding was 
usually observed in stake farms because the number 
of mussel individuals growing on the bamboos were 
not controlled.  In addition, several references pointed 
out that this method could hinder the free flow of tidal 
current, promote suspended organic and inorganic 
matter settlement, increase siltation rate and 
decrease water exchange (Yap et al. 1979; Young 
and Serna 1982; Vakily 1989; Guerrero 2008; Cebu 
and Orale 2017). These negatively affect mussel 
growth and cause high mortality rate. On the other 
hand, the controlled number of mussels in longline 
method allows the mussels to be exposed to greater 
amount of water, hence giving them more access to 
food (Rejeki et al. 2020). This lower stocking density 
increases the survival rate, growth, condition and 
appearance of green mussels (Brenner et al. 2009; 
Rejeki et al. 2020) thus producing higher economic 
yield per unit area. 

In summary, mussel populations in Eastern 
Visayas cultured in longline and stake farms, and found 
in the wild had an overall 59% female dominance. 
Shell and meat dimensions were positively correlated 
with pH; and MDW and CI were positively correlated 
with DO. In terms of the calculated CI values, wild 
mussels in Cancabato Bay showed the highest CI 
(15.73%±5.95), followed closely by longline mussels 
in Leyte Bay (15.37±2.37) and lastly by mussels 
on stakes in Villareal Bay (14.83%±0.75). From the 

combined environmental parameters and biometric 
parameters of the mussels in Cancabato, Leyte and 
Villareal Bays, it was observed that the MDW, MWW 
and CI of the mussels have a negative relationship 
with the salinity of the bays. This means that the 
salinity of the bays might affect the growth of mussel 
meat and its overall condition. This needs to be 
verified by further studies. 

In terms of the efficacy of cultivation methods, 
higher CI values in Leyte Bay in comparison to Villareal 
Bay imply that the longline method is a better way of 
cultivating green mussels than the bamboo staking 
method. However, this is still inconclusive since 
Villareal Bay had significantly higher chlorophyll-a 
concentration, pointing to more food available for 
the mussels. Further studies to confirm these initial 
findings are necessary.
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