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Abstract 
 

Understanding the relationships of morphometric and biometric characters of a species allows the prediction of one 
trait from the other and generate a measure of relative condition. These relationships were studied for the Distant 
scallop Bratechlamys vexillum (Reeve, 1853) in Asid Gulf. Representative samples collected during the dry season (May 
2018, n = 99) and wet season (September 2018, n = 100) were used to analyse these relationships through models of 
simple linear and power regression analyses, revealing allometric growth patterns. For both periods, it was revealed 
that shell width (SW) is a slightly better predictor than the height (SH) for total weight (TW) (R2 = 0.90 and 0.92) and the 
adductor muscle weight (AW) (R2 = 0.78 and 0.80). The strong functional relationship was also observed between TW 
and AW (R2 = 0.80 and 0.81). The relative condition factors (Kn) were high in both seasons. High meat yields were also 
observed in May (12.77 %) and September (14.26 %). The significant difference in meat yields (P < 0.05) can be a result 
of the seasonal difference manifested by the dynamics of energy partitioning during gametogenesis and spawning. 
These biological metrics are vital inputs in analysing mariculture prospects for the resource and a contribution to the 
scarce information on the biology of the species. 
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Introduction 
The Distant scallop Bractechlamys vexillum (Reeve, 
1853) is one of the five commercially harvested true 
scallops, Family Pectinidae, found in Asid Gulf, 
Philippines. This species was previously identified as 
Decatopecten striatus (Schumacher, 1817) in the studies 
of Soliman and Dioneda (2004) and Bobiles and Soliman 
(2018). It is an economically important resource that 
comprises 57 % of the 11,000 tonnes total scallop 
production from the gulf in 2003 (Soliman and Dioneda, 
2004).  This high production, however, can be 
translated as a prelude to overexploitation, and such 
has been reported by Bobiles and Soliman (2018). The 
same research recommended the need to set-up 
management policies and scallop pilot culture as a 
viable technology and management measure. 
Knowledge of the morpho-biometric relationships of 
the bivalve is essential in pursuing these approaches.  

Relatively little is known about the relationships of the 
morphometric and biometric characters of the Distant 
scallop. An important implication of the relationship of 
these biological characters is pertinent to resource 
management measures. For instance, the 
determination of the length-weight relationship (LWR) 
is the first step in obtaining accurate estimates of 
harvestable biomass (Newell and Hidu, 1982; Aragon-
Noriega et al., 2007; Rothschild et al., 2009) and 
sustainable harvest level (Lai and Helser, 2004). The 
LWR, when combined with estimates of growth, can be 
used to estimate production-to-biomass ratios and the 
fraction of production dedicated to somatic and 
reproductive output (Hennen and Hart, 2012). This 
aspect has practical implications as it is relatively more 
accessible and requires less time to gather shell height 
data than weight data, particularly the soft tissue part 
(e.g., adductor muscle and meat yield). In aquaculture, 
the knowledge in LWR helps optimised breeding 
strategy; thus, improving the economic value of 
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bivalves (Jun-hui et al., 2010; Zhong-ming et al., 2010). 
The relationship of morphometric and biometric 
characters in pectinids is generally described as 
allometric, having one character growing faster than 
the other. Allometric relationship has been reported for 
the pectinids species like Amusium pleuronectes 
(Linnaeus, 1758) (Del Norte, 1988), Placopecten 
magellanicus (Gmelin, 1791) (Schick et al., 1992; Sarro 
and Stokesbury, 2009; Hennen and Hart, 2012), 
Chlamys nobilis (Reeve, 1852) (Jun-hui et al., 2010; 
Zhong-ming et al., 2010), Chlamys opercularis 
(Linnaeus, 1758) (Taylor and Venn, 1978) and Flexopecten 
glaber (Linnaeus, 1758) (Berik et al., 2017). With a LWR, 
the weight can be estimated with the given length. The 
condition factor in the equation is a measure of the 
“well-being” or “fatness” of a species (Le Cren, 1951; 
Froese, 2006). 

 

The relationship of shell height to meat weight in 
scallops varies seasonally requiring separate allometric 
equation for each season or month (Rothschild et al., 
2009; Sarro and Stokesbury, 2009). Two seasons 
prevail in the Philippines that occur from June to 
October (wet season) and November to May (dry 
season) which influence scallop harvesting and 
spawning period. The peaks of scallop harvesting occur 
from January to July in Asid Gulf (Soliman and Dioneda, 
2004), March to May in South Gigantes and December 
to May in North Gigantes (Acabado et al., 2018). The two 
seasons also coincide with the observed minor (August) 
and major spawning periods (December to February) of 
scallop in the adjacent Visayan Sea (Morillo-Manalo et 
al., 2016). Thus, in this study, the morpho-biometric 
characteristics of B. vexillum are represented during 
the wet and dry seasons. This research described the 
mathematical relationship of length-weight, weight-
weight, and length-length of the Distant scallop. The 
relative condition factor and meat yield of the species 
were also described for the two seasons.  The clear 
understanding of the relationships of these 
morphometric and biometric characters of B. vexillum 
serves as vital inputs for future mariculture and 
management initiatives. 

 

Materials and Methods 
Study site 

 
Asid Gulf is bordered by the Municipalities of 
Cawayan, Placer, Esperanza Milagros, and Balud in the 
province of Masbate and available in Figure 1. Scallops 
are one of the commercially harvested species in the 
gulf. Scallop fishers are mostly concentrated in Naro 
Island in the municipality of Cawayan, Masbate. 
Harvested scallops in Asid Gulf are landed in Naro 
Island where the shuckling and pre-processing of the 
scallop adductor muscle is undertaken. A detailed 
description of the scallop fishery in Asid Gulf in 2007 
and 2017 has been reported by Bobiles and Soliman 
(2018) that covered monthly monitoring of the fishery.  

Fig. 1. Asid Gulf (Philippine map inset) showing the five 
municipalities bordering the gulf including the location of 
Naro Island as the sampling site for the study. 
 

Data collection 
 
The dry season (November to May) and wet season 
(June to October) were represented during the 
collection of scallop samples. Samples were randomly 
collected from piles of scallop landings in Naro Island 
in May 2018 (n = 100), representing samples for the dry 
season. Representative samples for the wet season 
were collected in September 2018 (n = 100). The 
samples were preserved in 10 % formaldehyde 
solution, packed in styrofoam boxes and immediately 
transported to Bicol University Tabaco Campus 
(BUTC) Fish Population Dynamics Laboratory for 
processing and analysis. In the laboratory, the 
scallops were washed and cleaned of any fouling and 
clinging organisms and debris. Shell height (SH) (i.e., 
maximum anterior-posterior axis) and shell width (SW) 
(i.e., maximum dorso-ventral axis) were measured to 
the nearest 0.01 mm using a digital vernier caliper. 
Measuring scheme for SH and SW is provided in 
Figure 2. The total weight (TW) was measured as the 
whole wet weight of the scallop. The soft tissue parts 
were dissected and each adductor muscle weight 
(AW) was taken. The TW and AW were measured using 
a digital balance with an accuracy of 0.01 g. 

 
Fig. 2. Bractechlamys vexillum showing measuring 
schemes for shell height and shell width.  
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Statistical analysis 
 
Data processing was initially undertaken by removing 
implausible outliers. The interquartile range (IQR) 
defined as the difference between the 75th (FU), and 
25th (FL) quartile was determined using the multiplier 
value of 2.2. In identifying outliers, the inner fences 
are provided by the formulas IFL = FL – (2.2 × IQR) and 
IFU = FU + (2.2 × IQR) (Hoaglin et al., 1986). Observations 
below IFL and above IFU are considered outliers. 
 
The relationships of SH to SW and TW to AW were 
analysed using simple linear regression. The 
mathematical form of the length-weight relationship 
(W = aLb), where W is the weight and L (the length) was 
determined through power regression analysis. The 
test for the length-weight allometric relationship was 
done using the t-test equation ts = │b - 3│/ Sb, where t 
= test value, b = slope and S = standard error of the 
slope (b) (Sokal and Rohlf, 1987). For the length-length 
and weight-weight relationship, a t-test was done 
using the equation ts = │b - 1│/ Sb (Sokal and Rohlf, 
1987). The b values that are significantly differing from 
the isometric value of b = 3 (Pauly, 1984) for power 
regression and b = 1 for linear regression are 
considered allometric.  
 
The relative condition factor (Kn) of an individual 
scallop was computed using the formula Kn = W/aLb 
(Le Cren, 1951) to account for the allometry in the 
length-weight relationship (Froese, 2006). Meat yield 
(%) was computed as the ratio AW/TW multiplied by 
100. The t-test was used to determine the significant 
difference in relative condition factors and meat 
yields between samples collected in May and 
September. All statistical analysis was undertaken at 
0.05 level of significance using Microsoft Excel ver. 
16.0. 
 

Results 
 
The data cleaning phase yielded 99 samples for May 
and 100 samples for September for the final analysis. 
For the samples in May, the size ranged from 34.55 
mm to 73.32 mm SH weighing from 11.91 g to 62.06 g 
TW. In September, sizes were from 41.22 mm to 68.49 
mm SH, and weights of 13.94 g to 60.24 g TW (Table 1). 
The morpho-biometric relationships of B. vexillum 
were all found to be significant (P < 0.0001) showing 
strong functional relationships for May (R2 = 0.76 – 
0.96) and September (R2 = 0.78 – 0.96) (Table 2). Since 
there are almost the same number of samples during 
the periods studied (i.e., N = 99 for May and N = 100 for 
September) a direct comparison of the equations with 
the same units has been performed. 
 
Length-weight relationships 
 
Both SH and SW showed strong functional 
relationships with TW and AW. However, higher values 

of coefficients of determination (R2) were observed in 
SW-TW as compared to SH-TW in both months. 
 
Table 1. Descriptive statistics of the morphometric and 
biometric characters of Bractechlamys vexillum in May and 
September. 
 

Month Measurement N Mean ± SE Min Max 

May 

SH (mm) 99 55.11 ± 0.63a 34.55 73.32 

SW (mm) 99 54.33 ± 0.71b 33.20 74.05 

TW (g) 99 34.19 ± 1.01c 11.91 62.06 

AW (g) 99 4.38 ± 0.15d 1.33 9.20 

September 

SH (mm) 100 55.66 ± 0.49a 41.22 68.49 

SW (mm) 100 55.19 ± 0.54b 40.34 69.14 

TW (g) 100 34.67 ± 0.77c 13.94 60.24 

AW (g) 100 4.93 ± 0.12e 1.93 8.90 

SH: Shell height, SW: Shell width, TW: Total weight, AW: 
Adductor muscle weight. 
a, b, c, d, e: same superscript for May and September 
signifies no significant difference in the mean ± SE. 
 
Table 2. Relationship of shell morphometrics and weight 
measures of Bractechlamys vexillum with parameters of 
allometric equations from samples collected in May and 
September. 
 

Month Relationship a b R2 P 

May 

SH × SW -6.2607 1.10 0.96 < 0.0001 

SH × TW 0.0016 2.48 0.89 < 0.0001 

SH × AW 0.0002 2.55 0.76 < 0.0001 

SW × TW 0.0047 2.22 0.92 < 0.0001 

SW × AW 0.0004 2.31 0.81 < 0.0001 

TW × AW -0.0957 0.13 0.81 < 0.0001 

September 

SH × SW -4.0795 1.07 0.96 < 0.0001 

SH × TW 0.0024 2.37 0.88 < 0.0001 

SH × AW 0.0002 2.49 0.78 < 0.0001 

SW × TW 0.0054 2.18 0.90 < 0.0001 

SW × AW 0.0005 2.26 0.78 < 0.0001 

TW × AW 0.1075 0.14 0.80 < 0.0001 

SH: Shell height, SW: Shell width, TW: Total weight, AW: 
Adductor muscle weight. 
 
The relationship of SW-AW also showed higher R2 

value in May. The same value of R2 was observed for 
both SW-AW and SH-AW in September. The 
relationships of SW-TW (Fig. 3) and SW-AW (Fig. 4) 
showed a curvilinear growth pattern for both months. 
The pattern of growth for the length-weight 
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relationships was revealed to be negative allometric 
in both months (b < 3, at P < 0.05). 
 

 
Fig. 3. Curvilinear growth of shell width in relation to total 
weight of Bractechlamys vexillum in May and September. 
 

 
Fig. 4. Curvilinear growth of shell width in relation to 
adductor muscle weight of Bractechlamys vexillum in May 
and September. 
 
 
Length-length relationship 
 
Shell height and shell width have the strongest linear 
relationship (R2 = 0.96). Positive allometric growth 
pattern was observed in this relationship for May and 
September samples (b > 1, at P < 0.05). Smaller sized B. 
vexillum showed higher size increase in SH in relation 
to SW, however, as the regression line crossed the 
line x = y (SW = 62.00 mm), SW becomes the more 
superior metric (Fig. 5) reversing the trend.  
 
Weight-weight relationship 
 
Total weight revealed to be a good predictor of 
adductor muscle weight, where AW increased 
significantly (P < 0.001) as TW increased. The 
coefficients of determination were 0.81 and 0.80 for 
May and September, respectively. The linear 
relationship of TW and AW is shown in Figure 6. 
 
 
 

 
Fig. 5. Linear relationship of shell height and shell width of 
Bractechlamys vexillum in May and September with 
reference to the isometric line (x = y). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Linear relationship of total weight and adductor 
muscle weight of Bractechlamys vexillum in May and 
September. 
 
 
Relative condition factor (Kn) 
 
The relative condition factor (Kn) of B. vexillum in May 
ranged from 0.77 to 1.25 with mean ± SD of 1.004 ± 
0.089. In September, Kn ranged from 0.72 to 1.25 (1.01 
± 0.097, mean ± SD). Mean Kn for the two periods are 
not significantly different (P > 0.05). The mean Kn 
values indicate that that species is relatively fat and is 
in good condition in both periods. 
 

Meat yield 
 
In May, the meat yield ranged from 8.32 % to 18.67 % 
(12.77 ± 1.69 %, mean ± SD). The meat yield in 
September varied from 9.33 % to 22.41 % with a 
mean ± SD of 14.26 ± 1.98. The mean meat yield in 
May is significantly lower compared to meat yield in 
September (P < 0.05). Nevertheless, the values for 
meat yields were generally high in both May and 
September.  
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Discussion 
 
Tropical environments are characterised by minimal 
seasonal variation in primary productivity and climate 
that is needed to trigger significant changes in 
gametogenesis and spawning (Parsons et al., 1977; 
Raymont, 1980). Samples between the wet and dry 
seasons in Asid Gulf did not have significant 
differences in length, weight, R2 of the relationships 
and relative condition factors of B. vexillum. In two 
Philippine sites, the spawnings of the scallop Chlamys 
senatoria (Gmelin, 1791) (Morillo-Manalo et al., 2016) off 
Gigantes Island, facing the sampling areas of the 
present study, and the moon scallop Amusium 
pleuronectes (Del Norte, 1988) in Lingayen Gulf, were 
protracted or continuous throughout the year that 
resulted from minimal variation in environmental 
conditions. In Asid Gulf, the dry season (March to May) 
represents a peak of scallop production (Bobiles and 
Soliman, 2018) and in the adjacent south Gigantes 
Island (Acabado et al., 2018). The wet season 
coincides with the minor spawning peak for Philippine 
pectinids that is within or close to September (Del 
Norte, 1988; Morillo-Manalo et al., 2016). Climate 
seasons in Asid Gulf exert similar effects to the 
morphometric and biometric characters of the 
Distant scallop. 
 
The generated empirical equations of morphometrics 
and weight measures are particularly useful in 
predicting one variable trait from another trait 
implying their functional relationships. SH and SW are 
highly correlated with TW and AW. However, SW was 
revealed to be a slightly better predictor than SH for 
both TW and AW based on the higher R2. According to 
Hennen and Hart (2012), this relationship is important 
in scallops since it allows the easy conversion of shell 
length data into biomass, weight and the soft tissue 
parts (e.g., adductor muscle). In Distant scallop and 
other pectinids, the adductor muscle is the main 
marketed portion so providing an easy way to 
estimate AW has an economic significance. The 
relationships of shell morphometrics and weight were 
revealed to be negative allometric in both periods (b < 
3 at P < 0.05). Negative allometry signifies faster 
growth in length (SH and SW) as compared to weight 
(TW and AW). However, allometric growth has been 
reported for other pectinids like A. pleuronectes (Del 
Norte, 1988) and C. opercularis (Taylor and Venn, 1978). 
The empirical equations obtained in the present study 
are the first to be reported for this species, thus no 
comparison can be made for the same species, but 
practical and technical importance of the findings is 
demonstrated. 
 
The weight-weight linear relationship of TW and AW 
yielded high values of R2. Similar findings were 
observed for the scallop P. magellanicus (Hennen and 
Hart, 2012). The relationship of whole weight and meat 
weight allows the conversion of these two units to set 
catch quotas or trip limits for scallopers who land 

whole scallops (with shells and soft tissues intact) and 
those that land only the scallop’s meat or adductor 
muscle. In Asid Gulf, scallop divers land whole 
scallops only and the removal of soft tissue parts or 
shuckling is undertaken upon landing of catches. 
‘Hard’ resource management measures like imposing 
catch quotas and size limit are yet to be implemented. 
As a first strategy toward this end, a closed season 
policy has been enforced beginning 2011 by the local 
government of Cawayan where it is prohibited to 
gather scallops from December to March in the 
municipal waters. Implications of the TW-AW 
relationship can enhance technical inputs to forge 
future management options as well as mariculture 
prospects. 
 
In this study, SH-SW regression exhibited the 
strongest relationship among others that is typical in 
traits expressed with the same unit (i.e., mm in this 
case). The highest R2 is expected in the length-length 
(morphometric) relationship. This is especially true 
since higher variations in soft tissue have been 
reported in different species of scallops (Ansell, 1974; 
Comely, 1974; Taylor and Venn, 1978, 1979; Barber and 
Blake, 1981; Macdonald and Thompson, 1985; Brokordt 
et al., 2000; Beltrán-Lugo et al., 2006). In the 
relationship of SH and SW, it can be observed in 
Figure 5 that the regression lines of samples from 
both May and September crossed the isometric line (x 
= y) at 62.00 mm at 43–45 g total weight. It means that 
as the shell grows, there is a change in the proportion 
of SH and SW which reverses from before and after 
the intersection point. Thus, in smaller individuals, 
height is greater than the width, but as it increases in 
size, the width grows faster than the height. In older 
individuals, SW tends to be slightly longer than SH. 
This type of growth is positive allometry where SW 
grows relatively faster than SH. A similar result was 
observed for the species C. opercularis from Clyde 
Sea (Taylor and Venn, 1978). Biologically, the 
intersection point may present significance to 
reproduction because it coincides with the size-at-
maturity of the species estimated at 60 mm (Soliman 
and Dioneda, 2004). The reversal of the faster growth 
in length in favour of SW occurs passed this 
intersection point. In bivalves, the shape of the shell 
is less affected by the fluctuation of the ambient 
environment as compared to the weight (Seed, 1968; 
Thompson and Macdonald, 2006; Singh, 2016) 
whereby the growth dynamics of every metric poses 
an interesting biological study. 
 
The relative condition factor (Kn) determined in this 
study shows the status of the "well-being" of the 
Distant scallop.  Kn measures the deviation of the 
actual weight of the individual species from the 
hypothetical weight based on the length-weight 
relationship (Le Cren, 1951). Thus, a Kn value that is 
equal to or greater than 1.0 would indicate that the 
species is relatively “fat” or “plump”. In this study, the 
mean relative condition factor for samples collected 
in May and September is 1.004. Furthermore, the 
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mean relative condition factor of B. vexillum in May is 
not significantly different from that of September (P > 
0.05). Therefore, it can be concluded that for dry and 
wet seasons, the scallops are relatively “fat” and in 
good condition. Although Kn was originally used to 
determine conditions in fishes, it has been used 
successfully in bivalves like Anadara gubernaculum 
(Reeve, 1844) (Fauzan et al., 2018), Perna viridis 
(Linnaeus, 1758) and Meretrix meretrix (Linnaeus, 1758) 
(Sharma et al., 2005) because it is both simple and 
appropriate (Bolger, 1989). 
 
The calculated mean meat yield of the scallops is 
significantly lower in May as compared to September.  
In scallops, meat yields vary seasonally in relation to 
gametogenesis and reproduction (Barber and Blake, 
2006, 2016) and may explain the difference between 
months. However, this aspect was not investigated in 
the present study.  Further studies are necessary to 
determine the reproductive cycle of B. vexillum and its 
influence on meat yield. Nevertheless, the meat yield 
in the two periods is considered high. The adductor 
muscle usually makes up about 10 % of the total 
scallop weight (Naidu, 1987). In this study, meat yields 
of B. vexillum in May (12.77 %) and September (14.26 %) 
were revealed to be high. It means good quality 
adductor muscles are extracted from the species 
during the dry and wet seasons. This finding is 
particularly significant as income from scallops is 
primarily determined from the quality and quantity of 
the adductor muscle. Other parts like gills, gonads, 
and intestines are now being bought by local 
residents as food for pigs, but the price is still very 
low. The average meat yield in B. vexillum (12.77–14.26 
%) is similar to the scallop F. glaber (8.61-15.02 %) 
across seasons of the year (Berik et al., 2017). The 
high meat yield and relative condition factor are good 
qualities of a species as mariculture prospect. Based 
on the observed morpho-biometric characteristics of 
B. vexillum, the species is a suitable candidate for 
scallop mariculture. 
 

Conclusion 
 
This study represents the first examination of the 
relationships of morphometrics and biometric 
characters of B. vexillum. The length-weight, length-
length, and weight-weight regressions in B. vexillum 
generated useful values in predicting one trait from 
another since functional relationships exist among 
them. Shell width proves to be a slightly better 
predictor than shell height for total weight and 
adductor muscle weight. Biometrics of the species 
with economic significance such as the high relative 
condition factor and meat yield are important findings 
for culture development. Further studies on the 
species are necessary to understand the dynamics of 
growth as influenced by other environmental 
covariates like depth, fishing pressure, population 
density and reproduction. The intensive fisheries, 
urgency for effort reduction and the necessity for 

culture techniques development are noteworthy and 
should form the basis for future research. 
 

Acknowledgements 
 
This scientific paper is a contribution from the 
project, “Development of Innovative Scallop 
Mariculture Techniques (DIVSMART)” that receives 
fund support from Bicol University, Legazpi City. 
 
References 
 

Acabado, C.S., Guarte, D., Paraboles, L.C., Campos, W. 2018. The 

fisheries profile of Gigantes Islands, Carles, Philippines and notes on 

its scallop fishery history. Philippine Journal of Natural Science 

22:37–47. 

Ansell, A.D. 1974. Seasonal changes in biochemical composition of the 

bivalve Chlamys septemradiata from the Clyde Sea area. Marine 

Biology 25:85–99. https://doi.org/10.1007/BF00389258  

Aragon-Noriega, E.A., Chávez-Villalba, J., Gribben, P.E., Alcantara-

Razo, E., Maeda-Martínez, A.N., Arambula-Pujol, E.M., Garcia-Juarez, 

A.R., Maldonado-Amparo, R. 2007. Morphometric relationships, 

gametogenic development and spawning of the geoduck clam 

Panopea globosa (Bivalia: Hiatellidae) in the Central Gulf of 

California. Journal of Shellfish Research 26:423–43. 

https://doi.org/https://doi.org/10.2983/0730-

8000(2007)26[423:MRGDAS]2.0.CO;2  

Barber, B.J., Blake, N.J. 1981. Energy storage and utilization in relation 

to gametogenesis in Argopecten irradians concentricus (Say). 

Journal of Experimental Marine Biology and Ecology 52:121–134. 

https://doi.org/10.1016/0022-0981(81)90031-9  

Barber, B.J., Blake, N.J. 2006. Reproductive physiology. In: Scallops: 

biology, ecology, aquaculture, and fisheries, Shumway, S.E., 

Parsons, G.J. (Eds.), Elsevier B.V., Amsterdam, Netherlands, pp. 357–

416. https://doi.org/10.1016/S0167-9309(06)80033-5 

Barber, B.J., Blake, N.J. 2016. Reproductive physiology. In: Scallops: 

biology, ecology, aquaculture, and fisheries, Shumway, S.E., 

Parsons, G.J. (Eds.), Elsevier B.V., Amsterdam, Netherlands, pp. 

253–299. https://doi.org/10.1016/B978-0-444-62710-0.00006-7  

Beltrán-Lugo, A.I., Maeda-Martínez, A.N., Pacheco-Aguilar, R., Nolasco-

Soria, H.G. 2006. Seasonal variations in chemical, physical, textural, 

and microstructural properties of adductor muscles of Pacific lions-

paw scallop (Nodipecten subnodosus). Aquaculture 258:619–632. 

https://doi.org/10.1016/j.aquaculture.2006.04.039 

Berik, N., Cankirihgil, E.C., Gul, G. 2017. Meat yield and shell dimension 

of smooth scallop (Flexopecten glaber) caught from Cardak Lagoon 

in Canakkale, Turkey. Journal of Aquaculture & Marine Biology 

5:00122. https://doi.org/10.15406/jamb.2017.05.00122 

Bobiles, R.U., Soliman, V.S. 2018. Fishery of commercial scallops in Asid 

Gulf, Philippines. AACL Bioflux 11:1265–1273. 

Bolger, T. 1989. The selection of suitable indices for the measurement 

and analysis of fish condition. Journal of Fish Biology 34:171–182. 

https://doi.org/10.1111/j.1095-8649.1989.tb03300.x  

Brokordt, K.B., Himmelman, J.H., Nusetti, O.A., Guderley, H.E. 2000. 

Reproductive investment reduces recuperation from exhaustive 

escape activity in the tropical scallop Euvola ziczac. Marine Biology 

137:857–865. https://doi.org/10.1007/s002270000415 

Comely, C.A. 1974. Seasonal variations in the flesh weights and 

biochemical content of the scallop Pecten maximus L. in the Clyde 

Sea Area. ICES Journal of Marine Science 35:281–295. 

https://doi.org/10.1093/icesjms/35.3.281 

https://doi.org/10.1007/BF00389258
https://doi.org/https:/doi.org/10.2983/0730-8000(2007)26%5b423:MRGDAS%5d2.0.CO;2
https://doi.org/https:/doi.org/10.2983/0730-8000(2007)26%5b423:MRGDAS%5d2.0.CO;2
https://doi.org/10.1016/0022-0981(81)90031-9
https://doi.org/10.1016/S0167-9309(06)80033-5
https://doi.org/10.1016/B978-0-444-62710-0.00006-7
https://doi.org/10.1016/j.aquaculture.2006.04.039
https://doi.org/10.15406/jamb.2017.05.00122
https://doi.org/10.1111/j.1095-8649.1989.tb03300.x
https://doi.org/10.1007/s002270000415
https://doi.org/10.1093/icesjms/35.3.281


153 Asian Fisheries Science 32 (2019):147–153 Asian Fisheries Science 32 (2019):147–153 153 

 
 
 

Del Norte, A.G.C. 1988. Aspects of the growth, recruitment, mortality 

and reproduction of the scallop Amusium pleuronectes (Linne) in the 

Lingayen Gulf, Philippines. Ophelia 29:153–168. 

https://doi.org/10.1080/00785326.1988.10430826  

Fauzan, M., Bakti, D., Susetya, I.E., Desrita. 2018. Growth and 

exploitation rate of Anadara gubernaculum (Reeve, 1844) Arcidae 

Family in Asahan Aquatic of North Sumatra. IOP Conference Series: 

Earth and Environmental Science 122:012105. 

https://doi.org/10.1088/1755-1315/122/1/012105  

Froese, R. 2006. Cube law, condition factor and weight-length 

relationships: History, meta-analysis and recommendations. Journal 

of Applied Ichthyology 22:241–253. https://doi.org/10.1111/j.1439-

0426.2006.00805.x 

Hennen, D.R., Hart, D.R. 2012. Shell height-to-weight relationships for 

Atlantic Sea scallops (Placopecten magellanicus) in offshore U.S. 

waters. Journal of Shellfish Research 31:1133–1144. 

https://doi.org/10.2983/035.031.0424  

Hoaglin, D.C., Iglewicz, B., Tukey, J.W. 1986. Performance of some 

resistant performance rules for labeling outlier. Journal of the 

American Statistical Association 81:991–999. 

https://doi.org/10.1080/01621459.1986.10478363 

Jun-hui, L.I., Xiao-dong, D.U., Yue-wen, D., Qing-heng, W. 2010. 

Correlation and path coefficient analysis for phenotypic traits of 

noble scallop Chlamys nobilis. Marine Science Bulletin 12(2):55–60. 

Lai, H.L., Helser, T. 2004. Linear mixed-effects models for weight-

length relationships. Fisheries Research 70:377–387. 

https://doi.org/10.1016/j.fishres.2004.08.014 

Le Cren, E.D. 1951. The length-weight relationship and seasonal cycle in 

gonad weight and condition in the perch (Perca fluviatilis). Journal of 

Animal Ecology 20:201–219. https://doi.org/10.2307/1540  

Macdonald, B.A., Thompson, R.J. 1985. Influence of temperature and 

food availability on the ecological energetics of the giant scallop 

Placopecten magellanicus. I. Growth rates of shell and somatic 

tissue. Marine Ecology Progress Series 25:279–294. 

https://doi.org/10.3354/meps025279  

Morillo-Manalo, L., Quinitio, G.F., Laureta, L.V, Añasco, N.C., 

Monteclaro, H.M. 2016. Ecology and reproductive biology of the 

senatorial scallop Chlamys senatoria (Gmelin, 1791) in Gigantes 

Islands, Carles, Central Philippines. Journal of Shellfish Research 

35:17–25. https://doi.org/10.2983/035.035.0103  

Naidu, K.S. 1987. Efficiency of meat recovery from Iceland scallops 

(Chlamys islandica) and sea scallops (Placopecten magellanicus) in 

the Canadian offshore fishery. Journal of Northwest Atlantic Fishery 

Science 7:131–136. https://doi.org/10.2960/J.v7.a15  

Newell, C.R., Hidu, H. 1982. The effects of sediment type on growth rate 

and shell allometry in the soft-shelled clam Mya arenaria L. Journal 

of Experimental Marine Biology and Ecology 65:285–295. 

https://doi.org/10.1016/0022-0981(82)90060-0  

Parsons, J.C., Davis, C., W. S. Arnold, W.S. 1977. Biological 

oceanographic processes. 2nd edition. Pergamon Press, New York. 

332 pp. 

Pauly, D. 1984. Fish population dynamics in tropical waters: a manual 

for use with programmable calculators, ICLARM Studies and Reviews 

8. International Center for Living Aquatic Resources Management, 

Manila, Philippines. 325 pp. 

Raymont, G. 1980. Plankton and productivity in the oceans, 2nd edition. 

Pergamon Press, Oxford United Kingdom. 489 pp. 

Rothschild, B.J., Adams, C.F., Sarro, C.L., Stokesbury, K.D.E. 2009. 

Variability in the relationship between sea scallop shell height and 

meat weight. ICES Journal of Marine Science 66:1972–1977. 

https://doi.org/10.1093/icesjms/fsp177  

Sarro, C.L., Stokesbury, K.D.E. 2009. Spatial and temporal variation in 

the shell height/meat weight relationship of the sea scallop 

Placopecten magellanicus in the Georges Bank fishery. Journal of 

Shellfish Research 28:497–503. 

      https://doi.org/10.2983/035.028.0311  

Seed, R. 1968. Factors influencing shell shape in the mussel Mytilus 

edulis. Journal of the Marine Biological Association of the United 

Kingdom 48:561-584. https://doi.org/10.1017/S0025315400019159  

Schick, D.F., Shumway, S.E., Hunter, M. 1992. Allometric relationship 

and growth in the sea scallop, Placopecten magellanicus: the effects 

of season and depth. In proceedings of the 9th Malacological 

Congress, Edinburgh. (eds. Gittenberger, E., Goud, J.), pp. 341–352. 

Unitas Malacologica, Leiden. 

Sharma, R., Venkateshvaran, K., Purushothaman, C.S. 2005. Length-

weight relationship and condition factor of Perna viridis (Linnaeus, 

1758) and Meretrix meretrix (Linnaeus, 1758) from Mumbai 

waters. Journal of the Indian Fisheries Association 32:157–163. 

Singh, Y.T. 2016. Relationships between environmental factors and 

biological parameters of Asian wedge clam, Donax scortum, 

morphometric analysis, length-weight relationship and condition 

index: a first report in Asia. Journal of the Marine Biological 

Association of the United Kingdom 97:1617–1633. 

https://doi.org/10.1017/S002531541600103X  

Sokal, R., Rohlf, J. 1987. Introduction to biostatistics. 2nd edition. Dover 

Publications Incorporated, New York. 363 pp. 

Soliman, V.S., Dioneda, R.R. 2004. Quick stock assessment of the 

commercial scallops (Bivalia: Pectinidae) in Asid Gulf, Masbate. UPV 

Journal of Natural Sciences 9:165–176. 

Taylor, A.C., Venn, T.J. 1978. Growth of the queen scallop, Chlamys 

opercularis, from the Clyde Sea area. Journal of the Marine Biological 

Association of the United Kingdom 58:687–700. 

https://doi.org/10.1017/S0025315400041333  

Taylor, A.C., Venn, T.J. 1979. Seasonal variation in weight and 

biochemical composition of the tissues of the queen scallop, 

Chlamys Opercularis, from the Clyde Sea area. Journal of the Marine 

Biological Association of the United Kingdom 59:605–621. 

https://doi.org/10.1017/S0025315400045628  

Thompson, R.J., Macdonald, B.A. 2006. Physiological interactions and 

energy partitioning. In: Scallops: biology, ecology, aquaculture, and 

fisheries, Shumway, S.E., Parsons, G.J. (Eds.), Elsevier B.V., 

Amsterdam, Netherlands, pp. 493–520. 

      https://doi.org/10.1016/S0167-9309(06)80035-9  

Zhong-ming, H., Xi-wu, Y., Li-qiang, Z., Yue-huan, Z., Feng, Y., Guo-fan, 

Z. 2010. Effects of shell morphological traits on the weight traits of 

manila clam (Ruditapes philippinarum). Acta Ecologica Sinica 30:251–

256. https://doi.org/10.1016/j.chnaes.2010.08.004 

https://doi.org/10.1080/00785326.1988.10430826
https://doi.org/10.1088/1755-1315/122/1/012105
https://doi.org/10.1111/j.1439-0426.2006.00805
https://doi.org/10.1111/j.1439-0426.2006.00805
https://doi.org/10.2983/035.031.0424
https://doi.org/10.1080/01621459.1986.10478363
https://doi.org/10.1016/j.fishres.2004.08.014
https://doi.org/10.2307/1540
https://doi.org/10.3354/meps025279
https://doi.org/10.2983/035.035.0103
https://doi.org/10.2960/J.v7.a15
https://doi.org/10.1016/0022-0981(82)90060-0
https://doi.org/10.1093/icesjms/fsp177
https://doi.org/10.2983/035.028.0311
https://doi.org/10.1017/S0025315400019159
https://doi.org/10.1017/S002531541600103X
https://doi.org/10.1017/S0025315400041333
https://doi.org/10.1017/S0025315400045628
https://doi.org/10.1016/S0167-9309(06)80035-9
https://doi.org/10.1016/j.chnaes.2010.08.004

