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Abstract: The crystalline style (CS) is a gelatinous rod-like body that contains starch-digesting
enzymes in the hemolymph of the bivalves. The lengths of the CS, shell lengths, shell widths and shell
heights of the green-lipped mussel Perna viridis, collected from seven sampling sites in southern
coastal waters of Peninsular Malaysia, were measured. The lengths of CS in relation to shell length,
shell width and shell height were 72-73%, 211-218% and 154-157%, respectively. The correlation
analysis indicated that the length of CS is positively and significantly (P< 0.001) correlated to the
shell length (R=0.81), shell width (R= 0.82) and shell height (R= 0.64). The percentages of the CS
length to the shell parameters could be potentially used to identify the different mussel species since
different mussel species have a specific CS length to the shell length. The present findings can serve
as an important reference for comparative purpose with other bivalve species.
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Introduction

The crystalline style (CS) is a gelatinous rod-like body that contains starch-digesting enzymes such
as carbohydrases, in the hemolymph of the scallop, Placepecten magellanicus (Wojtowicz, 1972)
and amylase in the clam Mya arenaria (Rodrick, 1979). These enzymes and the mixing of the
stomach contents by the rotation of the CS against the gastric shield facilitate the breakdown of
food particles.

The bivalve sizes or morphological characteristics are dependent upon environmental
conditions, such as food concentration and water temperature (Boidron-Metairon, 1988; Strathamann
etal., 1992).

On the other hand, the length of the CS and the shell parameters could be influenced by
the food availabilities during digestion (Rodrick, 1979). According to some literature (Wojtowicz,
1972; Rodrick, 1979), the CS dissolves at its anterior end, releasing enzymes into the stomach
when food was available. Therefore, it was assumed that fluctuation of enzyme content in the CS
was in accordance with food availability. This could influence the length of the CS in the short
term. In ecotoxicological studies, the use of the CS of the green-lipped mussel Perna viridis as a
biomonitoring organ for Cu (Yap et al., 2006a) and Ni (Yap et al., 2006b) bioavailabilities in coastal
waters of Peninsular Malaysia was proposed.

This preliminary study focussed on the crystalline style (CS) length of P, viridis (Family:
Mytilidae) in order to discuss its potential uses. The objectives of this study were to determine the
relationships and percentages of the length of the CS in relation to the shell length, the shell width
and the shell height of P. viridis samples collected from seven geographical sites from the southern
part of Peninsular Malaysia.
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Materials and Methods
Sampling, storage and sample preparation

Green-lipped mussels P. viridis were collected from seven geographical populations (Figure 1) (six
sites in the Straits of Johore and one from Senggarang population bought from a mussel roadside
stall). In the laboratory, these samples were determined for the shell lengths (distance between the
umbo (anterior) and the posterior shell margin), shell widths, shell heights (distance between the
ventral and dorsal shell margins), total CS wet weight and CS length. The CS was carefully pulled
from the mussel’s digestive tract in order to get the complete CS length. All of the parameters were
measured by using a vernier calliper with an accuracy of 0.05 cm, except for the total CS wet weight,
which was measured by using an electronic balance with an accuracy of 0.001g. Identification of
the sexes of the mussels was determined according to the colours of the gonadal tissues (Yap et al.,
2006¢). Males were distinguishable by the milky-white gonads while the females had bright orange/
brick-red coloured gonads (Rajagopal, 1991).

Statistical Analysis

The data obtained were statistically analysed by using the Statistical Analysis System (SAS) for
Windows, Release 6.12 software. The Spearman’s product moment correlation coefficient on the
log,, (mean + 1) transformed data (Zar, 1996) was applied to determine the strength and significance
levels of the relationships. Below are the formulae used to determine the percentages (%) of the
length of the CS in relation to the shell length, the shell width and the shell height:-

CSLength N
SLength

CSLength= 100

CSLength .
SWidth

CSWidth=

CSLength %100

CSHeight= -
SHeight

Results and Discussion

Table 1 shows the allometric parameters in male and female individuals of P. viridis from seven
sampling sites. When all the shell parameters and CS lengths or CS weights were compared among
all the seven sites, there was no specific trend of difference found. Especially when the metal-
polluted sites at Senibong and Kg. Masai (both located at the eastern part of Johore Causeway) were
compared to the three relatively-unpolluted sites located at the western part of Johore Causeway
(Yap et al., 2006d), there was no specific differences found for CS lengths or CS weights. This might
indicate the food availabilities along the Johore Straits were relatively similar.

Combining all the sampling sites, the ranges of the shell lengths in the females (Table 2)
and males (Table 3) were 48.3 to 97.4 mm and 44.4 to 83.0 mm, respectively. As for the shell widths,
they ranged from 17.3 to 33.0 mm for females and 14.4 to 32.1 mm for males, while for the shell
heights they ranged from 23.0 to 40.5 mm for females and 22.5 to 38.3 mm for males Statistical
analysis showed that these lengths, widths and heights were not significantly (P> 0.05) different
between males and females. The lengths of the CS ranged from 30.0 to 75.0 mm for both male and
female individuals while the weights of the CS ranged from 0.01 to 0.07 g for both male and female
individuals.
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The percentages of the length of CS in relation to the shell length, the shell width and
the shell height from the seven mussel populations are also shown in Tables 2-3. In general, in the
female individuals, the length of the CS in relation to the shell length, width and height are 72.3%,
219% and 157%, respectively (Table 2). On the other hand, in the male individuals, the length of
the CS in relation to the shell length, shell width and shell height were 73.0%, 211% and 155%,
respectively (Table 3).

There is limited information to compare with the present findings in the literature. The CS
of the freshwater mussel, Parreysia corrugata was reported as being 30-35 mm in the CS length
(Lomte and Jadhav, 1980), when compared to P. viridis (30.0-75.0 mm for both male and female
individuals). The percentage of the length of the CS and the shell length of P. corrugata ranged
from 72.3-73.0%, compared to P. viridis (72.3% for female and 73.0% for male) from the present
study which is very close. Alyakrinskaya (2001) reported that the CS lengths of the studied molluscs
were rather long. The shortest style, whose CS length did not reach half (< 50%) of the shell
length, was recorded in Macoma baltica. This species was followed by Mytilus edulis and Mytilus
galloprovincialis (~50%), Mya arenaria and Donax julianae (~60%), and Dreissena polymorpha
and Anodonta complanata (~65%). In the two latter species, the longest style length could reach
80%. The longest CS length (up to 87%) was recorded in Unio tumidus (Alyakrinskaya, 2001). The
length of the CS of P, viridis, which ranged at 72.3-73.0% of the shell length as found in this study,
was longer than the similar mussel family (Mytilidae) namely M. edulis and M. galloprovincialis
(~50%) (Alyakrinskaya, 2001). Therefore, the percentage of the CS length to the shell length could
be used to identify the different mussel species since different mussel species had a specific CS
length to shell length.

From Table 4, it can be observed that the correlation coefficients between the lengths of
CS-shell parameters were almost similar in the females and males. When the males and females
were combined, the correlation coefficients were the highest between the CS length- shell width (R=
0.82,P<0.001), followed by CS length-shell length (R=0.81, P<0.001) and CS length- shell height
(R=0.64, P<0.001). For CS weights, when the males and females were combined, the correlation
coefficients were the highest between the CS weight-shell length (R= 0.73, P< 0.001), followed by
CS weight-shell width (R=0.65, P< 0.001) and CS length- shell height (R=0.60, P< 0.001).

The expression of many morphological characters of bivalves is dependent upon
environmental conditions, such as food concentration and water temperature (Boidron-Metairon,
1988; Strathamann et al., 1992). The significant correlations between the CS length and shell sizes
obtained from this study could result from the environmental conditions in which they could be
influenced by the availabilities/amount of food during digestion (Rodrick, 1979). Besides, it was
mentioned that the CS dissolved at its anterior end, releasing enzymes into the stomach (Wojtowicz,
1972; Rodrick, 1979) when food was available. Therefore, it was assumed that fluctuation of enzyme
content in the CS could result in the variation of CS length and CS weight which was in accordance
with food availability.

Various factors could also influence the relationships between the CS length and the shell
parameters. According to Hummel et al. (1988), the CS length of Macoma balthica showed a linear
relationship to the shell length during both the growing season and the rest of the year. Besides,
Hummel et al. (1988) also reported that the CS length might be influenced by seasonal variations
and tidal and daily variations. In bivalves, food is typically subjected to an intracellular digestive
cycle in the digestive diverticula. Linear relationships between CS length and shell length had also
been observed in the related species Abra nitida and A. alba (Kristensen, 1972) with a CS length
about one third the shell lengths (about 33%). Moreover, a linear relationship was found between the
CS dry weight and the total wet weight of Crassostrea gigas (Bernard, 1973).
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One interesting question on the potential use of such relationships is ‘Can the identification
of the species be made based on the relationships between the CS length and allometric parameters?’
It is argued that the CS length to the shell parameters could be potentially used for the identification
of different mussel species. Based on the previous comparison, the percentage of the CS length to
the shell length could be used to identify the different mussel species since different mussel species
had a specific CS length to the shell length. Of course, the possibilities of subspecies occurrence
could be investigated by allozyme or DNA microsatellite markers (Tan and Yap, 2006). Perhaps,
the only observed limitation in the use of the length of the CS was that it would get dissolved easily
after a period of improper storage.

Other potential uses of the ratios include as an eco-physiological indicator of food
availability in the coastal waters. Ibarrola et al. (1998) reported that enzyme activities in the digestive
gland of Cerastoderma edule increased rapidly (3 days) in the presence of food at any time of the
year, suggesting that seasonal variation of enzyme activities would reflect a process of continuous
adjustment of digestive enzyme levels to environmental food availability. Therefore, the CS weight
could be influenced by the food availability in the coastal waters. However, it is believed that the
ratios of the CS length to the shell parameters could be potentially used in the identification of P.
viridis in the future, although further validation is necessary.

Conclusion

The present findings had provided an important reference for comparative purpose with other bivalve
species. Possibly, the relationships between the length of the CS and the shell parameters could be
used for the identification of P, viridis in comparison to other species besides as an indicator of food
availability although further validation is required. The percentages of the length of CS and the shell
parameters for P. viridis are important baselines for future reference.

Acknowledgements

The authors wish to acknowledge the financial support provided through the Research University
Grant Schemes (RUGS), [Vote no.: 91230], by Universiti Putra Malaysia.

References

Alyakrinskaya, 1.O. (2001). The dimensions, characteristics and functions of the crystalline style of
molluscs. Biol. Bull. 28: 523-535.

Bernard, F.R. (1973). Crystalline style formation and function in the oyster Crassostrea gigas
(Thunberg 1795). Ophelia. 12:159-170.

Boidron-Metairon, I.F. (1988). Morphological plasticity in laboratory-reared echinoplutei of
Dendraster excentricus (Eschscholtz) and Lytechinus variegates (Lamarck) in response to food
conditions. J. Exp. Mar. Biol. Ecol. 119: 31-41.

Hummel, H., W. de Bruin, G. Nieuwland, I.LF. Hummel-Poel. (1988). Seasonal and tidal changes
in the length of the crystalline style intertidally living Macoma balthica (Molluscs, Bivalvia).
Mar: Biol. 98: 529-534.

Ibarrola, I., X. Larretxea, J.I.P. Iglesias, M.B. Urrutia, E. Navarro. (1998). Seasonal variation of
digestive enzyme activities in the digestive gland and the crystalline style of the common
cockle Cerastoderma edule. Comp. Biochem. Physiol. Part A 121:25-34.

Journal of Sustainability Science and Management 2010 Volume 5 (1): 39-46



THE LENGTH OF THE CRYSTALLINE STYLE OF Perna Viridis IN RELATION TO SHELL 43

Kristensen, J.H. (1972). Structure and function of crystalline styles of bivalves. Ophelia. 10: 91-108.

Lomte, V.S., M.L. Jadhav. (1980). A study on the crystalline style of the freshwater mussel, Parreysia
corrugata. Hydrobiologia. 69: 175-178.

Rajagopal, S. (1991). Biofouling problems in the condenser cooling circuit of a coastal power
station with special reference to green mussel, Perna viridis (L.). Ph.D. Thesis, University of
Madras, Madras, India, pp. 1 —113.

Rodrick, G.E. (1979). Selected enzyme activities in Mya arenaria hemolymph. Comp. Biochem.
Physiol. B. 43: 313-316.

Strathamann, R.R., L. Fenaux, M.F. Strathamann. (1992). Heterochronic developmental plasticity
in larval sea urchins and its implications for evolution of nonfeeding larvae. Evolution. 46:
972-986.

Tan, S.G., C.K. Yap. (2006). Biochemical and molecular indicators in aquatic ecosystems: Current
status and further applications in Malaysia. Aquat.Ecosys. Health Manage. 9: 227-236.

Wojtowicz, M.B. (1972). Carbohydrases of the digestive gland and the crystalline style of the
Atlantic deep-sea scallop (Placopecten magellanicus, gmelin). Comp. Biochem. Physiol. A.
43: 131-141.

Yap, C.K., A. Ismail, W.H. Cheng, S.G. Tan. (2006a). Crystalline style and tissue redistribution in
Perna viridis as indicators of Cu and Pb bioavailabilities and contamination in coastal waters.
Ecotoxicol. Environ. Safety. 63: 413-423.

Yap, C.K., A. Ismail, W.H. Cheng, F.B. Edward, S.G. Tan. (2006b). Crystalline style and byssus
of Perna viridis as indicators of Ni bioavailabilities and contamination in coastal waters of
Peninsular Malaysia. Malays. Appl. Biol. 35: 7-13.

Yap, C.K., A. Ismail, S.G. Tan, A. Rahim Ismail. (2006c). Is gender a factor contributing to the
natural variations in the accumulation of heavy metals (Cd, Cu, Pb and Zn) by the green-lipped
mussel Perna viridis ? Indian J. Mar. Sci. 35: 29-35.

Yap, C.K., A. Ismail, Edward, F.B., S.G. Tan, S.S. Siraj. (2006d). Use of different soft tissues of
Perna viridis as biomonitors of bioavailability and contamination by heavy metals (Cd, Cu, Fe,
Pb, Ni and Zn) in a semi-enclosed intertidal water, the Johore Straits. Toxicol. Environ. Chem.
88: 683-695.

Zar, J.H. (1996). Biostatistical analysis, 4" ed. Englewood Cliffs, New Jersey: Prentice-Hall.

Journal of Sustainability Science and Management 2010 Volume 5 (1): 39-46



Yap, C.K. et al. 44

JOHORE MALAYSIA

SOUTH SELETAR
L
g /

9,7 \ SINGAPORE

PULAU AYER CHAWAN

D78 Q2
1’15’ N %

W £ i 3
O W Kilometres
1 1 1 N 1
103°40° E 103"45°E 103°50°E 103°55°E 103°60’ E

Figure 1: The sampling locations of Perna viridis along the Johore Straits and Senggarang.
Note: 1. Kg. Sg. Melayu-1; 2. Kg. Sg. Melayu-2; 3. Kg. Sg. Melayu-3; 4. Gelang Patah; 5. Senibong; 6. Kg. Masai; 7. Senggarang (Inset).
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Table: 1. Shell lengths, shell widths, shell heights, crystalline style (CS) lengths and CS weights of
Perna viridis analysed in the present study.

St Sites Gender No. Shell Shell width ~ Shell CS length  CS weight
length (mm) height (mm) (mg)
(mm) (mm)
1 Kg. Sg. Melayu-1 Male 5 5932=% 20.93 = 28.3+0.47 4040 = 3342+
3.08 1.44 6.56 6.36
Female 5 59.02= 19.10 = 28.39 + 38.40 + 20.2 = 1.76
2.57 0.89 0.83 3.61
2 Kg. Sg. Melayu-2 Male 5  56.06 = 18.82 = 26.78 = 37.00 = 25.58 =
4.77 1.54 1.47 2.55 7.03
Female 4 64.43= 21.78 = 30.33 = 46.25 = 39.25 =
3.83 1.01 1.51 3.94 10.4
3 Kg. Sg. Melayu-3 Male 5 7993 = 30.04 = 33.65 = 65.60 = 5534 =
1.58 0.90 1.62 2.48 4.51
Female 5 88.26= 28.99 = 3539 = 64.60 = 61.14 =
4.12 1.54 2.07 3.39 5.71
4 Gelang Patah Male 4 4948 = 16.56 = 2473 = 37.25 3185+
2.90 0.34 1.17 2.32 2.97
Female 3 58.13= 20.53 = 28.15 = 41.67 = 48.13 =
4.94 1.42 2.61 4.41 13.59
5  Senibong Male 5 59.07 % 21.38 = 28.31 = 43.80 = 33.0 £4.16
1.27 0.71 0.85 1.98
Female 5 64.30=x 21.12 = 30.57 = 46.40 = 43.82 =
1.12 1.02 0.90 1.21 4.09
6 Kg. Masai Male 5 4737= 16.04 = 25.86 = 36.00 = 2442 =
1.06 0.67 1.34 0.89 0.09
Female 5 57.78= 20.06 = 28.70 = 48.00 = 35.44 =
0.94 1.09 0.83 3.39 3.15
7  Senggarang Male 6 66.10 = 21.55 = 29.57 = 46.50 = 46.30 =
2.03 0.93 1.28 2.95 6.51
Female 5 69.58 = 21.62 = 30.56 = 47.80 = 55.40 =
3.15 1.31 1.03 2.24 5.27

Note: No= Number of mussels analysed.

Table 2: The overall shell parameters and percentages of crystalline style (CS) length to the shell
parameters in female individuals of Perna viridis. Based on all seven sampling sites, N= 32.

Variables Mean SE Minimum Maximum
Shell length (mm) 66.46 2.11 48.25 97.40
Shell width (mm) 21.97 0.70 17.30 33.00
Shell height (mm) 30.43 0.63 23.00 40.50
CS length (mm) 48.00 1.78 30.00 75.00
CS weight (g) 0.04 0.00 0.01 0.07
CS length in relation to shell length (%) 72.30 1.62 55.10 98.12
CS length in relation to shell width (%) 218.56 4.58 172.73 270.88
CS length in relation to shell height (%) 157.39 4.35 103.81 209.79

Note: SE= standard error.
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Table 3: The overall shell parameters and percentages of crystalline style (CS) length to the shell
parameters in male individuals of Perna viridis in male individuals of Perna viridis. Based on all

seven sampling sites, N= 35.

Variables Mean SE Minimum Maximum
Shell length (mm) 60.09 1.95 44.35 82.95
Shell width (mm) 20.90 0.81 14.35 32.10
Shell height (mm) 28.31 0.62 22.45 38.30
CS length (mm) 44.06 1.99 30.00 75.00
CS weight (g) 0.04 0.00 0.01 0.07
CS length in relation to shell length (%) 73.04 1.77 47.72 94.14
CS length in relation to shell width (%) 211.44 531 143.54 287.06
CS length in relation to shell height (%) 154.52 4.88 102.39 217.71

Note: SE= standard error.

Table 4: The Spearman’s correlation coefficients based on log10 transformed data between the
allometric parameters and crystalline style (CS) lengths and CS weight of Perna viridis. Based on

all seven sampling sites.

Female, N= 32 Male, N= 35 Male plus female, N= 67

CS length CS weight |CS length CS weight |CS length CS weight
Shell length 0.76%** 0.58%** 0.78%** 0.84%*** 0.81%%* 0.73%%*
Shell width 0.83%** 0.51** 0.78%%* 0.77*%* 0.82%%* 0.65%**
Shell height 0.52%* 0.50** 0.63%** 0.66** 0.64*** 0.60%**

Note: All parameters were log10 transformed prior to correlation analysis. Values given are the correlation coefficients (r)
and their levels of significance (**=P <0.01, ***=P <0.001).
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