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ABSTRACT

Gastropods are of particular interest on rocky shores because they are highly abundant and possess varied abilities to
adapt to the harsh conditions of the rocky intertidal habitat. Turbo brunneus and Monodonta labio are two gastropods
commonly found at Labrador Beach, Singapore. Here, the results of sampling of their shell sizes and shell densities are
presented. ANOVA revealed significantly lower densities of Turbo brunneus and Monodonta labio at the site that
underwent trenching compared to the other sites that did not undergo trenching (P < 0.01). This could be because of the
change in substrate composition from the trenching event. The density of Turbo brunneus decreased from the high
shore height to the low shore height (high: 2.0 + 0.30 per m*; middle: 1.08 + 0.17 per m?; low: 0.85 + 0.13 per m?) as
well as with increased distance from the jetty (nearest jetty: 2.06 + 0.28 per m?, furthest from jetty: 0.5 8+ 0.22 per m?).
Moreover, Turbo brunneus and Monodonta labio showed niche exclusion. High densities of Turbo brunneus were
found together with low densities of Monodonta labio and vice versa. Larger Turbo brunneus were found at a section
where trenching was conducted from 2006 till the end of 2007 (shell height: 3.51 + 0.06 mm), as compared to other
sections not directly affected by the trenching (MANOVA, d.f. = 1, 2, F = 5.00, P = 0.0022). Preliminary analyses of
shell heights and widths revealed that shells of Turbo brunneus and Monodonta labio have isometric growth trends.

INTRODUCTION

Intertidal communities on rocky shores experience diurnal variations in air and seawater exposure and are therefore
subjected to abiotic and biotic stresses. These environmental stresses vary along the vertical shorelines at which
organisms on the lower shore heights are submerged in water for a longer duration than organisms higher up on the
shore. Abiotic stresses owing to emersion, e.g., heat exposure and desiccation, create harsh conditions in the higher
intertidal area and therefore are crucial in defining the upper distribution limit of intertidal organisms (Newell, 1970;
Taylor, 1982; Raffaelli & Hawkins, 1996). Lower down the shore, abiotic conditions are more stable owing to longer
immersion periods. Biological factors such as interspecific competition and predation determine the lower distribution
limit of intertidal species. Different organisms with different adaptations for survival will thus reside at different shore
heights, leading to the creation of a vertical zonation of the intertidal area (Purchon & Enoch, 1953; Vohta, 1971;
Benson, 2002).

Gastropods are a major class of organisms that resides in the intertidal habitat (Esqueda et al., 2000). Because of their
imposex capability and ability to accumulate toxins, gastropods are often used as bioindicators of the condition of the
intertidal zone (Daka et al., 2006; Gomez-Ariza et al., 2006). Moreover, gastropods vary morphologically in relation to
their surroundings. On the same rocky shore, individuals of the same species may have different morphologies as a
result of different microhabitats (DeWolf et al., 1997; Britton, 1995). Gastropods also help curb macroalgae growth
(Guerry, 2008; Thomas et al., 2008) and are an essential part of the diets of many molluscivorous intertidal animals
(Creswell, 1990; Castell, 1997; Burkepile, 2007) Forming a significant proportion of intertidal organisms, being
bioindicators, exhibiting morphological variation, and being part of the intertidal food chain are just some of the reasons
why gastropods are of the more well-studied organisms in rocky intertidal habitats. These are also the exact reasons as
to why it is crucial to understand how human interference affect their abundance and growth.

Singapore’s Labrador Nature Reserve hosts many gastropods including Turbo brunneus and Monodonta labio. Turbo
brunneus is known for its high abundance and its high market value for its foot and shell (Devaraj, 1996; Castell &
Sweatman, 1997; Dorairaj & Soundararajan, 1998). Monodonta labio is a herbivorous gastropod found commonly in
the Pacific region (Vermeij, 1971; Takada, 1995; Slack-Smith & Bryce, 2004). Both of these organisms graze on algae
from the rocks (Takada, 1995; Ramesh, 2008) and therefore may compete with each other for the same niche,
influencing the distribution of the two shells when they both occupy the same habitat.
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In 2006, trenching was carried out on a section of Labrador Beach in order to install a service cable under the seabed
(Chou, 2006). Sheet pilings were installed between the third and fourth quarters of 2006, parallel to the excavation path
to restrict the damage done to the intertidal habitat. Trenching works lasted for a year, from the fourth quarter of 2006
to the fourth quarter of 2007 after which the trench was then filled. The sheet pilings, however, were not removed until
the end of the first quarter of 2008. This study thus aimed to investigate the possibility that such a construction had
affected the distribution and sizes of Turbo brunneus and Monodonta lineata.

There were two primary objectives in this study: (1) to sample the distributions of Turbo brunneus and Monodonta
labio with respect to the area affected by trenching, and (2) to sample the size variation of the two shells with reference
to the trenched area. Secondary objectives were: (1) to investigate how population densities of the gastropods vary with
shore height, and (2) to examine the relationship between shell heights and shell widths for these two gastropods.

MATERIAL AND METHODS

Experimental design. — Labrador Beach (1°16.0'N, 103°48.0'E) is the only remaining rocky shore found on mainland
Singapore (Fig. 1). The shore was vertically divided into three height zones, each 10 m wide, using transect tapes. The
mean shore height of each was identified as: high (H) 1.0-1.9 m, middle (M) 0.3-1.0 m, low (L) 0.2-0.3 m. The shore
was also horizontally divided into four 60 m long sectors, sections A—D with section A nearest the jetty (Fig. 2). Section
C once hosted the service trench and one sheet piling. The other sheet piling was located at section D. Section D had
only two sampling transects (High and Middle levels) due to the irregular curved-shape of the shoreline. This gave
eleven 60 x 10 m (length x width) transects for sampling as shown in Fig. 2.

Sixteen quadrats (1 x 1 m) were used to sample each transect. The quadrats were placed based on a set of random
numbers generated, then the number of Turbo brunneus and Monodonta labio in each quadrat was counted and
recorded. For each quadrat, measurements of the height and width of all the shells were recorded (dial vernier calipers +
0.01 mm). These two parameters were used as an indication of overall shell size.

Ten photographs of the substrate of each transect were taken and processed using Adobe Photoshop CS3 to scale and
size images. The photos were then analyzed using Coral Point Count version 3.0 (CPCe) to determine the average
substrate composition in each transect. Substrate types were defined according to Table 1.

Labrador Nature

Reserve
-1°10’ 5km
103;"50'

Fig. 1. Position of Labrador Nature Reserve in Singapore (Huang et al., 2006).
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Fig. 2. Division of the shore into 11 transects for sampling. The transects measured 60 m long and 10 m wide. Section A started from
the side of the jetty. Sixteen quadrats were laid in each transect for sampling of the gastropods.
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Representatives of both species collected were identified and preserved in the Zoological Reference Collection (ZRC)
of the Raffles Museum of Biodiversity Research (RMBR), National University of Singapore. They were Monodonta
labio (ZRC.MOL.2880) and Turbo brunneus (ZRC.MOL.2881).

Statistical analysis. — two-way analysis of variance (ANOVA) and post-hoc Student-Newman-Keuls (SNK) tests were
performed to determine whether shell density differs with shore height or with distance from the jetty. A multivariate
analysis of variance (MANOVA) and post-hoc Student-Newman-Keuls (SNK) tests were performed for each of shell
species, to determine the relationship between shell heights and widths with shore height and/or horizontal sectors. All
data fulfilled the assumptions of normality and homogeneity of variances. All statistical analyses were performed using
GMAV 5 (Institute of Marine Ecology, Sydney, Australia) and STATISTICA 5.0 (Stat-Soft).

For each shell, a scatter plot of shell height versus shell width was constructed with Microsoft Excel version 11.3.5 to
determine how these two parameters are related. The best-fitted regression line was constructed with the R* value
calculated. R” value is the proportion of the variance of y that can be explained by x (Bernard, 2006).

RESULTS

A total of 232 Turbo brunneus and 87 Monodonta labio were observed in all 176 quadrats. The interaction effects
between shore height and horizontal sectors on the measured parameters could not be analysed as sampling transects
were unbalanced (i.e., Section D had only two out of three transects sampled owing to an irregular shoreline).

Densities of gastropods. — there were highly significant differences in the mean densities of Turbo brunneus among the
horizontal sectors (ANOVA, d.f. = 3, F = 5.01, P = 0.0024) and the shore height (ANOVA, d.f. =2, F =878, P =
0.0002). Post-hoc SNK tests for the three shore heights (i.e. high, middle and low) indicated the occurrence of higher
densities of Turbo brunneus at the high shore height as compared to the middle and low shore height. Also, section A
had significantly higher densities of these shells than section C and D (Fig. 3a).

Densities of Monodonta labio were significantly different among the four horizontal sectors (ANOVA, d.f. =3, F =
4.25, P = 0.0063) but not the shore heights (ANOVA, d.f. =2, F = 2.44, P = 0.09). Post-hoc SNK tests for horizontal
sectors revealed higher densities of Monodonta labio at section D compared to the other sections (Fig. 3b).

Table 1. Categories and definition of substrate types encountered.

Substrate Definition

Silt Fine grains (< 0.625mm)

Sand Small grains (0.625-2.000 mm)

Pebbles Small pieces of non-carbonate rock (2—-64 mm)

Rock Large angular sharp pieces of non-carbonate rock (> 64mm)

Rubble Any broken pieces of dead coral skeleton, more irregularly shaped than rocks
Seagrass Any seagrass species

Macroalgae Any macroalgae species
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Fig. 3. Effect of shore heights and horizontal sections on the densities of (a) Turbo brunneus and (b) Monodonta labio. Error bars
denote standard errors. Parameters that are significantly different (SNK tests; P<0.05) are linked by horizontal lines.
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Fig. 4. Effect of shore heights and horizontal sections on the sizes of (a) Turbo brunneus, and (b) Monodonta labio. Error bars denote
standard errors. Two barcharts of Monodonta labio do not have standard errors as they measurements of only one shell. Parameters
that are significantly different (SNK tests; P<0.05) are linked by horizontal lines.
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Fig. 5. Scatterplot of shell height versus shell width for Turbo brunneus and Monodonta labio. The best fit trend line was drawn and
R? value of the line was calculated.
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Fig. 6. Substrate composition of each of the eleven transects.
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Shell sizes of gastropods. — as shown in Fig. 5, the shell heights of both Turbo brunneus and Monodonta labio were
linearly related to their shell widths (R* = 0.838 and R* = 0.966, respectively). Moreover, MANOVA tests revealed
similar results for shell heights and shell width, indicating that either one of these parameters can sufficiently represent
the shell size. Therefore, only the MANOVA results on shell heights are presented here.

For Turbo brunneus shell height, MANOVA indicated significant differences for the main effects of shore height and
horizontal sectors (MANOVA, d.f. =1, 2, F = 6.74, P = 0.0014; MANOVA, d.f. = 1, 2, F = 5.00, P = 0.0022,
respectively). Shell heights for Turbo brunneus were significantly smaller at the low shore height than at middle and
high shore height. At section C, shell heights were larger than that at sections A and B (Fig. 4a).

Shell heights of Monodonta labio did not differ significantly among the shore heights or horizontal sectors (MANOVA,
d.f.=1,2,F=0.19, P=0.82; MANOVA, d.f. = 1, 2, F = 0.84, P = 0.43, respectively).

DISCUSSION

Variations in gastropods’ densities. — the substrate at section C could explain the relatively low densities of the two
gastropods. Rock was not present at section C (Fig. 6) and this absence was owed to the trenching which dug through
the substrate in order to lay down a power cable (Ng et al., unpublished data). In a rocky area, crevices formed by
spaces between adjacent rocks and within rocks increase the surface area for grazing and act as hiding places for the
gastropods (McGuinness & Underwood, 1986; Denadai & Amarai, 1999). Therefore, with few rocks at section C, the
substrate was probably less attractive to both shells and their densities would be low. This inference is, however, based
on a cross-sectional survey. In order to accurately determine the effects of the trenching event, one would have to
conduct the survey on gastropods before and after the trenching event. Still, a significantly lower density of both shells
(P <0.001) at section C relative to the other sections, is a good indication that the density of shells have been affected
by the trenching project.

Individuals of Turbo brunneus and Monodonta labio were found sympatrically, even though when one species is higher
in density, the other would be lower in density. This is probably owed to their similar diets. Turbo brunneus feed on
algae (Ramesh, 2008) while Monodonta labio feed on decaying organic matter derived mostly from algae (Takada,
1995). These gastropods were also observed to be foraging during the samplings. As such, competition for food could
be a possible explanation for the population segregation as seen at Labrador Beach. Another factor attributed to this
segregation could be the differential exposure to wave action at the different horizontal sectors. Earlier studies showed
that larger Littorina species were found at the more exposed shores (DeWolf, 1997; Eschweiler et al., 2008). Owing to
the irregular shoreline at Labrador beach, Section D hosts a bay and therefore is less exposed to wave energy. The
smaller-sized Monodonta labio (shell height 1.12 + 0.46 mm) were found at section D as they may be more protected in
a sheltered shore. On the other hand, a larger number of Turbo brunneus (shell height 3.29 + 0.60 mm) are found at
sections A—C as they were larger and have higher tolerance to exposed shores.

Segregation of the populations of Turbo brunneus and Monodonta labio can thus be attributed to substrate differences,
competition for food, and adaptability to shores with differential exposure to waves. However, all these factors are
suggested reasons for their distribution, and thus warrant further studies.

A higher density of Turbo brunneus observed at the higher shore height compared to middle and low shore heights at
Labrador Beach is typical of gastropod distribution patterns. Biological factors as such predation determine the lower
limit of these gastropods (Newell, 1970; Raffaelli & Hawkins, 1996). Hence, they are found in higher concentration on
the higher littoral zone (i.e., higher shore height). Huang et al. (2006) showed that visitor pressure decreased from
section A to D and this might explain the decreasing Turbo brunneus density in the same direction. This trend is
consistent with previous studies that show that human impacts enhance the abundances of certain gastropods (Keough
et al., 1993; Addessi, 1994; Keough & Quinn, 1998).

Variations in sizes. — it is interesting to note that shell sizes of Turbo brunneus in section C (shell height: 3.51 £ 0.06
mm) are significantly different from those in sections A and B (shell height: 3.19 + 0.08 and 3.20 £ 0.08 mm,
respectively). Turbo brunneus individuals in section C were located nearest the trenching site and thus faced certain
environmental conditions that cause them to grow larger. As discussed above, the poor rock composition in section C
could be the reason for the lack of sites for refuge and thus increased exposure to wave shock. Therefore, a larger shell
size would confer higher adaptability to the greater wave action exposure (DeWolf, 1997; Rios-Jara, 2004; Eschweiler
et al., 2008).

Shell sizes found at the low shore height of section B were significantly smaller than all other zones. Studies done on a

related shell, Turbo sarmaticus showed that the types of diet can affect shell growth and hence shell size (Foster, 1999).
Hence, a possible explanation could be the deficiency of specific algal species for the shell size growth observed in

427



Tan: Effects of Trenching on Turbo brunneus and Monodonta labio

section B. However, a survey of the different types of macroalgae was not performed in this study and hence the
incidence of smaller sized Turbo brunneus shells cannot be quantified.

Correlation of growth with shell height and width. — from the scatterplot of shell height versus shell width, a strong
correlation exists between the shell height and width for Turbo brunneus and Monodonta labio. This suggests that both
gastropods have an isometric growth whereby an increase in shell height corresponds to a proportional increase in shell
width. This result for the two particular gastropods has not been recorded in other studies but the same trend occurs in
other shells such as Monodonta dama (Ismail, 2006). The ratio of shell height to shell width decreases with an increase
in shell size. This may indicate that these two gastropods become less elongate with age. For a detailed understanding
of their growth patterns, a time-based study that follows the growth of the shells can be conducted. The results from this
one-time sampling would serve as preliminary information of the gastropods’ growth pattern.

CONCLUSIONS

In summary, the trenching project resulted in the low densities of Monodonta labio and Turbo brunneus occurring in
the affected area. The density patterns of Monodonta labio and Turbo brunneus at Labrador Beach could be owed to
competition with each other or their varied abilities to adapt to different environments. Sizes of Turbo brunneus differ
possibly with the degree of exposure to wave energy. There was no significant difference in the sizes of Monodonta
labio with the differing shore height and horizontal sectors. The linear relationship between shell height and shell width
suggests an isometric growth pattern of the two gastropods.
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