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ABSTRACT

The present study was conducted in intertidal rocky shores at Wellamadama and Kamburugamuwa of Matara district
from June to November 2018. A line transect method was employed perpendicular to the shore and randomly placed
quadrats were used to identify and quantify the species. Collectively 34 species of intertidal macroinvertebrate fauna
were identified. Shanon-Weiner index, Menhinick’s index, and Pielou’s index for Wellamadama were 1.8271,
0.5612, and 0.7620 respectively, while those in Kamburugamuwa were 1.9281, 0.4307, and 0.7517. Higher species
diversity was recorded at the rocky shores of Kamburugamuwa, while higher species richness and evenness at
Wellamadama rocky shores. The Jaccard similarity index indicates a low similarity (<50%) between two study
rocky shores. Clypidina notata, Cellana rota, and Patelloida striata were the dominant species in the low tide zone.
Highly abundant species in mid tidal zone at Wellamadama was Nodilittorina quadricincta, while that of in mid-tide
zone at Kamburugamuwa was Chiton sp. Periwinkle snails were dominating the high tide zone of both study rocky
shores of which Nodilittorina trochoides dominated at Wellamadama and Littoraria undulata dominated at
Kamburugamuwa. The study indicates that community assemblages in intertidal rocky shores vary spatially and
comprehensive studies are essential to investigate the controlling factors.
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INTRODUCTION Water clarity, ice exposure (McQuaid, 1985; Kiirikki,
) ) o 1996b; Reichert et al., 2008), and biotic factors such as
Intertidal zones are considered transitional zones be-  predation (Underwood and Jernakoff, 1981), facilitation

tween terrestrial and marine environments (Chappuis ez (Erlandsson et al., 2011), competition (Bulleri ef al.,
al., 2014). Tidal cycles that occur in the marine environ-  2002; Mangialajo et al., 2012), grazing (Underwood and
ment greatly influence these regions. Rocky shores and ~ Jernakoff, 1981, Thomas, 1994), are the major driving
sandy beaches are the major two types of intertidal zones forces which determine the zonation and survival of dif-

hich sh ctical i hich tid i ferent fauna in these areas with high environmental
which show a vertical zonation as high fide zone, mid- fluctuations. Horizontal variations in distribution patterns
tide zone, and low tide zone. But the numbers of these

of fauna are caused by abiotic factors such as the topogra-
zones vary from shore to shore (Stephenson & Stephen-  phy of the substratum (Underwood, 2004), changes in
son, 1949). The area between high tide and low tide is  wave exposure (Schoch et al., 2006; Tuya and Haroun,
generally occupied by organisms such as fauna, consist ~ 20006), coastal geomorphology (Schoch and Dethier,
of many biophysical adaptations for the fluctuating 1996) gnd b1(.)t1.c factprs such as variations in grazing and
environmental factors. Strips or zones of the tidal belt predation activity (Rilov and Schiel, 2011).

h ed by distinctive f £ thei The vertical distribution of sessile intertidal fauna
are characterized by distinctive features of therr own highly declined above and below a specific zone. As

(Stephenson & Stephenson, 1949). According to the  these organisms usually attach to a substrate, zonal
changes in abiotic and biotic factors, the distribution of  boundaries for those organisms are well defined. Unlike
organisms is not homogeneous (Chappuis et al., 2014).  sessile organisms, mobile organisms of intertidal areas
The degree of physical, chemical, and biological param- can freely move, because t.hey do not have well-defined
eters present in each zone of an intertidal region results zonal boundaries (Gunawickrama, 2015). On a global
in a favorable atmosphere for different species to domi- scale, temperature and rainfall patterns play an important

. . ) ) role in the distribution of intertidal fauna too (Cruz-
nate different zones. The distribution of organisms in  \otta ef al. 2010). The gradient of strong environmen-

both horizontal and vertical scales is also greatly  ta] stress occurs perpendicular to the shore, extreme to-
influenced by the biotic and abiotic factors. Abiotic ~ wards the high tide zone or the upper littoral zone. So
factors such as temperature, salinity, wave action, wind, ~ simply the littoral zonation can be defined as the
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distribution of organisms along this vertical gradient in a
specific spatial sequence (Chappuis ef al., 2014). Rocky
intertidal shores are stable intertidal areas that provide a
variety of habitats for organisms to attach and grow.
Several substrate features of rocky shores are related to
the degree of erosion. Ex- Horizontal strata, tilted strata,
and laminated strata (Gunawickrama, 2015). Intertidal
areas of rocky origin are the most characteristic features
to study about zonation in these areas. High tide zone,
mid-tide zone, low tide, and splash zone can be easily
distinguished in rocky intertidal areas than other intertid-
al areas like sandy or muddy.

Splash Zone is completely a dry zone located
above the highest high tide level. A splash zone is not a
part of the intertidal zone (Gunawickrama, 2015).
Because of extreme fluctuations in moisture content,
temperature, and salinity found in this zone, only a few
organisms can survive here. However, during storm tides
splash zone receives water from breaking waves (Cecil et
al., 2004). High intertidal zones are flooded by seawater
only during high tide and otherwise, this zone is highly
exposed to solar radiation. The mid intertidal zone is
inundated duringhigh tide and will be exposed to solar
radiation during low tide. The low tide zone is located
between the low tide level and the lowest low tide level.
This is the zone that is highly influenced by wave action.
Rocky intertidal zones are characterized by sturdy

boulders, rocks, crevices, and tidal pools that home a
variety of organisms (Londofio-Cruz et al., 2014). So
habitat diversity is richer in rocky shores than in a sandy
environment in most cases. Every type of these habitats
is occupied by different species. Especially when
considering tidal pools, they house thousands of
invertebrates, vertebrates, and seaweeds. Water in these
pools refreshes with seawater that inundates backshore.
So during low tide, these pools expose to direct sunlight.
In such cases, tidal pools show greater fluctuations in
chemical parameters like salinity. But in marine environ-
ments, these types of situations are not permanent and
they may decrease rapidly back into previous conditions
due to rain like phenomenon (Gunawickrama, 2015).

Because of its unique composition and
structure, rocky intertidal areas are heterogeneous. So it
provides shelter for a great number of marine fauna and
flora, especially fauna more abundant and diverse.
Usually, rocky intertidal invertebrates and macroalgae
occupy low trophic levels, which quickly make them
sensitive to climatic alternations. Indicator species of
zones are characterized and appeared to be correlated
with shifts in the length of exposure to air. This phenom-
enon describes the potential role of physical factors in
limiting distribution. As bio indicators, these intertidal
macroinvertebrates provide a more accurate understand-
ing of changing aquatic conditions than chemical and
microbiological data (Bhadja ef al., 2014).

The role of physiological adaptations to
temperature and desiccation stress in determining
patterns of distribution (zonation) commonly found in
intertidal organisms of rockyshores is favored by many
previous intertidal studies. For the determination of the
upper limits of most intertidal organisms, a major role is
played by heat and desiccation like physical factors
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(Helmuth & Tomanek, 2002). According to Gowanloch
and Hayes (1926), Orton (1929), Broekhuysen, (1940)
and Evans (1948) lethal limits of marine organisms
correlated positively with the position of organisms
along the physical gradient from low-intertidal to the
stressful high-intertidal zone.

Intertidal ecosystems support high abundance
in the majority of fish species. Especially the intertidal-
subtidal boundaries with submerged habitats are vital as
feeding and breeding grounds (Teichert et al., 2018). A
previous study also suggested that the conservation of
intertidal areas is an important aspect in managing
marine protected areas (Banks et al., 2005). Conserva-
tion strategies for protecting fauna and flora inhabit in
intertidal zones are much needed to maintain optimum
intertidal ecology in coastal ecosystems.

MATERIALS AND METHODS

Study Location

Study areas were selected from the rocky intertidal
shores of two coastal areas in the Matara district.
Kamburugamuwa beach is located 14.6km to the west of
Ruhuna University premises. Wellamadama beach is
located in front of Ruhuna University premises. The
sampling area was selected in each study site
(Wellamadama and Kamburugamuwa) representing the
low tide zone (low intertidal zone), mid-tide zone (mid
intertidal zone), and high tide zone (high intertidal
zone) of the rocky intertidal zone. The width of the
rocky intertidal zone of the Wellamadama site was ap-
proximately 27 meters. The substrate of its sampling
area consisted of large boulders in all three zones. The
width of the rocky intertidal zone of the Kamburugamu-
wa site was approximately 21 meters. There the low
tide zone was a flat reef, completely covered with sea-
weeds, the substrate of the mid-tide zone was a sandstone
substrate and the high tide zone substrate consisted of
large boulders.

Field Sampling

Sampling was conducted from June to November 2018
(each site was sampled twice amonth) in Wellamadama
and Kamburugamuwa rocky intertidal shores of Matara
District. A line transect method (length of 100m) was
employed perpendicular to the shore on the rocky shores
from the highest high tide to the seawater margin across
the three considering zones. Randomly placed four
quadrats along the line transect were used to identify
and quantify the species in each zone (total 12 quadrats
in all three zones) during the low tide (Bhadja et al.,
2014) (Figure 1).

Each study site was observed from 7.30 a.m.
to 10.00 a.m. Intertidal invertebrates were identified up
to species taxonomical levels at the same time. Uniden-
tified specimens were preserved in 70% ethanol & iden-
tified using taxonomical keys (Londofio-Cruz et al.,
2014; Cho et al., 2012). All identified and counted val-
ues of invertebrate macrofauna inside quadrats were
used for calculations (Londofio-Cruz et al., 2014;
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Figure 1. Sampling procedure for study sites

Rubesinghe & Krishnarajah, 2014). By recorded
abundance data, the average density of each species and
spatial distribution of species was investigated (Patricio
& Dearborn, 1989). Shannon Weiner index, Pielou’s
index, and Menhinick's index were used to calculate
species diversity, species evenness, and species richness
respectively.

RESULTS AND DISCUSSION

Shanon-Weiner index, Species Richness, Jaccard
Similarity Coefficient, and Species Evenness values for
study sites were given in Table 1.

Species richness and species evenness values
were higher in the Wellamadama site than the
Kamburugamuwa site, but the Kamburugamuwa site
showed a higher Shanon-Weiner index value than the

Wellamadama site. Jaccard Similarity Coefficient
between two sites was (< 0.5).

Table 2 indicates the recorded species during
the study period. About 34 species of intertidal inverte-
brate fauna belong to 4 main phyla (Phylum Mollusca,
Phylum Echinodermata, Phylum Arthropoda, and
Phylum Coelenterata) were identified inside quadrats
and beyond line transect collectively in Wellamadama
site and Kamburugamuwa site.

Percentage occurrence of species in the
Wellamadama site and Kamburugamuwa sites were
graphically shown in Figures 2 and 3. Periwinkle snails
such as Nodilittorina sp. and Littoraria sp. were the
most occurring species in the Wellamadama site.
Chiton sp. showed the highest percentage occurrence
value in the Kamburugamuwa site.

Table 1. Biodiversity index values for Wellamadama site and Kamburugamuwa site

Parameter Wellamadama Site Kamburugamuwa Site
Shanon - Weiner Index 1.8271 1.9281
Species Richness (Menhinick's index) 0.5612 0.4307
Species Evenness (Pielou’s index) 0.7620 0.7517
Jaccard Similarity Coefficient 0.4118
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Figure 2. Percentage occurrence of intertidal macro
invertebrates in Wellamadama site

Figure 3. Percentage occurrence of intertidal macro
invertebrates in Kamburugamuwa site
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Figure 8. Spatial variation of species based on Mean

Density in Wellamadama site — High tide zone

60
“‘E 50
Z
> 40
ey
27
= 30
A
= 20
<
°§) 10
0 ; ==
. \\\.\ ,\\\ \\k\ \\\ \\0 \\\.\
W W O\ \\ ‘\\ 3 \'\‘
\'\\ & \\\\\ \\S SN \\\o \\-u \\\\ Q
O (AT e OV
Gt R
S O A K&
NN a0 O-,\o‘
o N N
AN W
\\\ N

Species

Figure 5. Spatial variation of species based on Mean
Density in Kamburugamuwa site—Low tide zone
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Figure 7. Spatial variation of species based on Mean
Density in Kamburugamuwa site—Mid tide zone
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Figure 9. Spatial variation of species based on Mean
Density in Kamburugamuwa site—High tide zone
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Table 2. Invertebrate species recorded in study sites (\ - Present)

Wellamadama site

Kamburugamuwa site

In quad-

Species recorded
rate

Beyond line
transect

Beyond line

In quadrate transect

Patelloida striata
Nodilittorina quadricincta
Cellana rota

Chiton sp.

Morula granulata
Clypidina notata

Thais bufo
Nodilittorina trochoides
Littoraria undulata
Trochus radiatus
Brachiodontes sp.
Cerithium sp.

Nerita albicilla

Nerita plicata

2 22 2 2 2 2 2 2 2 2 2 2 2

Conus sp.

Saccostrea sp.

Drupa sp.

Balanus sp.

Purpura persica

Perna perna

Cypraea caputserpentis
Cypraea felina
Cypraea ocellata
Cypraea sp.

Cypraea carneola
Nassarius sp.

Conus rattus

Bullia sp.

Oliva sp.

Holothuria sp. (1)
Holothuria sp. (2)
Stomopneustes variolaris

Chthamalus sp.
Anthropleura sp.

v v
y y
y y
y y

2 22 2 2 2 2 2 2 2 2 2 2 2
< 2
< 2

< 2 <2

2L 22 2 2
<

< <2

2L 222222222 2

< 2

Spatial variation of species in low tide zones of
Wellamadama site and Kamburugamuwa sites were
graphically shown in figures 4 and 5. Clypidina notata,
Cellana rota and Patelloida striata were the dominant
species in the low tide zone.

Spatial variation of species in mid tide zones of
Wellamadama site and Kamburugamuwa sites were
graphically shown in figures 6 and 7. Highly abundant
species in the mid tidal zone at Wellamadama was No-
dilittorina quadricincta, while that of in mid tide zone at
Kamburugamuwa was Chiton sp.

Spatial variation of species in high tide zones
of Wellamadama site and Kamburugamuwa sites were

19

graphically shown in figures 6 and 7. Littoraria
undulata & Nodilittorina trochoides dominated at Wal-
lamadama, and Littoraria undulata dominated at Kam-
burugamuwa.

The percentage of the density of species in the
Wellamadama site and Kamburugamuwa sites were
graphically shown in figures 10 and 11.

The highest percentage of overall species den-
sity was acquired by the high tide zone of the
Wellamadama site and the highest percentage of overall
species density was acquired in the Kamburugamuwa
site by mid-tide zone.
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Figure 10. Percentage of density species in
Wellamadama site

Shanon-Weiner index of the Kamburugamuwa site had a
higher diversity (1.9281) with 13 species than the
Wellamadama site (1.8271) with 11 species. Menhinick's
index of species richness value for the Wellamadama site
(0.5612) with 384 individuals was higher than the
Kamburugamuwa site (0.4307) with 911 individuals.
Species diversity is higher in intertidal areas with greater
complexities (Loke et al., 2016). Due to this complexity
and habitat heterogeneity, the Kamburugamuwa site
housed a higher number of species than the
Wellamadama. Pielou’s evenness index for the
Wellamadama site was 0.7620 which was higher than the
Kamburugamuwa site of 0.7517 due to the closeness of
the number of species in considering studying sites.
According to Bhadja et al., (2014), flat intertidal areas
like the Kamburugamuwa site contain low species
evenness. The structure of a community is determined by
abiotic and biotic factors such as the number of species,
species diversity, and species interactions (Bhadja et al.,
2014). Having stronger adaptabilities against wave
action and having stronger attachments to rocks, will
gain the ability to dominate the low tide zone community
structure of both sites. Kamburugamuwa Mid tide zone
was almost occupied by Chiton sp., due to high prefer-
ence for sandstone substrate (Correia ef al., 2015). High
tide zones were dominated by Littoraria undulata and
Nodilittorina trochoides. These species are capable of
tolerating extreme heat stress than other species
(Fraenkel, 1966). Periwinkle snails also showed
behavioral adaptations such as aggregation and creating
clusters in high tide zones. According to Rickards et al.,
(2015), these snails behave less active due to thermal
stress. A previous study on periwinkle snail distribution
based on rugosity and substrate type indicated that the
periwinkle snails were found in higher densities on bare
rocks with a higher percentage (Carlson et al., 2006).

CONCLUSION

Intertidal rocky shore communities at Wellamadama and
Kamburugamuwa were dominated by molluscan species.
Clypidina notata, Cellana rota, and Patelloida striata
were the dominant gastropods having stronger
attachments to rocks in the low tide zone. Periwinkle
snails were the dominating macroinvertebrates in the
high tide zone of both study rocky shores of
Wellamadama and  Kamburugamuwa.  Substrate
preferences play a major role in the distribution of Chi-
ton sp. and periwinkle snails in selected sites.
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Figure 11. Percentage of density species in
Kamburugamuwa site
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