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ABSTRACT

Limpets are key herbivores in marine ecosystems, especially in high-energy rocky intertidal habitats where
they regulate algal proliferation, create microhabitats, and foster unique biological communities. Despite their
ecological significance, the limpet ecology in the Philippines remains understudied. This study assessed the
distribution, abundance, and size structure of limpets on rocky shores at the southern tip of Panay Island,
Philippines. Three study sites were surveyed using the standard transect-quadrat method to determine species
composition and densities, with shell lengths (SL) measured to assess population size structure. A total of 331
limpets were recorded across all sites, representing three species: Siphonaria javanica, Siphonaria laciniosa,
and Patelloida saccharina. The abundance of each species varied between sites. S. javanica exhibited the
highest density, with an overall mean of 2.27 individuals 0.25 m, while P. saccharina had the lowest count with
only four individuals observed. Limpets predominantly occupied the mid shore (1.00 m above Chart Datum,
C.D.) and high shore (1.50 m above C.D.) levels, with each species demonstrating a preference for specific
tidal heights. Shell lengths ranged from 1.00 to 29.00 mm, with most individuals having relatively small shells.
The average SLs were 3.37 mm for S. javanica, 6.99 mm for S. laciniosa, and 5.60 mm for P. saccharina. This
study is the first to document limpets on the rocky shores of Panay Island, providing baseline data on their
ecology in the Philippines. Continued field monitoring and studies on population and reproductive biology are

recommended to further understand the dynamics of these limpet populations.
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INTRODUCTION

Limpets are significant herbivorous marine
animals that are found in numerous intertidal and
subtidal marine habitats (Underwood 1979; Branch
1981; Creese 1982; Hawkins and Hartnoll 1983;
Coleman et al. 2006). They are commonly distributed
in high-energy rocky intertidal habitats (Branch 1981;
Little 1989) due to the abundant presence of algae
on rocky shores, which provides a rich nutritional
substrate for the thriving populations of limpets and
other invertebrates. Their presence plays a vital role in
maintainingthe balance and productivity ofecosystems
(Branch 1981; Moreno and Jaramillo 1983). Through
their grazing, they function as a regulatory mechanism
in algal population (Jenkins et al. 1999; Hawkins and
Hartnoll 1983), including seaweeds which serve
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as crucial habitats and nourishment sources for
diverse marine species (Hawkins and Hartnoll 1985;
Kenelly 1987). Their movement establishes essential
microhabitats for small invertebrates (Lubchenco and
Gaines 1981; Steneck and Watling 1982) and they
influence competitive interactions with other species
(Underwood 1979) that can impact ecological
succession rates (Branch 1985) and contribute to
the development of distinct biological communities
(Anderson and Underwood 1997). Hence, limpets
are duly recognized as keystone species within
intertidal communities (Menge et al. 2010; Henriques
et al. 2017). On rocky intertidal zones, limpets
display vertical zonation patterns based on numerous
factors such as food availability (Chelazzi et al. 1994;
Hutchinson and Williams 2002), desiccation and
osmotic stress (Wallace 1972; William and Morritt
1995), predation by visual predators (Branch and
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Cherry 1985) and wave action (Williams and Morritt
1995; Tanaka et al. 2002) wherein these factors
vary between seasons. Due to these interesting
characteristics of limpets, numerous studies have
focused on the density and distribution of limpets
globally (Underwood and Jernakoff 1984; Tanaka et
al. 2002; Navarro et al. 2005; Coleman et al. 2006).
However, few studies on tropical limpets have been
conducted particularly in the Philippines. Existing
local studies have investigated the ecology (Villarta et
al. 2017) and movement pattern (Zapanta et al. 2020)
of Patelloida saccharina in the Philippines; however,
studies particularly on the abundance and vertical
distribution of limpets in general remain lacking.

The coast of southern Panay, particularly in
Tobias Fornier, Antique, where rocky shores are
prominent provides an ideal setting for investigation
on tropical limpets. This study generally aimed to
provide information on the population of limpets found
on rocky shores of southern Antique. Specifically,
this study (1) determined the species composition,
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abundance, and distribution of limpets in the area,
(2) determined the size structure of different limpets
found in the area, and (3) correlated environmental
parameters to the structure of limpet populations. This
study is the first to investigate the limpet populations
on Panay lIsland, Philippines, and provides baseline
data useful in future related investigations.

MATERIALS AND METHODS
Study Sites and Field Sampling

To obtain comprehensive insights into the
abundance and distribution of limpets in the eastern
shorelines of the southern tip of Panay Island, three
semi-exposed rocky shore (as described by Little et
al. 1996) sites in Igdalaguit, Tobias Fornier, Antique,
were selected to represent the study area (Figure 1).
Site 1 (N 10.50513°, E 121.92092°) was characterized
by moderately sloping, dark granitic rock with rugged
surfaces and visible crevices. Site 2 (N 10.50527°, E
121.92007°) is distinguished by dark basaltic rocks

Figure 1. Location of the study sites in Tobias Fornier, southern Antique, Panay, Philippines. (Top left: Map of the
Philippines highlighting Panay Island, enclosed in a red square. Lower left: Map showing the southern tip of Panay
Island, with the location of Tobias Fornier outlined in a red square. Close-up image of the study area, indicating the

locations of the three study sites.)
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with a steeper slope compared to Sites 1 and 3. It
is continuously exposed to sunlight throughout the
day. Site 3 (N 10.50352°, E 121.91706°) has basaltic
rocks with a gently sloping surface (Figure 2). Field
sampling was conducted once on each site during
low tide in February 2024. Measurements of rock
temperature, air temperature, and water temperature
were taken during the survey using a thermocouple
wire connected to a handheld digital thermometer
device (HT 9815). The rock slope, measured in
degrees, at each site was recorded using a clinometer
positioned at different locations along the uppermost
transect and oriented downwards along the slope of
the rock surface.

height occupied by each species was calculated by
averaging the heights at which individuals of each
species were found. This was calculated using the
following formula:

S(Hi x Ni)

Mean Height (m, above C.D.) = P

Where Hi is the tidal height above Chart Datum;
Ni corresponds to the number of limpets; at a particular
tidal height and T is the total number of limpets; tallied
in all tidal heights of each sampling site.

Figure 2. Study sites in Tobias Fornier, southern Antique, Panay, Philippines (A = Site 1; B = site 2; C = site 3).

Species Composition, Abundance, and Distribution

The study employed the standard transect
method (Krebs 1989) to systematically record
species composition in the area. At each site, four
20 m transects were positioned parallel to the shore at
different tidal heights, with height intervals of 0.50 m,
ranging from 0.00 to1.50 m above chart datum (C.D.).
At sites 2 and 3, the lowest shore (0.00 m above C.D.)
could not be included as the rocky area does not
extend to this level. Along each transect, 10 quadrats
(50 cm x 50 cm) were positioned randomly. In each
quadrat, all impets encountered were identified to the
lowest taxonomic classification, following the “FAO
Species Identification Guide for Fishery Purposes” by
Carpenter and Niem (1998) based on their size and
shell characteristics.

All observed limpets were identified and
counted to determine the density per species. The
overall abundance and mean density of each limpet
species were recorded for each vertical height at
each sampling site. Additionally, the mean vertical

Size structure

At each site, the shell length (SL; mm) of all
limpets observed in each quadrat was measured to
the nearest 0.10 mm using a caliper. Measurements
were grouped into 1 mm size classes and plotted for
each tidal height at each site.

Data analysis

To determine differences in abundance, mean
density was calculated for each limpet species at
each tidal height in each of the three study sites.
Overall mean densities were then calculated for
each site. A one-way ANOVA was performed to
assess differences in limpet densities between and
within sites, using transects as the unit of statistical
analysis and quadrats as the sampling units. To
assess the distribution of each limpet species, the
mean tidal height for each species was determined
by calculating the average tidal height occupied by
each limpet species at each site.
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RESULTS
Species Composition, Abundance, and Distribution

Limpets, though part of a common ecological
functional group, can belong to different and
unrelated taxonomic groups. A total of three species
were observed across all sites, with two species from
family Siphonariidae namely, Siphonaria javanica and
S. laciniosa and one species from family Lottiidae
identified as Patelloida saccharina (Figure 3). The
shared conical shape of the two families is a product
of convergent evolution. Siphonaria is a pulmonate
species belonging to the family Siphonaridae
(Hodgson 1999), whereas Patelloida is a prosobranch
gastropod from the family Lottidae (Graham 1988).
The pulmonate nature of Siphonaria provides an
adaptive advantage in the high shore zone, while
Patelloida is typically restricted to the low-mid zone.

(Figure 4). The densities of S. javanica showed no
significant differences across different tidal heights
in all the sampling sites (p > 0.05 in all sites). The
overall mean densities of S. javanica also did
not show significant differences across all sites
(p = 0.19). The lowest abundance of S. javanica was
observed at site 1, with an average density of 0.58
individuals 0.25 m2. At site 1, S. laciniosa, the second
most abundant limpet species in the study area, was
dominant with an average density of 2.30 individuals
0.25 m. Significant differences in the densities of S.
laciniosa were observed across different tidal heights
(p = 0.04) with more individuals recorded at the high
shore zone. S. laciniosa mean densities across all
sites also varied significantly (p =0.003). P. saccharina
had the lowest abundance, being recorded only at 2
sites, with a total of four individuals (site 2: n = 2; site
3: n = 2) observed throughout the survey. The overall
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Figure 3. Dorsal, ventral, and lateral views of the shell of the limpets, A = Siphonaria javanica (Lamarck, 1819), B = Siphonaria laciniosa

(Linnaeus, 1758), and C = Patelloida saccharina (Linnaeus, 1758).

S. javanica, commonly the Javanese false limpet,
was observed at all three sites and was identified
by its brownish exterior with prominent white ribs,
particularly the major ones, and a dark apex.
Meanwhile, S. laciniosa, the fringed false limpet,
which was observed at all sites, was recognized
by its conical shell and characterized by gray outer
coloring with lighter colored ribs. A closer inspection
revealed a dark brown inner margin with whitish bars.
The Pacific sugar limpet, P. saccharina, was identified
by its conical shell and radial sculpture. It was only
observed at two sites (sites 2 and 3).

A total of 331 limpet individuals were recorded
across the three study sites, with the abundance of
each species varying by site. S. javanica dominated
in two out of the three sites (sites 2 and 3), with an
overall mean density of 2.27 individuals 0.25 m?2
accounting for 63.44% of the total limpets recorded

mean densities of all limpet individuals across sites
showed no significant differences (p > 0.05).

The mean tidal heights of the three limpet species
across three study sites indicated that each species
preferred specific resting heights, which varied
by site. S. javanica preferred the high shore zone
(>1.00 m above C.D.) where they were usually found
clumped within rock crevices whereas S. laciniosa did
not exhibit a uniform vertical pattern across the sites
but was generally found at lower heights (0.60 to 1.20
m above C.D.) compared to S. javanica (0.90 to 1.40
m above C.D.) (Figure 5). P. saccharina showed a
narrow distribution, being found only in the mid shore
zone (0.80 to 1.00 m above C.D.) of the sites where it
was observed. Among the three limpets, S. laciniosa
had the most extensive vertical distribution across
sites, being observed in the low-mid and high shore
zones (Figure 5).
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Figure 4. Mean density per 0.25 m? of the limpets S. javanica, S. laciniosa, and P. saccharina across the three
sites in Tobias Fornier, southern Antique. (Note: error bars were omitted for clarity)
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Figure 5. Mean tidal heights occupied by the limpets S. javanica, S. laciniosa, and P. saccharina on rocky shores in Tobias Fornier,
southern Antique.
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Size structure

The shell length (SL) of S. javanica recorded
across the sites during the survey ranged from 1.00
to 16.40 mm. The individuals generally had relatively
small SLs (Figure 6), with an overall average of 3.37
mm (n = 210). Shell lengths greater than 5 mm were
rare, with only two individuals observed at sites 1 and
2, and one individual at site 3.

For S. laciniosa, shell lengths ranged from 1.20
mm to 29.00 mm, with an overall mean of 6.99 mm (n=
117) across all sites. Some individuals had relatively
large shell lengths (>10 mm), but the frequency of
these larger individuals was low compared to those
in the 1.00 to 5.00 mm range. At site 1, two cohorts
representing different size groups within the S.
laciniosa population were observed (Figure 7).

The shell length distribution of P. saccharina, was
documented only at sites 2 and 3, as no individuals
were present at site 1 (Figure 8). At site 2, there were
only two individuals of P. saccharina, both with shell
lengths measuring less than 5.00 mm.

Association Between Densities and Environmental
Conditions

At site 1, the mean rock temperatures of the
mid shore and high shore (30.4°C and 30.8°C,
respectively), where the majority of limpet individuals
were observed, were relatively lower than the
average rock temperature in the low mid shore (34.9
°C). Trees were observed beyond the splash zone,
providing some shade to the upper shore levels and
contributing to lower temperatures in those areas.
At site 2, with a shoreline orientation facing south,
both rock and air temperatures measured in the
early part of the day exceeded 30.0°C. Despite these
relatively high temperatures, this site recorded the
highest limpet abundance (n= 170). It had a steep
slope (-7.6° to -48.0°) with numerous crevices on
the rock surfaces. At site 3, the highest rock surface
temperature (42.6 °C) was recorded on a clear, hot,
sunny day during the afternoon low tide. High daytime
temperatures may have likely contributed to the low
limpet abundance (n = 46) in this site.
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Figure 6. Size frequency distribution of the Javanese false limpet, Siphonaria javanica, in rocky shore sites (A = Site 1; B = site 2;

C = site 3) surveyed at Tobias Fornier, southern Antique.
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Figure 7. Size frequency distribution of the fringed false limpet, Siphonaria laciniosa, in rocky shore sites (A = Site 1; B = site 2;
C = site 3) surveyed at Tobias Fornier, southern Antique.
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Figure 8. Size frequency distribution of the Pacific sugar limpet, Patelloida saccharina, in rocky shore sites (A = Site 1; B = site 2;

C = site 3) surveyed at Tobias Fornier, southern Antique.

DISCUSSION
Species Composition, Abundance, and Distribution

Three species of limpets were recorded: S.
jJavanica, S. laciniosa, and P. saccharina. All three
species are native to the Philippines (Poutiers 1998)
and are commonly found in the Indo-West Pacific
region (Vermeij1978). S. javanicaand S. laciniosaboth
exhibited high recorded densities (Figure 3). These
two limpets, belonging to the family Siphonariidae,
are widely distributed across the Philippines (Young
and Fontanilla 2014). These limpets, which are
known to graze various algal communities, may have
played a role in promoting the development of distinct
biological communities in the area.

The distribution of these species varied across
tidal zones, with S. javanica primarily found in the
upper drying zone and S. laciniosa at lower tidal
levels. This vertical zonation aligns with their known
ecological preferences and is consistent with findings
from earlier studies (Vermeij 1971; Morton and
Morton 1983). However, P. saccharina was recorded
at low densities, with only four individuals observed.
The overall success particularly in the family
Siphonariidae may be attributed to their ability to
withstand high temperatures and desiccation through
various adaptations (Chambers and McQuaid 1994).
Limpets of Siphonariidae family are also versatile
grazers, feeding on a diverse array of microalgae such
as filamentous algae, leafy algae, and macroscopic
corticated algae (Underwood 1980; Chambers and
McQuaid 1994; Hodgson 1999).

S. javanica was found mostly on high levels on
the shore. It has been reported to occur primarily on
tropical coasts as a high intertidal species, occupying
the upper levels of the shore (Vermeij 1971). It can

tolerate much higher temperatures than those found
in temperate regions or by other species inhabiting
the lower levels on the shore. According to Hodgson
(1999) Siphonaria species tend to inhabit a narrow
vertical zone along the shoreline rather than being
evenly distributed across a broader range of tidal
elevations. This observation aligned with the vertical
distribution of S. javanica in the study. Additionally,
Lewis (1963) discovered a link between the ability of
intertidal animals to regulate their body temperature
and the specific tidal height they inhabit. Across the
three study sites, S. javanica predominantly occurred
at high shore zones. While not definitively confirmed
in this survey, it can be suggested that individuals
of S. javanica demonstrated a higher tolerance to
temperature when compared to other recorded limpet
species.

S. laciniosa, which were mostly observed at
tidal heights lower than S. javanica, are reported
as low intertidal species (Vermeij 1971). A study
by Morton and Morton (1983) in Hong Kong found
that S. laciniosa were frequently found in habitats
characterized by wave exposure, and this may
account for their occurrence at a lower tidal level than
its congeneric, S. javanica.

P. saccharina showed relatively low densities
across all study sites, with only 4 individuals observed
during the survey. The density of P. saccharina has
been shown to significantly vary across a temporal
scale (Morton and Morton 1983; Villarta et al. 2017).
In Southern Guimaras, Philippines, P. saccharina
was more abundant during the southwest monsoon
(Villarta et al. 2017). In the current study, the survey
was conducted during the northeast monsoon, likely
explaining the low abundance of P. saccharina
observed. The four individuals recorded, which
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were found in the low and mid shores, matched
observations in Hong Kong (Liu and Morton 1998)
and in Guimaras, Philippines (Villarta et al. 2017)
where P. saccharina favored lower shores due to the
brief periods of sun exposure.

Size structure

Small-sized limpets were the most commonly
observed group in the study area. Larger limpets
were primarily found in the high shore, with data
indicating apparent relationship between shell size
and tidal zone. Specifically, larger shell lengths were
recorded at higher tidal levels, consistent with findings
by Bazterrica et al. (2007) in Argentina. Additionally,
Vermeij (1972) observed that gastropods in the high
shore tend to grow larger due to reduced vulnerability
to physical stress, which aligns with our observations.
However, the largest limpet was observed in the
lower tidal zone, suggesting that other factors, such
as habitat characteristics, environmental conditions,
or ecological interactions, might play an important
significant role in determining vertical distributions.

The smaller shell lengths observed in this survey
could not be conclusively explained due to the
limitation of a single sampling event. It is possible that
the limpets surveyed in southern Antique were still
juveniles at the time of sampling. Shell length is often
associated with age, with juveniles having smaller
shells and mature limpets having larger ones (Bretos
1980; Hollyman et al. 2018). In addition, spawning
activity varies across species and regions (Branch
1981). The spawning periods of S. javanica and S.
laciniosa in tropical regions are poorly studied (Chim
and Tan 2009), including in the Philippines where no
information is available. In Singapore, Chim and Tan
(2009) found Siphonaria guamensis exhibited intense
spawning activity from late July to late October and
againfrommid-Augustto early Octoberatthe mid shore
zone. During the southwest monsoon, S. guamensis
had an extended egg mass deposition period of up to
four months, aligning with elevated temperatures and
reduced rainfall. Similarly, Villarta et al. (2017) found
that the gonadosomatic indices (GSI) of P. saccharina
in southern Guimaras, Philippines were higher during
the southwest monsoon. However, only data for P,
saccharina has been reported and more information
on the reproduction of other limpet species is needed.
This study is the first to observe limpet populations on
Panay Island, so no comparisons can be made for the
shell length of the limpets in the area. Nonetheless,
it provides primary data on limpet ecology in Antique,

Panay Island, Philippines, although further research
is necessary to gain a deeper understanding of the
dynamics of these limpet populations.

Environmental parameters

S. javanica and S. laciniosa were frequently
found in crevices, which is common for intertidal
invertebrates inhabiting sheltered microhabitats such
as cracks, crevices, or biogenically altered habitats
during low tides, particularly in tropical regions (Branch
1976; Williams and Morritt 1995). In contrast, most P,
saccharina individuals were found on bare rock, as
also observed by Sangphueak etal. (2024 )in Thailand.
Although microhabitats were observed in this study,
they were neither quantified nor evaluated based on
the presence of limpets. As a result, no direct analysis
could be performed to establish correlations. The
temperature conditions that species encounter vary
greatly and are influenced by the characteristics and
physical features of the shore. For example, vertical
rock surfaces on most coasts tend to be cooler than
horizontal ones (Williams and Morritt 1995). Among
the various local topographical and environmental
elements in the rocky intertidal area, the aspect (i.e.,
north-south directionality) is considered to be highly
significant, such that a general trend towards greater
taxon richness and abundance on the north-facing
surfaces is observed (Firth et al. 2016). In this study,
additional data is required to effectively correlate the
influence of various environmental factors on the
density and distribution of species.

Long-term field monitoring, which would track
changes and trends in the populations over extended
periods (seasonal and temporal scales), could
provide valuable data on the life history of limpets
in the area. This may include additional information
on breeding cycles, reproductive success, and
recruitment patterns. These investigations would offer
comprehensive insights into the population dynamics
and help in identifying critical factors influencing their
abundance and distribution.
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