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Effect of lunar phases in the size distribution of Holothuria scabra on

intertidal areas in Sarangani Bay, Philippines
Kier Mitchel E. Pitogo™, Jennelyn P. Sumin’, Ariel T. Ortiz'

Abstract

There have been few studies conducted on sea cucumbers, specifically Holothuria scabra, in Sarangani Bay,
Philippines; and thus, there is little information to guide conservation and management efforts of these
organisms in this area. A survey on the size distribution of H. scabra was carried out in three shallow inter-
tidal areas by using the belt transect method during two lunar phases — full moon and new moon — for four
months to evaluate this species’ intertidal population. The result shows a unimodal distribution of H. scabra,
with specimens found during the new moon phase to be significantly larger than those found during the
full moon phase. The sex ratio was estimated to be 1:1, consistent with most holothuroid studies, and not
affected by the lunar phase. Population densities ranged from 0.17 individuals per square metre (ind. m?)
during full moon periods, to 0.34 ind. m? during new moon periods at three stations. The calculated allo-
metric coefficient of 1.84 indicates that H. scabra are leaner for a given length in these areas than in other
areas. The results also suggest that lunar phases have an effect on the size distribution of H. scabra, which

probably explains the larger individuals collected by intertidal gleaners during new moon periods.

Introduction

Overexploitation and habitat loss are the two main
reasons for the population decline of sea cucum-
bers in the Philippines. These threats, coupled with
the increasing demand by the sea cucumber trade,
destabilize sea cucumber populations in the country.
Holothuria scabra, a high-valued species, is actively
harvested and exploited, leading to severe fishing
pressure and serious depletion of natural popula-
tions (Akamine 2005). Although it is considered a
commercially valuable species in the Philippines
(Akamine 2001), management measures specific to
sea cucumber conservation are still lacking in the
country (Bruckner et al. 2003).

In Sarangani Bay, few studies have been conducted
on sea cucumbers, which makes it difficult to estab-
lish conservation and management measures based
on scientifically sound assessments. Previous work
on sea cucumbers, specifically H. scabra, have failed
to provide metrics about the size distribution of
the local population or contribute to the very little
information about this economically important spe-
cies. Because it is a local delicacy, this species is also
collected by intertidal gleaners during low tides,
especially during a new moon when larger sized
individuals can be collected. Unfortunately, anec-
dotal evidence suggests that there is a reduction in
the size of H. scabra gleaned in the intertidal areas of
the bay. A rapid survey was, therefore, conducted to

evaluate the size distribution, sex ratio and density
of H. scabra on selected intertidal areas in Sarangani
Bay during two different lunar phases: full moon
and new moon.

Materials and methods

Sarangani Bay is located in the southeast of Mind-
anao, Philippines between 5°33'25”,and 6°6’'15”N
and between 124°22°45” and 125°19'45”E (Fig. 1).
Three stations were selected in Sarangani Bay
for the study. The stations were chosen based on
reports of high abundance of sea cucumbers and
the presence of intertidal gleaners. The first site is
in Sitio Linao, Barangay Tinoto, Maasim, where the
nearby Tausug community harvests sea cucumbers
for subsistence; the second site is in Sitio S'nlang,
Barangay Tinoto, Maasim, where harvesting is
minimal; and the third site is in Sitio Macatimobol,
Barangay Taluya, Glan, where sea cucumbers were
harvested unsustainably.

In every station, six belt transects (50-m long and
4-m wide) were established perpendicular to the
shore at 10-m intervals. Investigators surveyed
these transects at the lowest ebb tide during the
full moon and new moon phases. In total, sam-
pling took place over 24 nights between October
2014 and January 2015. Three investigators col-
lected all H. scabra found within the 200 m? tran-
sects. Sea cucumbers were put back into water to
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Figure 1. Location of Sarangani Bay and the three survey stations, indicated by downward
arrows (orange = Sitio Linao; blue = Sitio S'nalang; and green = Sitio Macatimbol).
Source: Provincial Planning and Development Office of Sarangani.

relax for five minutes. Then, total length — from
mouth to anus — was measured to the nearest
0.5 cm with a tape measure. This operation was
done quickly so that the sea cucumbers would not
eviscerate. All of the measurements were recorded
on pre-printed datasheets.

Sex identification

In total, 127 individuals measuring >16 cm in
length, considered mature (Purcell et al. 2012),
were taken from each transect for sex identification
based on gonad color. This was done by squeez-
ing the body to trigger the expulsion of the gonads
(Al-Rashdi et al. 2007).

Results

The distribution of Holothuria scabra was found to be
unimodal, with significantly larger sizes found dur-
ing new moon phases (ANOVA, p = 0.01). About
67% of specimens collected during a new moon
phase were >15 cm in size, 51% of which were
found in Sitio Linao where the highest concentra-
tion of large specimens was recorded (see Figs. 2,
3,4 and 5).

Of the 127 mature individuals, 18 were indeter-
minate in gender, 60 were males, and 49 were
females. Female specimens were, on average, larger
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Figure 2. Combined length-frequency distribution of Holothuria scabra in Sarangani Province
from October 2015 to January 2016 during full and new moon phases.
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Figure 3. Length-frequency distribution of Holothuria scabra in Sitio Linao from
October 2014 to January 2015 during full and new moon phases.
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Figure 4. Length-frequency distribution of Holothuria scabra in Sitio S'nalang
from October 2014 to January 2015 during full and new moon phases.
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Figure 5. Length-frequency distribution of Holothuria scabra in Sitio Macatimbol from
October 2014 to January 2015 during full and new moon phases.
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Figure 6. Density of Holothuria scabra in the three stations studied in Sarangani Bay
from October 2014-January 2015 during full and new moon phases.

(18.10 cm + 2.030) than males (17.25 cm + 1.074).
Among the specimens for which gender could be
assessed, the female—male ratio was 50%-50% dur-
ing a full moon phase, and 43.2-56.8% during a new
moon phase. This is equivalent to an overall sex
ratio of 1:1 for both full and new moon phases, as a
Chi-square analysis with Yates’ correction indicated
the change in sex distribution between moon phases
was not significant (Chi square = 0.162, p = 0.69).

The density of H. scabra was higher during new
moon phases (mean: 0.34 ind. m?) than during full
moon phases (mean = 0.17 ind. m?) all throughout
the duration of the study (Fig. 6).

The calculated allometric coefficient (1.84) suggests
that H. scabra individuals in these areas are leaner
for a given length, when compared to other areas.

Discussion

We found that the size distribution of Holothuria
scabra in all three stations was unimodal, which
conforms to the results obtained from most other
H. scabra population structure studies, such as those
done in Dar es Salam (Kithakeni and Ndaro 2002),
Gulf of Mannar, Palk Bay (Baskar 1994), Kitoni in
Tanzania (Mmbaga 2013), and Al Eigah, Mahout
Bay, Oman (Al-Rashdi et al. 2007). Significantly
larger individuals were collected during a new
moon than during a full moon, which supports the
claim of intertidal gleaners in Sarangani Bay that
collection is ideal during a new moon because of the
abundance of larger sizes.

Lunar phases affected the distribution of individu-
als possibly due to the drastic changes in tides
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for both moon phases. In the study by Mercier et
al. (2000), H. scabra was shown experimentally to
aggregate in pairs, trios, or slightly larger groups
before a full moon. The groups formed were larger
before a new moon than before a full moon. The
behaviour was observed prior to spawning in
response to the lunar cycle. This study identified
the sex of individuals through their gonads but
did not measure the gonad index, which may fail
to support the idea of reproductive-related behav-
iour during the aggregation of H. scabra observed
during a new moon in this study. However, most
specimens found during a new moon were in the
15-18 cm size class, which suggests that most were
mature according to Kithakeni and Ndaro (2002),
who give a size of 16.8 cm for first maturity. This is
supported by this study because the most prevalent
color of male gonads was creamy yellow, indicating
stage IV of maturation; female gonads were dark
orange to orange, also indicating stage IV, or even
stage V (spawning) of maturation (Rasolofonirina
et al. 2005). In the Philippines, the maturation of H.
scabra gonads occurs from October to April, which
excludes the main spawning events of May to June
(Ong Che and Gomez 1985).

The H. scabra sex ratio of 1:1 for individuals col-
lected during this study during full and new
moon phases is in line with most species of hol-
othuroids (Conand 1989; Hasan 2005; Uthicke
1997). This balanced ratio is important for ensur-
ing the sustenance of local H. scabra stocks (Guz-
man and Guevarra 2002).

The Sitio Linao station had relatively high densities
of H. scabra during both lunar phases. This is likely
due to the area being a bay that is protected from
strong waves. This habitat is favourable for H. scabra
(Conand 1989) because it supports good settlement
of detrital particles (Mercier et al. 1999), which are
a food source for sea cucumbers. Furthermore, Sitio
Linao has a high percentage of organic matter in its
sediments at 1.42%, which could also explain the
higher density of H. scabra because organic matter
content is positively correlated with H. scabra den-
sity (Mmbaga 2013). The study by MacTavish et al.
(2012) demonstrated the ability of sea cucumbers
to ameliorate some of the adverse effects of organic
matter enrichment in coastal ecosystems.

Community members of nearby Tausug collect H.
scabra during ebb tides when they can forage the
intertidal area on foot. This probably enables them
to overharvest H. scabra, including those that are in
pre-spawning stages.

The lowest H. scabra density was recorded in Maca-
timbol (see Fig. 3). According to gleaners, the area
was once a rich place of putian, the local term for

H. scabra. The reason for the reduction of stocks
here is certainly due to overexploitation. In 2011,
H. scabra were sold to visiting sea cucumber buyer
boats from Davao for USD 6.50 per pail (a local type
of bucket), which is a very high price by local stand-
ards. This was also observed in the fishing areas
of Kunduchi and Magemani (Mmbaga 2013). Wild
populations of sea cucumbers are very vulnerable
to overfishing, and unregulated exploitation most
often results in the demise of the fishery (Hasan
2005; Utchike and Conand 2005). Because repro-
duction among sea cucumbers requires a minimum
number of individuals in a given area to be success-
ful, overexploitation may quickly lead to unsuc-
cessful reproduction (Levitan and Young 1995).

The allometric coefficient calculated for all three
stations is 1.85, which is lower than the few pub-
lished values for Holothuria scabra in Vietnam (2.84;
Pitt and Duy 2004), New Caledonia (2.28; Conand
1990), and Oman (2.18; Al-Rashdi et al. 2007). The
differences in values might be due to different pro-
cedural techniques in measuring or could be due
to the shallowness of areas being assessed for this
present study.

A possible factor that may explain the significantly
larger sizes and aggregations of H. scabra during
a new moon phase is the presence of biologically
active chemicals secreted by other adult H. scabra
in synchrony with the lunar phases. Chemicals can
be a means of communication for invertebrates,
mostly for purposes of reproduction. In the case of
H. scabra, Hamel and Mercier (2004) showed that
chemicals work synergistically with other factors to
induce gonadal development in mature individuals.

Conclusion and recommendations

The present study shows that the size distribution
of Holothuria scabra is influenced by lunar phases,
with larger-sized individuals found during the new
moon phase. The abundance of individuals collected
was also greater during a new moon. The sex ratio,
however, remained constant at 1:1 during new and
full moon phases. Further study is recommended
on the possible influence of other environmental
factors related to lunar cycles on H. scabra, such as
tides, wave action and light. Because H. scabra is
a local delicacy, it is also recommended to further
study its reproductive biology in order to establish
conservation and management measures based on
scientifically sound assessments. Precise knowl-
edge of the timing of H. scabra spawning events in
Sarangani Bay would enable the establishment of
prohibitions on collection during the maturation
season (or months before spawning) to ensure the
healthiness of the stock, thereby positively affecting
the recruitment rate in the bay.
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