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Impact of sand organic carbon and climatic changes on the population density and
morphometric characters of Emerita asiatica in the East Coast of Southern India
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A population density of Emerita asiatica in relation to sand organic carbon in the Nemmeli beach, East coast,
Kanchipuram District of Tamil Nadu was studied. Specimens were collected once in a fortnight from April 2017 to March
2018 by hand picking method in the intertidal region of Nemmeli beach. The total sand organic carbon level was recorded
once in a fortnight. The population presented a smaller incidence of males in relation to females (48.66:51.34); however, in
May 2017 an inverse pattern occurred (73:27). Ovigerous females were present in all samples with greater frequencies in
October and November 2017 whereas, the highest juveniles were present in May and September 2017. The variation noted
in a population of Emerita asiatica showed there is a relationship to sand organic carbon fluctuations; it can be determined
that the sand organic carbon fluctuations have an influence on the population density of this species in Nemmeli beach.
Hence, the rather stable sand organic carbon throughout the year and moderate changes in the sand may well be conducive

to population biology of Emerita asiatica.
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The sandy shore environment is not a trouble-free
place for organisms to exist. In contrasting the
rock-strewn intertidal ecology, there is no hard
substance on which to attach. Animals have to deal
with crashing waves, altering tides, a beach that
transforms seasonally, and oceanic and earthly
predators. The flora and fauna which lives in this
ecosystem are hidden in the sand. They all have
adaptations that help them stay alive in the sandy
beach environment. It is in this environmental unit
that the sand crab can be found".

The newly recorded mole crab, Emerita emeritus
from Chilka Lake acts as an important trophic link
between producers and predators. Because, it feeds on
planktonic materials, benthic algae and on the other
hand it is grazed by shorebirds and predator fishes,
shellfishes®.

In spite of being the most extensive of coastal
system worldwide, comprising three- quarters of the
world is occupied by the shoreline ecosystem®.
Although their low efficiency, sandy beaches harbor
various marine fauna, which depends mostly on
organic substance and debris brought in by waves.
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Platyhelminthes, harpacticoid copepods, nematodes,
and oligochaetes overlook the meiofaunal grouping®,
while polychaetes, bivalve mollusks and crustaceans
constitute the common macroinfaunal taxa®. Sandy
coastal lines are along with the smallest amount
productive as compared to further coastal ecosystems
such as rocky shore, sub-tidal sediments and salt
marshes®. In view of that uncovered sandy shores are
one of the most comprehensive intertidal systems
worldwide, in terms of both distribution and diversity,
a good understanding of the reaction of organisms to
perturbations, natural or manmade is crucial for
suitable system management’.

The zonal distribution of Emerita emeritus
was reported that the smaller animals were found
close to the soaring water altitude while the larger
animals occurred next to the low water level. This
pattern of distribution appeared to be caused by the
differences in the nature of the substratum. At the
low water level, the substratum is composed of
coarse grain sand and at the high water level by the
fine grain sand and has concluded that the
distribution pattern of a species on a sandy beach
could be influenced by various factors such as the
nature of the substratum, period of exposure,
availability of food, etc®.
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From the foregoing accounts and also on the
literature survey there are scanty reports on the
population density of the sand crab Emerita asiatica
with relation to sand organic carbon and also there are
no reports for the past one decade on their population
density in relation to severe climatic changes of the
present day hence the present investigation has been
undertaken to study the population density of Emerita
asiatica in the Nemmeli beach.

Materials and Methods

The present study was conducted in Nemmeli
beach 13° 06' N, 80° 24' E, located on the East Coast
of Kanchipuram District, Tamil Nadu 42 kms away
from Chennai. In order to determine the population
density of Emerita asiatica, the sea shore was
surveyed during the period of April 2017 to March
2018. Fieldwork was conducted once in a fortnight. A
total of 24 surveys were carried out. Collections were
made during the day-time on the sandy beaches in and
below the surf line. Sand crabs were caught by hand.
More than a hundred crabs were collected and
brought to the laboratory with least disturbance in
polythene bags containing wet sand. In the laboratory,
males were identified by the presence of genital
papillae at the base of the coxae of the fifth thoracic
leg. Females were identified by the presence of three
pair off pleopods, and they look like small threads on
the underneath of the crab when the telson is raised®".

A sample of sea shore sand collected from the
Nemmeli beach was cleaned free from particles of
hard shell. The sample was dried in sunlight. The
sample was ground using a mortar and pestle. The
sample was dried and ground again and was made to
pass through a 0.5 mm screen. The analytical
procedure for total sand organic carbon was estimated
during the study period** and the significance level
was calculated P< 0.001 for insignificant data, and
also the data were confirmed statistically by using
Statistical Package for the Social Sciences (SPSS,
version 17) windows students’ software.

Results and Discussion

The current investigation revealed some significant
facts. During the study period the highest total sand
organic carbon content (2.33 + 0.226 mg/gm)
was noticed in April 2017. Whereas the lowest was
(1.16 £ 0.115 mg/gm) obtained in the month of
December 2017 (Fig. 1 and Table. 1). During the
study period totally 2886 crabs were collected:
1162 males (40.26%); 1238 females (42.89%);
Among 1238 females 939 were ovigerous (75.84%)
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Fig. 1 — Level of Total Sand organic carbon in mg/gm of the
study area from April 2017 to March 2018
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Table 1 — Level of total sand organic carbon in (mg/g) of the
study area from April 2017 to March 2018

Months Total sand organic carbon
April’17 2.33+0.22
May’17 2.16+0.27
June’17 2.02+0.31
July’17 1.34+0.68
August’17 1.76+0.62
September’17 1.67+0.16
October’17 1.22+0.46
November’17 1.32+0.56
December’17 1.16+0.15
January’18 1.24+0.35
February’18 1.37+0.64
March’18 1.76+0.77

Values are expressed as mean + SEM of 10 samples.

and 486 juveniles (16.83%). The highest abundance
of males was recorded during April and May 2017.
The maximum number of females were recorded
during October and November 2017. It indicates that
the level of total sand organic carbon content
sustaining to increase the female population.
Throughout the survey ovigerous females were
collected, however, the greatest abundances were
registered during October and November 2017. The
highest percentage of juveniles was recorded during
May and September 2017 represented graphically and
tabulated (Fig. 2 and Table 2).

Among arthropods, attention has been focused
primarily on a variety of shore crabs. Crustaceans
although  mainly  aquatic are adapted to
semi-terrestrial and land habitats; but they moreover
move around to water for proliferation or clutch the
spawn in a brood pouch borne on their bodies.
Terrestrialization  in  crustaceans has  been
accompanied by a certain modification in physiology
and performance of reproduction as well as premature
development®®. In crustacean, forms reproduction is
either sporadic or rhythmic as seen in many
populations of invertebrates™.
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Table 2 — Summarized population data of sand crabs in Nemmeli beach from April 2017 to March 2018

Months Males Females Ovigerous Juveniles
April’17 127+1.48 *73+1.03 *54+0.44 *34+0.68
May’17 145+1.08 *55+0.81 *38+1.87 *4740.46
June’17 121+0.22 *79+1.30 *57+1.03 *3940.60
July’17 106+1.25 *94+0.51 *67+1.30 *34+0.62
August’17 82+0.92 *118+0.91 *93+0.28 *45+0.56
September’17 76+1.41 *124+1.45 *104+0.47 *46+0.75
October’17 64+1.54 *136+1.68 *115+0.81 *38+0.46
November’17 59+1.77 *141+0.60 *122+0.46 *4240.75
December’17 71+0.56 *129+1.26 *98+0.84 *44+0.44
January’18 78+0.81 *122+0.68 *96+0.51 *36+0.21
February’18 109+0.77 *91+0.92 *54+0.44 *42+0.53
March’18 124+1.45 *76+1.55 *4140.72 *39+0.68
Total 1162 1238 939 486

Values are expressed as mean + SEM of bimonthly collections *P< 0.001 **Insignificant.
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Fig. 2 — Population density of Emerita asiatica in the study area
from April 2017 to March 2018

Sand organic carbon (SOC) is the carbon coupled
through soil organic matter. Soil organic content is the
organic fraction of the soil that is made up of
decaying plant and animal resources as well as
microbial organisms, however, does not consist of
fresh and un-decomposed plant materials, such as
straw and trash, lying on the soil surface. Sand
organic carbon can moreover be present in inorganic
forms, e.g. carbonates or lime in certain soils in the
drier region. The organic substance is derived by
plants by the way of photosynthesis, with water**™*®
and atmospheric carbon dioxide as raw materials. The
plants and the animals as a part of the food chain
ultimately die and come back to the sand where they
are decayed and recycled. Mineral deposits are
released into the sand and carbon dioxide reverse to
the environment. There is a constant yield of organic
carbon materials in the sand, and sand organic carbon
is not a consistent matter but somewhat a composite
blend of organic compounds at various phases of
decomposition. Sand organic carbon is significant for
all three feature of soil fertility, namely physical,
chemical and biological fertility"".

In general, the reproductive activity in many
crustaceans with respect to temperature, salinity,
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rainfall dependant breeding activity of crustaceans
was well documented. In the present investigation
heavy sand organic carbon 2.33+£0.22, 2.16+0.27 and
2.02+0.31 is recorded in the months of April, May,
and June 2017 respectively. During these periods a
maximum number of male crabs are encountered
because of the increase in sand organic carbon. When
the organic carbon is low, the percentage of females
are more, in contrast, when the organic carbon is high,
the percentage of males are more. Likewise, the
organic carbon variation in the sea is under the
influence of monsoon rain from September to
December and hence small sized females are more in
these periods.

It has been reported that in the monsoon rains and
salinity of the media influence the reproduction
pattern in three crustaceans, Uca annulipes, Portunus
pelagicus, and Metanpenaeus affinis™. The influence
of rainfall on the reproductive activity in the fresh
water crab, Barytelphusa cunicularis has been
reported®. The importance of sea temperature for an
improved reproductive pattern in marine invertebrates
has been reported®. It has been described that in two
species of Scylla of Pulicat Lake, the reproductive
pattern is entirely based on the influence of
temperature and salinity®,

A number of authors have approved that many
brachyurans confirm an increase in their size towards
higher latitudes®®®. This is since in higher latitudes,
abiotic (e.g. temperature, salinity, photoperiod and
rainfall), and biotic (e.g. nutrient concentration and
food availability,) are usually stable, support gonad
development and larval release.

The egg production rate of the individual female of
the crustaceans is a function due to temperature, body
size and age, stage of the ovulation cycle and food
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conditions®. Among various factors, temperature,
food availability and reproductive condition of the
female are considered to be the most important
influencing factors in egg production®’. The growth
rate of Acartia tonsa, was reported to be lesser at
15°C when compared with 25°C®. Recently, two
species from the Konkan coastal region of Maharashtra
were studied for comparative analysis using different
morphometric ratio as well as phylogenetic analysis
with Cytochrome C Oxidase subunit I (COI) gene of
Portunid crabs, Portunus reticulatus and Portunus
pelagicus from the west coast of India®.

During the present investigation, the maximum
total sand organic carbon was recorded during in
April 2017 whereas, the lowest was recorded in the
month of December 2017. When the sand organic
carbon content was high, the percentage of males was
more. In April 2017, 64% males, 36% females, 74%
ovigerous females and 14% juveniles were recorded.
A reverse pattern occurred during the month of
December 2017, 36% males, 64% females, 76%
ovigerous females and 18% juveniles were recorded.
Among the females the percentage of ovigerous
females was more. It is a well-known fact that the sand
organic carbon variation in the Nemmeli beach is under
the human emissions of carbon dioxide level in sea
water. In this present investigation the low sand
organic carbon in the study area during December
2017, the females were very large and they can tolerate
an only a narrow range of sand organic carbon.

Conclusion

The present study on the sand organic carbon of the
study area showed higher values in the months of April
and December 2017. In this period more males,
females and juveniles have been recorded thereby
suggesting the enhanced rate of reproductive activity. It
indicates the sand organic carbon has created an impact
on the population density of this species. The variation
noted in population density of Emerita asiatica showed
there is a relationship between sand organic carbon
fluctuations; it can be concluded that sand organic
carbon fluctuations have an influence on the population
of this species in Nemmeli beach. Hence, the rather
stable sand organic carbon throughout the year and
moderate changes in sea shore may well be conducive
to population biology of Emerita asiatica.
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