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Abstract 
The semaphore crab Ilyoplax sayajiraoi is a newly discovered species distributed in the Gulf of Khambhat, 
Gujarat, India. Consequently, almost no information is available regarding its population structure. The 
distribution of species is limited to upper most reaches of the gulf and thus any alteration in the habitat will 
eventually affect its population. Studies on the population structure of I. sayajiraoi will provide baseline data 
for future studies and probably, it has potential to serve as a bioindicator species. Morphometric 
measurements of the carapace (width and length), cheliped and body weight were measured for specimens, 
collected monthly. The growth was not isometric, demonstrating a significant difference in carapace of males 
and females, giving sexual dimorphism. Relationship established between carapace width and weight indicate 
that species is allometric in nature. Sex ratio was 1.3 : 1 (M : F).  Ovigerous female and juvenile recruitment 
showed a bimodal distribution pattern for maintaining the overall size of population. 
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1 | INTRODUCTION 
In terms of abundance, biomass, and species richness, 
macro-invertebrates are the most important wetland-
dependent fauna in freshwater and marine ecosystems 
(Bedford et al. 2001). Crustaceans are one of the macro-
invertebrates that form majority among all other species 
(Levin 2013). They exhibit a fundamental role in transfer-
ring energy to marine and terrestrial habitats, as organ-
isms of higher tropic levels consume them (Lee 1998; 
Hartnoll et al. 2002). Crab Ilyoplax sayajiraoi of the family 
Dotillidae is a newly discovered crustacean distributed on 

intertidal mudflat habitat (Trivedi et al. 2015). Distribu-
tion pattern and population structure studies are general-
ly carried out as a part of ecological studies (Fielder 1970; 
Yamaguchi and Tanaka 1974; Wada 1981; Clayton and Al-
Kindi 1998). Similar studies have been carried out on ge-
nus Scopimera (e.g. Silas and Sankarankutty 1967; Fielder 
1971; Wada 1976, 1983a, 1983b). Population structure 
has been evaluated by several methods that include size-
frequency distributions, sex ratio, juvenile recruitment 
and reproductive season (Thurman 1985; Diaz and Conde 
1989; de Arruda Leme and Negreiros-Fransozo 1998; Ya-
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maguchi 2001).  
In the present study, we investigated the population 

structure and the relationships between various mor-
phometric characters (carapace width / length and body 
weight) of I. sayajiraoi at the Gulf of Khambhat. The study 
outcomes are expected to help in the sustainable man-
agement of the crab species. 
 
2 | METHODOLOGY 
The Gulf of Khambhat, situated between Saurashtra pen-
insula and the mainland Gujarat, is known for its extreme 
tides and variation in average heights (Figure 1). It is 70 
km wide at its mouth and about 18 km wide at the ex-
treme end near lower estuarine region of Mahisagar Riv-
er. The mudflats of Kamboi, located on the upper reaches 
of the Gulf, were selected as sampling area. The climate 
of this area is tropical and the annual water temperature 
varies from 25 to 39°C.  
 

 
FIGURE 1 Map of the study area, Kamboi, Gujarat. 

 
Monthly surveys were carried out from August 2016 

to July 2017. Three transects were laid from the lower 
tidal zone to the higher tidal zone at a distance of 1 km 
each. On each transect, 0.25 m

2
 quadrates were fixed at a 

distance of 50 m each. Specimen were collected during 
low tide by collecting individuals on the surface or gently 
inserting a garden trowel under the burrow and lifting the 
sediments upwards until the crab came out on the sur-
face. All captured organisms were labelled and stored in 
formalin for further analysis. Measurements were taken 
using Vernier calliper (± 0.01 mm accuracy) and weigh 
balance (± 1 mg). The population size structure was ana-
lysed by identification of male / female / juvenile, body 
weight, carapace width (CW), carapace length (CL), length 
of males’ major cheliped (propodus) following standard 
literature (Macia et al. 2001; Litulo 2004).  

The population structure was studied as a function 
of size frequency distribution of the individuals. Speci-
mens were grouped in 1 mm size class intervals; from 4 to 
12mm CW. 

Statistical analysis was performed using SPSS soft-
ware (version 20). One-way ANOVA followed by Tukey’s 
test was incorporated to detect the significance of differ-
ence (p < 0.05) between various parameters. Pearson 
correlation was used to assess the relationship between 

population growth of male, female and juvenile. 
 
3 | RESULTS 
3.1 Population distribution 
A total of 1139 specimen of I. sayajiraoi were collected 
comprising of 576 male, 421 female and 142 juvenile (sex 
unidentified; Table 1). Males showed an elevated popula-
tion mark in December and January with a significant de-
crease in September. Females marked the highest popula-
tion in August and June, giving the least number in De-
cember. Ovigerous females showed the highest signifi-
cant difference in October, April (with the highest num-
ber), and February, September (with the lowest number) 
(Figure 2). 
 
TABLE 1 Month-wise population density of Ilyoplax sayaji-
raoi. 

Month 
Male Female Sex ratio 

(M:F) 
Total 

n % n % 

Aug* 36 36.61 62 63.39 0.58 98 
Sep* 22 66.67 11 33.33 2.00 33 
Oct 52 55.67 42 44.33 1.26 94 
Nov 22 44.08 28 55.92 0.79 51 
Dec* 28 73.45 10 26.55 2.77 38 
Jan 91 65.38 48 34.62 1.89 139 
Feb* 56 74.23 19 25.77 2.88 75 
Mar* 61 70.00 26 30.00 2.33 87 
Apr 44 52.82 39 47.18 1.12 83 
May 39 48.34 41 51.66 0.94 80 
Jun 71 53.63 62 46.37 1.16 133 
Jul* 55 62.84 32 37.16 1.69 87 

Total 576 57.76 421 42.24 1.37 997 

*Significant deviation from the expected 1:1 proportion, 
(Pearson coefficient was 0.189). 
 

 
FIGURE 2 Size frequency distribution of Ilyoplax sayajiraoi 
individuals sampled at Kamboi, from August 2016 to July 
2017. Error bars in graph represent standard deviation (n 
= 3). Columns with different letters on the top were sig-
nificantly different (p < 0.05) between the same sample 
(male, female and juvenile) with respect to months. 
3.2 Sex ratio 
Sex ratio was recorded as 1.3 : 1 (M : F), giving variability 
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in the expected ratio of 1:1. There is a significant differ-
ence between male-female populations as the Pearson 
correlation is 0.189 and notably biased towards males. 
December is significantly different from all other months 
showing negligible correlation. All months except Sep-
tember, December, August, and February show a signifi-
cant correlation (p < 0.05; Figure 3). 
 

 
FIGURE 3 Month wise population ratios of male and fe-
male. Error bars in graph represent standard deviation (n 
= 3). Columns with different letters on the top were sig-
nificantly different (p < 0.05) among months. 
 
3.3 Size and carapace width (CW) 
Size range within-population statistics was 4.00 – 11.37 
mm CW (mean ± SD: 7.68 ± 2.0 mm) for males, 4.00 – 
10.78 mm (7.39 ± 2.0 mm) for non-ovigerous females and 
7.0 – 10.78 mm (8.94 ± 0.80 mm) for ovigerous females. 
The average size of males was significantly different from 
females. Specimens with CW of 3.9 mm and below were 
counted as juveniles. Monthly size-frequency distribution 
gave a unimodal structure where the highest males con-
centrated in CW range, 7.0 – 7.9 mm, and females in 8.0 – 
8.9 mm (Figure 4). Maximum ovigerous female were pre-
sent in class 8-8.5 mm (Figure 5). Ovigerous female and 
juvenile recruitment showed a bimodal distribution pat-
tern for maintaining the overall size of the population 
(Figures 2 and 6). 
 
4 | DISCUSSION 
The sex ratio obtained (1.3 : 1) differed significantly from 
the expected value of 1 : 1. The unbalanced sex-ratio in 
the population was reported as reflection of different 
foraging behaviour between males and females with 
males as more active grazers looking for food away from 
shelter whereas females tend to graze near their shelter.  
 

 
FIGURE 4 Ilyoplax sayajiraoi, number of males and fe-
males in different range of carapace width. Error bars 
denote standard deviation (n = 3). Columns with different 
letters on the top were significantly different (p < 0.05) 
between the sample with respect to carapace width. 
 

 
FIGURE 5 Number of ovigerous females belonging to car-
apace width categories. Error bars denote standard devia-
tion (n = 3). Columns with different letters on the top 
were significantly different (p < 0.05) between the ovig-
erous female with respect to carapace width. 
 

 
FIGURE 6 Bimodal distribution of ovigerous females form-
ing the highest peak in the month of October and April. 
Error bars denote standard deviation (n = 3). Columns 
with different letters on the top were significantly differ-
ent (p < 0.05) between the ovigerous female with respect 
to months. 



 Population studies on Ilyoplax sayajiraoi 
J Fish; Vaidya and Vachhrajani 

 

BdFISH Publication | journal.bdfish.org  Page 4 of 5 Volume 9 | Issue 3 | Article 93202  
 

This could make males more exposed to sampling 
(Abele et al. 1986; Arab et al. 2015). After breeding in-
crease in mortality rates in females can also affect the 
overall sex ratio. Energy allocation to reproduction at the 
expense of growth in females gives sexual dimorphism 
where males reaching larger size than females (Flores and 
Negreiros-Fransozo 1999; Johnson 2003). In 2016 a simi-
lar study by Rains et al. (2016) was carried out on 
Callinectes sapidus (blue crabs), showing a substantially 
more male-biased ratio; as females mature asynchro-
nously, males mature at a smaller size than females; thus 
female maturation period is prolonged, and the male 
maturation period is diminutive. Consequently, during 
sampling at any period, male individuals will always over-
power the female individuals. The calculation ratio is chal-
lenging because it is difficult to tell the difference be-
tween females that will mature on their successive moult 
from those that will need multiple moults to mature 
(Rains et al.  2016). 

Monthly size analysis showed unimodal and bimodal 
distribution. Such patterns may have attributed to migra-
tion, differential mortality, and growth rates (Diaz and 
Conde 1989; Yamaguchi 2001; Colpo and Negreiros-
Fransozo 2004). Ovigerous female and juvenile recruit-
ment showed a bimodal distribution pattern for maintain-
ing the overall size of the population. A low population 
was seen in April and May; a significant increase in tem-
perature gives rise to harsh environmental conditions for 
crabs to survive. The maximum surface temperature ob-
served during that period was 40°C, and burrow tempera-
ture was 34°C. Juvenile recruitment was outrageous in 
winter and monsoon as overall temperatures were low 
and prohibitive in the summer season. 

The species' population is restricted to a particular 
area and requires specific habitat to perish, making spe-
cies I. sayajiraoi highly habitat-specific, limiting its distri-
bution. In the present scenario, the Gulf of Khambhat is 
bordered by many industries. A slight change in the habi-
tat of this species by pollutant influx from industries will 
affect its population and distribution. Thus population 
structure of this species, obtained in this study, may act 
as baseline data for future studies especially for establish-
ing this species as a bioindicator. 

 
 
ACKNOWLEDGEMENTS 
Thanks to Marine Biodiversity and Ecology lab, Depart-
ment of Zoology, The Maharaja Sayajirao University of 
Baroda. I also thank Dr. Shilpi Jain and Ms. Barkha Purohit 
for their logical advice. The authors are also thankful to 
the reviewers for providing their critical comments. 
 
 
CONFLICT OF INTEREST 
The authors declare no conflict of interest. 

 
AUTHORS’ CONTRIBUTION 
GV collected the samples, carried out laboratory work 
and prepared the manuscript; KDV prepared, reviewed 
and finalized the manuscript. Both authors have read and 
approved the manuscript for publication. 
 
DATA AVAILABILITY STATEMENT 
The data supporting the findings of this study are availa-
ble within the article and with authors which may be ob-
tained from the corresponding authors on reasonable 
request.   
  
REFERENCES 
Abele LG, Campanella PJ, Salmon M (1986) Natural histo-

ry and social organization of the semiterrestrial 
grapsid crab Pachygrapsus transversus (Gibbes). 
Journal of Experimental Marine Biology and Ecology 
104(1–3): 153–170. 

Arab A, Kazanjian G, Bariche M (2015) Biological traits 
suggest a niche overlap between two grapsid crabs 
sharing the rocky intertidal of the eastern Mediter-
ranean. Marine Biological Association of the United 
Kingdom. Journal of the Marine Biological Associa-
tion of the United Kingdom 95(8): 1685. 

Bedford BL, Leopold DJ, Gibbs JP (2001) Wetland ecosys-
tems. Encyclopedia of Biodiversity. Florida, USA. 

Clayton DA, Al-Kindi A (1998) Population structure and 
dynamics of two scopimerine sand crabs Scopimera 
crabricauda Alcock 1900 and Dotilla sulcata (Forskall 
1775) in an estuarine habitat in Oman. Tropical Zo-
ology 11(2): 197–215. 

Colpo KD, Negreiros-Fransozo ML (2004) Comparison of 
the population structure of the fiddler crab Uca 
vocator (Herbst, 1804) from three subtropical man-
grove forests. Scientia Marina 68(1): 139–146. 

de Arruda Leme  MH, Negreiros-Fransozo ML (1998) Re-
productive patterns of Aratus pisonii (Decapoda: 
Grapsidae) from an estuarine area of Sao Paulo 
northern coast, Brazil. Revista de Biología Tropical 
46(3): 673–678. 

Diaz H, Conde JE (1989) Population dynamics and life his-
tory of the mangrove crab Aratus pisonii (Brachyura, 
Grapsidae) in a marine environment. Bulletin of Ma-
rine Science 45(1): 148–163. 

Fielder DR (1970) The feeding behaviour of the sand crab 
Scopimera inflata (Decapoda, Ocypodidae). Journal 
of Zoology 160(1): 35–49. 

Fielder DR (1971) Some aspects of distribution and popu-
lation structure in the sand bubbler crab Scopimera 
inflata Milne Edwards, 1873 (Decapoda, Ocypodi-
dae). Marine and Freshwater Research 22(1): 41–48. 

Flores AA, Negreiros-Fransozo ML (1999) On the popula-
tion biology of the mottled shore crab Pachygrapsus 
transversus (Gibbes, 1850) (Brachyura, Grapsidae) in 

https://doi.org/10.1016/0022-0981(86)90102-4
https://doi.org/10.1016/0022-0981(86)90102-4
https://doi.org/10.1016/0022-0981(86)90102-4
https://doi.org/10.3989/scimar.2004.68n1139
https://doi.org/10.3989/scimar.2004.68n1139
https://doi.org/10.3989/scimar.2004.68n1139
https://doi.org/10.3989/scimar.2004.68n1139


 Population studies on Ilyoplax sayajiraoi 
J Fish; Vaidya and Vachhrajani 

 

BdFISH Publication | journal.bdfish.org  Page 5 of 5 Volume 9 | Issue 3 | Article 93202  
 

a subtropical area. Bulletin of Marine Science 65(1): 
59–73. 

Hartnoll RG, Cannicci S, Emmerson WD, Fratini S, Macia A, 
... Vannini M (2002) Geographic trends in mangrove 
crab abundance in East Africa. Wetlands Ecology and 
Management 10(3): 203–213. 

Johnson P (2003) Biased sex ratios in fiddler crabs (Brach-
yura, Ocypodidae): a review and evaluation of the 
influence of sampling method, size class, and sex-
specific mortality. Crustaceana 76(5): 559–580. 

Lee SY (1998) Ecological role of grapsid crabs in mangrove 
ecosystems: a review. Marine and Freshwater Re-
search 49(4): 335–343. 

Levin SA (2013) Encyclopedia of biodiversity second edi-
tion. Elsevier Inc., San Diego. 

Litulo C (2004) Reproductive aspects of a tropical popula-
tion of the fiddler crab Uca annulipes (H. Milne Ed-
wards, 1837) (Brachyura: Ocypodidae) at Costa do 
Sol Mangrove, Maputo Bay, southern Mozambique. 
Hydrobiologia 525(1–3): 167–173. 

Macia A, Quincardete I, Paula J (2001) A comparison of 
alternative methods for estimating population den-
sity of the fiddler crab Uca annulipes at Saco Man-
grove, Inhaca Island (Mozambique). In: Advances in 
Decapod crustacean research 154: 213–219. 

Rains SA, Wilberg MJ, Miller TJ (2016) Sex ratios and aver-
age sperm per female blue crab Callinectes sapidus 
in six tributaries of Chesapeake Bay. Marine and 
coastal fisheries 8(1): 492–501. 

Silas EG, Sankarankutty C (1967) Field investigations on 
the shore crabs of the Gulf of Mannar and Palk Bay, 
with special reference to the ecology and behaviour 
of the pellet crab Scopimera proxima Kemp. In: Book 
of Abstract. Part 3 Symposium on crustacean 1965. 
Ernakulam, Kerala, India. pp. 1008–2025. 

Thurman CL (1985) Reproductive biology and population 
structure of the fiddler crab Uca subcylindrica 
(Stimpson). The Biological Bulletin 169(1): 215–229. 

Trivedi JN, Soni GM, Trivedi DJ, Vachhrajani KD (2015) A 
new species of Ilyoplax (Decapoda, Brachyura, Dotil-
lidae) from Gujarat India. Journal of Asia-Pacific Bio-
diversity 8(2): 173–177. 

Wada K (1976) The distribution of three species of ocy-
podid crabs in the estuary of Waka River, mainly ex-
amined in relation to the granularity of substratum. 
Physiology and Ecology Japan 17: 321–326. 

Wada K (1981) Growth, breeding, and recruitment in 
Scopimera globosa and Ilyoplax pusillus (Crustacea: 
Ocypodidae) in the estuary of Waka River, middle 
Japan. Publications of the Seto Marine Biological La-
boratory 26(1–3): 243–259. 

Wada K (1983a) Spatial distributions and population 
structures in Scopimera globosa and Ilyoplax pusillus 
(Decapoda: Ocypodidae). Publications of the Seto 
Marine Biological Laboratory 27(4–6): 281–291. 

Wada K (1983b) Temporal changes of spatial distributions 
of Scopimera globosa and Ilyoplax pusillus (Decapo-
da: Ocypodidae) at co-occurring areas. Japanese 
Journal of Ecology 33: 1–9. 

Yamaguchi T (2001) Incubation of eggs and embryonic 
development of the fiddler crab, Uca lactea (Decap-
oda, Brachyura, Ocypodidae). Crustaceana 74(5): 
449–458. 

Yamaguchi T, Tanaka M (1974). Studies on the ecology of 
a sand bubbler crab, Scopimera globosa de Maan 
(Decapoda, Ocypodidae), 1: seasonal variation of 
population structure. Japanese Journal of Ecology 
(Japan) 24(3): 165–174. 

 

 
GK Vaidya  https://orcid.org/0000-0002-9964-7255 

KD Vachhrajani  http://orcid.org/0000-0002-6840-4752 
 
 

https://doi.org/10.1023/A:1020123713133
https://doi.org/10.1023/A:1020123713133
https://doi.org/10.1071/MF97179
https://doi.org/10.1071/MF97179
https://doi.org/10.1023/B:HYDR.0000038864.38435.6a
https://doi.org/10.1023/B:HYDR.0000038864.38435.6a
https://doi.org/10.1023/B:HYDR.0000038864.38435.6a
https://doi.org/10.1023/B:HYDR.0000038864.38435.6a
https://doi.org/10.1163/156854001750243036
https://doi.org/10.1163/156854001750243036
https://doi.org/10.1163/156854001750243036
https://orcid.org/0000-0002-9964-7255
http://orcid.org/0000-0002-6840-4752

