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 Abstract: Coastal regions are one of the most crucial ecosystems as they support biology of numerous vertebrate 
and invertebrate taxa which provide economic aid to mankind. Monitoring of the natural resources of the coasts and 
to test the ecological impact of human disturbance therefore becomes necessary. The present study was conducted 
from 26th January to 18th February 2019 to investigate the effect of anthropogenic impacts on the population 
(burrow density, distribution and size) and burrow characteristics (burrow length, depth, inclination angle, weight 
and volume) of Dotilla blanfordi Alcock, 1900. Total eight sandy beaches of Gujarat and Maharashtra states of India 
were examined. The beaches were categorised into pristine, moderately impacted or heavily impacted sites on the 
basis of various levels of anthropogenic pressures. It was found that the burrow density was observed maximum at 
the low impacted sites (Tithal --21.11±13.53; Dandi site-2 --20.66±11.23), as compared to the moderately impacted 
sites (Umargam-- 16.11±21.62; Gorai-- 20±10.77; Uran-- 7.11±10.99) and heavily impacted sites (Kuda-- 
5.11±14.24; Koliyak-- 1.56±2.01; Dandi site 1-- 11.78±8.27). The crabs built simple burrows in heavily impacted 
sites as compared to the complex burrows in the moderately affected and pristine sites. Burrow weight and burrow 
volume showed significant variation across all study sites as compared to other morphological traits. The results 
inferred that anthropogenic stress can directly influence the distribution and burrow morphology of Dotilla 

blanfordi. The results also suggested utility of D. blanfordi as an indicator species for effective coastal management 
but the outcomes would benefit with a comprehensive study of environmental as well as ecological characters. 
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Introduction 
Human population has flourished a lot in the past 

century and generously relied on natural 

resources for their sustainment (Gul and Griffen, 

2018). The impacts have greatly influenced the 

condition of ecosystems (Wolcott and Wolcott, 

1984). Rapid and widespread infrastructure 

development and rise in coastal populations has 

intensified human pressures on coastal 

ecosystems (Schlacher et al., 2006). Use of beaches 

by public has ecological consequences that brings 

about environmental degradation (Brown and 

McLachlan, 2002; Dugan and Hubbard, 2006). The 

intensity of these impacts in different areas is 

highly associated with the size of human 

population and changes in land use dynamics 

(Ojima et al., 1994). Coastal ecosystem is one of 

the most exploited ecosystems as humans turn to 

it for recreational purposes and tourism, while 

recreation and tourism boost the country’s 

economy, they raise ecological issues too (Wolcott 

and Wolcott, 1984; Schlacher et al., 2007; Lucrezi 

and Schlacher, 2010) and hamper the biodiversity. 

Effects of tourism on environment shows that 

countries prioritize economic development over 

environmental sustainability (Zahedi, 2008). 

Study of burrowing characteristics provides a 

low-cost and cogent monitoring technique for 

assessing health of the coastal environment 

(Pombo and Turra, 2013). Indicators can act as 

proxy for whole ecosystems (Niemeijer and de 

Groot, 2008). Ecological indicators are widely 

applied to assess nature, determine severity of 

human impacts and to evaluate the efficiency of 

management (Niemi and McDonald, 2004). 

Maximum studies of human impacts are 

concentrated on ghost crabs of the Ocypodidae 

family (Neves and Bemvenuti, 2006; Hobbs et al., 

2008; Aheto et al., 2011; Pombo and Turra, 2013; 

Schlacher et al., 2016). It is conclusively found that 

crabs of the Ocypode species are reliable indicator 

species due to their strong responses to 

anthropogenic and natural impacts (Barros, 2001; 

Moss and McPhee, 2006; Neves and Bemvenuti, 

2006; Hobbs et al., 2008; Lucrezi et al., 2008; 

2009; Noriega and Smeuninx, 2008; Dubey et al., 

2013; Gul and Griffen, 2018). Crabs of the genus 

Dotilla Stimpson, 1858 are commonly referred to 

as soldier crabs or sand bubbler crabs (Mitra et al., 

2020). They play an important role in ecology of 

faunal community due to their burrowing and 

feeding behaviour (Manzoor et al., 2016). These 

crabs remain inside the burrows and come out to 

the surface during low tides when their habitat is 

exposed for various activities. The most effective 

way of determining the population of burrowing 

crabs is by simply counting the number of burrow 

entrances as the circular openings are easy to spot 

(Moss and McPhee, 2006). Dotilla blanfordi Alcock, 

1900 is commonly found in the sandy and muddy 

shores of tropical Indo-Pacific region (Bradshaw 

and Scoffin, 1999) with higher abundance at the 

coastal regions of Gujarat and Maharashtra state. 

Dotilla blanfordi is an actively burrowing species 

of the family Dotillidae and no such study has been 

carried out so far. Therefore, the present study 

was conducted to assess the employment of D. 

blanfordi as an indicator species for anthropogenic 

activities.  

The purpose of this study was to investigate 

how various levels of anthropogenic impacts could 

alter the population (burrow density, distribution 

and size) and burrow characteristics (burrow 

length, depth, inclination angle, weight and 

volume) of D. blanfordi, on the sandy beaches of 

North Western coast of India.  

Materials and Methods 

Study sites: 

The present study was carried out at total eight 

sandy beaches of Gujarat and Maharashtra coast of 

India with various levels of anthropogenic 

pressures (Fig. 1). Sampling was carried out 

between 26th January and 18th February 2019 at 

afternoon period during low tide time.   

These beaches were selected based upon 

primary investigation of distribution of Dotilla 

blanfordi. Sampling was carried out at six beaches 

of Gujarat state: (1) Kuda (21°37’31.2” N, 

72°18’17.6” E),   (2)    Koliyak  (21°36’02.4” N,



374 

Fig. 1: Map of study area showing different sampling sites of Gujarat and Maharashtra states, India.1. Kuda, 2. 
Koliyak, 3. Dandi site 1, 4. Dandi site 2, 5. Tithal 6. Umargam, 7. Gorai, 8. Uran. (Source: QGIS version 3.6). 

 

72°17’12.0” E), H (3) Dandi site 1 (20°53’15.6” N, 

72°47’40.3” E), (4) Dandi site 2 (20°53’48.2” N, 

72°47’15.0” E), (5) Tithal (20°35’52.3” N, 

72°53’40.8” E) and (6) Umargam (20°11’18.6” N, 

72°44’12.5” E) and two beaches of Maharashtra 

state: (1) Gorai (19°14’31.0” N, 72°46’50.5” E) and 

(2) Uran (18°52’20.9” N, 72°55’04.9” E) (Fig. 1). 

The total distance between the northernmost 

studied site (Kuda beach, Gujarat) and the 

southernmost studied site (Uran beach, 

Maharashtra) was about 600 km. 

Anthropogenic activity: 

The study sites were visually scanned to check for 

the intensity of visitors and presence or absence of 

vehicles. The number of people at each site were 

counted every hour over a three-hour period. 

Based on the observations, the sites were 

classified as pristine, moderately impacted or 

heavily impacted sites (Gul and Griffen, 2018). The 

sites with less than 30 people per hour were 

considered as pristine sites, sites with less than 50 

people per hour were considered as moderately 

impacted sites, while sites with more than 50 

people per hour were considered as heavily 

impacted sites (Gul and Griffen, 2018). 

Burrow distribution: 

Burrows of the sand bubbler crab Dotilla blanfordi 

were identified by examining the crab specimen 

and its mud-balling pattern. In order to determine 

if distribution patterns of Dotilla blanfordi are 

affected by human disturbance, the burrow 

density and the burrow opening diameter were 

observed. At each site, three line transects 

perpendicular to the shoreline, spaced 100 meters 

apart were laid. In each line transect, three 

quadrats (0.25 m2) were laid starting from the 

upper intertidal to lower intertidal region (Trivedi 

and Vachhrajani, 2017). Total number of burrows 

were counted per quadrat and the burrow opening 

diameters were measured using digital vernier 

callipers (Mitutoyo 500-196-20; 150mm/6 inch 

model, ±0.01 mm accuracy). In each quadrat, only 

active crab burrows were examined. Fresh sand or 

traces  left  by  crab individuals around the burrow 
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Fig. 2: Burrow architecture of Dotilla blanfordi Alcock, 1900 with measurements, (A) Straight burrow; (B), J-
shaped burrow; (C), Bulbous burrow. TD: Total depth, IA: Inclination angle, TL: Total length. 

mouths were observed to determine whether the 

burrow was active or not (Lucrezi et al., 2008; 

2009). 

Burrow morphology: 

Burrows were randomly selected for obtaining 

burrow casts. At least two burrows from each 

quadrat level with various opening diameters 

were selected. The burrow opening diameter was 

measured using digital vernier callipers (± 0.01 

mm accuracy). A 2:1 mixture of unsaturated resin 

and hardener compound was poured into the 

burrows until they were filled completely (Trivedi 

and Vachhrajani, 2016). The resin took around an 

hour to dry after which the burrow casts were 

excavated out using a shovel. Excess sand was 

brushed off and casts were tagged and brought 

back to the laboratory for further investigation. 

Only the intact burrows were used for the 

analysis.  

In the laboratory, the burrow casts were 

classified according to their shape and various 

measurements including total length (TL) (along 

the mouth of the burrow at surface till the end 

point of the burrow), total depth (TD) (from the 

mouth of the burrow at surface till the deepest 

part of the burrow), burrow inclination angle (IA) 

(angle between the surface of the substratum and 

the main burrow tube) and weight (Trivedi and 

Vachhrajani, 2016) (Fig. 2). Burrow volume was 

calculated by dividing weight of the burrow with 

the density of the resin (0.9 gm/cm³) (Trivedi and 

Vachhrajani, 2016). 

Mean variation in all the attributes of burrow 

distribution, burrow morphology and 

anthropogenic pressure from all study sites was 

analysed by single factor ANOVA (Analysis of 

Variance). All the statistical analyses were 

performed using Microsoft Excel. 

Results  

Anthropogenic pressure: 

On the basis of anthropogenic pressure Dandi site-

1 (484 ± 331), Koliyak (92 ± 31) and Kuda (76 ± 7) 

were classified as highly impacted sites; Uran (53 

± 8), Umergam (43 ± 26) and Gorai (42 ±1 9) were 

classified as moderately impacted sites; Tithal (24 

± 18) and Dandi site-2 (14 ± 8) were classified as 

pristine sites (Fig. 3). A significant variation was 

observed in the number of people visiting each 

hour between the study sited sites (ANOVA; F: 

6.912, p<0.001).  

Burrow distribution: 

In the present study, the burrows of D. blanfordi 

were examined for their size, density and
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Fig. 3: Anthropogenic pressure at the study sites. 

distribution. Burrow density varied significantly 

between the pristine, moderately impacted and 

heavily impacted sites (ANOVA; F: 3.291, p<0.1). 

The burrow density was observed maximum at 

the low impacted sites (Tithal 21.11 ± 13.53 and 

Dandi site-2 20.66 ± 11.23), as compared to the 

moderately impacted sites (Umargam 

16.11±21.62; Gorai 20 ± 10.77, and Uran 

7.11±10.99) and heavily impacted sites (Kuda 

5.11±14.24; Koliyak 1.56 ± 2.01 and Dandi site 1 

11.78±8.27) (Fig. 4A).  

Significant variation was observed in the 

burrow opening diameter across study sites 

(ANOVA; F: 15.337, p<0.001) but no trend was 

noted in response to anthropogenic pressure. In 

the present study, maximum burrow opening 

diameter was recorded in Koliyak (7.15±2.98) 

followed by Kuda (5.48±1.20), Uran (3.75±0.67), 

Dandi site 1 (3.64±1.65), Tithal (3.53±1.61), Dandi 

site 2 (3.38±1.66), Gorai (3.36±1.13), and 

Umbergaon (3.15±1.29). (Fig. 4B).   

Figure 5 illustrates that the density and 

burrow opening diameter differ between upper 

intertidal zone (0-100 meter), middle intertidal 

zone (100-200 meter) and lower intertidal zone 

(200-300 meter). The upper intertidal zone of 

highly impacted sites like Koliyak, Kuda and Dandi 

site 1 was having fewer burrows with smaller 

diameter as compared to moderately impacted 

and low impacted sites (Fig. 5) 

Burrow morphology: 

In all, 54 intact burrows were obtained from all 

study sites (Fig. 6) of three different shapes viz. I-

shape (straight burrow), J-shape and bulbous 

burrow. Maximum number of obtained burrows 

were I-shape (41 burrows) followed by J-shape 

(11 burrows) and bulbous burrow (2 burrows). 

Site wise maximum number of burrows were 

obtained from Umbergaon (9 burrows) followed 

by Tithal (8 burrows), Dandi site 2 (7 burrows), 

Uran (7 burrows), Kuda (6 burrows), Koliyak (6 

burrows), Dandi site 1 (6 burrows) and Gorai (5 

burrows). A maximum number of I-shaped 

burrows were obtained from Umbergaon (8 

burrows) followed by Tithal (6 burrows), Uran (6 

burrows), Dandi 1 (6 burrows), Koliyak (5 

burrows), Kuda (4 burrows), Gorai (4 burrows) 

and Dandi 2 (2 burrows). A maximum number of J-

shaped burrows were obtained from Dandi 2 (5 

burrows), Tithal (2 burrows), Kuda (2 burrows),
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Fig. 4: Distribution of Dotilla blanfordi Alcock, 1900 across the study sites of Gujarat and Maharashtra state, 
India. (A) Burrow density, and (B) Burrow opening diameter. 
 

 
Fig. 5: Zonal distribution of Dotilla blanfordi across the study sites of Gujarat and Maharashtra state, India. (A) 
Burrow density, and (B) Burrow opening diameter. 
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Fig. 6: Shape of burrow casts of Dotilla blanfordi Alcock, 1900 across the study sites. 

 

Fig. 7: Variation in Dotilla blanfordi Alcock, 1900 burrow morphometrics across the study sites. (A) Burrow opening 
diameter, (B) Inclination angle of burrows, (C) Length of burrows, (D) Depth of burrows, (E) Weight of the burrows, 
(F) Volume of the burrows. 

Umbergaon (1 burrow) and Koliyak (1 burrow) 

while single-single bulb shaped burrows were 

obtained from Uran and Gorai. From the most 

highly impacted site, Dandi site 1, only straight 

burrows (I shaped) were obtained while 

maximum number of J-shaped burrows were 

obtained from the most pristine site Dandi site 2. 

Burrows with maximum weight (32.67±10.40) 

and volume (34.03±10.83) were noted from Dandi 

site 2 where human interference was the least. 
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Of the excavated burrow casts from all sites, 

no significant variation was observed in the 

burrow opening diameter (ANOVA; F: 0.965, p= 

0.464), inclination angle (ANOVA; F: 1.371, p= 

0.240), burrow length (ANOVA; F: 1.896, p= 0.084) 

and burrow depth (ANOVA; F: 1.740, p= 0.123) 

between the study sites. Whereas, weight (ANOVA; 

F: 3.772, p<0.01) and volume (ANOVA; F: 3.772, 

p<0.01) of the burrow casts showed significant 

variation between the study sites (Fig. 7). 

Discussion 

In the present study it was found that the burrow 

density varied significantly between the pristine, 

moderately impacted and heavily impacted sites. 

Some previous studies carried out on Ocypode spp. 

(Lucrezi et al., 2009), Ocypode quadrata (Neves 

and Bemvenuti, 2006) and Ocypode cordimana 

(Barros, 2001) found similar results. It has been 

suggested that the behaviour of Dotillid crabs is 

very flexible and complex (Barrass, 1963) and 

therefore any changes in the habitat, diet or any 

anthropogenic activities on the beach can affect 

their activity (Hughes, 1966). Some previous 

studies found that vehicular moments, intense 

pedestrian trampling and other anthropogenic 

activities cause significant decrease in the density 

and size of ghost crab population of Ocypode genus 

(Hobbs et al., 2008; Lucrezi et al., 2009; Schlacher  

and Lucrezi, 2010). 

A Significant variation was observed in the 

burrow opening diameter across the study sites 

but no trend was noted in response to 

anthropogenic pressure. The results are 

contrasting to a previous study carried out on the 

Ocypode quadrata (Fabricius, 1787) where the 

burrow diameter was higher in moderately 

impacted site as compared to heavily impacted 

sites (Gül and Griffen, 2018). Generally, the 

occurrence of smaller individuals in heavy 

impacted sites is due to direct crushing of the 

crabs under vehicles during night times since, the 

larger individuals locomote slowly as compared to 

the middle size ones as a result of which they 

might not escape vehicles during night (Gül and 

Griffen, 2018). Unavailability of preferred food like 

clams, mole crabs, sandy beach coleoptera, etc. in 

the impacted sites due to human disturbance 

could be one of the reasons affecting the energy 

intake of the ghost crabs which limits the growth 

rate of the individuals (Wolcott, 1978; Schlacher et 

al., 2008; Sheppard, 2008; Cardoso et al., 2016). 

Hence, it is possible that the smaller individuals in 

highly impacted sites might be of similar age as 

that of the larger individuals in pristine and 

moderately impacted sites as a result of limited 

food availability leading to lower growth rates 

(Gül and Griffen, 2018). Therefore, the reason for 

decreased size of ghost crab individuals at 

different sites cannot be explained clearly by using 

a single mechanism. 

In the present study, a lower burrow density 

and smaller burrow opening diameter was 

observed in the upper intertidal region whereas 

high burrow density and larger burrow opening 

diameter was in the middle and lower intertidal 

regions of all the study sites. Similar results were 

noted by Lucrezi et al. (2008) where they found 

that Ocypode quadrata burrow density was 

greater in middle intertidal region than the other 

intertidal regions. Lucrezi et al. (2009) in their 

study on an Ocypode spp. found that the maximum 

burrow opening diameter decreased in the region 

with human trampling. Such variation in the 

burrow density and burrow opening diameter 

could be due to maximum human trampling and 

interference occurring in the upper intertidal 

region. Due to increased vehicle traffic, the 

survival of larger crabs is affected as in the heavy 

traffic region, the life expectancy of ghost crabs 

decreases drastically such that the smaller 

individuals may not reach maturity (Steiner and 

Leatherman, 1981). Since, the burrow opening 

diameter represents the size of resident crab, 

decreased burrow diameter in the upper intertidal 

region could be due to heavy anthropogenic 

activities including increased vehicle movements. 

Also, the lower intertidal region is affected by the 

waves and swash and due to prolonged immersion 

in  seawater  can  cause  osmotic stress (Vinagre et  
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  al., 2007).  

In the present study, significant variation was 

observed for weight and volume of the burrow 

casts with the heaviest (32.67±10.40) and 

voluminous (34.03±10.83) burrow recorded from 

Dandi site 2 having human interference. Studies 

suggests that in the heavily impacted region the 

burrows are longer, deeper and less inclined as 

compared to the pristine regions since deeper 

burrows would provide lower risk of getting 

crushed under vehicular trampling (Lucrezi and 

Schlacher, 2010). Studies also suggest that 

individuals constructing burrows shallower than 

25 cm are more likely to get crushed under 

passing vehicle (Schlacher et al., 2007). It is 

believed that constructing deeper burrows could 

be a behavioural adaptation to decrease the risk of 

getting crushed under vehicles (Schlacher and 

Lucrezi, 2010).  

It was also found that in the most heavily 

impacted site, only straight burrows (I shaped) 

were obtained. Similar results were obtained in 

some previous studies carried out on Ocypode 

ceratophthalma (Pallas, 1772) and Ocypode 

cordimana Latreille, 1818 (Schlacher and Lucrezi, 

2010) and Ocypode spp. (Lucrezi and Schlacher, 

2010). It has been observed that the coastal region 

with heavy higher anthropogenic impact including 

vehicular movements were dominated by simple I-

shaped burrows whereas complex burrows were 

observed in the regions without or moderate 

anthropogenic activities (Lucrezi and Schlacher, 

2010; Schlacher and Lucrezi, 2010). Schlacher and 

Lucrezi (2010) found that the smaller ghost crabs 

generally constructed I, J, Y, and M type of burrows 

during low vehicular disturbance while during 

heavy vehicular disturbance they built only I, and 

Y type of burrows. In the heavily impacted region, 

due to frequent disarray of the sediment the 

burrow destruction occurs regularly and the 

residing crabs have to build or repair the burrows 

more oftenly as a result of which they build simple 

burrows (Lucrezi and Schlacher, 2010). In the 

present study, maximum number of J-shaped 

burrows were obtained from Dandi site 2. The 

complexity of burrows on this site could be a 

result of very low anthropogenic pressure on the 

beach. The style of burrow making also depends 

on the life stage of the crab, seasonal variation and 

characteristics of the sediment (Chan et al., 2006, 

Trivedi and Vachhrajani, 2017). Hence, an 

inclusive study of ecology of Dotilla blanfordi and 

human impact on it is necessary. 

Conclusion 

The present study investigated the effect of 

anthropogenic pressure on the population and 

burrow morphology of D. blanfordi. The study was 

carried out on eight sandy beaches of Gujarat and 

Maharashtra state, India. The burrow density 

varied significantly among the study sites with 

different level of anthropogenic pressures. The 

burrow density was observed maximum at the low 

impacted sites followed by moderately impacted 

sites and heavily impacted sites. It has been 

observed that the changes in habitat greatly 

affected the burrowing behaviour of Dotilla crabs 

which leads to variation in their burrowing 

behaviour. In terms of burrow morphology, 

significant variation was observed in the weight 

and volume of the burrow casts as the burrows in 

the heavily impacted sites would be longer, deeper 

and less inclined in order to protect from the 

vehicular trampling. The crabs built simple 

burrows in heavily impacted sites (I-shaped) as 

compared to the complex burrows in the 

moderately affected and pristine sites since the 

burrow destruction occurs regularly at the regions 

with higher anthropogenic activities. The present 

study also provided a baseline data on D. blanfordi 

which can be used as an indicator species for 

effective coast monitoring and management. 

Acknowledgements 

Authors are thankful to Authorities of 

Hemchandracharya North Gujarat University for 

the permission to access their laboratory facilities 

as well as K. J. Somaiya college of Science and 

Commerce for the opportunity. We also thank Mr. 

https://www.marinespecies.org/aphia.php?p=taxdetails&id=207585


381 

Jaivansh Somaiya and Mr. Rishiraj Duggal for their 

assistance in surveys and observations. 

References 

Aheto D, Asare C, Mensah E, and Aggrey-Fynn J. (2011) 
Rapid assessment of anthropogenic impacts on 
exposed sandy beaches in Ghana using ghost crabs 
(Ocypode spp.) as ecological indicators. Momona 
Ethiop J Sci. 3 (2): 93-103. 

Barrass R. (1963) The burrows of Ocypode 

ceratophthalmus (Pallas) (Crustacea, Ocypodidae) on 
a tidal wave beach at Inhaca Island, Mocambique. J 
Anim Ecol. 32: 73-85. 

Barros F. (2001) Ghost crabs as tools for rapid 
assessment of human impacts on exposed sandy 
beaches. Biol Conserv. 97: 399-404.  

Bradshaw C and Scoffin TP. (1999) Factors limiting 
distribution and activity pattern of the soldier crab 
Dotilla myctiroides in Phuket, South Thailand. Mar 
Biol. 135: 83-87. 

Brown AC and McLachlan A. (2002) Sandy shore 
ecosystems and the threats facing them: Some 
predictions for the year 2025. Environ Conserv. 29: 
62-77. 

Cardoso RS, Barboza CAM, Skinner VB and Cabrini TMB. 
(2016) Crustaceans as ecological indicators of 
metropolitan sandy beach health. Ecol Indic. 62: 154-
162.  

Chan KKB, Chan KKY and Leung PCM. (2006) Burrow 
architecture of the ghost crab Ocypode 

ceratophthalma on a sandy shore in Hong Kong. 
Hydrobiol. 560(1): 43-49. 

Dubey    SK,    Chakraborty    DC,    Chakraborty   S    and 

Choudhury A. (2013) Burrow architecture of Red 
ghost crab Ocypode macrocera (H. Milne-Edwards 
1852): A case study in Indian Sundarbans. Explor 
Anim Med Res. 3 (2): 136-144. 

Dugan JE and Hubbard DM. (2006) Ecological responses 
to coastal armouring on exposed sandy beaches. 
Shore  Beach 74: 10-16. 

Fabricius JC. (1787) Mantissa Insectorum Sistens 
Eorum Species Nuper Detectas Adjectis 
Characteribus Genericis Differentiis Specificis, 
Emendationibus, Observationibus. Tome I. Hafniae, 
Impensis C. G. Proft xvi + pp. 348.  

Gul MR and Griffen BD. (2018) Impacts of human 
disturbance on ghost crab burrow morphology and 
distribution on sandy shores. PLoS One 13(12): 1-17. 

Hobbs CH, Landry CB and Perry JE. (2008) Assessing 
anthropogenic and natural impacts on ghost crabs 
(Ocypode quadrata) at Cape Hatteras National 

Seashore, North Carolina. J Coast Res. 246: 1450-
1458. 

Hughes DA. (1966) Behavioural and ecological 
investigations of the crab Ocypode ceratophthalmus 
(Crustacea: Ocypodidae). J Zool. 150: 129-143. 

Latreille PA. (1818) Ocypode, Ocypode Fab. Nouveaux 
Dictionaire d'Histoire Naturelle, appliquee aux arts, à 
l'Agriculture, à l''economie rurale et domestique, à la 
Medicine, etc. Par une Societe de Naturalistes et 
d'agriculteurs. Nouvelle Edition. 23: 194-199. 

Lucrezi S, Schlacher TA and Robinson W. (2009) Human 
disturbance as a cause of bias in ecological indicators 
for sandy beaches: Experimental evidence for the 
effects of human trampling on ghost crabs (Ocypode 

spp.). Ecol Indic. 9(5): 913-921. 

Lucrezi S, Schlacher TA and Walker S. (2008) 
Monitoring human impacts on sandy shore 
ecosystems: a test of ghost crabs (Ocypode spp.) as 
biological indicators on an urban beach. Environ 
Monit Assess. 152: 413-424. 

Lucrezi S and Schlacher TA. (2010) Impacts of off-road 
vehicles (ORVs) on burrow architecture of ghost 
crabs (Genus Ocypode) on sandy beaches. Environ 
Manag. 45 (6): 1352-1362. 

Manzoor R, Haider S, Fatima M and Qari R. (2016) Study 
on abundance breeding and allometric growth of the 
Ocypodidae crab Dotilla blanfordi in Karachi coast, 
Pakistan. Int J Mar Sci. 6(22): 1-14. 

Moss D and McPhee DP. (2006) The impacts of 
recreational four-wheel driving on the abundance of 
ghost crab (Ocypode cordimanus) on subtropical 
beaches in SE Queensland. Coastal Manag. 34: 133-
140. 

Neves  FM  and  Bemvenuti  CE. (2006)  The  ghost  crab  

Ocypode quadrata (Fabricus, 1787) as a potential 
indicator  of  anthropic  impact  along the Rio Grande 

do Sul coast, Brazil. Biol Conserv. 133: 431-435.  

Niemeijer D and de Groot RS. (2008) A conceptual 
framework for selecting environmental indicator 
sets. Ecol Indic. 8: 14-25.  

Niemi GJ and McDonald ME. (2004) Application of 
ecological indicators. Annu Rev Ecol Evol Syst. 35: 
89-111. 

Noriega R and Smeuninxn B. (2008) Ghost crab 
(Ocypode cordimanus) as a potential indicator of 
human impact along Gold Coast beaches. Griffith 
Centre for Coastal Management Research Report. 82: 
pp.35.  

Ojima DS, Galvin KA and Turner BLII. (1994) The global 
impact of land-use change. BioSci. 44(5): 300-304.  

Pallas  PS.  (1772)   Spicilegia   Zoologica,   quibus   novae  



382 

imprimis et obscurae animalium species iconibus, 
descriptionibus atque commentariis illustrantur cura 
P.S. Pallas. Fasciculus. 9: 1-86. 

Pombo M and Turra A. (2013) Issues to be considered in 
counting burrows as a measure of Atlantic ghost 
crab populations, an important bioindicator of sandy 
beaches. PLoS One 8(12): e83792.  

Schlacher TA and Lucrezi S. (2010) Experimental 
evidence that vehicle traffic changes burrow 
architecture and reduces population density of ghost 
crabs on sandy beaches. Vie et Milieu: Periodique 
d'Ecologie Generale 60: 313-320. 

Schlacher TA, Thompson LMC and Walker SJ. (2008) 
Mortalities cause by off-road vehicles (ORVs) to a key 
member of sandy beach assemblages, the surf clam 
Donax deltoids. Hydrobiol. 610: 345-350. 

Schlacher TA, Lucrezi S, Connolly RM, Peterson CH, 
Gilby BL, Maslo BO, Andrew D, Walker SJ, Leon JX, 
Huijbers CM and Weston MA. (2016) Human threats 
to sandy beaches: A meta-analysis of ghost crabs 
illustrates global anthropogenic impacts. Estuar 
Coast Shelf Sci. 169: 56-73. 

Schlacher TA, Thompson L and Price S. (2007) Vehicles 
versus conservation of invertebrates on sandy 
beaches: Mortalities inflicted by off road vehicles on 
ghost crabs. Mar Ecol. 28: 354-367  

Schlacher TA, Schoeman DS, Lastra M, Jones A, Dugan J, 
Scapini F and McLachlan A. (2006) Neglected 
ecosystems bear the brunt of change. Ethol Ecol 
Evol. 18: 349-351. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sheppard N, Pitt KA and Schlacher TA. (2008) Sub-lethal 
effects of off-road vehicles (ORVs) on surf clams on 
sandy beaches.  J Exp Mar Biol Ecol. 380: 113-118.  

Steiner AJ and Leatherman SP. (1981) Recreational 
impacts on the distribution of ghost crab Ocypode 

quadrata Fab. Biol Conserv. 20: 111-122. 

Trivedi JN and Vachhrajani KD. (2017) Seasonal burrow 
distribution of the ghost crab, Ocypode 

ceratophthalmus (Pallas, 1772), on sandy shores of 
Gujarat, India. Int J Mar Sci. 7(34): 344-352.  

Vinagre AS, do Amaral APN, Ribarcki FP, da Silveira EF 
and Perico E. (2007) Seasonal variation of energy 
metabolism in ghost crab Ocypode quadrata at Siriu 
Beach (Brazil). Comp Biochem Physiol. Part A, 
Molecular  Integr Physiol. 146: 514-519. 

Wolcott TG and Wolcott DL. (1984) Impact of off-road 
vehicles on macroinvertebrates on a Mid-Atlantic 
beach. Biol Conserv. 29(3): 217-240. 

Wolcott TG. (1978) Ecological role of ghost crabs, 
Ocypode quadrata (Fabricius) on an ocean beach: 
scavengers or predators? J Exp Mar Biol Ecol. 31(1): 
67-82. 

Zahedi S. (2008) Tourism impact on coastal 
environment. https://doi.org/10.2495/CENV080051. 

https://hi.booksc.org/author/Schlacher,%20Thomas%20A.
https://hi.booksc.org/author/Lucrezi,%20Serena
https://hi.booksc.org/author/Connolly,%20Rod%20M.
https://hi.booksc.org/author/Peterson,%20Charles%20H.
https://hi.booksc.org/author/Gilby,%20Ben%20L.
https://hi.booksc.org/author/Maslo,%20Brooke
https://hi.booksc.org/author/Maslo,%20Brooke
https://hi.booksc.org/author/Walker,%20Simon%20J.
https://hi.booksc.org/author/Leon,%20Javier%20X.
https://hi.booksc.org/author/Huijbers,%20Chantal%20M.
https://hi.booksc.org/author/Weston,%20Michael%20A
https://doi.org/10.2495/CENV080051

