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Simple and complex burrowarchitecture in two Macrophthalmusspecies on the intertidal mudflats ofBarr Al hikman, Sultanate of Oman 
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CHAPTER 4

AbstractWe studied the burrow architecture of Macrophthalmus sulcatus and
Macrophthalmus depressus on the intertidal mudflats of Barr Al hikmanin the Sultanate of Oman. Casts (n = 7) and excavations (n = 8) show that
M. sulcatus construct single tunneled burrows with one or two sharpcurves. Each of the studied burrows was inhabited by one crab, exceptfor one burrow where a large male and female was found. There was astrong relation between M. sulcatus carapax width and burrow size atentrance. Casts (n = 10) and excavation (n = 16) of burrows show that
M. depressus constructs complex burrows, with multiple entrances andmany branches. Burrows with up to five entrances were found, but wenever managed to cast an entire burrow, so burrows are more extensivethan described. Maximum depth of a cast was 35 cm. In six burrowsmore than one crab was encountered (up to four crabs per burrow, bothmales and females). There was no relation between M. depressus cara -pax width and burrow size at entrance. We argue that the difference inburrow architecture can be related to environmental factors. M. sulcatusburrows in a zone that is flooded every day, where simple burrows maysuffice as a place to hide for predators, waves and desiccation and as aplace for reproduction. Contrary, M. depressus burrows in a zone that isonly flooded at spring tide. In this area, complex burrows could be bene-ficial for crabs in order to avoid desiccation. Complex burrows werefound in an area with relatively fine sediments, so also sediment struc-ture could play a role in the found burrow architecture. Finally, alsosocial factors may account for complex burrow architecture. 
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IntroductionCrabs of the Ocypodoidea superfamily (families Macrophthalmidae Ocypodidae, Ucididae,
Dotillidae) are well known for their burrowing behaviour (Bellwood 2002). Burrows ofOcypodoidea crabs are thought to have several adaptive functions; it may provide crabs a saferefuge from predators (Nye 1974; Yong et al. 2011; Qureshi & Saher 2012), a place to protectfrom waves, desiccation and extreme temperatures (Lim & Diong 2003) and a place formoulting and reproduction (Christy 1982; Chan et al. 2006; Yong et al. 2011; Sal Moyano et al.2012). Most burrows of Ocypodoidea crabs have been described as rather simple, often in theshape of a J, Y, S or U, sometimes including a small chamber for reproduction (Christy 1982;Chan et al. 2006; Yong et al. 2011). Some studies report on Ocypodoidea crabs constructingcomplex burrows (Koo et al. 2005; Qureshi & Saher 2012; Vachhrajani & Trivedi 2016; Odhano& Saher 2017) but little is known what causes some species to construct such complexburrows. This study reports on the burrow architecture of two species within the genus Macroph -
thalmus found on the intertidal mudflats of Barr Al hikman in the Sultanate of Oman:
Macrophthalmus sulcatus and Macrophthalmus depressus. Both species were found to constructstrikingly different burrows. 
Methods and Material

Study area & Macrophthalmus crabsThe present study was conducted at the intertidal mudflats that surround the Barr Al hikmanPeninsula in the Sultanate of Oman (N20.68°, E58.65°). The intertidal ecosystem in this area isrelatively pristine and is acknowledged for its high biodiversity (Chapter 5). Burrowing crabsare an important part of the benthic community of Barr Al hikman (Chapter 2 & 3). M. sulcatuswas found to be the most abundant crab, locally reaching densities of >100 crabs/m2 (Chapter3). The species occurs in a zone of around 1 km broad at intermediate distance from the coast-line in an area that is flooded with every high tide, i.e. twice per lunar day. M. sulcatus burrowsin medium grained sediments (median grain size ~ 150 mm), often in association with seagrassbeds (Chapter 3). M. depressus is less abundant than M. sulcatus and occurs mainly in a zonewithin 100 m from the coastline in fine-grained sediments (median grain size ~ 300 mm,Chapter 3). This zone is flooded with spring tides only, approximately 12 times per lunar cycle(28 days).  
Burrow architectureThe burrow architecture of both M. sulcatus and M. depressus was studied by making a cast ofthe burrows using plaster (Krone Moulding Plaster). On 16 December 2014 plaster was pouredinto seven entrances of burrows of M. sulcatus and ten entrances of burrows of M. depressus.After 30 minutes the resulting casts were hard enough to be excavated using a small spoon(Fig. 4.1). For the burrows of M. sulcatus the length and depth of the burrow was measured inrelation to burrow size at entrance. The burrows of M. depressus appeared to be complex and
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are here described in terms of their general morphology. For both species, the burrow size atentrance was measured in relation to size (carapax width) of the crab(s) found inside. To boostthe sample size for this latter relation, the burrow size at entrance was measured for anothereight burrows of M. sulcatus and 16 burrows of M. depressus and subsequently excavated tomeasure the size of the crab(s) found inside. Size was measured using a calliper and wasrecorded to the nearest 0.1 mm. The relation between burrow size at entrance and crab sizewas tested for the two species using linear models. All analysis were done using the R software(R Development Core Team 2013)
Results

Macropthalmus sulcatusAll seven casted burrows of M. sulcatus appeared to be a single tunnel (Fig. 4.2). Burrows hadone or two sharp curves at the beginning into any direction after which the burrow continuedinto one direction. The end of each burrow consisted of a small pool of water in which in all butone cast a single crab was caught. Burrows were on average 21.3 cm long (range 11.2 – 26.6
64
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Figure 4.1. Cast of a burrow of M. depressus. Note that the two casts were connected and broke during excava-tion.  
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cm) and 10.3 cm deep (range 8.3 – 12.5 cm). One of the burrows that was excavated was occu-pied by two relatively large crabs; a male and a female (Fig. 4.3). There was a positive relationbetween burrow size at entrance and the carapax width of the crab caught inside (t = 8.020,P < 0.01, R2 = 0.82, Fig. 4.3).
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Macrophthalmus sulcatus Macrophthalmus depressus

4 cm

Figure 4.2. Typical cast of the burrow of the two crabs studied. The burrow ends of the burrow of M. depressusare open as the burrows were more extensive than our casts.    

0
0

10

20

25

5

15

1510 20 30255
burrow size at entrance (mm)

cr
ab

 c
ar

ap
ax

 w
id

th
 (m

m
)

M. sulcatus
M. depressus

Figure 4.3. Relationship between crab carapax width and burrow size at entrance for the two studied crabspecies. The dashed line gives the significant linear model relating M. sulcatus carapax width to burrow size atentrance. Symbols within the points refer to burrows in which more than one crab was encountered; similarsymbols refer to the same burrow.    
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Macrophthalmus depressusThe casted burrows of M. depressus appeared to be complex, with multiple entrances andbranches (Fig. 4.1 and 4.2). In fact, we never managed to make a complete cast of an entireburrow as the tunnels always continued where the plaster stopped. One burrow appeared tohave five entrances and another had two entrances (thus the ten burrow entrances into whichplaster was poured belonged to five burrows). Branches were observed in any direction andtunnels had all possible slopes and angles. Maximum depth of a cast was 35 cm, at which thewater level was reached. In two casted burrows a single crab was found (in the three otherburrows the crabs probably could escape as the burrows were more extensive than our casts).In six out of the 16 excavated burrows more than one crab per burrow was encountered (up tofour crabs per burrow, Fig. 4.3). Both males and females were caught. There was no relationbetween burrow size at entrance and crab size (t = 1.109, P = 0.28, R2 = 0.01, Fig. 4.3).
DiscussionThis study shows that within the same area, the burrow architecture of two closely relatedcrabs can be strikingly different. M. sulcatus was found to construct rather simple burrowswhereas M. depressus was found to construct complex burrows. Why do these related speciesconstruct such different burrows? We suggest that the observed differences in burrow architecture can be linked to thedifferent environmental conditions in which they were found. Simple burrows of M. sulcatuswere found at an intermediate distance from the coast in coarse sediments in an area that isflooded every day. In this zone simple burrows may suffice as a place to hide for predators,strong waves and desiccation and as a place for reproduction. Furthermore, the coarse sedi-ments perhaps limit the possibilities to construct and maintain complex burrows. Indeed,during excavation, several burrows of M. sulcatus collapsed before a crab was encountered(these burrows are not included in this study). The complex burrows of M. depressus werefound in an area close the shore which is not flooded daily. Crabs living in this area may be chal-lenged not to get desiccated. Complex burrows with deep rooting branches may in this respecthelp crabs to retain and to access water. Furthermore, it could be supposed that deposit-feeding Macrophthalmus crabs burrowing in an area that his not flooded daily are oftendeprived from food, as these crabs feed on organic material that comes with the flooding tide(Schuwerack et al. 2006). In deposit-feeding Thalassinidean shrimps it has been described thatthey do not only forage outside their burrows but also make use of the organic material thathas been drifted inside their complex burrows (Nickell & Atkinson 1995). To our knowledge ithas never been described that deposit-feeding crabs feed inside their burrows, but perhaps M.
depressus may use the particles that has fallen into their complex (i.e. extensive) burrows as anadditional food supply. In addition it should be noted that the burrows of M. depressus werefound in relatively fine sediments which, contrary to the area in which M. sulcatus burrows,perhaps allows for more complex burrow constructions. That environmental conditions are important to explain the observed burrow architectureis further suggested by a study on the burrow architecture of M. depressus at intertidal
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mudflats in India. here in sandy and muddy sediments in an area that is flooded daily, burrowswere found to be U-shaped (Silas & Sankarankutty 1967). Thus, under different environmentalconditions the burrows of M. depressus in India were found to be much simpler then at Barr Alhikman. Other factors that could affect burrow construction include social interaction in crabs andpredation pressure (Atkinson 1974; Yong et al. 2011). Complex burrows in Gonoplax crabswere associated with their highly developed social behaviour (Atkinson 1974). Diverse socialbehaviour is also found in Macrophthalmus crabs (Kitaura et al. 2006) but it is unclear to whichextend the social life of the two studied crabs differ and thus whether social behaviour couldimply the difference in burrow complexity. Precise engineering of burrows in Ocypode crabswas suggested to be an anti-predation mechanism (Yong et al. 2011). We do not know howmuch the predation pressure, by shorebirds (Chapter 2), exposed on the studied crabs differ.We conclude that more detailed observations and experiments are needed to further under-stand the burrow architecture of the studied crabs. 
AcknowledgementsAll the work in Barr Al hikman was done under the permission of the Ministry of Environment and ClimateAffairs, Sultanate of Oman. We thank Sarah Godin-Blouin for help during fieldwork.
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