
 

 

 University of Groningen

Arabian muds
Bom, Roeland Andreas

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Bom, R. A. (2018). Arabian muds: A 21st-century natural history on crab plovers, crabs and molluscs.
[Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/538fd42f-2473-4896-b11b-6655d3dd1671


Roeland A. Bom

General Introduction 
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“In considering the distribution of organic beings over the face of the globe, the first
great fact which strikes us is that neither the similarity nor the dissimilarity of the
inhabitants of various regions can be wholly accounted for by climatal and other
physical conditions.” (Darwin 1859) 
Across the globe, organisms appear to be strikingly different with respect to their morphology,physiology and behaviour, even in climatically similar areas. This observation inspired Darwin(1859) to be one of the first to understand that many characteristics of organisms reflect theway in which individuals and groups of organisms interact with each other, in their attempts toacquire shelter, food and mates. Thus, interactions within and between species are a majorevolutionary force in the history of life (Dietl & Kelly 2002) and “The relation of organism toorganism is the most important of all relations” (Darwin 1859).The marine tropics provide a classical example of an environment with climatically similarconditions in which species show distinct patterns in diversity and characteristics. Currently,there are four tropical marine areas distinguished with assemblies of animals with sharedcharacteristics (Fig. 1.1) (Vermeij 1993; Briggs 2006). By far the largest of these ‘biogeograph-ical areas’ is the Indo-West Pacific. Coastal ecosystems in this area are renowned for their largebiodiversity, and for its animals having remarkably well-developed traits that relate to defenceagainst predators. Most of what is currently known about the animals in the Indo-West Pacificstems from work on rocky shores and shallow waters and is based on work on marine inverte-brates and fishes (Vermeij 1993; Briggs 2006). Intertidal mudflats, soft bottom areas that areexposed during low tide and covered with high tide, have received relatively little publishedattention from ecologists. This thesis concerns the little studied intertidal mudflats of Barr Al hikman in the Sultanateof Oman. More specifically, I studied whether the physical and behavioural defence mecha-nisms of crabs and molluscs against predation are as well-developed in Barr Al hikman as inother coastal areas in the Indo-West Pacific, and how that affects the ecology of shorebirds thatuse these invertebrate species as a resource. In this first chapter I present a synopsis of theIndo-West Pacific biogeographical area, intertidal mudflat ecosystems in general and Barr Alhikman in particular. Next I will introduce shorebirds and the crab plover Dromas ardeola, thespecies that plays the leading part in this thesis. 
Indo-West PacificThe coastal region of the Indo-West Pacific is recognized as a separate biogeographical area onthe basis of its distinct array of marine invertebrate (e.g. molluscs, crabs) and fish species. Themarine species that live in the Indo-West Pacific became isolated from the other tropicalregions around 3 to 3.5 million years ago. Before that time, there was a more or less unbrokenconnection between all tropical oceans. After its isolation, barriers prevented species to movebetween areas. The barriers of the Indo-West Pacific as we known them today are represented
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by a deep stretch of ocean in the east, and the African continent in the west, where the landextends just far enough south to keep warm-water molluscs, crabs and benthic fish speciesfrom dispersing around Kaap de Goede hoop (Briggs 2007). During its isolation, species haveundergone a remarkable history compared with the other biogeographical areas. Marineanimals became distinctly diverse (Vermeij 1993; Briggs 2006; Ng et al. 2008) and evolvedanti-predation traits that are extremely well-developed when compared to species in otherbiogeographical regions (Vermeij 1978; Palmer 1979). There are several explanations for the remarkable history of the marine fauna in the Indo-West Pacific. Geerat Vermeij has hypothesized that the high diversity results from low extinc-tion rates and high environmental stability whereas the powerful armature are a result of along-lasting arms races which could prosper in the Indo-West Pacific because it is a large andnutrient rich area (Vermeij 1976, 1978; Kosloski & Allmon 2015, and see the subsequent chap-ters in this thesis).
Intertidal mudflatsIntertidal mudflats can be found in estuaries with a (large) tidal range. Around the world about30 large (>80.000 ha) and many more smaller areas can be found, covering all climatic zonesand biogeographical areas (Deppe 1999). Intertidal mudflats are attractive areas to doresearch, not only because of their many natural values, but also because the spatiotemporaldistribution of marine benthic food sources are often relatively easy to quantify and some ofthe secondary consumers (mainly shorebirds) can be observed with relative ease. 
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Figure 1.1. Major tropical marine biogeographical regions. Adapted from Vermeij (1993). Barr Al hikman isindicated by the arrow. 
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Within the Indo-West Pacific large intertidal mudflats are found north of Australia, aroundIndonesia, at the coastal areas of Bangladesh, India, Pakistan, Iran and several areas around theArabian Peninsula and the east coast of Africa (Butler et al. 2001; van de Kam et al. 2004;Delany et al. 2009). The intertidal mudflats of Australia have received extensive attention fromecologists. For the other areas, at best, basic information exists on the occurrence of some ofthe organisms present (e.g. Piersma et al. 1993b; Delany et al. 2009; Conklin et al. 2014).Within the Indo-West Pacific, our study system in Oman is situated in a particularly interestingarea as the area falls within the Somali current, an upwelling system that brings cold andnutrient rich water to the coasts of Oman and Yemen (Sheppard et al. 1992; Izumo et al. 2008).Due to the excessive nutrient input, upwelling systems are generally characterised by highbiological productivity of unicellular algae (such as diatoms), seagrasses and mangroves. Primary producers are the food source for a larger number of primary consumers such asmolluscs, polychaetes and crustaceans. Then, the primary consumers are the main resource fora large number of secondary consumers including fish, crabs and shorebirds (Swennen 1976;van de Kam et al. 2004). These secondary consumers depend on intertidal mudflats for theirsurvival, despite that many of them spend only part of their lives on intertidal mudflats. Forinstance, a large number of shorebird species spend the complete non-breeding season atintertidal mudflats areas (van de Kam et al. 2004). Furthermore, intertidal mudflats act asnursery grounds for many marine species, including fish, crabs and shrimps (Potter et al. 1983;Kuipers & Dapper 1984; van der Veer et al. 2001).
Barr Al HikmanBarr Al hikman is a mainland peninsula located within the Sultanate of Oman (20.6° N, 58.4° E,Fig. 1.1). The hinterland of the peninsula consists of about 1400 km2 sabkha (salt areas) whereonly bacterial and archaeal communities can persist (Vogt et al. 2018). Coastal dunes alongwith scattered mangrove stands of Avicennia marina form a narrow 5–20 fringe between thesabkhas and the intertidal mudflats (Fouda & Al-Muharrami 1995). The intertidal area consistsof about 190 km2 mudflats and some scattered reefs. Basic ecological research has shown thatthe intertidal and sublittoral area of Barr Al hikman is an important (nursery) area for marineanimals including turtles (Ross 1985), whales (Salm et al. 1993), shorebirds (Green et al. 1992)and shrimps (Mohan & Siddeek 1996). Over the last 50 years, Oman and most other countries in the Arabian Peninsula abruptlychanged from a closed and traditional society (vividly described by Thesiger (1959) in hisdeservedly appraised book ‘Arabian Sands’) into a modern economy. Many of the intertidalmudflats in the area suffered from land reclamation, pollution and overfishing (Sheppard et al.2010; Burt 2014). Yet, Barr Al hikman still features many characteristics of a pristine coastalarea (Reise 2005). The area lacks extensive dike constructions that characterize many of the‘modern’ intertidal areas (Fig. 1.2) (Reise 2005), so hydrodynamic and sedimentary processesare merely undisturbed. Extensive seagrass beds still exist, which have disappeared from otherintertidal areas (in the Dutch Wadden Sea after a wasting disease during the 1930s,  Swennen1976). The variety of shark and ray species caught in the shallow waters of Oman is similar to
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what is reported about the coastal areas in Europe a century ago (Lotze 2005, 2007). Thedensity of shorebirds are also similar to the densities in other intertidal areas before theydecreased in recent decades. 
ShorebirdsShorebirds are often regarded as sentinel species of intertidal mudflats, because their morpho-logical characteristics, their habitat use and their foraging behaviour may reflect current andpast conditions of the mudflats (Piersma & Lindström 2004). It is beyond the scope of thisthesis to review the many inspiring publications and PhD theses on shorebirds (see forinstance the last three theses of the NIOZ Royal Netherlands Institute for Sea Research andreferences therein (Bijleveld 2015; de Fouw 2016; Oudman 2017). Work which was of incred-ible help to develop the ideas presented in this thesis. Particularly, I benefited from thisprevious work that showed how to study the intrinsic relation between shorebirds and thebenthic community; that is, how morphological and behavioural anti-predation traits inbenthic invertebrate may affect prey choice in shorebirds and how we can use optimal foragingbehaviour to understand prey choice ‘decisions’ (see work by Piersma 1994; Zwarts 1997; vanGils 2004).Most shorebirds in the Indo-West Pacific, including Barr Al hikman, breed in temperate orhigh Artic regions. A few can be marked as local breeders; they migrate for breeding, but staywithin the same biogeographical area. These local species are of particular interest if we are tounderstand which parts of the ecology of shorebirds serve best as sentinels for current ecolog-ical pressures that threaten the future of coastal marine ecology of the Indo-West Pacific.Among them is the crab plover Dromas ardeola, the focal bird of this thesis.
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Figure 1.2. Barr Al hikman still features many characteristics of a pristine coastal area. The area lacks dikeconstructions and harbours seagrass beds, intact fish populations and large reef constructions. In many aspectsthis contrasts with the situation of other intertidal mudflat areas, such as the Wadden Sea in the Netherlands.Adapted from Reise (2005). 
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Crab ploversCrab plovers are shorebirds extraordinaire, with their long legs, black-and-white plumage andmassive bill (Fig. 1.3). They are in the order Charadriiformes (shorebirds), and comprise theonly member of the family Dromadidae. Their closest relatives are the probably only distantlyrelated pratincoles and coursers (Pereira & Baker 2010). The world population of crab ploversis estimated at 60.000 – 80.000 birds (Delany et al. 2009). They are endemic to the shores ofthe Indo-West Pacific, and breed exclusively on islands around the Arabian Peninsula (Rands1996). here, they breed in colonies on sandy islands and generally lay a single egg in self-exca-vated burrows (Tayefeh et al. 2013b). Temperature inside the burrows is close to optimal forembryo development, and probably allow crab plovers to spend a large amount of time off thenest (De Marchi et al. 2008; De Marchi et al. 2015a). After hatching, chicks remain within thebreeding area until the end of the breeding season, where they are provisioned by both of theparents (Almalki et al. 2015). In autumn, they join one of their parents in migration to the non-breeding area, where parental care continues (De Sanctis et al. 2005). The heavy bill and the
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Figure 1.3. Crab plovers are shorebirds extraordinaire. This picture shows a crab plover with a young. Crabplovers are generally provisioned by one of their parents throughout their entire first year. 
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frontally positioned eyes indicate that crab plovers forage on well-defended prey which theydetect by visual hunting. Indeed, some literature and a large number of pictures on the internetshow that the diet of crab plovers include massive crabs that strongly defend themselves(Swennen et al. 1987). The environment to which crab plovers are endemic is relatively poorlystudied by biologists, and much of the life-history of the species remains unknown.
Thesis outlineThe fundaments of this thesis are laid in Chapter 2 which describes the macrozoobenthiccommunity in terms of species abundances but also with respect to their morphological andbehavioural anti-predation characteristics. The main conclusion of this chapter is that crabshave a profound role in shaping the ecosystem. Chapter 3 describes the spatiotemporaldynamics of crab in relation to the intertidal environment in more detail. Chapter 4 concernsthe burrow architecture of some of the crabs that can be found at Barr Al hikman. Then wemove on to the shorebirds, which starts in Chapter 5 with a general description of the shore-bird community on the basis of three winter surveys. In the next chapter, Chapter 6, the crabplover is introduced in more detail when we put the survey results to the test by matchingthem with demography (survival and reproduction) estimates based on colour ring observa-tions. Chapter 7 and Chapter 8 focus on the processes that shape the foraging behaviour ofcrab plovers, highlighting that crab plovers prefer swimming crabs with well-developed arma-ture. To study the (foraging) behaviour of crab plovers in more detail, a method to classify crabplover behaviour from state-of-the-art GPS and accelerometer tracking technology is devel-oped in Chapter 9. In Chapter 10 we used this method to study the whereabouts of the crabplovers in relation to the tidal cycle and link them to the behaviour of their preferred prey.
Chapter 11 takes a brief excursion to Kuwait, the breeding grounds of the crab plovers winter -ing at Barr Al hikman. It describes some basic aspects of breeding ecology. It also provides anestimate of the total breeding population size at Kuwait, and update the list of currently knownbreeding areas. In Chapter 12 I aim put the results in a wider context by discussing the evolu-tionary processes that have shaped the crab plover, crabs and molluscs, and their intimate rela-tion with the environment they live in. Finally, I will expand on how these findings maycontribute to our general understanding of the processes that shaped the Barr Al hikmanecosystem, and discuss its importance for the management of its natural resources. The results here presented here are based on over eight years of observations that, to cite thegreat naturalist Gilbert White, ‘are, I trust, true in the whole, though I do not pretend to say thatthey are perfectly void of mistake, or that a more nice observer might not make many addi-tions, since subjects of this kind are inexhaustible.’ (White 1789)
AcknowledgementsI thank Thomas Oudman, Theunis Piersma and Jan van Gils for constructive comments on an earlier version ofthis chapter and Maaike Ebbinge for preparing figure 1.1 and 1.2.
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