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Abstract 

 

The St Lucia estuarine lake, located within the iSimangaliso Wetland Park, is one of South 

Africa’s first UNESCO World Heritage Sites. The system has historically experienced natural 

and anthropogenic environmental change and is currently moving to a new dry phase, after a 

prolonged drought (2002-2011) and a brief wet phase (2012-2014), while still displaying 

limited connectivity to the marine environment. Several habitat types occur around the lake 

and, as expected, the diversity of true crabs around the lake is fairly extensive, although 

research surrounding this topic is lacking. Since the last survey conducted in 1965, when 26 

species were found around the lake, many are now absent from the system, with only 15 

species being recorded at present. Population distributions vary with species sensitivity to 

environmental change. In particular, two groups were expected to increase in distribution 

throughout the St Lucia system during the short wet phase. These are the freshwater crabs 

(Potamonautes spp.), which were expected to move through the lake in response to flooding, 

and the fiddler crabs (Uca spp.) which started recolonising the mangroves with increased 

connectivity of the St Lucia to the ocean. 

New niches created through environmental change promote speciation. A new species of 

Potamonautes was described from the ephemeral pans on the western shore of False Bay. 

Endemic species are thought to be an indicator of high biodiversity and have traditionally 

been crucial to conservation planning. The most abundant freshwater crab around the lake is 

Potamonautes sidneyi. Stable isotope analyses showed that the species plays an important 

multi-trophic and adaptable role as an opportunistic consumer and detritivore.  

Four species of fiddler crabs occur in South Africa at their poleward limit. The St Lucia 

populations persist despite the virtually non-tidal state of their habitat. This is a rare 

phenomenon around the world but one that is expected to increase with environmental 

change. The physiological response of a key fiddler crab species, Uca annulipes, was 

investigated by examining feeding dynamics using an in situ gut fluorescence technique. The 

feeding dynamics, usually influenced by sexual dimorphism, tide and diel rhythms, now only 

appear to be influenced by daylight hours and sexual dimorphism. Furthermore, the 

population had a significant impact on the MPB community consuming up to 10.73% of 

MPB stocks daily. Due to the lack of tidal influence, there is little recovery time for these 

communities and thus cumulative effects of fiddler crabs on MPB in non-tidal systems can be 

significant. However, although adults are able to survive in this environment, larvae require a 

marine connection and are unable to tolerate a wide fluctuation in salinity. The brackish 

environment of the St Lucia Narrows region is unsuitable and the populations can therefore 

not be self-sustaining.  

This research contributes towards scientific knowledge of the response of true crabs to 

environmental change. Brachyurans are key factors to consider during conservation planning 

as they are crucial to maintain ecosystem function in the face of environmental change. 
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“Nature's creative power is far beyond man's instinct of destruction.” 

20 000 Leagues under the Sea 

Jules Verne 

 



 

 

 

 

 

 

 

 

 

 

In his book entitled ‘The Book of Barely Imagined Beings’, Caspar 

Henderson declares: 

“And only recently have we begun to 

learn that the seas are rich with real rather 

than mythical beings that are strange and 

sometimes delightful in ways we would 

never have imagined – that there are, for 

example, creatures as tall as men which 

have no internal organs and thrive in 

waters that would scald us to death in 

moments, that there is a vast world of cold 

darkness in which almost all creatures 

glow with light, or that there are 

intelligent, aware animals that can squeeze 

their bodies through a space the width of 

one of their eyeballs.” 

We can safely say that this holds true for not only the ocean but 

the various other biomes that make up this world as well. 
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General introduction 

 

Environmental change, both naturally and anthropogenically driven, is inevitable and 

involves both habitat transformation and climate change. In this thesis, global change refers 

to the environmental change experienced on a worldwide scale. The negative effects of 

environmental change have been well-documented, some of which include the loss of 

biodiversity, a depleted ozone layer, sea level rise, ocean acidification, habitat destruction and 

the increased susceptibility of ecosystems to invasive species and pathogens. However, the 

effects are not always negative (Hoffmann and Hercus 2000; Bellard et al. 2012). Examples 

of the positive effects of environmental change include speciation (Hua and Wiens 2013), 

favourable or reduced host-pathogen interactions (Voutilainen et al. 2012; Hicks et al. 2015), 

and the creation of more specialised habitats promoting diversity and abundance of associated 

biota (Ethier and Fahrig 2011; Sirami et al. 2013). Ecosystems are not always threatened and 

can be somewhat resilient to changes in the environment. Ecosystem resilience depends on a 

suite of ecological factors. Furthermore, the two-way relationship between ecology and 

environmental change is a complex one where a change in the environment influences the 

associated ecological structure and vice versa. Many ecological paradigms are thus linked 

closely to environmental change.  

The diversity-function relationship in ecosystems is a well-studied one (Macarthur 

1955; Goodman 1975; Loreau 2000) and basically states that a greater biodiversity promotes 

ecosystem stability and resilience through the assured maintenance of ecosystem processes 

and reduced susceptibility to species invasion. Ecosystem stability, or resistance, is defined as 

the ability of an ecosystem to return to its original stable state after a disturbance, while 

ecosystem resilience refers to the ability of an ecosystem to absorb changes and maintain the 

relationships between populations along with the ecosystem state (Holling 1973). 

Additionally, greater biodiversity insures the delivery of ecosystem goods and services which 

are economically valuable (Chapin et al. 2000). However, in order to efficiently conserve 

biodiversity and ecosystem function it is essential to understand how specific key 

components respond to these shifts (Dawson et al. 2011). Some organisms are more tolerant 

or adaptable to change and persist because of these qualities. These are the organisms that are 

most likely to create a stable and resilient ecosystem (Nelson et al. 2007; Côté and Darling 

2010). 
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True crabs (brachyurans) are an example of such organisms. They are key components 

of many aquatic ecosystems and act as bio-engineers through burrowing activity and 

disturbance whilst feeding (Kristensen 2008; Araujo et al. 2012). In this way they directly 

impact their associated environment and indirectly impact all other sympatric counterparts 

(Retraubun 1998; Kristensen 2008). Brachyurans are opportunistic feeders and thus form 

integral trophic links usually as primary or secondary consumers (Dye and Lasiak 1986; Hill 

and O’Keefe 1992; Miller and Morgan 2014), or even as top predators (Klaus and Plath 

2011) due to their ability to feed on a wide variety of food sources. Furthermore, they 

facilitate the decomposition process by breaking down detritus and organic matter whilst 

feeding on detritus and in this way are also responsible for the retention of nutrients in 

nutrient-poor environments (Lee 2008; Bui and Lee 2014). Due to their mobile nature, they 

also link various habitat types i.e. terrestrial and aquatic, benthic and pelagic, etc. (Morris and 

van Aardt 1998; Lee 2008). True crabs are highly adaptable, able to survive in extreme 

habitats (Guinot and Hurtado 2003; Klaus and Plath 2011) and subsequently show a high 

tolerance to environmental changes, both natural and anthropogenic (Cannicci et al. 2009; 

Fusi et al. 2014). 

The St Lucia Estuary is situated on the east coast of South Africa and is the largest 

estuarine lake in Africa, covering an area of approximately 300 km
2
 (Cyrus et al. 2011). It 

forms a crucial part of the iSimangaliso Wetland Park, South Africa’s first UNESCO World 

Heritage Site, and is a RAMSAR Wetland of International Importance. The estuarine lake is a 

well-known biodiversity hotspot which falls within the Maputaland centre of endemism 

(Smith et al. 2008). The system experiences natural large-scale fluctuations between flood 

and drought events (Stretch et al. 2013). This leads to variations in water levels which in turn 

affect the salinity, evaporative water loss, hydrodynamics and the open or closed state of the 

estuary mouth (Perissinotto et al. 2013). Additionally, human influence and management of 

the system have exacerbated the impact of the climatic changes experienced by the lake 

during the past century. The adjacent Mfolozi River was once connected to the St Lucia 

Estuary at the mouth. Prior to 1952, this river was an important freshwater source to the St 

Lucia system and created a more stable mouth condition (Lawrie and Stretch 2011). The 

increase in agriculture and plantation practices created a demand for freshwater in the region, 

a demand that was met through canalisation of the Mfolozi River. Increased agricultural 

practices led to the degradation of the Mfolozi swamps and, subsequently, the filtering 

service provided by this habitat was diminished. Increased sediment flow into the Mfolozi 
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River adversely affected the St Lucia estuarine system and the two waterbodies were 

separated. The St Lucia mouth was artificially maintained open until 2002, when human 

intervention ceased and the mouth naturally closed. The mouth remained closed permanently 

except for a 6-month breach caused by Cyclone Gamede in May 2007. Recently a 

management decision has been taken to reconnect the St Lucia and Mfolozi mouths 

(Whitfield et al. 2013). Anthropogenic change and management are still heavily incumbent 

on the St Lucia system, despite its current heavily-protected status (Whitfield and Taylor 

2009). 

Currently, two main changes are occurring in the St Lucia estuarine lake. The first is 

the climatic change from a prolonged drought phase (2002-2011) to a brief freshwater-

dominated phase (van Elden et al. 2014) (2012-2014) and eventually back to a new dry spell 

(2015-present). As a result, the entire system experienced lower salinity and a rapid increase 

in water level during the wet phase, alleviating the desiccation and hypersalinity experienced 

in large parts of the system during the previous decade (Whitfield et al. 2013). The second 

change is related to management and human-induced transformation of the system, involving 

among others the relinkage of the St Lucia and Mfolozi mouths to form a combined inlet 

from the ocean (Whitfield et al. 2013). This change is also expected to reduce desiccation and 

hypersalinity around the lake, as well as create optimal conditions for a predominantly open 

mouth state (Lawrie and Stretch 2011; Stretch et al. 2013), leading to increased connectivity 

between the St Lucia estuarine system and the oceanic environment. 

The lake hosts a wide range of habitat types, both around (mangrove forests, freshwater 

dune seepage points, salt marsh, sand forests – Taylor et al. 2006; Adams et al. 2013) and 

within the lake (open water, intertidal shoreline, dry shoreline, groundwater dependent 

shoreline – Taylor et al. 2006) . This habitat diversity in turn promotes a high level of 

biodiversity with various freshwater, estuarine and marine species having been recorded in 

the system over time (Millard and Broekhuysen 1970; Whitfield et al. 2006; Nel et al. 2012; 

Perissinotto et al. 2014). Accordingly, brachyurans have been recorded around the lake in a 

variety of habitats, both terrestrial and aquatic (Millard and Broekhuysen 1970; MacKay et 

al. 2010). Despite environmental changes and habitat shifts around the system, the drivers of 

movement and survival of these key ecosystem components have not been investigated. 

Many factors are known to influence the distribution and ecology of crabs, i.e. connection to 

the ocean, salinity, water availability, predators, food availability, space and competitors 

(Barnwell 1966; Hodgson 1987; Owen 2003; Lee 2008). Due to the mobile nature of these 
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crustaceans, species may migrate out of the system in response to a stimulus in search of a 

more suitable habitat. However, as crabs are also known to be highly adaptable and 

opportunistic (Fusi et al. 2014), it is possible that they may persist despite environmental 

changes and overcome certain challenges, e.g. by using dietary shifts with changes in 

available food sources or by burrowing to avoid desiccation. 

With the current changes occurring in the St Lucia Estuary, i.e. the natural movement 

from a drought to a flood phase and back to drought, and the anthropogenic reconnection of 

the St Lucia and Mfolozi mouths, two associated events are expected regarding the 

distribution and ecology of brachyurans within the St Lucia system. The first is the 

movement of freshwater crabs (Genus Potamonautes MacLeay, 1838) out of the system 

during the drought phase and their subsequent spread through the system at the onset of the 

freshwater phase. The most apparent threats to diversity of freshwater crabs are loss of 

habitat and habitat degradation with sedimentation, increased nutrient loading and reduced 

water quality (Yeo et al. 2008; Marijnissen et al. 2009). Some recent work has been done on 

the taxonomy and genetics of the genus leading to the discovery and description of a few new 

species (Gouws et al., 2000; Daniels et al., 2001; Gouws et al., 2001; Daniels 2006; Daniels 

and Bayliss 2012; Daniels et al. 2014; Phiri and Daniels 2014; Daniels et al. 2015). Within 

the iSimangaliso Wetland Park itself, systematics of the genus have not been examined in 

recent years. A range of specialised habitats creates various niches and drives speciation. This 

means that the park has a high potential for endemism. 

The most dominant freshwater crab species around the St Lucia Lake is Potamonautes 

sidneyi Rathbun, 1904. However, the trophic role of this species in the system has not been 

investigated and is poorly understood. Reports suggest that members of the genus may occur 

in high densities (Hill & O’Keeffe, 1992), usually around shallow streams, swamps and lake 

edges (Reavell & Cyrus, 1989). The latter authors have also suggested that Potamonautes 

spp. play an integral role in trophic functioning of ecosystems, by utilising energy from 

various trophic levels and making it available to a wide variety of organisms, either directly 

through predation or indirectly by facilitating the decomposition of organic matter through 

feeding. In addition to this, freshwater crabs form a spatial link between aquatic and 

terrestrial habitats as a result of their amphibious lifestyle (Morris & van Aardt, 1998).  

The second expected observation is the recolonisation of the St Lucia mangroves by 

fiddler crabs (Genus Uca Leach, 1814) with increased marine connectivity. Fiddler crabs are 

cosmopolitan flagship species, occurring in tropical and subtropical habitats, particularly 
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mangrove swamps which are currently declining worldwide. Over 100 species of Uca have 

been described, five of which occur in South Africa at their southernmost distribution range. 

Little is known about the ecology of fiddler crabs in this region, despite the wide array of 

studies conducted on this genus globally.  

Fiddler crabs are key species in mangroves where they can occur in high densities 

(Cannicci et al. 2009). Their primary food source is microphytobenthos and their feeding 

rhythms are known to be influenced by tidal and diel rhythms (Barnwell 1966). However, in 

the St Lucia mangroves, fiddler crabs currently exist in a non-tidal habitat. The St Lucia 

fiddler crabs thus present an opportunity to examine ecological dynamics of a tidally-

influenced taxon in a non-tidal environment.  

A possible driver of Uca survival in the St Lucia estuarine system includes reduced 

marine connectivity affecting zoeal development through retention in the St Lucia estuarine 

system. Here zoeae would be subjected to increased predation, salinity fluctuations and silt 

loading. All African fiddler crab species are known to undergo a marine-dependent larval 

phase during development. It is expected that with the closure of the St Lucia Estuary mouth 

to the sea, fiddler crabs would migrate out of the unfavourable St Lucia environment. They 

could form refuge populations in the nearby Mfolozi mangroves and recolonize the St Lucia 

mangroves once marine connectivity has been restored.  

In summary, the ecological role of brachyurans in the St Lucia system has been largely 

unexplored. It is critical to understand the diversity, distribution and role of these organisms 

in the face of natural and anthropogenic environmental change. Due to their resilient, wide-

spread, and adaptable nature, the biodiversity and ecology of crabs would be a key aspect in 

decision-making within an already degraded World Heritage Site. Understanding the factors 

that structure crab diversity and ecology is also crucial for management of the system and the 

following hypotheses were formed to address this.  

1. The diversity of brachyurans in Lake St Lucia has changed in response to 

environmental change around the lake. 

2. Speciation could be facilitated by the unique suite of habitats within and around the St 

Lucia estuarine lake leading to the presence of potentially endemic species. 

3. The diet of resilient organisms such as brachyurans would change with a shift in 

habitat and associated food availability. 

4. Environmental stress affects species already at their southern boundary. 
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5. Mangrove crabs adapt to a lack of tidal influence, by adjusting their feeding ecology, 

for instance. 

6. Not all stages of fiddler crabs survive the effects of natural and anthropogenic change 

when retained in a closed estuary. 

Hence the main objectives of this study were: 

1. To examine the change in the diversity of true crabs (Crustacea: Brachyura) in the St 

Lucia Estuary over time. 

2. To examine the morphology of potentially endemic and undescribed species that were 

highlighted in the earlier biodiversity survey.  

3. To investigate the change in diet of Potamonautes sidneyi associated with an 

environmental change or ontogenetic shift. 

4. To review the ecology of fiddler crabs in South Africa with emphasis on the history of 

their distribution within the St Lucia Estuary. 

5. To determine the feeding dynamics of Uca annulipes in the non-tidal St Lucia 

mangrove habitat. 

6. To investigate the impacts of silt loading and salinity fluctuations in the St Lucia 

Estuary on the survival of first stage fiddler crab zoeae. 
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Chapter 1 
 

Lake St Lucia hosts a wide range of habitat diversity, which in turn promotes a rich 

biodiversity. Various freshwater, estuarine and marine species have been recorded in the 

system over time. Brachyuran species have been recorded around the lake in a variety of 

aquatic habitats, from hypersaline to freshwater dominated, with some persisting despite 

drastic environmental disturbances. Species are regarded as building blocks of ecosystems 

and should be monitored in areas granted special conservation status. However, the true crabs 

of St Lucia remain poorly investigated with the last dedicated biodiversity survey conducted 

by Millard and Broekhuysen in the late 1940’s. A biodiversity census was necessary to 

determine the present diversity of true crabs in and around the St Lucia estuarine lake 

complex as well as to determine the change in diversity over time as a response to physical-

chemical changes within the system. 

 

Note: Part of this chapter has been submitted in partial fulfilment of a Honours degree. 

However, the diversity census was continued and completed during the PhD, in order to provide the 

foundations and rationale for the other chapters. Substantial changes were made to the original 

Honours report, both in the text and the checklist prior to submission for publication and inclusion in 

this thesis.  
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Chapter 2 
 

One expected observation in the St Lucia estuarine lake was the spread of freshwater crabs 

(Potamonautes spp.) through the system with the onset of the freshwater phase, between 

2011 and 2013. As a result of the biodiversity census (Chapter 1), a morphologically-distinct 

form of the freshwater crab Potamonautes lividus was discovered in the ephemeral pans 

around False Bay. The genus Potamonautes has been subject to ongoing genetic and 

morphological analyses with several undescribed species being discovered recently. Within 

the iSimangaliso Wetland Park itself, the systematics of the genus have not recently been 

examined, even though a high potential for endemism is created by a range of specialised 

niches in the park. A new species is described in this chapter following genetic and 

morphological analyses.  
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Chapter 3 
 

The dominant freshwater crab species around the St Lucia Lake is Potamonautes 

sidneyi Rathbun, 1904. However, the trophic role of this species in the system has not been 

investigated and is poorly understood. Reports suggest that members of the genus may occur 

in high densities, usually around shallow streams, swamps and lake edges. It has also been 

suggested that Potamonautes species play an integral role in the trophic functioning of 

ecosystems, by utilising energy from various trophic levels and making it available to a wide 

variety of organisms, either directly through predation or indirectly by facilitating the 

decomposition of organic matter through feeding. In addition to this, freshwater crabs form a 

spatial link between aquatic and terrestrial habitats as a result of their amphibious lifestyle. A 

stable isotope approach was used here to investigate the trophic role of the species in St 

Lucia. Comparisons in diet were made between two discrete habitat types and two seasons, to 

examine the influence of habitat change and season on its trophic role.  
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Chapter 4 
 

A major observation made during the biodiversity census (Chapter 1) was the potential 

recolonisation of the St Lucia mangroves by fiddler crabs (Genus Uca Leach, 1814). This is 

expected with increased marine connectivity. Fiddler crabs are cosmopolitan flagship species, 

occurring in tropical and subtropical habitats, particularly mangrove swamps which are 

currently declining worldwide. Over 100 species of Uca have been described, five of which 

occur in South Africa at their southernmost distribution range. Little is known about the 

ecology of fiddler crabs in this region, despite the wide array of studies conducted on this 

genus globally. The aim of this chapter was to review the ecology and distribution of fiddler 

crabs in South Africa with emphasis on the St Lucia population. St Lucia is a unique habitat 

due to the current lack of tidal influence in the associated mangrove swamps. This is 

significant, as it provides a unique model for global change, as many aquatic habitats are 

expected to undergo decreased marine connectivity with habitat transformation and 

fragmentation.  
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Chapter 5 
 

The lack of tidal influence in mangrove systems is a rare phenomenon but one that is 

expected to increase with global environmental change. The response of ecosystems to such a 

prominent environmental rhythm is virtually unexplored. The feeding rhythms of fiddler 

crabs are known to be influenced by tidal and diel rhythms (Barnwell 1966). However, in the 

St Lucia mangroves, fiddler crabs currently exist in a non-tidal habitat. The St Lucia fiddler 

crabs thus present an opportunity to examine ecological dynamics of a tidally-influenced 

taxon in a non-tidal environment. An in situ gut fluorescence technique was used in this case, 

as the primary food source of fiddler crabs is microphytobenthos.  
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Chapter 6 
 

A lack of tidal influence is brought about by reduced marine connectivity. This is often 

the case in coastal systems that have been subjected to anthropogenic modifications. A 

possible driver of Uca survival in the St Lucia estuarine system includes reduced marine 

connectivity affecting zoeal development through retention within the St Lucia system. Here 

zoeae would be subjected to increased predation, salinity fluctuations and silt loading. All 

African fiddler crab species are known to undergo a marine-dependent larval phase during 

development. It is expected that with the closure of the St Lucia Estuary mouth to the sea, 

fiddler crabs would migrate out of the unfavourable St Lucia environment. They could form 

refuge populations in the nearby Mfolozi mangroves and recolonize the St Lucia mangroves 

once marine connectivity has been restored.  

This chapter is currently in press in African Journal of Marine Science. 
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ABSTRACT 

Fiddler crabs (Uca spp.) undergo the zoeal stage of development in open ocean waters 

experiencing stable salinity levels, low turbidity and reduced predation. The St Lucia Estuary 

has undergone many geomorphological changes, both natural and anthropogenic, and the 

estuary mouth has been closed since the early 2000s. Marine connectivity therefore is limited, 

occurring only on the flood tide through channels connected to the adjacent Mfolozi River. 

Larval export from the St Lucia Estuary is thus virtually non-existent. A study was 

undertaken to examine the silt and salinity tolerance of Uca annulipes first stage zoeae, to 

determine whether survival in the closed estuary conditions would be possible. Salinity 

tolerance was narrow, with zoeae displaying 100% mortality at salinities <20 ppt and >35 ppt 

after five days. Zoeae were widely tolerant to silt loading and did not display a significant 

decrease in survival over a range of 0 NTU to 1000 NTU. A limited salinity tolerance is in 

accordance with the life history strategy of this species, while a high tolerance to turbid 

waters can be advantageous to small-bodied merozooplankton. Marine connectivity is thus 

essential for the persistence of Uca annulipes in this estuarine habitat. 

RUNNING TITLE: Effects of silt and salinity on fiddler crab zoeae 

KEYWORDS: Larval export; salinity tolerance; turbidity; St Lucia Estuary; closed mouth 

conditions; global change 
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INTRODUCTION 

With the global advance of a changing climate and increasing anthropogenic activity 

around aquatic systems, changes in the hydrodynamics of estuaries, lagoons and coastal lakes 

are inevitable. It is predicted that as climate change progresses, an increase will be seen in the 

frequency of extreme climatic events such as droughts and floods (Easterling et al. 2000). 

Such events alter the freshwater inflow to estuaries and affect the formation of sand berms at 

the ocean/estuary interface (Gillanders et al. 2011). Regarding anthropogenic change, the 

redirection of water flow and change in land use are predicted to cause habitat destruction 

and a decrease in riverine inputs to estuaries across the globe (Kennish 2002). This will 

further influence the degree of marine connectivity experienced by these estuaries, lagoons 

and coastal lakes and impact the physico-chemical conditions of these systems. Naturally, 

associated ecosystems are affected by these changes along with migratory species. Although 

studies have previously addressed the salinity tolerance and estuarine retention of fiddler crab 

zoeae (O’Connor & Epifanio 1985; Spivak & Cuesta 2009), to our knowledge, no studies 

have directly examined the effect of reduced marine connectivity on the development and 

survival of species with a marine-dependant life stage. 

The St Lucia Lake is part of a UNESCO World Heritage site and is a Ramsar Wetland 

of International Importance. It consists of three connected lakes all joined to the estuary 

mouth via a channel called the Narrows. Historically the lake was connected to the adjacent 

Mfolozi River via a back channel, link canal and both systems formed a combined inlet open 

to the sea. With the advent of agriculture, canalisation of the Mfolozi River in 1927 allowed 

for the inflow of large amounts of silt into both systems. As a result, the two mouths were 

separated in the 1950s and the St Lucia Estuary mouth was artificially maintained open until 

2002 when it closed off to the sea (Whitfield et al. 2013). While the two systems were still 

linked via the back channel and link canal, marine connectivity in St Lucia was minimal and 

salinity levels were not tidally influenced (Whitfield et al. 2013). Episodic flooding may have 

further rapidly decreased the salinity within the system (Cyrus 1988), while drought 

conditions and habitat deterioration prevailed with water levels becoming very low.  

Under closed mouth conditions, a reverse salinity gradient formed within the system, 

where fresh to brackish waters were recorded near the mouth while the upper reaches of the 

estuary became hypersaline (Carrasco & Perissinotto 2012). Furthermore, turbidity levels 

throughout the lake increased under closed mouth conditions. The ecology of the lake was 

affected by the subsequent change in the system due to the adverse effects of elevated 

turbidity and drastic salinity fluctuations (Cyrus et al. 2011; Carrasco & Perissinotto 2012). 

Species that were less mobile or sedentary were trapped in the system and died out (Nel et al. 

2012; Perissinotto et al. 2014), while species that were highly mobile and able to leave the 

system formed small refuge populations elsewhere (Peer et al. 2014). A recent management 

decision was taken to reconnect the beach spillway between the Mfolozi and St Lucia 

estuaries in an attempt to manage the problem of sporadic changes in physico-chemical 

parameters and drought-like conditions (Whitfield et al. 2013). 
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Fiddler crabs (Genus Uca) are flagship species of mangrove swamps, sand flats, mud 

flats and other intertidal habitats. This is largely due to their cosmopolitan distribution, 

pronounced heterochely in males (characteristic of the genus) and sometimes brightly 

patterned and coloured carapaces and appendages. The life cycle of fiddler crabs has been 

extensively outlined (Crane 1975; Brodie et al. 2005), with females undergoing a two week 

gestation period and releasing larvae on a crepuscular high tide, so that they can be carried 

out to the open ocean with the nocturnal ebb flow (Christy 1989; Forward Jr et al. 2001). 

Zoeae undergo multiple moults in open water until the megalopa stage is reached. At this 

point they re-enter the estuary using a flood-tide transport mechanism (Borgianini et al. 2012) 

and settle once they reach the first crab instar stage (O’Connor 1991; Tankersley & Forward 

Jr 1994). Settlement cues include chemical cues from adults as well as physico-chemical 

parameters, the time of day and habitat suitability (O’Connor 1993; Brodie et al. 2005). 

Four species of Uca once inhabited the mangrove swamps around the St Lucia mouth 

area (Millard & Broekhuysen 1970) i.e. Uca annulipes (H. Milne Edwards, 1837), Uca 

chlorophthalmus (H. Milne Edwards, 1837), Uca hesperiae Crane, 1975 and Uca urvillei (H. 

Milne Edwards, 1852). However, in recent surveys all four species were recorded as absent 

(Peer et al. 2014). The closure of the estuary mouth was suggested as responsible for the 

disappearance of Uca spp. from the system. The reduced marine connectivity would have 

rendered the system unsuitable for the development of Uca larvae and maintenance of the 

community. Whilst megalopae would be carried into the system via the back channels during 

the flow tide, it is unlikely zoeae would have been carried out to sea. Aside from the 

increased predation experienced by the zoeae trapped in the estuary within this period 

(Morgan & Christy 1996), low salinity and silt loading would have also affected survival and 

recruitment (Cyrus et al. 2011). Recently small populations of Uca spp. have been observed 

in mangrove habitats near the mouth. Recolonisation is fostered by the presence of refuge 

populations in the mangrove swamps around the Mfolozi River. However, as more extreme 

flood and drought events are predicted for the future, it is imperative to determine more 

accurately the factors affecting survival and recruitment of these flagship species in the 

mangrove swamps of St Lucia.  

Larvae are typically stenohaline, able to tolerate stable marine environments (Morgan 

1987), however a few exceptions have a wider range similar to their adult counterparts 

(Epifanio et al. 1988). The aim of this study was to determine whether Uca annulipes zoeae 

could possibly survive under closed mouth conditions by examining the tolerance of first 

stage larvae to salinity and silt loading. Zoeae were subjected to a range of salinities and 

turbidity levels in the laboratory. It is hypothesised that at low salinity and high turbidity 

levels zoeae would experience increased mortality due to osmotic stress (Anger 2003) and 

physical abrasion (McCabe and O’Brien 1983) respectively. Currently two of the four Uca 

species have recolonized the mangroves i.e. U. annulipes and U. chlorophthalmus. Uca 

annulipes is currently the most abundant and widespread species of fiddler crabs within the 

system and was thus used as test species in this study. 
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MATERIALS AND METHODS 

Study site and physico-chemical parameters. 

The St Lucia Estuary is located between longitudes 32°20’ and 32°35’E and latitudes 

27°50’ and 28°25’S on the north east coast of South Africa. It is the largest estuarine system 

in Africa, spanning an area of approximately 300 km
2
 (Begg 1978). The lake is characterised 

by prolonged flood and drought events and naturally experiences large scale salinity 

fluctuations. Despite recent increased marine connectivity, St Lucia is still considered a non-

tidal habitat. Zoeae were collected from an island in the Narrows region of the estuary close 

to the mouth (Fig. 1).  

Physico-chemical parameters were measured using a YSI 6600-V2 multiprobe system. 

Turbidity was measured in Nephelometric Turbidity Units (NTU) and salinity was measured 

in practical salinity units. Historical data were also obtained from published literature 

(Fielding et al. 1991; Cyrus 1992). 

 

Fig. 1: Map of the St Lucia estuarine lake on the east coast of South Africa. The sampling location is 

indicated by a black dot.  
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Larval collection and maintenance 

Zoeae were collected on the 7
th

 of January 2015, 2 days after the full moon as this is 

known to be the ideal time for spawning. A 100µm zooplankton tow-net was used and, once 

identified using a field microscope, zoeae were placed in buckets of water collected at the 

site. Once in the lab, buckets were aerated and zoeae were acclimated for a period of 16 

hours. The larvae were subject to a 12:12 h light:dark regime using artificial light in the 

laboratory and maintained at a constant temperature (25°C) and salinity (35) in the holding 

buckets. A stable marine salinity of 35 was maintained as this is the optimal temperature for 

the survival of Uca larvae. No molting occurred during the experimental period so it is safe to 

assume that the length of time taken for stage I zoeae to molt to stage II is at least five days.  

Salinity tolerance 

Estuarine water was filtered through a Whatman Glass Fibre Filter (0.7 µm mesh size) 

to remove any unwanted grazers. For the shock treatment, salinity solutions of 0, 10, 20, 35 

and 50 were pre-made using ‘Instant Marine’ artificial aquarium salt and larvae were placed 

directly in the test salinity. For the acclimation experiment, zoeae were placed in treatments 

and the desired salinity was reached over a period of 24 hours at which point the experiment 

began. During this time, the rate of change of salinity was no greater than 3 units.hr
-1

. In both 

experiments, salinity was monitored daily throughout the experimental process using a 

handheld refractometer and a stable salinity was maintained throughout the experiment. Each 

treatment contained five replicates, with ten individuals per replicate placed in a 100ml 

polyethylene vial and mortality monitored at hours 2, 4, 8, 16, 24, 48, 72, 96, and 120 hours. 

Water in each treatment was changed every two days and zoeae were fed 1 ml per treatment 

of a phytoplankton stock solution daily. Larvae were maintained under the 12:12 LD cycle at 

25°C at a turbidity of  <3 NTU.  

Silt tolerance 

Silt was collected from the site using a shovel and combusted at 450°C for 4 hours to 

remove any organic matter. Once more, estuarine water was filtered through a Whatman 

Glass Fibre Filter (0.7 µm mesh size) to remove any unwanted grazers from the experimental 

medium. For the shock experiment, filtered estuarine water was used to make turbidity 

treatments of 0, 50, 100, 500 and 1000 NTU and zoeae were then placed directly into each 

treatment. Turbidity in the mouth and Narrows region has never been recorded to exceed 300 

NTU (Carrasco et al. 2013; Jones et al. 2015). However, Jones et al. (2015) point out that the 

excessive turbidity (2500 NTU) of the nearby Mfolozi system could potentially increase the 

turbidity of the St Lucia itself if the two systems are reconnected as they have been in the 

past. For this reason, a maximum turbidity level of 1000 NTU was considered to be a more 

than sufficient experimental limit. For the acclimation experiment, the desired turbidity was 

reached over a 24 hour period with a maximum rate of change of 30 NTU.hr
-1

 and the same 

turbidity values were used. Each treatment contained five replicates, with ten individuals per 

replicate placed in a 100ml polyethylene vial and mortality monitored at hours 2, 4, 8, 16, 24, 

48, 72, 96, and 120 hours. Turbidity was monitored regularly throughout the five day 
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experiment using a HANNA HI 93703 portable turbidity meter. Silt was kept in suspension 

by placing all treatments on a plankton wheel rotating at a speed of 4 revolutions per minute. 

Water in each treatment was changed every two days and zoeae were fed 1 ml per treatment 

of a phytoplankton stock solution daily. Larvae were maintained under the 12:12 LD cycle at 

25°C at a salinity of 35. 

Data analysis 

All data were analysed and graphs constructed using STATISTICA v 12 (Statsoft 

2013). Data were not normally distributed even after transformation. However, it has been 

noted that ANOVA is robust enough to perform statistical analyses on data, even if they are 

not normally distributed (Zar 1996; Carrasco & Perissinotto 2011). So a two-way repeated 

measures ANOVA was used to examine the effects of salinity, turbidity and time as well as 

the interaction effects of salinity/time and turbidity/time on the survival of zoeae in both the 

shock and acclimation treatments. Each bottle containing ten individuals was considered as 

one replicate. Time was used as the within-subject factor, while silt and salinity were used as 

between-subject factors. Ten levels were used for each test. An independent samples t-test 

was used to determine whether survival varied between acclimation and shock treatments of 

salinity and turbidity.  

 

RESULTS 

Physico-chemical parameters 

Historical salinity data show the changes in salinity near the estuary mouth since 1964 

(Fig. 2A). A trend of low salinities (8.2 ± 1.9 SD) over the last ten years is seen with two 

intermittent spikes indicating the breach following Cyclone Gamede (March 2007) and the 

excavation of the beach spillway connecting the Mfolozi and St Lucia estuary mouths (July 

2012). Turbidity levels in the Narrows region and near the mouth have seldom exceeded 300 

NTU (Fig. 2B). There is a substantial lack of turbidity data prior to 1981 and from 1983 to 

2004.  
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Fig. 2: Changes in (A) Salinity (ppt) and (B) turbidity (NTU) levels in the St Lucia mouth 

and Narrows region between 1980 and 2015. The thick line in A indicates the minimum value 

at which > 50% of first stage larvae survived under experimental conditions. Turbidity data 

for the period 1980 – 1983 were obtained from Cyrus (1992) and Fielding et al. (1991). No 

turbidity data are available for the period between the 1983 and 2004. 

Response to salinity 

Salinity was found to significantly affect the survival of first stage zoeae after five days 

(Table 1; Fig. 3). In the shock experiment (Fig. 3A), 54% survival was recorded for animals 

exposed to 35 salinity treatments. Survival of animals at a salinity of 20 was 34% after five 

days, while no animals survived the 0, 10 and 50 salinity treatments. Animals in the 0 and 50 

salinity treatments died within the first four hours exhibiting lack of motion, pulse or 

response to a stimulus.  Zoeae maintained at a salinity of 10 reached 100% mortality after 48 

hours. 

Table 1: Repeated-measures ANOVA comparing the effects of salinity, turbidity and time on 

the survival of Uca annulipes first stage zoeae over a period of five days. 

Treatment Variable 
Sum of 
squares 

df F p-value 

Sa
lin

it
y 

Sh
o

ck
 

Salinity 202150 4 252.7 < 0.001 

Time 149300 9 365.9 < 0.001 

Salinity x Time 50170 36 30.74 < 0.001 

A
cc

lim
at

io
n

 Salinity 227746 4 128.9 < 0.001 

Time 97000 9 146.4 < 0.001 

Salinity x Time 38982 36 14.71 < 0.001 
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Tu
rb

id
it

y 

Sh
o

ck
 

Turbidity 7100 4 1.932 0.145 

Time 165362 9 139.6 < 0.001 

Turbidity x Time 7508 36 1.584 0.027 

A
cc

lim
at

io
n

 Turbidity 6180 4 1.929 0.145 

Time 86360 9 103.2 < 0.001 

Turbidity x Time 4660 36 1.392 0.084 

 

Although zoeae appeared to display a wider tolerance to salinity when gradually 

exposed to a treatment (Fig. 3B), this difference was not significant when compared to the 

results obtained in the shock treatments (t = -1.563, df = 46, p = 0.12). In the acclimation 

experiments, zoeae in both the 20 and 35 salinity treatments displayed a survival rate over 

50% at the end of the experiment, with values of 58% and 62% respectively. Zoeae 

maintained at a salinity of 10 displayed a 28% survival rate after five days, while animals at a 

salinity of 0 died within the first hour and those at 50 died after 24 hours.  

 

 

Fig. 3: Percentage survival of Uca annulipes first stage zoeae exposed to salinity treatments 

ranging from 0 to 50 over a period of 120 hours. Zoeae were (A) exposed to a shock salinity 

treatment, or (B) allowed to acclimatise gradually to a salinity treatment. 

Response to turbidity 

A change in turbidity did not appear to affect the survival rate of zoeae, except under 

the interactive influence of a sudden change in turbidity and prolonged time (Table 1). In the 

shock treatment, survival was < 20% for the 100 and 500 NTU treatments and 26 % for the 

1000 NTU treatment (Fig. 4A). A 40% survival was recorded for zoeae at 50 NTU and a 38% 

survival for zoeae at 0 NTU after five days. 
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Survival was significantly higher for zoeae in the acclimation experiment compared to 

the shock experiment (t = -3.588; df = 46; p < 0.001), although in this case no significant 

change in survival was observed with an increase in turbidity (Table 1). Survival of zoeae 

maintained at 500 and 1000 NTU was the lowest, with values of 38% and 36% respectively 

(Fig. 4B). Zoeae in the 100 NTU treatment displayed a survival rate of 44%, while zoeae in 

both the 0 and 50 NTU treatments displayed a survival of over 50% with values of 64% and 

58% respectively.  

 

Fig. 4: Percentage survival of Uca annulipes first stage zoeae exposed to turbidity treatments 

ranging from 0 to 1000 NTU over a period of 120 hours. Zoeae were (a) exposed to a shock 

turbidity treatment or (b) allowed to acclimatise gradually to a turbidity treatment. 

 

DISCUSSION 

The optimal survival of U. annulipes first stage zoeae was recorded at a salinity of 35, 

with a very narrow tolerance to variation (Fig. 3). Turbidity, however, only significantly 

affect the survival of zoeae over the experimental period. These results indicate that, unlike 

U. annulipes adults which are able to tolerate salinities from 0 to 65 (Khanyile 2012), larvae 

are unable to survive under unstable salinity conditions in a closed estuarine environment. 

Marine connectivity is thus crucial for the successful development of U. annulipes, due to the 

optimal salinity experienced in the marine environment.  

A few reasons have been proposed for the necessity of a marine larval phase in some 

brachyuran species. Even though the high fecundity of Uca species (Litulo 2004) allows them 

to withstand greater advective loss, Epifanio et al. (1988) suggested that it is still selectively 

advantageous for these species to release larvae into an ebb flow, so that development occurs 

in the ocean under favourable biological conditions. The authors go on to deduce that due to 
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the limited salinity tolerance of Uca zoeae, they potentially exhibit low osmoregulatory 

capabilities (Epifanio et al. 1988).  

The predator avoidance hypothesis (Christy 2003) suggests that reproduction is timed 

so larvae are carried out on a nocturnal ebb tide to avoid predation, as offshore predators are 

encountered less frequently than estuarine predators (Morgan 1990). In the case of Uca, this 

is further supported by the morphology of larvae, which bear small protective spines 

compared to other taxa (Morgan 1990). Gene flow, dispersal to adjacent habitats and the 

subsequent preservation of species despite the degradation of associated coastal habitats are 

further advantages of having a marine larval stage (Bilton et al. 2002). This occurs when 

larvae are transported between estuaries during development. Movement from one system to 

another allows for a high level of gene flow between various populations. This has been 

recorded for U. annulipes, where genetic and morphometric analyses indicated that the 

species undergoes extensive gene flow along the East African coast (Silva et al. 2010). These 

authors have suggested that the marine larval dispersal strategy is the most probable cause for 

the lack of geographic population structure of the species in Africa. 

Despite the newly-constructed beach spillway (Whitfield et al. 2013), marine 

connectivity is currently limited in the St Lucia Estuary. Van Elden et al. (2014) reported 

high abundance of crab zoeae in the spillway linking the St Lucia to the Mfolozi Estuary in 

both flood and ebb tides, indicating that recruitment from the sea has subsequently improved 

considerably. However, as the Mfolozi-St Lucia spillway is regularly obliterated due to 

siltation and geomorphological shifts of the Mfolozi system (van Elden et al. 2014), this 

resurgence in larval export is unlikely to be effective. Recruitment of megalopae from 

adjacent habitats is still possible through the back channel and link canal (Fig. 1), although 

larval export is unlikely to occur through these channels either, due to their perched nature. 

Aside from lack of connectivity, physico-chemical variables within the estuary may not 

be ideal for larval development if they are retained within the system. The narrow tolerance 

of zoeae to salinity fluctuations could be a major driver of their unsuccessful persistence in 

the system. Within the last ten years, salinity levels in the Narrows have been consistently 

low, regularly reaching levels close to virtual freshwater (Fig. 2A). This has created a 

limnetic to oligohaline habitat during the drought phase and under closed mouth conditions. 

As larval transport would not occur under closed mouth conditions, zoeae would essentially 

have been trapped in the estuary, under conditions of low salinity and increased predation 

pressure. As larvae are intolerant of salinities < 20, they would not be able to successfully 

survive past the first stage in this habitat which rarely exhibits a salinity level above 10. A 

shortcoming of this study is that no data were collected for survival of larvae between 0-10 

and 35-50. However, as lethal tolerance levels are estimated at 50% mortality, a survival rate 

of greater than or equal to 50% was considered to indicate successful survival of zoeae. 

Zoeae of U. annulipes are stenohaline compared to adults (Khanyile 2012). This has 

been recorded for other species (Simith et al. 2012), but is not always the case. Capaldo 

(1993) reported that zoeae of three American fiddler crab species had a salinity preference 

similar to that of the adults.  Epifanio et al. (1988) found similar results and attributed this to 
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the salinity at which the eggs are incubated. It is known that adults of U. annulipes are widely 

euryhaline and are also proficient osmoregulators (Khanyile 2012). This is likely 

advantageous, as they are the most terrestrial of all South African fiddler crab species 

occupying the areas furthest away from the water mark. At these higher elevations they are 

subject to greater evaporation rates and thus higher salinities (Khanyile 2012). However, the 

larvae of many crab species do not display the same osmoregulatory proficiency 

(Charmantier 1998) and a limited osmoregulation capability is certainly seen in the 

stenohaline response of U. annulipes zoeae to salinity fluctuations. It is suggested that in 

open marine waters osmoregulation may not be necessary, with osmoconforming behaviour 

observed in many species that typically undergo larval export or ontogenetic shifts in habitat 

(Charmantier 1998). Instead larvae develop osmoregulatory capabilities between the last 

zoeal stage and the megalopa, as seen with the related species, Uca subcylindrica, in the Gulf 

of Mexico (Rabalais & Cameron 1985). This correlates to the period in which individuals re-

enter the estuary and are subjected to unstable salinity levels. 

The effect of turbidity on zoeal mortality was significantly higher in for the shock 

treatment compared to the acclimation treatment (Fig 4). While the negative effects of 

turbidity on zooplankton filter feeding has been well-documented (Hart 1988; Carrasco et al. 

2013), survival under high turbidity levels is not always adversely affected (Lougheed & 

Chow-Fraser 1998; Carrasco et al. 2013). It is possible that turbidity may protect zooplankton 

from predators (Gardner 1981) and provide an additional source of nutrition in the form of 

organic matter adsorbed to suspended particulates (Arruda et al. 1983). A study by Ferrari et 

al. (2014) showed that turbidity favoured the survival of juveniles of an open water fish 

species in the Sacramento-San Joaquin Delta. The authors suggested that a decrease in 

turbidity may be detrimental to open water species. Although fiddler crab larvae can be 

considered to be open water organisms at this stage of development, they did not display any 

significant change in mortality in response to turbidity changes except under the combined 

influence of the shock treatment and time (Table 1). Furthermore, Lougheed and Chow-

Fraser (1998) found that larger filter-feeding zooplankton species were adversely affected by 

high turbidity levels and a subsequent decrease in abundance of these species created a niche 

for smaller zooplankton species in Lake Ontario, Canada. Carrasco et al. (2013) also suggest 

that while high silt loads may interfere with the feeding physiology of some zooplankton 

species, sediment may be advantageous as a supplementary source of nutrition. Even though 

these studies were specific to fish and other zooplankters aside from crab zoeae, a 

combination of these ideas suggests that Uca larvae may not react adversely to silt loading 

and may even benefit to some degree. Jones et al. (2015) showed that the copepod 

Pseudodiaptomus stuhlmanni experiences deleterious effects above a turbidity level of 1500 

NTU. However, larvae retained within the St Lucia Estuary would experience a maximum 

turbidity of ≈ 1200 NTU (Carrasco et al. 2013; Jones et al.2015) and would not be subjected 

to such detrimental silt loads near the estuary mouth. Cyrus (1992) measured turbidity in the 

St Lucia Estuary and estimated that the maximum turbidity attained in the Mouth and 

Narrows region was approximately 280 NTU while recent data shows that turbidity in this 

region has obtained a maximum value of 286 NTU (Fig. 2B). 
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Although the population structure of U. annulipes from the St Lucia Estuary is not yet 

known, adults occur in densities of up to 20 individuals.m
-2

 and release larvae into the water. 

While the population appears to be healthy, persistence is unlikely. These results strongly 

suggest that the inability of Uca larvae to osmoregulate plays a significant role in their mass 

mortality within the St Lucia Estuary. Larvae wouldn’t survive past the first zoeal stage under 

the current conditions in the system. However, although persistence of the population is 

highly reduced if larvae are unable to successfully develop or undergo export from the 

system, survival of Uca populations under closed mouth conditions would be possible as long 

as marine connectivity is maintained through the connection of St Lucia with the Mfolozi. 

While not allowing the export of newly-hatched first stage larvae from the system, this would 

secure recruitment of megalopae and crab instars into the system. These recruits would settle 

in suitable habitats following the required chemical cues (Brodie et al. 2005).  

Globally, the dynamics of intermittently open estuaries and lakes are expected to 

change with the changing climate and anthropogenic modifications (Whitfield et al. 2008; 

Gillanders et al. 2011). Many of these systems are expected to remain closed for longer 

periods following the reduced freshwater inflow and increased wave action associated with 

the predicted change (Turpie et al. 2002). If this is the case, then the St Lucia Estuary is a 

perfect model to predict the response of similar species to climate change in aquatic systems 

worldwide, as it typifies a system experiencing prolonged mouth closure in response to the 

alternation of dry and wet phases. The persistence of estuarine populations with marine-

dependent life stages should be investigated more thoroughly. Preservation of such 

communities then relies on the resilience and adaptability of these species. 
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General conclusions and suggestions for future research 

 

The traditional approach to conservation relies on the use of ‘biodiversity hotspots’, a 

term created by Myers (1989; 1990) to initially describe relatively small areas with high 

endemism that were under the threat of habitat loss. These hotspots were used to identify 

areas of high priority for conservation. However, researchers are beginning to realise that 

conservation may be more complex than simply trying to protect the highest number of 

species in the smallest possible geographical region (Cincotta et al. 2000; Margules and 

Pressey 2000; Mittermeier et al. 2003; Fisher and Christopher 2007; Durant et al. 2014). Côté 

and Darling (2010) explored the diversity-resilience paradigm in the face of climate change. 

The authors highlighted the fact that an increase in biodiversity does not simply increase the 

resilience or stability of an ecosystem. Instead, it is the tolerance of the species found within 

the ecosystem that determines the resilience of the ecosystem. A highly diverse ecosystem 

may contain many species with a limited tolerance to environmental change. As a result, the 

ecosystem would be more susceptible to the adverse effects of anthropogenic interference, 

climate change and alien invasive species.  

Since environmental change is inevitable, one way of preserving ecosystem function 

maybe by focussing on the conservation of organisms that create resilience and stability 

within an ecosystem. True crabs appear to be an example of organisms that lend to both the 

resistance and the recovery of ecosystems. The St Lucia estuarine lake experiences a host of 

environmental changes due to anthropogenic and natural environmental change. As a result 

of these pressures, the system is now largely closed off to the ocean. This creates a non-tidal 

environment with reduced marine connectivity. The shallow nature of the lake facilitates a 

fast rate of evaporation, which drastically alters water levels and promotes hypersalinity in 

some parts of the system. The anthropogenic modification of hydrodynamics along with the 

past drought phase have both reduced the inflow of freshwater into the system (Whitfield et 

al. 2013). This exacerbates the hypersalinity and low-lake levels of the system. When the St 

Lucia Estuary is connected to the adjacent Mfolozi River, it is subject to silt loading due to 

anthropogenic activity in the nearby floodplains. Furthermore, the system is subject to the 

introduction and spread of alien invasive species due to both anthropogenic and natural 

causes (Miranda and Perissinotto 2014). Although the St Lucia environment is constantly 

changing, a few organisms are able to persist here while some even thrive under the harsh 
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conditions (Carrasco and Perissinotto 2012). As seen in Chapter 1, the range of diversity of 

true crabs changes over time in response to environmental fluctuations experienced in the 

system. The location of similar habitats nearby means that species are able to migrate or form 

refugia. Once conditions are favourable, recolonisation by crabs could occur. They are also 

important because they link various habitats, i.e. terrestrial and aquatic, pelagic and benthic, 

different systems. In this way they are important promoters of ecosystem stability (Lundberg 

and Moberg 2003). 

Furthermore, new habitats in a changing landscape provide unoccupied niches and 

promote diversity through ecological speciation (Seehausen et al. 2008), especially where 

dispersal barriers create isolation. Lake St Lucia contains many different habitat types and 

spatially a large variety of niches is present. However, temporal landscape variation should 

also be considered here. Geological records show that the system has evolved over the last 

2.6 million years (the last glacial cycle) in response to marine and groundwater level change, 

sediment influx from surrounding catchments, evaporation and the littoral adjacent marine 

environment (Botha et al. 2013). During this time, the system alternated between an open 

marine embayment, a partially exposed shallow valley lowland and a dry terrestrial 

ecosystem. The current form of the lake is thought to only have been achieved during the last 

1000 years. This drastic landscape evolution is partially responsible for the resilience of the 

St Lucia environment and its biota. Perhaps just as importantly, it would have been 

fundamental in driving the speciation of many invertebrate organisms. Today the region is 

globally recognised as a biodiversity hotspot with a high number of endemic species (Smith 

et al. 2008). In Chapter 2, a new species of freshwater crab found in ephemeral pans along the 

western shore of False Bay is described. It is most likely that its burrowing and air-breathing 

nature facilitates its ability to successfully avoid desiccation during times of drought. The 

species appears to be micro-endemic to the False Bay region in St Lucia, where it fills an 

important trophic role in a unique ecosystem. Endemism has traditionally been regarded as an 

important factor to consider during conservation planning as the degree of endemism in an 

ecosystem is thought to provide some idea of its biodiversity (Myers et al. 2000). Although it 

is currently understood that various factors are crucial in the planning of conservation, 

endemics are still held in high regard due to their rarity (Mason et al. 2015). Furthermore, it is 

believed that narrow endemics are more susceptible to environmental change as they are 

generally unable to relocate due to dispersal barriers (Thomas 2011).  
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The survival and persistence of a population has been correlated with its feeding 

success since Alfred Russel Wallace (1859) first mentioned this in his essay entitled ‘On the 

tendency of varieties to depart indefinitely from the original type’. Here he used the example 

of forest birds and seabirds, claiming that forest birds were so few in number partly due to 

their food limitations, while seabirds were abundant due to their diet of marine invertebrates, 

which are always plentiful. If this is true, the ability to feed on many food types is surely 

advantageous. It is thus a useful ability of many true crab species to switch their diet based on 

what is available, as shown in Chapter 3. Here, the diet of the dominant freshwater crab 

Potamonautes sidneyi was discussed from two contrasting habitats with subsequent 

differences in food availability. A change in diet was recorded in accordance with seasonal, 

food availability and ontogenetic shifts and highlights the role of the species as a trophic and 

spatial link between habitats. The opportunistic feeding habits of crabs ensure that they are 

able to shift their diet with a shift in food availability, or shift their feeding patterns when 

circadian rhythms are disrupted. They maintain the integral trophic link between producers, 

decomposers and consumers, facilitating the flow of energy through a food web even when 

the ecosystem undergoes a disturbance event. This opportunistic, adaptable feature facilitates 

recovery of the system to its previous ecological state and adds to the stability of an 

ecosystem. The role of prominent crab species as decomposers allows for the rapid recycling 

of nutrients within the ecosystem. The rate of recycling has been shown to correlate 

negatively with the resilience of a system, i.e. the more rapid the recycling rate, the greater 

the resilience (DeAngelis 1980). Although the ecology of P. sidneyi is poorly understood, 

evidence seems to favour the role of freshwater crabs in general as ecosystem stabilisers (Hill 

and O’Keeffe 1992; Marijnissen et al. 2009; Burress et al. 2013; Williner and Collins 2013). 

Even species at their latitudinal distribution limits are important in fulfilling this role. In 

South Africa, five species of fiddler crabs occur here at their latitudinal limit (Chapter 4). It is 

thought that populations occupy the least favourable and most fragmented habitat at their 

latitudinal limits (Travis and Dytham 2004). For this reason population dynamics and 

behaviour at latitudinal limits are critical in determining the response of the species to climate 

change (Thomas et al. 2001; Travis and Dytham 2004; Hampe and Petit 2005). It was also 

determined that the St Lucia fiddler crab community is important in a particular scientific 

context. The fiddler crabs in St Lucia persist here despite a constantly-changing environment 

and could provide useful insights into the behaviour of the genus under stressful conditions. 

During unfavourable conditions, populations retreat to nearby suitable habitats and recolonise 
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the area once conditions become suitable again. This is particularly relevant in the face of 

global increasing habitat degradation in mangrove ecosystems (Polidoro et al. 2010). Fiddler 

crab persistence in a modified habitat has been previously recorded in an east African 

mangrove (Cannicci et al. 2009). In this case, the authors linked this persistence to the 

favourability of increased nutrients at the site, which contributes to the evidence of feeding 

adaptability in crabs. 

It is important to note that food availability is only one of many factors affecting 

feeding success. Complex intertwined circadian rhythms and the risk of predation control 

when vulnerable organisms are able to feed (Barnwell 1966; Palmer 1990). In the case of the 

St Lucia fiddler crab population, food is easily available in the form of microphytobenthos. 

However, it is also known that a combination of diel and tidal patterns governs feeding. The 

effects of tidal absence have resulted in a dietary shift although diurnal, seasonal and sexual 

differences in feeding patterns are still present. With St Lucia experiencing both natural and 

anthropogenic shifts in freshwater and marine inflow, adaptability as seen in the feeding 

dynamics of Uca annulipes (Chapter 5) is advantageous, possibly contributing to the survival 

of this genus at the southernmost limit of its geographic distribution. The potentially high 

density of fiddler crabs along with the high rate of feeding means they have a significant 

impact on the microphytobenthic and microbial communities of the mangrove substratum.  

Although true crabs have a huge influence on the associated environment, they are in 

turn affected by changes in the environment. Management decisions do not always consider 

the various life stages of invertebrates and as a result, conservation may be superficial or non-

existent. Chapter 6 highlights this by showing that fiddler crab larvae, unlike their adaptable 

adult counterparts, exhibit a marine phase, partly so that they can develop at a suitable 

salinity level. The reduced connectivity of the St Lucia Estuary due to drought conditions and 

human intervention disrupts the life cycle of these key mangrove species.  

Due to their ambulatory, swimming and burrowing nature (Lundberg and Moberg 

2003), true crabs are efficient in linking freshwater and marine habitats, terrestrial and 

aquatic habitats, benthic and pelagic habitats and even similar adjacent habitats. Furthermore, 

the opportunistic character of true crabs makes them ideal colonisers, as range expansion 

increases with habitat availability (Thomas et al. 2001). Their ability to survive under a wide 

range of environmental change means that a wider variety of habitats is available for range 

expansion or colonisation. True crabs thus form an integral part of conservation largely due 
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to their movement. However, it is still unclear what exactly drives this movement. This 

research shows that both natural and anthropogenic changes drive brachyuran distribution but 

whether these factors stem from physico-chemical changes, interspecific interactions or 

resource availability has yet to be determined. One of the biggest challenges encountered by 

carcinology in South Africa is the lack of distribution records in both prominent and unique 

aquatic systems. 

Future research of brachyuran diversity and ecology in South Africa is important 

because: 1) brachyurans are highly resilient to environmental change and may be key in the 

preservation of ecosystem functioning; 2) many brachyuran species occur in South Africa at 

the southernmost limit of their distribution and populations at their poleward limits are useful 

in determining the behaviour and dynamics of the species in the face of climate change; 3) 

brachyurans link various environments and thus potentially transmit environmental impacts 

from one region to another; and 4) invertebrates in unique aquatic systems which are subject 

to natural fluctuations and human intervention are crucial in determining the fate of 

organisms all over the world, under the influence of recent climate change and anthropogenic 

regimes. St Lucia is an example of such an aquatic system and is ideal in that it hosts a wide 

variety of habitat types. Specifically, further research could be structured as follows. 

1. Ongoing biodiversity studies are necessary on a larger spatial and temporal scale. While 

Chapter 1 looked at the change in biodiversity of true crabs in St Lucia, many aquatic 

habitats around South Africa lack this sort of information, particularly in marine and 

brackish environments. Long-term monitoring of population biodiversity can provide a 

more accurate insight into the effects of environmental change on benthic invertebrates. 

2. Investigating the drivers of true crab distribution, particularly in specialised habitats (i.e. 

mangrove forests) or unique environments (non-tidal mangrove forests) could provide 

useful information to determine which species are the most resilient and useful to the 

ecosystem. This can be done through the use of distribution models incorporating various 

environmental parameters and field observations of abundance. It is important to 

incorporate potential biotic drivers in these models as biotic interactions are often 

overlooked in such studies. 

3. Tolerance mechanisms and reactions to various environmental changes are partially 

understood for some species. Ecological behaviours such as feeding, reproduction and 

social interactions will all change in response to an environmental stimulus. The question 
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is how? And to what extent will key species tolerate environmental change before they 

migrate to more favourable habitats? The physiological and behavioural response of key 

species to a range of environmental stressors can be monitored in order to answer these 

questions.  

4. Investigation into the drivers of survival is also required at different stages of the life 

cycle. Chapter 6 shows that while adults of a population may be widely tolerant to 

environmental fluctuations, juveniles may have a narrower tolerance for change. This 

could adversely affect population dynamics and, in turn, conservation of key resilient 

species. Survival lab-based experiments could be conducted at a range of environmental 

parameters such as temperature, pH, salinity and turbidity.  

5. In order to examine the ecology of a species at various stages of development, the life 

cycles of these species need to be accurately described and documented. This has not yet 

been done for several South African brachyuran species. Laboratory-based hatching and 

rearing of these species is required to do so. 

6. In South Africa, research surrounding the impacts of key brachyuran assemblages on their 

habitats and associated biota are poorly understood. Crabs are well-known as ecosystem 

engineers due to their burrowing and foraging effects on the substratum, especially in 

mangrove habitats. Through the use of field exclusion experiments, it will be possible to 

examine the presence/absence impacts of fiddler crabs and other key mangrove species on 

associated biota such as microphytobenthic communities, meiofaunal communities and 

other macrofauna species. The interaction of crabs with alien invasive species is also 

significant. The results in Chapter 3 show that true crabs can potentially feed on alien 

gastropods and play some role in the effects of mitigation. These predator-prey 

interactions with alien species should be further investigated. 

7. In order to look at the extent to which crabs link various environments, a combination of 

genetics and isotope analysis could be used. Genetics could provide an insight into the 

large-scale movements of a species between various regions (Silva et al. 2010), while 

stable isotope analysis could be used to determine the small-scale movement of 

brachyurans within a region (Marguillier et al. 1997). 

8. The biogeography of many species as well as speciation events are still debated today 

(Chapter 4). Jackson and Blois (2015) discuss how palaeoecology and community ecology 

can complement each other by incorporating ecological and environmental processes on a 
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larger time scale into community ecology to better understand ecological change in a 

changing climate. Such a multidisciplinary approach to understanding the drivers of 

distribution and even speciation has the potential to greatly enhance the field of ecology. 
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