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ABSTRACT 

Abundance and distribution of Fiddler crabs of genus Uca, were examined along the 

environmental gradient at Pangani estuary. Physiochemical parameters, abundance and 

distribution of Uca crabs were measured and observed respectively. Data were collected 

during a low spring tide through field observation and comparisons, were made along 

estuary river mouth (close to the sea), intermediate (at the middle between the sea and 

river) and upstream (close to the river). The results of physiochemical parameters showed 

that the organic matter and pH increased from the river mouth toward the upstream (p = 

0.001, p = 0.0001 respectively) while salinity decreased from the river mouth toward the 

upstream (p = 0.0001), temperature did not show clear trend along the zonation with the 

lowest value at the intermediate and highest between two extremes (river mouth and the 

upstream). A total of 435 Uca crabs were counted and observed, out of which 91 (20.9‰) 

were from river mouth, 130 (29.8‰) at the intermediate and 214 (49.19‰) from the 

upstream.  The results revealed that, the Uca crab abundance increased from river mouth 

towards the upstream as an organic matter and pH, however the intermediate site was the 

most diverse (H’= 1.76). Furthermore, results have shown that, there was unequal 

distributions of the species in the area, with only two species  (U. vocans and U. lactea 

annulipes) were found on river mouth, four species in the intermediate site (U. 

tetragonon, U. urvillei, U. lactea annulipes and U. chlorophthalmus) and three  species in 

the upstream (U. inversa,  U. lactea annulipes and U. chlorophthalmus). In addition, the 

analyses showed that organic matter was the most important physiochemical parameter 

governing the abundance and distribution of Uca crabs (R² = 0.9211). These data suggest 

that there was a clear relationship in Uca crab abundance and distribution with the 

availability of organic matter, temperature, pH and salinity contents. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background  

Estuaries are an extremely important part of the marine environment (Venberg and 

Venberg, 1972), since it play key roles in the life cycles of important marine and 

anadromous aquatic species includes crab, salmon, herring and shore birds. Like many 

other ecosystem, estuarine ecosystems is subject to many and varied changes resulting 

from human activities and natural processes (Aubry and Elliott, 2006), which can impair 

the health and fitness of resident biota (Adams, 2005) as well as the ability of the coastal 

zone to deliver ecosystem functions and the goods and services for human well-being 

(Beaumont et al., 2007; Costanza et al., 1997).  

Fiddler crabs, comprising the homogeneous genus Uca, are widely distributed throughout 

the tropics and subtropics, there are 97 species of Uca worldwide (Rosenberg, 2001). 

More than two-fifths of these species, are found only along the coast of the tropical 

eastern Pacific, less than one-third occur in the entire Indo-Pacific region from East 

Africa to the Marquesas, eighteen occur in the Indo-Pacific (Crane, 1975).  Although 

Fiddler crabs have no directly quantifiable commercial value, they occupy an important 

role in the ecology of estuaries and are good environmental indicator as they are sensitive 

to environmental contaminates, especially insecticides (Mc Craith et al., 2003).  

Fiddler crabs is affected by a combination of numerous environmental and anthropogenic 

factors which led to fluctuation in its physiochemical parameters such as salinity, 

temperature, tidal exposure and availability of nutrients (Qureshi and Saher, 2012). These 

fluctuations in abiotic conditions may cause major physiological problems for animals 

(Beadle, 1972; Odiete, 1999), hence affect their abundance and distribution causing  both  

local  extinctions  or  relocation  of  populations  (Perry  et  al., 2008) because most of 
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these species usually have narrow tolerances to these environmental gradations (Allen et 

al., 2006). Consequently, estuarine organisms are often restricted to particular sections of 

environmental gradients, resulting in well-developed distribution patterns (Wolff, 1983).  

However, comprehensive studies of the crustacean fauna from the Pangani estuary are 

lacking (Hamerlynck et al., 2008). Apart from a limited description on the abundance and 

distribution of crustacean species of only commercial importance, like Kyomo (1999), 

who reported on the distribution and abundances of crustaceans of only commercial 

importance in Tanzania mainland coastal waters such as shrimps, lobsters and Scylla 

serrata. This indicated the great need for having a scientific study to understand the 

abundance and the distribution of Fiddler crab of genus Uca and their response in 

variation of physiochemical parameters. Therefore this study examines the abundances 

and distribution of Fiddler crabs of genus Uca along the environmental gradient at 

Pangani estuary. 

1.2 Statement of the problem 

Estuaries are cited among the most productive biome of the world as they provide habitat, 

nursery parts and migration routes for a variety of intertidal organisms. However the 

unpredictable nature of estuaries, offer a more challenging environment to its inhabitants 

flora and fauna. Fluctuations of physiochemical parameters such as salinity and 

temperature, can affect physiology and metabolic activities of estuaries faunas and flora 

include Fiddler crabs. These in turn, could lead to a fluctuation in abundance and 

distribution pattern of these species from harsh conditions towards favorable conditions. 

Most of the previous reports indicate that, the distributions of fauna in estuaries based on 

salinity. For instance Telesh et al., (2010) described salinity as both external ecological 

factor and physiological characteristics of internal environment of aquatic organisms. 

Furthermore, Khanyile (2012) investigated salinity tolerances and osmoregulatory 
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strategies of several subtropical brachyuran mangrove crabs and an anomuran prawn. In 

addition, all these studies related observed distribution patterns to environmental 

parameters, in a descriptive and correlative fashion, rather than with rigorous field 

sampling design (Seiple, 1979). So it is boldly indicate the need of understanding the 

influence of environmental factors in abundance and distribution of Uca crabs along the 

environmental gradient at Pangani estuary. Therefore this study examines the abundances 

and distribution of Fiddler crabs of genus Uca along the environmental gradient at 

Pangani estuary.  

1.3 General Objective 

The general objective of the study was to examine the linkages between abundance and 

distribution of Fiddler crabs of genus Uca in response to variation of physiochemical 

parameters at Pangani estuary.  

1.3.1 Specific Objectives  

i. To determine physiochemical parameters (salinity, temperature, pH and organic 

matter) that influence abundance and distribution of Fiddler crabs of genus Uca 

along the environmental gradient at Pangani estuary. 

ii. To determine the abundance and diversity of Fiddler crabs of genus Uca along the 

environmental gradient at Pangani estuary. 

iii. To determine the distribution of Fiddler crab of genus Uca species along the 

environmental gradient at Pangani estuary.  

1.3.2 Research Hypothesis 

i. Changes on physiochemical parameters would have no effect in the abundance 

and distribution of Fiddler crabs of genus Uca at Pangani estuary. 

ii. There is no significant difference in abundance and diversity of Fiddler crabs of 

genus Uca at Pangani estuary.  
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iii. There is no considerable variation in species distribution of Fiddler crab of genus 

Uca at Pangani estuary.   

1.4 Significance of the Study 

Although the abundance and distribution of Fiddler crabs and other aquatic faunas have 

been investigated in many temperate countries, there is little information in regard to 

tropical waters of East Africa. Hence, findings from this study could add information on 

existing body of knowledge. Also, increasing human activities on aquatic ecosystems 

which may lead to coastal and in turn environmental parameter fluctuation has caused 

severe damage to crab population Fatemi et al., (2012). As such, identification of 

biological and ecological study of these animals is an important step to understand their 

status for proper management and restoration measures. In addition to that, knowledge of 

the spatial distribution patterns of Fiddler crabs of genus Uca along estuarine gradients 

might help to identify the linkages between species distributions and ecological processes 

and therefore, to gain insight into the functioning of estuarine ecosystems, which is 

essential for implementation of integrated estuarine management.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Estuaries 

Estuary are semi enclosed coastal embayment where fresh water rivers meet the sea, here 

fresh water and sea water mix, creating unique and complex ecosystem (Morrisey and 

Sumich, 2006), that are highly variable ecosystems that continually change in response to 

local, physical, chemical and biological factors (Sotthwest, 2008). The transition from 

fresh water to salt water in the estuaries of large rivers extend over 100km inland, where 

as the estuaries of small streams may be only few hundred meters  in extent and the water 

in them may be well mixed, highly stratified or any combination in between (Morrisey 

and Sumich, 2006). The shape of the estuary depends on the tidal range of the sea 

(Mwanukuzi,   1993). In their natural states, estuaries are among the most biologically 

productive ecosystem on earth (Day et al., 1989), and support important biogeochemical 

process that are central to the planet functioning nutrient cycle (Billen et al., 1991). Their 

rate of primary productivity rival and often exceed those of coral reef and rain forest 

ecosystem (Morrisey and Sumich, 2006), as it provide crucial habitat for terrestrial, 

freshwater and marine organisms including many threatened, endanger and rare species. 

The characteristics of each estuary depend on its size, shape, location and quality of 

inflowing fresh water and the nature of the surrounding land (Moyle and Cech, 2004),  yet 

all estuaries have two important characteristics in common the harshness of the physical 

and chemical environment and high concentration of nutrients. The harshness of the 

estuarine environment, is caused by the mixing of fresh and salt water (Morrisey and 

Sumich, 2006), this creates salinity gradients but also simultaneous temperature gradients 

because the salt water and fresh water, are rarely of the same temperature (Moyle and 

Cech, 2004).  
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2.2 Estuarine environmental gradient 

Environmental gradient is a gradual change in an environmental variable over space or 

time such gradients will not necessarily coincide with one another or have the same 

impact on every species (Baxter, 2013). The harshness of the estuarine environment is 

caused by the mixing of fresh and salt water (Morrisey and Sumich, 2006), that creates 

salinity gradients but also simultaneous temperature gradients because the salt water and 

fresh water, are rarely of the same temperature (Moyle and Cech, 2004). The gradients 

created by the mixing are not stable phenomena but move up and down the estuary on the 

daily basis (Alimov, 2007). They are also affected, seasonally by the amount of fresh 

water entering the estuary and by the oceanic storms that may push in more salt water 

(Telesh et al., 2010). When several environmental variables change together, this is 

considered a complex environmental gradient as opposed to a simple environmental 

gradient involving a single variable (Baxter, 2013). Sometime multiple environmental 

gradients will exist together; indeed, such gradients will not necessarily coincide with one 

another or have the same impact on every species.  For instance, the study done in 

distribution of Fiddler crabs of the world by Crane (1975) reported that, extreme 

temperature and salinity on the upper shore of the upstream, is preferable part for U. 

inversa, but this condition is not tolerated with the rest of Uca species.  

Estuarine environmental gradient, not only are directly responsible for the variations of 

physiochemical parameters in the estuary, of course but also lowering the diversity of 

estuarine organisms, based on the fact that a few species are adapted to tolerate rapid 

changes in abiotic conditions (Miller, 1985). How an individual species responds to an 

environmental gradient is determined by a combination of its own genetics, the 

underlying variation in abiotic factors along the gradient, and the attendant changes in 

biotic interactions that co‐vary along the gradient (Baxter, 2013).  
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2.3 Organisms response to estuarine environmental gradient 

The marine intertidal zone has been a model system for the experimental investigation of 

organism responses to physical disturbance and physiological stress for decades (Bertness 

et al., 1999). That is because all species occur in a characteristic and limited range of 

habitats, they tend to be most abundant around a particular optimum environmental and 

less abundant elsewhere (Baxter, 2013). Physiological tolerance to salinity and other 

physiochemical parameters, and life-history strategies determine how animals respond to 

habitat heterogeneity dynamics (Gelwick et al., 2001), characterized by steep gradients 

and a high variability in physical conditions over small spatial and temporal scales. Such 

as a fluctuation of sea level often expose intertidal plants and animals to severe 

environmental extremes alternating between complete submergence in sea water and 

nearly dry terrestrial conditions (Sumich, 2006). For instance, fish communities  of 

coastal marshes  generally, represent  a mixture  of  ecological  groupings that contain 

euryhaline species  adapted  to  brackish  environments,  plus  others  more typical  of 

either marine  or  freshwater  systems  (Rozas  and  Hackney, 1983). 

 However, at low tide marine organisms often experience physiological stress or even 

mortality from high body temperatures and desiccation associated with aerial exposure 

(Davison and Pearson, 1996). Although individuals can mitigate to some degree their 

vulnerability to extreme conditions through behavior (e.g. microhabitat selection; Huey, 

1991) or physiological plasticity (Somero, 2002), temperature and desiccation stresses, 

are widely viewed as perhaps the most significant abiotic factors influencing the 

performance and fitness of marine intertidal organisms (Helmuth et al., 2005; Hochachka 

and Somero, 2002). To survive in most estuarine conditions, benthic organisms must be 

able to tolerate frequent change in salinity and internal osmotic stresses (Morrisey and 

Sumich, 2006). The fluctuating nature of the estuarine environment means that, estuarine 

faunas expand considerable amount of energy adjusting to the changing conditions either 
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metabolically or by moving about in search of less stressful conditions (Moyle and Cech, 

2004).  

Therefore, the long-term extra energy expenditure due to subtle, sub lethal, effects of 

salinity may dictate long term salinity tolerances, especially for animals already living 

above their optimal salinity (Gillikin et al., 2005). Unlike plants, which typically live their 

whole lives rooted to one spot, many animals that live in estuaries must change their 

behavior according to the surrounding waters' salinity in order to survive (Tankerseley, 

1999), as their body fluids remain nearly isotonic with their external medium in normal 

sea water but become progressively hypertonic as the sea water diluted (Sumich, 1996).  

In case of estuarine crabs which encountered immense challenge from rapid fluctuations 

of environmental parameters, they develop several adaptations mechanisms to overcome 

it. For example, Warren and Underwood (1986) suggest that, crabs may avoid extreme 

salinities limit activity to certain times of day, make use of burrows or other shelter, or 

visit water regularly to combat salinity thermal or desiccation stress. Also, megalopal 

larval stage of many estuarine brachyuran crabs appears to return to adult habitats by 

undergoing rhythmic vertical migrations which result in saltatory up-estuary transport on 

flood tides (Tankerseley, 1999).  

2.4 Anthropogenic influence on estuary 

Estuaries and continental shelf areas comprise 5.2‰ of the earth surface, and only 2‰ of 

the oceans volume. However, they carry a disproportionate human load. At present about 

60‰ of the world population lives along the estuaries and the coast (Lindeboom, 2002). 

Throughout human history, estuaries have been amongst the most populated areas over 

the world (Wolanski, 2004).  

The human use of catchments has modified the natural environment (Orford, 1988). This 

has changed both the quality of our water, and the way that water flows (quantity), with 
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large effects on our native vegetation, animal life and soils. Human impacts upstream 

have a flow on effect downstream in estuaries. The continuous urbanization and 

development of our coastal environments directly, affects the health of our estuaries, 

everything that happens in the catchment ends up in the estuary (Whitefield, 1989). 

Human activities undoubtedly and strongly affect the distribution and existence of Uca 

crabs (Qureshi and Saher, 2012). A sudden decrease in population size is commonly due 

to mass mortality (Morton, 1992), which is usually the result of anthropogenic activities, 

namely various form of pollution such as sewage sludge, hydrocarbons and heavy metals 

(Qureshi and Saher, 2012). The toll for estuaries and coastal waters, is severe more and 

more they are unable to sustain the quality of life that people searched for when 

migrating.  

For instance Sotthwess (2008) reported that, there has been a decreasing runoff from 

upstream due to more irrigation in the catchment and an increasing number of 

hydropower dams, contributed to further penetration of salinity in the estuary mouth of 

Pangani estuary, which of course could affect the distribution of the aquatic species. 

2.5 Natural influence on estuary 

The linear nature of most estuaries, and their high degree of linkage with freshwater and 

marine ecosystems, makes estuarine habitats highly vulnerable to external perturbations, 

(Uwadiae, 2009). These important factors are chiefly regulated by the river discharge, 

local rainfall and tidal amplitude that can regulate estuarine ecosystem. Twice daily, 

floods tides push water in to the estuary in contrast twice daily ebb tides drain water back 

out of the estuary. While a large input of fresh water from the river tends to counteract 

tidal forces and return the physiochemical parameters to a low level (Bradshaw and Kuo, 

1987). 



10 
 

2.6 Fiddler Crabs 

Fiddler crabs (Ocypodidae, Uca.) are a well-known group of small, intertidal brachyuran 

crabs (Rosenberg, 2001). The genus is cosmopolitan, primarily concentrated in the 

tropics, although the crabs range from as far north as Massachusetts to as far south as 

South Africa. The activity of most intertidal organisms and Uca crabs, occur in low as 

well as high tides because they spend some activity time in semi-terrestrial habitat, then 

returns to their burrows at high tide (Helmuth et al., 2005). Males have a major claw for 

burrowing digs (Crane, 1975). Their adaptive radiation, is considered to be related to the 

habitat and food sources through modifications of their own morphology, behavior, 

ecology and physiology (Christy and Salmon, 1984).They are deposit-feeders and they 

construct burrows that have different shapes because the burrows shape associated surface 

sediments (Olafsson and Ndaro, 1997). Fiddler crabs feeds on varieties of organisms. For 

example, they eat detritus, bacteria, algae, and other small particles of organic material, 

found in the sandy or muddy substrates on which they live (Dye and Lasiak, 1986). 

Benthic fauna play an important role in the sedimentary process, leading to important 

changes in marsh characteristics (Frey et al., 1978, Bertness,1985).The fauna of mud flats 

and creeks, include in any deposit and filter feeders that modify sediment particle size and 

chemistry (Levinton, 1989). Although Fiddler crabs have no directly quantifiable 

commercial value, they occupy an important role in the ecology of salt marshes and are a 

good environmental indicator, as they are sensitive to environmental contaminates, 

especially insecticides (Wenner, 2009). Their population densities are an example of the 

high productivity of coastal marshes. They are used as fishing bait, especially for sheep 

head and black drum and are an important food source for other estuarine animals, such 

as clapper rails and other marsh birds (Grimes et al., 1989). Sediment disturbance 

resulting from the foraging and burrowing activities of decapods may have direct and 
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indirect impacts on other species (Thrush, 1988). Direct predation by Uca on meio- 

benthos has been documented (Teal, 1962).  

2.7 Factors affecting Fiddler crabs of genus Uca abundance and distributions 

Though Fiddler crabs are the most common and abundant faunal components of the 

estuarine ecosystem, a little attention has been directed at understanding factors that 

influence their local distribution and abundance in tropical habitats (Bezzera et al., 2006). 

The distribution and relative abundance of crabs, is not uniform it depends upon their 

physiochemical properties (Odiete, 1999). Components of the environment believed to 

play a major role in the distribution of Fiddler crabs are vegetation, substratum, food, 

salinity, tidal exposure and presence of other animals (Aspey, 1978). Among the 

substratum characteristics, organic matter and water content, salinity, temperature and 

granulometric composition of sediments play an important role in Fiddler crab 

distribution in estuary (Frith and Brunenmeister, 1980), aggregations of species may 

occur at scales from few millimeters to many kilometers. It is the collective interaction of 

all these factors that establish and maintains the distribution of estuaine organisms 

(Sumich, 1996). For instance, Qureshi and Sahir (2012) reported that, species of Fiddler 

crabs of genus Uca normally showed distinct and patchy distribution in response to 

variation of physiochemical parameters. 

2.8 Conceptual framework 

Conditions in estuaries and intertidal environment are very different compared with those 

in completely fresh water and marine environment (has more stable environmental 

conditions), because estuary experience repetitive fluctuations in its environmental 

parameters such as temperature, pH and salinity on the daily and seasonal basis. The 

instant variations, brought by ocean current and river flow effects, which floods the 

estuary during slack tide and then flow back out to sea during ebb tide (receding tide), 
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while seasonal fluctuations influenced by climatic and anthropogenic activities such as, 

pollution and mangrove deforestation. All of these factors consequently, might lead to 

variation of physiochemical parameters in estuary, which in turn could influence the 

abundance and distribution of Fiddler crabs of genus Uca in Pangani estuary, provided 

that aquatic fauna include Fiddler crabs of the genus Uca have their own survival range 

with respect to variation of environmental condition. This implies that, any further 

extreme variation in the physiochemical parameters beyond their tolerance and adaptation 

capability will produce changes in terms of their species composition, abundance and 

distribution in Pangani estuary.  
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Figure 1: Conceptual framework of distribution and abundance of Fiddler crabs of 

the genus Uca along the environmental gradient at Pangani estuary. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Description of the study area 

Pangani is located at 05
◦
24

’
00 S 38

◦
59’00 E North east of Tanzania, 52km from Tanga 

town, covering a total area of 1019 km
2
. The Pangani River system, drains the southern 

and eastern sides of Africa’s highest peak, Mt. Kilimanjaro (5,985 m) as well as Mt. Meru 

(4,566 m), then passes through the arid Masai Steppe, draining the Pare and Usambara 

Mountains, before reaching the coastal town of Pangani, marking its estuary with the 

Indian Ocean (Nehemia et al., 2012). The selection of the study area was done due to the 

fact that there is limited information on the abundance and distribution Fiddler crabs of 

genus Uca. Most of the previous studies conducted in the area were based on fish 

description.  For instance  Hamerlynck et al., (2005) reported that,  fish diversity in 

Pangani estuary were considerably lower than figures reported for many similar sized, 

tropical and subtropical estuaries. So it was crucial to conduct a study to find out, whether 

it also applied to Uca crabs diversity at Pangani estuary.  
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Figure 2: Study area of Pangani Estuary (modified from Mwanukuzi, 1993). 
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3.1.1 Climate  

The dominant climate in Pangani is warm and wet. It is found along the coast and in the 

inland. In the Western plateau a hot and dry climate dominates, and at the Usambara 

Mountains a temperate climate. In most cases, there is no big variation of temperature at 

the coast due to the influence of the Indian Ocean. However, during the hot months 

(December to March) the average temperature in Pangani is approximately 30 – 32 
◦
C 

during the day and about 26 – 29 
◦
C during night. During the cool months (May to 

October) the temperature are approximately 23 – 28 
◦
C in the day and 20 – 24 

◦
C in the 

night (Nehemia et al., 2012).  

3.1.2 Population 

According to National Bureau of Statistics (2012), the population of Pangani is 54,025 

with an Average Annual Intercensal Growth Rate, 2002 – 2012 of 2.2‰ which is 

minimum than the national average of 2.7‰. The average household size is also 

minimum 4.1 compared to the average of 4.8 at the national level.  

3.2 Research Methodology 

Stratified random sampling, was used for the collection of data, because stratification can 

lead to a more precise estimate of the mean (Cochran, 1977). The strong spatial 

correlation characteristic of estuaries (Powell et al., 1986) suggests that, stratification of 

sampling into spatially contiguous sub regions might be appropriate.  

Sampling, was done along the estuary in three sites namely river mouth (close contact 

with ocean), intermediate (mixture of saline and freshwater) and upstream (close contact 

with freshwater) which lies parallel to the shore running from the upstream towards the 

river mouth.   The selection was based on the fact that, these three sites were believed to 

have different characteristics in term of salinity, vegetation and sediment percentage 

composition that influence the distribution of various organisms in estuary. For instance, 
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the river mouth has large tidal amplitudes which are associated with large tidal excursion 

paths. The larger the tidal excursion path, the larger salt intrusion which tends to be at 

high water slack because of this effect, the salt intrusion tends to become larger (Abraham 

et al., 1998).  

3.3 Sampling strategy  

Along the study area three sites were selected which are the river mouths, intermediate 

and upstream. In each site, three transects referred here as station were laid perpendicular 

to the sea. Hence, for the three sites a total of 9 transects (stations) were laid which 

covered about 6 km, along the station, 15 quadrates of 0.5 m
2
 were randomly chosen to 

collect the required information.  

3.3.1 Measurement of physiochemical parameters 

In each quadrate physiochemical parameters (temperature, salinity, pH and organic 

matter), were measured to characterize the Fiddler crab of genus Uca habitats. The 

temperature  of  the  pore water, were measured  by using  a  digital  probe  thermometer,  

while pore water salinity were measured by using an optical refractometer  (Atago  brand)  

and  pH,  were measured by using standard electrodes and a combination millivolt/pH 

meter.  Redox potential  (Eh)  is  a  quantitative  measure  of  reducing  power,  which  

provides  a diagnostic  index  of  the  degree  of  anaerobiosis  or  anoxia  (Patrick  and  

Delaune, 1977).  

Sediment samples were taken by using a hand corer of 6.4 cm diameter to a depth of 5 

cm. These samples were oven-dried at 80
 ◦
C for about three days until constant dry weight 

was obtained for granulometric analysis. For organic matter, about 20 g was weighed for 

each sample and transferred into pre labeled beakers. The organic matter in the samples, 

was removed by digestion using 30‰ diluted technical H2O2 as an oxidising agent, after 

which, the samples were rinsed with demineralized water until a 24hours more or less a 
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stable suspension was obtained The samples, were then re-dried for  at 105
◦
C and 

weighed. The difference in weight gave an estimate of the organic matter content. (Wartel 

et al., 1995).  

3.3.2 Determination of abundance and distribution of Fiddler crab of genus Uca 

Abundances were estimated by using of visual counts which are both quick and non-

invasive (Cannicci et al., 2009). Visual count of all the active crabs was done by using 

naked eyes, when standing at a distance of about 1 meter  from each quadrat  and  crabs  

were  enumerated,  after  the observer  remained  motionless  for  5 minutes  in  order  to  

provide  sufficient  time  for  resumption  of  full  activity .Visual observation, is known 

to provide the best estimates of population abundances, even where a single species is 

concerned unlike the total excavation and extraction by sieving, which is  generally  

impractical  as  well  as  the  destructive  nature  of  the  method  and  for logistical 

reasons  (Skov and Hartnoll, 2001). The identification of Uca Fiddler crabs relies on the 

characteristics of the males’ much enlarged chela which is used in waving displays to 

establish territory (Richmond, 2002). The species, were recorded in their names where 

possible, a representative samples were taken and preserved and were identified later by 

using their scientific names and standard keys (Macnae and Kalk, 1981).  

 

3.3.3 Determination of Uca crabs species diversity 

Diversity of Fiddler crabs of genus Uca species diversity was determined by using 

Shannon- Weiner’s species diversity index, which is the most suitable method for 

determining species diversity. 

 

Where: 

H’ = the species diversity index 
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pi = the proportion of individuals of each species, belonging to the species of the total   

number of individuals 

s = the number of species. 

∑ = sum from species 1 to species s  

3.4 Statistical Analysis 

Data analyses were carried out by using the SPSS software (Standard version 20), 

Microsoft Excel 2010 package. Different bio statistical tests such as Analysis of variance 

(ANOVA) and t-test were used to test two or more variables. Differences in crab’s 

abundances and distributions, organic matter (as food indicator) and physiochemical 

parameters (pH, salinity, temperature) between parts (river mouth, intermediate and 

upstream) of estuary were tested using a one-way analysis of variance (ANOVA). 

Descriptive statistics were used to facilitate the determination of the important 

information as means, standard deviations and minimum and maximum values. Results, 

were considered significant if p < 0.05. A two-tailed paired Student’s t-test was used to 

compare variation in physiochemical parameters and species distribution between parts 

(river mouth, intermediate and upstream). The linear regression statistics were used to 

determine how changes between part of estuary, shores, organic matter, pH, salinity and 

temperature, were affecting the distribution and abundances of individuals Uca crabs 

species.  
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CHAPTER FOUR 

RESULT AND DISCUSSION 

4.1 Objective one: To determine variation of physiochemical parameters 

4.1.1 Salinity 

 The salinity generally, has shown  the decreasing trend as you move from the river mouth 

towards the upstream, the salinity mean value of 30‰, 26‰ and 16‰ were recorded at 

the river mouth, intermediate and upstream respectively (Figure 3). 

 

Figure 3: Salinity variation along three sites of estuary SE± (Field data: 2015). 

 

There were significant differences statistically, among the three sites along the estuary 

(ANOVA F= 56.64, df = 2, p=0.0001). This result has shown that, the salinity pattern 

decreases gradually with an increasing distance from the river mouth. This could be 

linked with the fact, that the river mouth was located on a close proximity with the ocean 

current, hence experienced strong tidal current from the ocean ultimately river mouth, 

imitates the salinity of an ocean which is substantially higher.  Findings correspond with 

the previous study by Abraham et al., (1998) who reported that, the larger tidal amplitude 
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at the mouth of the estuary are associated with the strong tidal current, hence large salt 

intrusion tend to be.  

At the upstream conversely, it was recorded the lowest salinity, just as the stronger flood 

tide pushes salt water further up estuary, a large input of freshwater  from the river tend to 

counteract tidal forces and push salt water down river. These findings concur with the 

findings by Bradshaw and Kuo (1987) who elaborated that, the greatest freshwater input 

from river runoff lowered the salinity content at the upstream.  

However, there were also variations of salinity within each site itself, based on different 

stations (transect) that lied perpendicular to the shore described here below. 

4.1.1.1 Salinity variations across the stations 

At the river mouth, the highest mean salinity was 30 ‰ recorded at the lower shore, 30 ‰ 

at the upper shore and 30 ‰ recorded at the middle shore, the value were almost the same 

in all three parts (Figure 4). 

 

Figure 4: Salinity variation at the river mouth SE± (Field data: 2015) 
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Statistically, there was no significant difference (ANOVA F = 0.109, df =14, p = 0.898) 

among the three part of the shore. This could be down, to the uniformity of its sediment 

characteristics and the nature of its shore morphology. The earlier was related with the 

fact that, almost the entire area of the river mouth was covered with sandy-muddy soil, 

while the latter based on the nature of its shore being nearly flat at the river mouth. All of 

which, could in turn led to a similar salinity retention capacity throughout the area. These 

findings were responding with the previous study done by Alexander (1985), who 

reported that, Tanzania mainland coast has narrow beach with nearly flat outer platform 

occurring at the mouths of stream, hence slightly variations of chemical properties. 

At the intermediate, the highest mean salinity recorded was 29‰ at the middle shore, 

followed by 27‰ at the lower shore and last was 21‰ at the upper shore (Figure 5). 

 

Figure 5: Salinity variation at the intermediate SE± (Field data: 2015) 

 

The result has shown that, middle shore was statistically significant higher, than its lower 

and upper shore counterparts. (ANOVA F= 18.895, df =14, p = 0.001). This could be 

explained with the fact that, the lower shore was in a close contact with the run off which 

contained fresh water, while the middle shore was located a bit far away from the run off, 
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hence a higher salinity. The lowest salinity at the upper shore was due to the nature of its 

land being gentle slope and its sediment composition. The earlier, enabled the upper shore 

to experience a longer time without a slack saline tide, which could increase its salinity 

while the latter could related to low holding capacity of the salinity of its sandy soil. 

At the upstream, the highest mean salinity recorded was 20‰ at the upper shore, followed 

by 18‰ at the middle shore and last was 9 ‰ at the lower shore. The salinity was 

increased as you move from lower shore toward the upper shore (landward side) (Figure 

6). 

 

Figure 6: Salinity variation at the upstream SE± (Field data: 2015). 

 

 Statistically, the upper shore was significantly higher than its middle and lower shore 

counterparts. (ANOVA F= 34.634, df=14, p=0.0001). This situation could be explained 

with the fact that, lower shore was in close proximity to the freshwater run off, which had 

a very low salinity but its effect decreased as you moved towards the upper shore 

(landward side).  In addition to that, salinity decreased toward the landward side due to 

the excessive evaporation.  
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4.1.2 Organic matter  

The organic matter generally, showed the increasing pattern as you moved from the river 

mouth towards the upstream, the organic matter mean value of 5.6‰ 8.6‰ and 12.3‰ 

were recorded at the river mouth, intermediate and upstream respectively (Figure 7).  

 

Figure 7: Organic matter variation along three sites of estuary SE± (Field data: 

2015). 

 

The statistical test has revealed significant differences among the three sites along the 

estuary (ANOVA F= 12.861, df = 2, p = 0.0001). These findings concurred with a report 

by Rampazzo et al., (2003) which mentioned that the concentration of organic sediments 

were the highest and increased at the upstream from the river mouth. The low organic 

matter content at the river mouth, could be explained on the nature of its sediments being 

a coarse sandy soil with loose particles therefore had a less capacity to retain organic 

matter. As it has been elaborated by Brady and Weil (2002) that, sand particles have low 

capacity to hold water and nutrients.  

The substantial higher organic matter content at the intermediate could be linked with the 

presence of dense compactness of mangrove trees which in turn, its decomposition led to 
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the formation of organic matter. These findings concur with the report by Brady and Weil 

(2002) who elaborated that, the organic material is continually transferred to the soil from 

the leaf, twig and other plant debris that fall on to the ground.  

The upstream was found to have the highest mean organic matter in the entire area despite 

the fact that, it contained a very few and sparsely distributed vegetation cover in relation 

to the intermediate part.  The situation could be explained with the fact that the upstream 

was located within close proximity of fresh water runoff that move very fast, therefore the 

higher rate of dissolving and decomposition of the debris and eventually increased the 

organic matter content at the upstream. While the speed of river flow was decreased at the 

intermediate and river mouth areas, as a result a low rate of dissolving and 

decomposition. The observations correspond to the previous studies on the variation of 

organic matter like Lee et al., (2014) who reported that, the high river flow velocities on 

estuaries result in soil erosion and high rates of organic matter decomposition.  

4.1.2.1 Organic matter variation across the stations 

At the river mouth, the highest organic matter content recorded was 8.5‰ at the upper 

shore, followed by 5.6‰ at the middle shore and last was 2.7‰ at the lower shore. The 

organic matter was increasing from the lower shore toward the upper shore (Figure 8). 
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Figure 8: Organic matter variation at the river mouth SE± (Field data: 2015). 

 

Statistically, the result has revealed that, the upper shore was significantly higher than its 

middle and lower shore counterparts. (ANOVA F= 54.371, df = 8, p = 0.0001). The 

lowest organic matter content at the lower shore could be linked with the fact that, the 

lower shore was much more vulnerable to the strong tidal current in comparison to its 

middle and upper shore counterparts. The lower shore consequently, suffers severely from 

counteracting action of flood tide and ebb tide, hence lowered the amount of   organic 

matter sediments. These findings concur with the previous study by Sanders et al., (2012),  

who reported that, sediment accumulation in estuaries that are not keeping pace with tidal 

current is potentially conducive to the observed shift in particle size and organic matter 

content.  

At the intermediate, the highest organic matter content recorded was 13.8‰ at the lower 

shore, followed by 8.0‰ at the middle shore and last was 4.1‰ at the upper shore. The 

organic matters were decreased from lower shore toward the upper shore (Figure 9).  
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Figure 9: Organic matter variation at the intermediate SE± (Field data: 2015). 

 

Statistically, the result revealed that the lower shore was significantly higher than the 

other shore parts at the intermediate (ANOVA F= 54.371, df=8, p=0.0001). The 

decreased trend of the organic matter content from lower shore towards the upper shore 

could be related with the presence of a large number and size of mangrove trees at lower 

shore which in turn, its decomposition led to formation of organic matter, but it declined 

drastically towards the middle shore to the complete bare land at the upper shore 

(landward side). This decreased trend of the organic matter content with the decreasing 

numbers of mangrove trees implied that, there is a positive correlation between mangrove 

tree and the amount of organic matter content. These findings concurred with the report 

by Sanders et al., (2012) which mentioned that, mangroves sediments contained large 

reservoirs of organic materials as mangrove ecosystem produced large quantities and 

rapidly burial organic matter. Therefore the higher number of mangrove trees could also 

lead to higher organic matter content and vice versa.  
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At the upstream, the highest organic matter content recorded was 14.1‰ at the upper 

shore, followed by 12.37‰ at the middle shore and last was 10.56‰ at the upper shore 

(Figure 10). 

 

Figure 10: Organic matter variation at the upstream SE± (Field data:  2015). 

The upper shore were statistically significant higher among the three stations at the 

upstream (ANOVA F= 17.399, df=8, p = 0.003).  Results indicated that, the organic 

matter content slightly increased from lower towards the upper shore. This situation could 

be explained with the fact that, the lower shore was much susceptible to a greater 

freshwater inflows in comparison to middle and upper shore, consequently it was  

subjected to intense friction from fresh water inflows which could worn away its organic 

matter content.  

 

4.1.3 pH 

The pH generally, showed the increasing trend as you move from the river mouth toward 

the upstream, the pH mean value of 7.5, 7.6 and 8.1 were recorded at the river mouth, 

intermediate and upstream respectively (Figure 11). 
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Figure 11: pH variation along three sites of estuary SE± (Field data: 2015) 

 

Statistically, there were significant differences in pH among the three sites along the 

estuary (ANOVA F=, df = 2, p=0.0001). The situation could be explained with the fact 

that, the river mouth was located at the close proximity with sea water, which had a low 

pH due to emission of carbon dioxide from anthropogenic activities. The findings 

concurred with study by Waldbusser et al., (2010) who elaborated that, anthropogenic 

carbon dioxide (CO2) emissions reduce pH of marine waters due to the absorption of 

atmospheric CO2 and formation of carbonic acid. Estuarine waters are more susceptible to 

acidification because they are subject to multiple acid sources and are less buffered than 

marine waters.   

In addition to that river mouth was almost completely bare land with very little vegetation 

cover that would increase its pH conversely, the intermediate and upstream had 

significant vegetation which increase its pH through photosynthesis.  Similar findings 

were reported by Ringwood and Keppler (2002) who elaborated that, during the day 
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rapidly growing plants such as algae will produce oxygen and remove carbon dioxide 

(CO2) from the water during photosynthesis resulting in an increase of pH.  

4.1.3.1 pH variations across the stations 

At the river mouth, the highest pH recorded was 7.5 at the upper shore, followed by 7.5 at 

the middle shore and least was 7.4 at the lower shore (Figure 12). 

 

Figure 12: pH variation at the river mouth SE± (Field data: 2015) 

 

Results have shown that the upper shore was statistically significantly higher than other 

parts of the shore at the river mouth (ANOVA F= 48.00, df = 14, p = 0.001). These 

findings concur with several previous report which suggested that, the lower shore of 

river mouth are more acidic in nature (low pH value), due to its close proximity to tidal 

current. For instance Waldbusser et al., (2010) reported that, the lower shore at the river 

mouth is more susceptible to acidification because they are subject to strong tidal current 

processes in relation to the middle and upper shore. This could be linked with the 

countering action of slack (flood) and ebb tide, where by slack tide lower pH, while the 

ebb tide which affect particularly at the middle and upper shore hence higher pH value.  
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At the intermediate, the highest pH recorded was 7.7 at the upper shore, followed by 7.5 

at the middle shore and last was 7.5 at the lower shore, pH were increased from lower 

shore toward the upper shore (Figure 13).  

 

Figure 13: pH variation at the intermediate SE± (Field data: 2015) 

Results have shown that, the lower shore at the intermediate site was statistically 

significant lower than the remaining parts. (ANOVA F=12.745, df = 14, p = 0.0001). The 

situation could be explained with the fact that, the lower shore has been found to be 

densely covered with large mangrove trees, which in turn its decomposition could 

increase its acidity, compared to a less dense mangroves or completely an open land of 

the middle and upper shore respectively. The observation corresponds to the previous 

studies on mangrove decomposition like, Taeda et al., (2007) who reported that aerobic 

and anaerobic microbial respiration processes oxidized most of organic carbon produced 

in mangrove sediment, the acid generated will consume alkalinity and lower pH value.  

At the upstream, the highest pH recorded was 8.2 at the lower shore, followed by 8.1 at 

the middle shore and last was 7.9 at the upper shore, The result indicate that pH were 

decreased from lower shore toward the upper shore (Figure 14). 
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Figure 14: pH variation at the upstream SE± (Field data: 2015) 

 

Statistically, the lower shore was significantly lower among the stations at the upstream 

(ANOVA F=31.904, df = 14, p = 0.001). This could be linked with the fact that, lower 

shore was in close contact with freshwater flood which in turn, induced its higher pH with 

a greater intensity than the its middle and upper shore respectively. These findings concur 

with the previous study by Ringwood and Keppler (2002) who elaborated that, soil 

alkalinity is associated with the presence of sodium carbonates (Na2CO3) in the soil, as a 

result of natural mineralization of the soil particles or brought in by floodwater. The 

sodium carbonate, when dissolved in water, dissociates into 2Na+ (two sodium cations, 

i.e. ions with a positive electric charge) and CO3 (a carbonate anion, i.e. an ion with a - 

double - negative electric charge).  The sodium-carbonate could react with water to 

produce carbon-dioxide (CO2), escaping as a gas, and sodium-hydroxide (Na+OH-), 

which is alkaline and gives high pH values.  

4.1.4 Temperature 

The temperature generally, did not show a clear trend along the zonation, with the highest 

temperature between the two extremes (river mouth and upstream) and the lowest 
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temperature at the intermediate, the temperature mean value of 31.2 
◦
C, 29.4

◦
C and 31.1

◦
C  

were recorded at the river mouth, intermediate and upstream respectively (Figure 15). 

 

Figure 15: Temperature variation along three sites of estuary SE± (Field data 2015). 

 

The statistical test indicated that there was a significant difference between the sites of 

estuary.  (ANOVA F= 19.539, df = 2, p = 0.0001). The situation could be linked with the 

fact that both river mouth and upstream were almost bare land with a little vegetation 

cover found at the upstream, this exposed their ground to a directly intensive heating from 

sun, and resulted to a higher temperature. In contrast the intermediate part especially its 

lower shore was covered with densely mangrove trees which create a shadow to protect 

the ground from intensive heating, hence low temperature. The finding concur with the 

report by Mazda  et  al.,  (2007) who elaborated that,  mangrove  canopy  influences  the  

microclimate  within  the forest  by  providing  a  protected  and  shaded  region  where  

the relative  humidity  is  elevated,  wind  is  negligible  and  sunlight  is restricted. 
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4.1.4.1 Temperature variations across the stations 

At the river mouth, the highest temperature recorded was 31.39 
◦
C at the middle shore 

followed by 31.29 
◦
C at the upper shore and last was 30.89 

◦
C at the lower shore.  

 

Figure 16: Temperature variation at the river mouth SE± (Field data: 2015) 

 

Statistically, results revealed that there were no significant differences between all shores 

part at the river mouth (ANOVA F= 1.371, df = 14, p = 0.291). The situation could be 

explained with uniform sediment composition and the absence of vegetation covers on the 

entire area, which in turn exposed the entire area to more or less the same solar radiation, 

hence a similar temperature recorded.   

At the intermediate, the highest temperature recorded was 30.3 
◦
C at the upper shore, 

followed by 29.8 
◦
C at the middle shore and last was 27.9 

◦
C at the lower shore. 
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Figure 17: Temperature variation at the intermediate SE± (Field data: 2015).  

 

Results have shown that, the temperature increased from the lower shore towards the 

upper shore (landward side) with a statistical test which a indicated that, the upper shore 

was significantly higher than other part of the shore (ANOVA F= 54.872, df = 14, p = 

0.0001). A very low temperature at the lower shore could be attributed by the presence of 

dense mangrove trees in the lower shore, but the mangrove compactness was observed to 

decline significantly at the middle shore, to almost completely bare land at the upper 

shore. This decline of mangrove could be related to the edaphic factors, which eventually 

led to the increasing of temperature. The area of dense compactness of mangroves 

provided a shadow which protects the land from intensive solar radiation, hence lowering 

its temperature while the open land faced direct solar radiation result increased in 

temperature.  

At the upstream, the highest temperature recorded was 32.2 
◦
C at the upper shore, 

followed by 31.0 
◦
C at the middle shore and the last was 30.1 

◦
C at the lower shore.  
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Figure 18: Temperature variation at the upstream SE± (Field data: 2015). 

 

Results have indicated that, the temperature increased from the lower shore towards the 

upper shore with a statistical test showed the upper shore was significant higher in 

comparison to its middle and lower shore counterparts (ANOVA F= 40.280, df =14, p = 

0.0001). The situation could be linked with the fact that, the lower shore experienced a 

long submerged period of fresh water which in turn lowered the soil temperature, in 

comparison to its middle and upper shore counterparts which were located a bit far away 

from the freshwater runoff.  

4.2 Objective two: To determine abundance and diversity of Fiddler crabs of genus 

Uca 

4.2.1 Abundance of Fiddler crabs of genus Uca along the sites. 

A total of 435 individuals were counted and observed during the study period in all three 

sites of estuary. In the river mouth 91 individual of Fiddler crabs of genus Uca which was 

equivalent to 20.9‰ of the total Uca crabs that were identified, at the intermediate site 

130 equivalent to 29.8‰ and on the upstream 214 individuals which was equivalent to 

49.19‰ were identified.  
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The results generally, indicated the increased trend of Uca crab abundance as from the 

river mouth toward the upstream with a statistical test revealed significant difference 

(ANOVA F= 6.406, df = 26, p = 0.006).  The higher abundance of Uca crabs at the 

upstream site could be explained by the influence of the environmental parameters in 

relation to its position, provided that the upstream were located at the close proximity 

with the strong river runoff therefore higher rate of dissolving and decomposition of 

debris, eventually led to the formation of higher organic matter content and high pH as 

reported in this study. The higher organic matter content could be related to the plenty 

availability of food, hence supported higher abundance of the Uca crabs.  

The intermediate site was basically linked with its advantageous position being located 

halfway between the river mouth and the upstream. As a result it received a minimal tidal 

current which was the average support to the Uca crabs though not at an optimum state. 

On the other hand, the intermediate had another advantage as it received considerable and 

additionally freshwater inflow, from the upstream consequently led to the moderate pH, 

and presence of the dense mangrove trees led to second the highest organic matter content 

and lowest temperature zone. These findings correspond with the report by Nobbs (2003) 

who explains that, the rotting leaves detritus and associated faunal life enrich the 

intertidal mud flats from which the Fiddler crabs strain their food. All of these favorable 

physiochemical parameters might be attracted substantial number of Uca crabs in the 

area.  
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Figure 19: Uca crab abundance along the sites SE± (Field data: 2015). 

 

The least Uca crab abundance at the river mouth could be explained by the fact that, this 

area was found to have the most unfavorable physiochemical parameters in comparison to 

its intermediate and upstream counterparts, because Uca crabs are generally found in 

areas composed of favorable physiochemical conditions such as finer grain substrate with 

high organic content (Bezzera et al., 2006). While the at the river mouth the situation was 

quiet difference from Uca crab preference conditions, as it was found in this study the 

area had the lowest mean organic matter, lowest pH value (more acidified) and highest 

salinity.  

The combination of all of these extremes unfavorable physiochemical parameters might 

be a reason behind low Uca crab abundances at the river mouth. The observation 

correspond to the previous studies on organic matter impacts on Fiddler crabs distribution 

like, Lim (2003) who reported that, Fiddler crabs were not found on areas of the 

uniformly low organic matter, since their feed mainly on organic particles present in 

sediments.  
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Moreover, the tidal current influence which led to an instant variation of physiochemical 

parameter is much stronger in river mouth due to its proximity to the ocean compared the 

other parts. This in turn could lead to great variation of physiochemical parameters within 

short time beyond the adaptation and tolerance of the crabs. For instance the slack (flood) 

tide originated from the ocean increase salinity in estuary, however twice daily ebb tides 

drains water back out of estuary, returning salinity to lower level (Bradshaw and Kuo, 

1987).  

 

Plate 1: Fiddler crabs of genus Uca in the study area 

4.2.2 Uca crab abundance across the stations 

At the river mouth, the highest abundance was recorded at the upper shore with 70 

individuals, followed by the middle shore with 21 individuals, none were found on the 

lower shore (Figure 20). 
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Figure 20: Uca crab abundance at the river mouth SE± (Field data: 2015).  

 

Results indicated that Uca crab abundance was increased from lower shore toward the 

upper shore with a statistical test showed a significant difference (ANOVA F= 154.840, df 

= 8, p = 0.0001). These unequal abundance at this part of estuary, could be heavily linked 

with the unequal organic matter content distribution, provided that the mean organic 

matter content at the lower shore was 2.71‰ in comparison with middle and upper shore, 

which found to have a mean organic matter content of 5.6‰ and 8.5‰ respectively. This 

implied that the area with an organic matter content below substantial amount is 

uninhabited by Fiddler crabs of genus Uca because it was beyond their survival ranges.  

At the intermediate, the highest abundance was recorded at the upper shore with 65 

individuals, followed by lower shore with 50 individuals and last was middle shore with 

only 15 individuals (Figure 21). 
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Figure 21:  Uca crab abundance at the intermediate SE± (Field data: 2015).  

 

Results indicated the zigzag pattern of Uca crab abundance as the upper shore, was 

statistically, significantly higher than its middle and lower shore counterparts (ANOVA 

F= 8.817, df = 8, p = 0.0016). The situation could be explained with the fact that,  the area 

showed a great variation in its sediment composition and Uca crabs derived their food 

from the sediment, the lower shore was covered with a fine muddy soil, middle shore 

sandy muddy soil and the upper shore was covered with coarse sandy soil. These findings 

concur with the previous study by Miller (1985) who reported that, the ability of an 

organism to obtain nutrition from its environment is one of the basic requisites for 

survival and it thus, a factor governing the distribution of animals. Fiddler crabs that are 

specialized in sorting food from habitats with low organic content can sometimes be 

found in habitats with high organic contents, but species that are specialized in obtaining 

food in muddy areas, with high organic contents cannot live in areas with coarse sand and 

low organic content (Jones, 1984).  
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At the upstream, the highest abundance was recorded at the middle shore with 87 

individuals, followed by lower shore with 71 individual and last was the upper shore with 

56 individuals. 

 

Figure 22: Uca crab abundance at the upstream SE± (Field data: 2015).  

 

Results showed that the abundance increased from lower shore towards the middle shore 

than a slightly decline at the upper shore. The statistical test has revealed that the upper 

shore was significant higher (ANOVA F= 24.817, df = 8, p = 0.001). The situation could 

be attributed with the fact that, from the lower shore to the middle shore the temperature 

increased fairly which provided a conducive condition to Fiddler crabs of genus Uca 

hence, attracted higher abundance of species. In contrast to the upper shore, where 

temperature increased drastically to unprecedented level, consequently a few species 

could tolerate the extreme temperature and salinity hence, declined Uca abundance at 

upper shore. The observations correspond to the previous studies on crab response to the 

fluctuation of environmental parameter like, Frusher and Giddins (1999) who reported 
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that, the extreme environmental fluctuations in both salinity and temperature, can affect 

nearly all aspects of the physiological function of crabs. 

4.2.3 Correlation between Uca crab abundance with the combination of 

physiochemical parameters 

Results found out that, organic matter was the most influential physiochemical parameter 

with the highest R
2
 of 0.9211, followed by salinity R

2 
0.8911, pH R

2 
0.8830 and the 

temperature found to have the least influence toward the Uca crab abundance with R
2 

of 

0.3962 (Table 1).  

Table 1: Regression for Uca crab abundance with physiochemical parameters 

  t-value  P- value R² -value 

Organic matter  4.313 0.0147 0.9211 

Salinity  3.5101 0.0127 0.8911 

pH 3.077 0.037 0.883 

Temperature 2.119 0.1014 0.3962 

 

The excellent correlation of organic matter with other physiochemical parameters at one 

side and with Uca crab abundance at another side, could be linked with it primary 

important toward sustenance of Uca crabs, as they derive their food from organic content. 

These findings concur with the report by Olafsson and Ndaro (1997) who elaborated that, 

all Uca species are surface deposit feeders they rely for food on organic matter, either fine 

or coarse associated with sediment surface.  

Therefore sediment characteristics such as organic matter and grain composition could be 

expected to be the most important factor influencing their abundance and distribution 

pattern. In addition to that, mouth parts of Uca species have been shown to be closely 

linked to the habitats in which this crabs occur (Jones, 1978). This could signifies the role 

of organic matter toward the existence of Uca crabs, as their mouth parts were created to 
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suite the feeding on organic sediments. However, the role of salinity can not be 

overlooked, as Day (1981) elaborated that, distribution of many animals in estuaries can 

be correlated with salinity gradients, nevertheless most organisms that live permanently, 

in estuary are able to tolerate and cope with these changes in salinity. 

The diminish influence of temperature toward the Uca crab abundance, could be 

explained with the fact that, Uca crabs species have many mechanisms to counter the 

extreme temperature fluctuations include long submersion period and changing the color 

of carapace during the intense heating, as it had been reported by Koch et al., (2005) that, 

fiddler crab typically adapted to warm climate have adapted to wide variety of 

temperature.  

4.2.4 Species diversity 

The result indicated that the intermediate part was found to have the highest species 

diversity, with a Shannon diversity index of 1.76 at the intermediate part followed by 0.83 

at the upstream and last was 0.52 at the river mouth. 

The river mouth was found to have the lowest mean species diversity during the study, in 

comparison to their intermediate and the upstream counterpart. The results contradict with 

the study by Sumich (1996) who reported that, species diversity usually decline 

considerably from maximum near the ocean (river mouth) to a minimum near the head 

water (upstream) of an estuary. This might have been contributed by physiological 

disturbance from anthropogenic and natural impacts, the earlier involved in severe 

mangrove deforestation which in turn led to decrease the amount of organic matter 

content, while the latter related to strong flood and ebb tide which led instant fluctuation 

of physiochemical parameters and availability of the food.  This in turn could lead to both 

few species variation and low total numbers of individual species.  
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The presence of the only two species at the river mouth could be linked with a low 

organic matter content that was found on river mouth compared to other site of estuary, 

therefore cohabitated with only species that has tolerance to survive on the areas of low 

organic matter. These findings concurred with several previous studies which reported the 

existence of sympatric associates between U. vocans and U. lactea annulipes in river 

mouth. For instance, Qureshi and Saher (2012) mentioned that, the usual associate U. 

vocans throughout its range, is U. lactea annulipes, which were found on the low organic 

matter content (Lim, 2005).  This suggested why the river mouth was found to have lower 

mean species diversity, because U. vocans mostly coexisted only with U. lactea annulipes 

which has widest survival range between the lower and the higher organic matter content, 

rather than the rest of Fiddler crabs of genus Uca. 

The intermediate site was found to have the highest species diversity index in the area, 

contributed with the presence of four different species of U. tetragonon, U. urvillei, U. 

lactea annulipes and U. chlorophthalmus compared to the upstream.  The situation could 

be linked with the presence of extensive mangrove trees which in turn provide suitable 

conditions for variety of Uca crabs species, hence higher diversity.   

The upstream was found to have second higher species diversity after the intermediate 

site, with the coexistence of a large number of three difference species U. 

chlorophthalmus, U. lactea annulipes and U. inversa, their total numbers were, almost 

half of the entire Fiddler crabs of genus Uca that were found in the study area.  The 

cohabitation of the large number of these different species in upstream, implied that they 

were attracted to favorable physiochemical parameters of salinity pH, and organic matter. 

However, a strong river runoff might limit the maximum diversification of their species. 

Similarly the findings reported by Patterson (2000) that, freshwater directional flow 

acting as a barrier to a species migration and colonization, hence very low species 

diversity.  These finding concurred with report by Crane (1975) which elaborated that, in 
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east Africa U. lactea annulipes occurred together with U. chlorophthalmus. Furthermore, 

Mangale and Kulkarn (2013) mentioned a few populations U. lactaea annulipes of have 

been found to be associated with those of U. inversa, in both subspecies one or two 

populations mingled more than marginally, the only difference is that U. inversa stayed 

further upper part, where there were extreme temperature and salinity.  

4.3 Objective three: To determine variation of species distribution 

4.3.1 Species distribution at the river mouth. 

 Results have revealed that, there were only two types of species U. vocans and U. lactea 

annulipes which were found at the river mouth, where by U. vocans were constrained at 

the upper and middle shore but none was found on the lower shore. In contrast U. lactea 

annulipes were only found on upper shore with a few numbers (Figure 23). 

 

Figure 23: Species distribution at the river mouth SE± (Field data: 2015) 

 

The river mouth generally, was found to characterize with the coarsest sand and poor food 

supply that probably would have a low in both carbon and nitrogen content. This hostile 

condition could have hindered the survival chance of many other Uca crabs species in the 
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area.  To counter this problem U. vocans were frequently fed and walk at same time, 

perhaps moving on to a new area of the organic matter to overcome the paucity of 

nutrients in the area. These findings correspond to the previous studies on the behavior of 

Fiddler crabs like Weis and Weis (2004) who reported that, U. vocans feeding motions 

rate was about twice in comparison to other Uca species. This suggested that, their high 

level of activity of seeking food were due to overcome the shortage of nutrient in the area.  

The presence of U. lactea annulipes in harsh condition of the river mouth, could be 

related to its versatile nature, as it has been reported by Crane (1975) that, U. lactea 

annulipes are among the four widest ranges on earth among all Fiddlers, sheltered shores 

near large bays or the open sea, sometimes protected only by reefs or offshore mud flats 

substrate ranging from sandy mud to muddy sand. The situation could be attributed by its 

unique character to adapt and survive in different physiochemical parameters. Miller 

(1961) who reported that U. lactea annulipes, which inhabits sandy areas, had spoon-

tipped setae on the second maxillipeds therefore adapted to feed on sandier substrates.  

Moreover, results have revealed coexistence of U. vocans and U. lactea annulipes with a 

statistical test revealed significant difference (Paired t test t=3.334, df=8, p=0.010). The 

observation corresponds to the previous studies on the influence of biotope characteristics 

on distribution of U. lactea annulipes and U. vocans like Lim (2003) who reported that, 

U. lactea annulipes was co-occur with Uca vocans throughout most of its range. Even 

though, U. vocans were found on both the middle and the upper shore, while U. lactea 

annulipes were constrained only on the upper shore. This could be explained with the fact 

that, these two species have different requirement in term of their preferable sediment 

composition, because U. lactea annulipes were seem to prefer slightly sandier coarse 

substrate on the sand bank that were found only on the upper shore.  
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On the contrary U. vocans were seemed to favor sandy muddy substrate. These findings 

correspond to the previous study on the influence of biotope characteristics on the 

distribution of U. lactea annulipes and U. vocans, that have been done by Lim (2003) 

who reported that, U. lactea annulipes was significantly more abundant on the upper 

shore on sandy substrates, while U. vocans was significantly more abundant on the 

normally muddier lower shore levels, U. vocans moved to the upper shore levels only 

where the substrate had higher mud content. 

4.3.1.1 Distribution of U. vocans 

Results indicated the unequal distribution of U. vocans at the river mouth, with a 

statistical test which showed a significant difference (ANOVA F= 43.977, df = 8, p = 

0.0001). This increased trend in their numbers from a lower shore towards the upper 

shore, could be linked with the fact that the lower shore was found to have the lowest 

mean organic matter 2.71‰ in comparison to its middle and upper shore counterparts 

which were found to have 5.6‰ and 8.5‰ respectively (Figure 24), consequently led to 

increase of their numbers with increased organic matter because Uca crabs feed on those 

organic nutrients.  

This could strongly indicate the influence of the organic matter in determining the 

distributions of U. vocans, provided that, their numbers were found to increase with the 

increasing of the organic matter content. This observation has been supported by previous 

studies, on factors affecting the distribution of the genus Uca (Crustacea: Ocypodidae) on 

an east African shore, like Icely and Jones (1978) who reported that,  U. vocans was 

found to increase in areas with higher organic matter content.  

In addition to that none existing of U. vocans at lower shore could be due to avoid long 

submersion period that would affect their air and water oxygen consumption rate, as a 

result their settle in large numbers at the higher intertidal where they could enjoy a long 
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emersion period and freely breathing of oxygen. The findings concur with the report by 

Jimenez and Bennet (2005) who elaborated that, U. vocans exhibit distinct intertidal 

distributions that may affect air and water oxygen extraction rates.  

 

Figure 24: Effect of organic matter in distribution of U. vocans SE± (Field data: 

2015). 

 

Moreover, the lower pH could also be a reason for nonexistent of U. vocans at lower 

shore beyond their tolerable and adaptable capabilities. The findings correspond with the 

study by Ringwood and Keppler, (2002) who elaborated that, pH changes that are typical 

real world conditions may significantly affect physiological responses and may serve to 

limit colonization by species, that cannot escape or adequately buffer against low pH 

conditions. 

 



50 
 

 

Figure 25: Effect of pH on distribution of U. vocans SE± (Field data: 2015).  

 

4.3.1.2 Distribution of U. lactea annulipes 

The result indicates that, all U. lactea annulipes that were observed at the river mouth 

were from the upper shore and none were found on the middle and the lower shore. The 

statistical test showed significance difference (ANOVA 57.143, df = 8, p = 0.0001). This 

suggested that, they prefer to live in a much coarse sandy substrate, that were mostly 

found on upper shore and hence, avoiding fine sandy substrate of the lower and middle 

shore. The findings correspond with the previous report by Abele (1974) who reported 

that, the morphology of dominant species is usually specialized and adapted to some 

aspect of the substrate of the habitat in which they are found. This implied that, the 

sediment type can be expected to be an important factor governing the abundance and 

distribution of U. lactea annulipes. 

4.3.2 Species distribution at the intermediate 

Results indicated that, there were four different species that were found at the 

intermediate site whereby, U. tetragonon and U. urvillei occupied the lower shore while 
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U. lactea annulipes and U. chlorophthalmus were observed to increase from middle 

toward the upper shore (Figure 26). 

 

Figure 26: Species distribution at the intermediate SE± (Field data: 2015).  

 

These results generally, concurred with the report by Crane (1975), who reported that, 

that U. tetragonon and U. urvillei never lives near the river mouth and on upstream. This 

suggests that, they could be located middle way between the river mouth and upstream 

which in our case is intermediate site. The results have revealed the coexistence of U. 

tetragonon and U. urvillei on the lower shore with a very few abundance of U. 

chlorophthalmus on its upper part, while the U. chlorophthalmus and U. lactea annulipes 

dominated the middle and upper shore. This observation has been supported by previous 

studies on determining the distribution of Fiddler crabs of the world like Crane, (1975) 

who reported that, on tropical Pacific U. chlorophthalmus the only other Uca found east 

of Samoa, often lives adjacent to U. tetragonon on the next higher biotope the two 

populations sometimes overlap. In East Africa U. urvillei is the only associate of U. 
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chlorophthalmus occurring on slightly lower levels of the same biotope, it mingles on its 

upper margins with U. chlorophthalmus and U. urvillei often mingle along their lower 

and upper borders respectively (Icely and Jones, 1978).  

4.3.2.1 Distributions of U. tetragonon and U. urvillei 

Results have indicated that,  U. tetragonon and U. urvillei were found only on the lower 

shore and none were found on the middle and the upper shore with a statistical test 

showed significant differences in their distribution (ANOVA F = 36.571, df= 8, 

p=0.0001), (ANOVA F = 12.000, df = 8, p = 0.008) respectively. The situation could be 

explained with the fact that, the lower shore of the intermediate site was found to have a 

substantial amount of organic matter content, generated by the presence of dense 

compactness of the mangrove forest.  

In contrast the number of mangroves and therefore organic matter content decrease 

drastically from middle and the upper shore. This implied that U. tetragonon and U. 

urvillei could not survive in the area of a very low organic matter below 9.00‰, it is 

rationally that, they could not be able to live in the area outside they survival range. The 

findings correspond to previous study on distribution of Fiddler crabs in East Africa like 

Richmond (2002) who reported that, U. tetragonon and U. urvillei found on sea ward 

edge on the center of mangrove forest.  
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Figure 27: Effect of organic matter in distribution of U. tetragonon SE± (Field data: 

2015) 

In addition to that, temperature could also be a decisive factor as it was found the lower 

shore of the intermediate had the lowest temperature in the area but then it increase 

significantly from middle shore towards the upper shore (figure: 5). This can be further 

clarified with the fact that U. tetragonon and U. urvillei occupy low intertidal zones that 

experienced long submersion times to lower body temperature. 

Jimenez and Bennet, (2005), suggested that, they were very sensitive to the temperature 

fluctuations as they oxygen uptake rates are also affected by changes in ambient 

temperature. In addition to that Venberg and Venberg (1972) elaborated that, high oxygen 

extraction rates and temperature quotient response in aerial environment, may allow U. 

tetragonon and U. urvillei to repair oxygen debt quickly during a short emersion period. 

This suggests that, the confinement of these two species on a lower shore could be related 

with their efficient respiratory system which enable them to meet oxygen demand while 

submerged, by doing so they could lowered they body temperature and feed on the higher 

organic matter content available on lower shore. 
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Figure 28: Effect of temperature in distribution of U. tetragonon SE± (Field data: 

2015) 

Moreover, the restriction on the lower shore covered with large mangroves could be 

related to hide from the predators. These large size U. tetragonon and U. urvillei have 

bright red and dark blue color carapace respectively, moving around on open area of the 

middle and upper shore might be too risky and it would be more obvious to predators. 

4.3.2.2 Distribution of U. lactea annulipes  

Results revealed that, there was no a single species of U. lactea annulipes at the lower 

shore but their numbers, increased significantly from middle shore towards the upper 

shore, with a statistical test showed significance difference (ANOVA F =18.031, df = 8, p 

= 0.0003).This could be related with the sediment composition provided that, the 

sediment composition changes from soft muddy at the lower shore to a much sandier 

substrate at the upper shore. Similar observation has been mentioned on several studies on  

Fiddler crabs like Lim (2003) who reported that, U. lactea annulipes was significantly 

associated with sediments containing higher sand content regardless of shore level. Thus, 

it can be further elaborated that, U. lactea annulipes chosen habitats according to where 
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best adapted for feeding.  Crane (1975) concluded that, the normal habitat of a given 

species, whether sandier or muddier, can be surmised by examining the setae on the 

endites of the second maxilliped the more spoon-tips, the more nearly sandy the 

environment. Cranes (1975) observations were confirmed by Miller (1961) who reported 

that, U. lactea annulipes, which inhabits sandy areas, had spoon-tipped setae on the 

second maxillipeds therefore adapted to feed on sandier substrates. 

In addition to that a low temperature at lower shore also could have been reason for 

nonexistent of U. lactea annulipes from lower, as it was found their numbers were 

increased significantly with increasing temperature. 

 

Figure 29: Effect of temperature in distribution of U. lactea annulipes  SE± (Field 

data:2015). 

 

4.3.2.3 Distribution of U. chlorophthalmus 

Results have revealed that, U. chlorophthalmus were found to increase from a lower shore 

up to the middle shore but then, decline substantially at the upper shore, with a statistical 

test showed significant difference (ANOVA 41.714, df = 8, p = 0.0001). This situation 
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could be explained with the fact, that unlike the coarse sand of the upper shore, the lower 

and middle shore of the intermediate site were covered largely by fine muddy soil, with 

richly supply of food (organic matter), provided that, this Uca crab spent most of the time 

while feeding and standing in one place, which could also require the area of a high 

organic matter content to avoid more rapid feeding motions. The finding concurred with 

the previous studies on the behavior species of Fiddler crabs like Weis and Weis (2004), 

who reported that U. chlorophthalmus are lethargic, spend most of their time quietly 

feeding.  

In addition to that, U. chlorophthalmus usually stay in their burrows for much longer 

time, but the upper shore which was covered with sandier crystal substrate has less ability 

in holding burrows for a long time. This implies that sandier substrate at the upper shore 

could undermine principal ecological behavior of U. chlorophthalmus for longer staying 

in their burrows, therefore they avoided staying in the upper shore. The findings 

corresponds to the previous studies on distribution of Fiddler crabs like Crane (1975) who 

reported that, an individual U. chlorophthalmus either male or female often lives in the 

same burrow for days or weeks. U. chlorophthalmus preferred soft mud habitat at the 

mangrove forest (Richmond, 2002).  

 

Figure 30: Distribution of U. chlorophthalmus SE± (Field data: 2015). 
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4.3.3 Species distribution at the upstream  

Results have revealed that, there were three different crab species of genus Uca at the 

upstream, comprise U. lactea annulipes, U. chlorophthalmus and U. inversa. U. lactea 

annulipes and U. chlorophthalmus were found in all parts of shore (lower shore, middle 

shore and upper shore) while the U. inversa were constrained in upper most part of the 

shore only (Figure 31).  

 

Figure 31: Species distribution at the upstream SE± (Field data: 2015). 

 

Results generally, indicated that the number of both U. lactea annulipes and U. 

chlorophthalmus increased from lower shore toward the middle shore then declined 

significantly at the upper shore. This situation could be explained with the fact that the 

organic matter increased with moderate temperature from the lower to middle shore. 

However, the unprecedented highest temperature at the upper shore could hinder their 

survival, consequently led to decline in their numbers. In contrast U. inversa were found 

only in upper shore of the upstream because they have carapace blanching that deflecting 

solar radiation hence reducing their body temperature.  
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4.3.3.1 Distribution of U . inversa  

Results have revealed the unequal distribution of U. inversa because they were found to 

be constrained only on the upper shore while on the lower shore and middle shores were 

missing completely. The statistical test has revealed significant difference in the 

distribution of U. inversa in the upstream (ANOVA F=, df = 2, p = 0.0001). This 

suggested that these species (U. inversa) required only extremely higher value of 

physiochemical parameters as a prerequisite condition for their existence.  Based on the 

findings temperature and salinity were found to increase as you move from lower shore 

toward the upper shore in the upstream site.  

This might have been triggered by decreasing the number and the size of mangrove trees, 

from the lower shore to become a complete bare area in the land ward side (upper shore), 

therefore exposed upper part of shore to intensive heating and higher rates of 

evaporations, resulted in increasing salinity and temperature to unprecedented levels, 

compared to other part of the shores.  The findings, concurred with the previous studies 

on distribution of Fiddler crabs like, Crane (1975), who mentioned that, U. inversa were 

found only at salt flats usually at or near highest tide levels, sometimes covered only by 

spring tides, and always partly cutoff from the open sea. Furthermore, Richmond (2002), 

showed that U. inversa exist in the area where a salinity of soils and temperatures are 

often very high. To overcome the extreme temperature conditions on the upper shore U. 

inversa have special mechanisms through its morphology to keep its body temperature 

constant. As it has been reported by Eshky et al., (1995), that U. inversa has a carapace 

blanching and pale major cheliped that reflect solar energy rather than absorbing it hence 

reduce the body temperature. This suggests that, without this adaptation it would be 

impossible for this species to survive the harshness of its environment. 
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Figure 32: Effect of temperature on distribution of U. inversa SE± (Field data: 2015). 

 

4.3.3.2 Distribution of U. chlorophthalmus  

Results have indicated that, the number U. chlorophthalmus increased from the lower to 

middle shore, but then declined significantly at the upper shore, however the statistical 

test did not showed a significant difference (ANOVA, F = 3.323, df = 2, p = 0.107). The 

situation could be explained with the fact that from the lower shore to middle shore both 

temperature and salinity were increased fairly due to little presence of vegetation cover  

particularly mangrove forest which cover the land from intensive solar heating, unlike in 

the upper shore where there was no mangrove trees completely.  

Therefore, the upper shore was more exposed to intensive solar radiation than its middle 

and upper shore counterparts, this could increase temperature with an excessive 

evaporation rate subsequent the salinity increase to the unprecedented levels.  

This rapid fluctuation of salinity and temperature could hinder the survival chance of U. 

chlorophthalmus in the upstream because of the minimal tolerance to the fluctuations of 
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physiochemical parameters of U. chlorophthalmus. The observation corresponds to the 

previous studies on distribution of Fiddler crabs like, Crane (1975) who reported that, U. 

chlorophthalmus characteristically are not close to the open sea but near high tide level on 

the muddy bank flats of mangrove estuaries, this implied that that they prefer not to settle 

in the areas of extreme salinity and temperatures.  

4.3.3.3 Distribution of U. lactea annulipes 

Result have revealed the number U. lactea annulipes increased from the lower shore to 

middle shore, but then declined significantly at the upper shore. With a statistical test 

showed significance difference between them (ANOVA F =22.08, df = 2, p = 0.002). The 

finding varied to the previous study on the distribution of U. lactea annulipes, like Lim 

(2003) who reported that, U. lactea annulipes tend to reside in upper intertidal zones with 

sandier substrates. The situation could be explained with the presence of interspecific 

competition and the sediment composition in upstream were dominated with the muddy 

soil rather than the sandier substrates.  

 

These findings corresponds to the previous study on distribution of Fiddler crabs like 

Crane (1975) who reported that, in absence of U. vocans which often showed sympatric 

associate with U. lactea annulipes, as a result they occupied the lower shore. This 

suggests that, the presence of U. vocans push U. lactea annulipes little bit further on the 

higher level on the shores, thus why on its absence in upstream, it provided opportunities 

for the U. lactea annulipes to occupy that area. 

  

In addition to that, the extreme value for physiological parameters like pH, temperature 

and salinity in the upper shore of the upstream, could decrease the abundance of U. lactea 

annulipes, provided it is outside of their survival range.  As a result, they were found only 

on at least favorable physiochemical conditions on lower and middle shore. For instance, 

Waldbusser et al., (2010) explained that, diverse estuarine species may be especially 

vulnerable to a long-term alteration in baseline pH because they occupy highly variable 
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habitats that often present conditions at the limits of their physiological tolerance. This 

suggests that stretching variation of pH, temperature and salinity on U. lactea annulipes 

could endanger their survival chance, and therefore were limited on lower and middle 

shore.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The study has depicted a clear variation of physiochemical parameters along the 

environmental gradient at Pangani estuary where by a pH and organic matter increased as 

you moved from the river mouth toward the upstream. Conversely salinity decreased from 

the river mouth toward the upstream due to dilution capacity of freshwater inflow. 

However, in term of temperature the intermediate site was found to have a very low 

temperature that differed significantly with other site of estuary, that could be related to 

the dense mangrove covered which shield the land surface from an intensive solar 

radiation eventually led to a low temperature, compared to the river mouth and the 

upstream, which were found to have a very few vegetation cover, therefore the land 

surface was exposed to a solar radiation, hence higher temperature.  

Furthermore, results indicated that, the species abundance increased as you moved from 

the river mouth towards the upstream by indicating the effect of anthropogenic activities 

(mangrove deforestation), as a main reason of lower Uca abundance on river mouth, on 

the other hand, the favorable conditions (intact in nature) in the upstream led to higher 

abundance in upstream. Even though, the intermediate site was the most diverse part of 

the estuary as it comprised four different species (U. tetragonon, U. urvillei, U. 

chlorophthalmus and U. lactea annulipes). 

The study has also revealed the effect of variation of physiochemical parameters on the 

distribution of six species of Fiddler crab of genus Uca along the environmental gradient 

at Pangani estuary, it clearly showed both distinct and irregular distribution, where by U. 

vocans thrived in nutrients poor river mouth due to their frequently feeding activity 

searching new areas of food (organic matter), while U. tetragonon and U. urvillei were 
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confined on the lower shore of the intermediate site for a longer submersion period to 

lower their body temperature and acquire  richly nutrient  food (organic matter), due to 

their efficient respiratory systems.  

U. inversa were constrained on upper shore of the upstream, due to their carapace 

blanching and pale major chelliped which reflect solar energy, eventually lower their 

body temperature. On the contrary U. lactea annulipes were found in all three sites of 

estuary, related to their morphology of feeding appendages with spoon-tipped setae on the 

second maxillipade capable to feed on hard coarse sand. U. chlorophthalmus were found 

to prefer the muddier nutrient soil and for longer staying burrow. 

 U. lactea annulipes was the most abundantly found species (222), their abundance were 

almost half of the entire Fiddler crabs that were found in the study area, followed by U. 

chlorophthalmus (72), U. vocans (71), U. tetragonon (32), U. urvillei (18) and U. inversa 

(20). 

Moreover, the study has shown the coexistence of different species in the same area 

(sympatric associates). U. chlorophthalmus which were found to coexist with U. urvillei 

and U. tetragonon on the river mouth of the intermediate part and U. lactea annulipes and 

U. inversa at the upstream. U. vocans occurred sympatrically with U. lactea annulipes at 

the upper shore of the river mouth and U. tetragonon coexist with U. urvillei at the river 

mouth of the intermediate part.  

5.2 Recommendations  

Fiddler crabs of genus Uca constitute of the most characteristics groups of animals, 

associated with mangrove forest and various aquatic faunas in estuarine ecosystem. 

However, it is necessary to realize the mounting pressures, which pose the existential 

threat for this fragile ecosystem. Hence the following measured outline below should be 
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taken in to consideration to ensure their health existence for the current and future 

generations.  

 Based on the fact that, the Fiddler crabs of genus Uca are found to be positive 

correlated with mangrove trees, even some Uca species were found missing from 

what is supposed to be their favorable areas due to anthropogenic activities. There 

is a great need of addressing the problems of mangroves deforestation and 

encouraging the sustainable utilization of this resource. Failure to do so, means the 

excessive exploitation of mangrove trees which could lead to a drastically decline 

in their numbers or even completely disappearance of Fiddler crabs of genus Uca, 

which of course could affect the entire ecosystem in Pangani estuary.  

 There is a need also of addressing the problem of water pollution at Pangani 

estuary, which turns the estuary in to a dumping part for organic, inorganic wastes 

and even sewage system drains its water in to the estuary. All of these could either 

influence the variation of favorable physiochemical parameters that attract Uca 

crabs or could bring the toxic materials in estuary which eventually, could lead to 

decline in the number of Uca crabs and other aquatic faunas.  

 Moreover, there is a need of the establishment of rising awareness program on the 

local communities around Pangani estuary, on the importance of healthy existence 

of the estuary ecosystem for their own livelihood activities such as fishing.  

5.3 Limitations of the study 

Like many other scientific studies, this study encountered the problem of lacking 

sophisticated equipment’s, such as binocular for magnifying and easily identified six 

different species of Fiddler crabs of genus Uca, as a result the researcher had to move to 

the close distance of the quadrate for observation, remained motion less for a long time to 
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provide a sufficient time for Fiddler crabs of genus Uca to resume their activities and 

identifying them.  

With the limited time and funds, the study was based on data that were collected only 

during dry season and not a wet season, which could be useful for comparison for the 

variation of physiochemical parameters and hence, variation on the abundance and 

distribution of Fiddler crabs of genus Uca in the study area between dry and wet season. 

The researcher had to wait only during low neap tide where Fiddler crabs of genus Uca 

were emerged from their burrows to resume their activities. 

5.4 Areas of further research 

 There is a need for a determination of the distribution and abundances of Fiddler 

crabs of genus Uca along the environmental gradient for both season, hence the 

comparison on the distribution and abundances Uca crabs for both dry and wet 

season, which of course, could have a different outcome compared to when it 

involved only a single season. 

 More studies, on the distribution of Fiddler crabs of genus Uca in relation to 

variation of mangrove species, because different mangrove species could have 

different influence toward Uca crabs species distribution. 

 There is also a need to study the effect on variation of sediment characteristics to 

which a little is known on estuarine ecosystem in relation to Uca crabs 

distribution. 

 Moreover there is a need to determine the distribution and abundance of Fiddler 

crabs of genus Uca on explicitly ocean areas.  
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