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aspects, and times during the two-year study period, which reflects the specificity that 

grapsid crabs have to particular environmental conditions at certain sites and times. 

Grapsid crabs in Darwin Harbour were found to be important in recycling nutrients by 

consuming significant amounts of mangrove litter. In situ experiments of litter 

processing showed that at least 20.4% of litter fall was processed by grapsid crabs. N. 

meinerti, Sesarma spp. and Episesarina sp. nov were found to be significant 

consumers of mangrove litter. 

Overall, the consumption of tethered A. marina propagules (84%) was greatest, 

followed in order by R. slylosa leaves (69%), C. lagal leaves (5 8%), A. marina leaves 

(54%), C. lagal propagules (48%), and R. slylosa (2%). In laboratory feeding 

preference experiments, leaves were preferred over A. marina propagules. There 

appears to be some unknown factors in the natural mangrove environment that 

resulted in greater consumption rates of A. marina propagules than consumption rates 

of leaves. Preferences for all other mangrove litter observed in laboratory feeding 

experiments were similar to consumption measured in the field. 

In laboratory experiments, N. meinerli and Sesarma spp. preferred decayed R. stiosa 

leaves over the propagules, and decayed, senescent, and fresh mangrove leaves of A. 

marina and C. lagal. N. meinerli, preferentially, consumed A. marina in the high 

intertidal assemblage, where only A. marina and C. tagal leaves were available. In the 



ABSTRACT 

This research has filled some of the gaps in knowledge of the function of grapsid 

crabs in mangrove forests by identifying some of the important factors affecting the 

consumption of mangrove litter. Grapsid numbers were related to mangrove litter 

consumption, in space and time. Feeding preferences, their significance for the 

consumption of mangrove, material and the survival of seedlings were also identified. 

The thesis objectives were accomplished by sampling crab numbers and litter 

consumption in several assemblages, up-stream and down-stream of two areas in 

Darwin Harbour for a two-year period. Feeding preferences, of the most abundant 

grapsid crabs in the harbour, were studied in the laboratory. 

The results from this study indicated that Sesarma spp., N. meinerti, Episesarnia sp. 

nov were the most abundant crab species, followed by C. merguiensis, I. pal udicola, 

S. horneensis, Al. latij'rons, and Sarmatium spp.. Mangrove assemblage was the most 

important spatial factor affecting the distributioii and abundance of grapsid crabs. 

Sesarnia was most abundant in mid and low intertidal assemblages. C. merguiensis, I. 

paludicola, Al. latifrons, and Sarmaliurn spp. were almost exclusively found in low 

intertidal assemblages. N. meinerti and Episesarma .sp. nov were largely limited to 

high intertidal assemblages. S. horneensis was the only species that was found 

dispersed in similar, numbers among the different assemblages. In many cases, crab 

species occurrence and abundance were specific to certain, assemblages, areas, 



mid-intertidal assemblage, where Sesarma spp. was dominant, C. tagal was the only 

option. C. tagal was consumed much less than mangrove litter in other assemblages. 

Sesarina, in the mid-intertidal, may turn to particulate organic matter to fill its 

nutritional needs. 

Mangrove litter consumption rates increased from the dry season to the wet season. 

Mangrove productivity also increased from the dry season to the whet season. 

Interestingly, litter consumption rates were not related to litter fall rates. An 

explanation for the lack of relationship between litter fall rates and litter consumption 

rates may be associated with the nature of the experiment. 

The structure of Darwin Harbour mangrove forests did not appear to be significantly 

effected by grapsid crabs. It has been suggested that in some mangrove forests, 

grapsid crabs may affect the structure of the forest by consuming propagules that 

would otherwise establish and proliferate. High consumption of A. marina and C. 

tagal propagules occurred in assemblages where both of these species are high in 

n urn bers. 
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GENERAL INTRODUCTION 

Mangrove plants are special in that they are able to thrive in harsh environments that 

experience periodic tidal flooding and sediments with extreme high salinity and low 

oxygen. This ability distinguishes them from other plants. Adaptations to such 

extreme conditions include various unusual morphological, anatomical, and 

reproductive attributes (Saenger 1982). To start with, these plants include a wide 

variety of life forms such as trees, climbers, herbs, grasses, shrubs, ferns, and palms 

(Wightmanii 1989). The most striking of these adaptations, however, are the above-

ground roots such as the 'peg" roots (or pneumatophores) of Avicennia marina and 

prop" roots of Rhizophora slylosa, and the production of viviparous propagules 

(seeds which have germinated while still attached to the tree). 

There are an estimated 94 species of mangroves and mangrove-associated species, 

all of which occur only in subtropical and tropical climates. The highest diversity is 

found in the Indo-West Pacific (Tomlinson 1986). Forty mangrove species have 

been recorded in Australia (Smith & Duke 1987), most of which occur within 

northern Australia (Wells 1982; Wightmann 1989). 

The proliferation of mangroves, in intertidal coastal habitat, provides for and 

harbours a wealth of biota derived from both land and sea. These include (but are 

not limited to) algae, fungi, lichens, anemones and jellyfish, an array of annelids, a 

multitude of molluscs and crustaceans, spiders and insects, fish of many different 

species, reptiles, birds, and various mammals such as bats, flying foxes, water rats, 

and, in Australia, a small number of marsupials (Milward 1982). Many of these 

animals spend their entire lives in these forests, while others are transient, using 

mangrove forests for food and shelter particularly during their juvenile stages 
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1. GENERAL INTRODUCTION 

1.1. The significance and nature of mangrove forests 

Through much of history, mangrove forests have been looked upon as mosquito 

infested and useless land. HRH Prince Philip (1972) wrote that mangrove forests 

have been described as "foul smelling swamps, rich in muck and ooze, with strange 

animal noises, snakes, mosquitoes and a myriad of other queer forms of creeping 

and crawling creatures," and Hegerl (1982) wrote that they, in general have been 

considered to be "useless wastelands". Only toward the latter part of the twentieth 

century has the significance of mangrove ecosystems been widely recognised. These 

systems are some of the most important wetland habitats in the world. Mangrove 

forests support coastal fisheries, stabilise shorelines, enhance water quality in 

coastal rivers and estuaries, and provide timber and other forest resources to people 

in nearby communities (Clough 1982). The importance of mangrove forests has only 

been widely recognised after many forests have lost some or all of their function by 

an array of destructive activities. Among these are filling for dry land use (i.e. 

reclamation), building of canal estate housing projects, mosquito control, estuarine 

dredging, and water pollution. It is no wonder that preservation and the "health" of 

mangrove forests have been of increasing public concern in recent years. Scientific 

research has aided in bringing recognition of the importance of mangrove habitats to 

the general public and to governments, and in turn, this recognition has highlighted 

the need for further study to understand these systems. 
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(Odum & Heald 1972; Robertson & Duke 1987; Liii & Beal 1995). Marine species 

such as barramundi (La/es calcarifer), mangrove jack (Lu/janus argentimacula/us), 

bream (My/jo herda), mullet, and catfish are examples of some of these species. 

1.2. The role of grapsid crabs in the structure and function of 
mangrove forests 

Crabs are among the most abundant benthic macrofauna in tropical tidal forests 

(Malley 1977), with more than 60 species occurring in the Indo-Pacific region 

(Jones 1984; Tan and Ng 1994). Around 44 of these species belong to the family 

Grapsidae (Tan and Ng 1994), with most of the remaining belonging to the family 

Ocypodidae. Grapsid crabs come in many sizes, shapes, and colours, from cryptic 

hexagon shaped species only a few millimeters in size to larger vibrant blue or 

purple, square shaped crabs. Grapsid crabs also have a variety of feeding habits and 

diets (Lee 1998). Some feed strictly on detritus, others consume mangrove leaves, 

and still others are carnivorous, feeding on other crabs and molluscs. A curious 

behaviour displayed by some leaf- and propagule-consuming grapsids is their habit 

of gathering and storing these items in their burrows, presumably for later 

consumption (Robertson 1986). Many grapsids have a combination of feeding habits 

and diets, for instance, collecting and consuming leaves as well as feeding on 

molluscs. 

As a dominant benthic group in mangrove forests, grapsids have recently been a 

centre of focus in mangrove ecosystem dynamics research (Robertson 1986; Warren 

& Underwood 1986; Smith 1987a; Smith 1987b; Smith 1988; Smith etal. 1989; 

Smith etal. 1991; Emmerson & McGwynne 1992; Smith 1992; Frusher etal. 1994; 
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Experiment 2 - Wet season 

Patterns in feeding preference were similar in the wet season conditions (when 

propagules are available) as they were during dry season conditions. The most 

important effects in Sesarma feeding preference were again litter species and litter 

type (Table 9-3 -A). Rhizophora slylosa continued to be selected over Avicennia 

marina and Ceriops lagal(X = 0.028 g/dry wt/12 hrs, SE 0.008; X = 0.003 

g/dry wt/12 hrs, SE = 0.001; X = 0.002 g/dry wt/12 hrs, SE = 0.001). 

Decayed leaves (X = 0.034 g/dry wt/12 hrs, SE = 0.007) were preferred over 

senescent leaves (X = 0.006 g/dry wt/1 2 hrs, SE = 0.003), fresh leaves (X = 

0.001 g/dry wt/12 hrs, SE = 0.00), and propagules (X = 0.003 g/dry wt/12 hrs, SE 

= 0.002). Differences in crab size was less important, but still significant. Larger 

crabs processed more than smaller crabs (X = 0.014 g/dry wt/12 hrs, SE = 0.003 

and X = 0.009 g/dry wt/12 hrs, SE = 0.003). 

There was an important interaction between litter species and litter type, where 

processing of decayed R. stylosa leaves was significantly greater than the 

processing of any other combination of litter species and litter type (X = 0.094 

g/dry wt/12 hrs, SE = 0.005; all other combinations had a X < 0.018 g/dry wt/12 

hrs and SE < 0.007) (Figure 9-3). Less important interactions included 

combinations of crab species, gender, crab size, litter species, and litter type. For 

instance, processing of decayed R. stylosa leaves by large male crabs (X = 0.194 

g/dry wt/12 hrs, SE = 0.05 1) and small female crabs (X= 0.137 g/dry wt/12 hrs, 

SE = 0.037) had significantly greater mean values than all other combinations of 

crab gender, size class, litter species, and litter type. The amount of decayed R. 

sly/ova leaves processed by small males and large females were similar (X = 
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McGuinness 1997a; McGuinness 1997h; Lee 1998; Sousa& Mitchell 1999; Clarke 

& Kerrigan 2002). Most studies have confirmed their importance in the function and 

structure of mangrove systems. These studies have focused on their effects on the 

physical, structural, and chemical nature of mangrove forests as well as on the 

overall energy flow of mangrove ecosystems. 

Physical effects that crabs have on mangrove systems are mainly manifested 

through their burrowing activities. Most grapsid crabs build or maintain burrows for 

refuge. Burrowing activity of crabs has been reported to increase micro-topography 

on the sediment surface as well as the proportion of coarse sediment particles 

(Warren & Underwood 1986). Bioturbation of this sort has been reported to reduce 

algal cover on the soil surface (Warren & Underwood 1986), which may also 

redistribute organic matter by bringing deeper layers up toward the surface, thereby, 

benefiting other benthic animals (Lee 1998). 

Bioturbation is also said to improve aeration of soils, resulting in a variety of 

chemical changes in the soil. In experiments conducted by Smith el ul. (1991), 

where cages were used to exclude grapsid crabs, soil suiphide and ammonium 

concentrations increased, presumably from decreased aeration. This appeared to 

result in decreased forest growth. Bertness (1985) showed that burrowing activity of 

ocypodid crabs in a temperate marsh was related to increased redox potential and 

soil drainage (which may have been caused by increased aeration and the high 

proportion of coarse sediment particles), and accelerated decomposition of 

mangrove litter. The burrowing activity of grapsid crabs is likely to have similar 

effects. 

10 
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Grapsids have been most recognised for their important role in the energy flow of 

mangrove ecosystems. Overestimates of nutrient outwelling from mangrove forests 

have been made in the past due to the lack of information on grapsid ecology (Boto 

& Bunt 1981; Lee 1998). Since grapsid crabs form a large proportion of the benthic 

biomass in mangrove forests, they consume great amounts of organic material, thus 

preventing loss of nutrients from the system and aiding in recycling. Most studies 

conducted in Indo-Pacific mangroves have documented substantial mangrove litter 

consumption by grapsid crabs (Lee 1989; Emmerson & McGwynne 1992; 

Robertson etal. 1992; Micheli 1993; Steinke etal. 1993; Lee 1998). For instance, 

Robertson (1986) found that exportation of leaf material in northeastern Australia 

was reduced by 30% by the presence of grapsid crabs. Robertson and Daniel (1989) 

found that leaf-consuming crabs could recycle up to 90% of mangrove litter by 

removing this material in the high intertidal zones of Australian tropical mangrove 

forests. The latter study demonstrates, however, that removal rates are likely to 

depend on factors such as tidal height (also see Lee 1990) and forest type 

(Robertson el al. 1992). 

Several studies provide evidence that litter consumption is affected by selection by 

crabs for litter of particular mangrove species and conditions (i.e. fresh, senescent, 

and decayed; Camilleri 1989; Lee 1993; Steinke etal. 1993). Not all studies, 

however, have supported these findings (Micheli 1993a). As a result of the limited 

number of studies conducted on factors affecting mangrove litter removal rates, our 

understanding of the process is incomplete. 
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Not all studies have demonstrated that consumption of mangrove litter by grapsid 

crabs results in a significant reduction in tidal export of this material. Studies of 

models on Caribbean systems have suggested much lower litter consumption rates 

by grapsids within the forest (Heald 1971; Odum 1971; Odum & Heald 1975), and 

in fact, Caribbean mangroves also have lower grapsid crab diversity and abundance 

(Abele 1992). These trends appear to correspond to the degree of diversity of 

mangrove species themselves (Smith el al. 1989; Lee 1998), but this association 

cannot be proven until a greater number of studies in different regions has been 

conducted (Lee 1998). 

The importance of grapsid crabs in affecting mangrove community structure through 

consumption of propagules of preferred species has also been suggested (Smith 

1987a, 1992), but the work in this area is still limited. Smith's studies confirmed 

grapsids to be important consumers of mangrove propagules (Smith 1987a, 1987b, 

1988) and found that they do display preferences in consuming propagules of 

particular species (Smith 1988). Smith, therefore, suggested that consumption and 

preference of post-dispersal propagules by crabs may affect mangrove community 

structure by influencing where mangroves are established (Smith 1987a, I 987b, 

1988). Smith (1987, 1992) tested this in a set of experiments and found a negative 

relationship between mangrove conspecific dominance and frequency of attack on 

mangrove propagules, implying that grapsids may be preventing some mangrove 

species from proliferating, or at least, competing for dominance. 

This dominance-predation model suggested by Smith (1987, 1988) was not 

supported by similar studies conducted by McKee (1995) in Belize, McGuinness 

12 
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(1997a) and Clarke and Kerrigan (2002) in Australia, and Sousa and Mitchell (1999) 

in Panama. In a study testing the dominance-predation model in three different 

geographic regions, results from predation measurements in Florida (Smith et al. 

1989) also contradicted findings by Smith (Smith 1987a, 1987b, 1988, 1992) and 

Smith el al. (1989) in the Indo-Pacific mangrove forests. 

All of the research conducted on the various functions that grapsid crabs have in 

mangrove systems shows that the presence of grapsid crabs has a positive role on 

mangrove growth and productivity, just as the presence of mangroves has a positive 

impact on the survival and/or proliferation of crabs (Lee 1998; Lee & Kwok 2000). 

Because of the significant role of grapsid crabs, Smith ci al. (1991) suggested that 

they may occupy a "keystone" position in mangrove ecosystems using the definition 

given by Naiman et al. (1986), where "their activities exert a major influence on 

ecosystem-level parameters" (see Power ci al. 1996 for a more exact definition and 

further information and discussion on keystone species). Much research, however, 

remains to be done to fully identify the nature and level of their impacts on 

mangrove ecosystems. The importance of grapsid crabs in the ecology and the 

chemical and physical nature of mangrove communities appears to depend on many 

factors including geographical region, intertidal zone and the species of mangroves 

and crabs that occur within the system. The effects of these factors are at present 

unclear. 

There are two major limitations in existing work on the study of the role of grapsid 

crabs in mangrove forests. The first is that studies have been restricted to a few 

geographical regions, as mentioned previously. The majority of research in the Indo- 
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Pacific has been restricted to a few sites and sometimes to particular assemblages in 

north eastern Australia (Giddins ci al. 1986, Robertson 1986, Smith I 987a, Smith 

1987b, Smith 1988, Smith cial. 1991), and only a small amount of work has been 

done elsewhere (Woodroffe ci al. 1988, Lee 1989, McGuinness 1997a, McGuinness 

I 997b). 

The second limitation is the paucity of information available on factors affecting the 

consumption of litter by crabs (as mentioned above), thereby, influencing the 

amount of organic matter retained within mangrove systems. Past research has 

alluded to the association of mangroves and grapsid crabs, each affecting the 

presence and proliferation of the other. The nature of mangroves present within 

forests can therefore be expected to influence the abundance and compositions of 

grapsid populations inhabiting them, both of which are likely to affect consumption 

of mangrove litter by grapsids. No studies have directly tested this by relating 

mangrove forest attributes to grapsid crab populations and litter consumption. 

1.3. Aims and objectives of the research 

The research presented in this thesis aims to fill some of the gaps mentioned above. 

First, this study has been conducted in northern Australian mangroves and 

compliments studies carried out in other geographical regions. More importantly 

though, this study relates mangrove forest attributes to grapsid crab populations and 

litter consumption. This was achieved by documenting the spatial and temporal 

distribution of relative abundances of grapsid crabs, their feeding preferences, and 

litter removal and processing rates. 

14 
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The specific objectives were to: 

• Document spatial and temporal variation in grapsid numbers, 

• Document spatial and temporal variation in litter consumption. 

• Relate litter consumption to crab abundance, and 

• Experimentally determine crab feeding preferences and their impact on 

consumption of mangrove material and the survival of seedlings. 

1.4. Structure of the thesis 

To clearly present the findings from this thesis, the information has been divided 

into ten chapters. The grapsid crabs involved in the project, the study area, and 

experimental design are described first to set the stage for the reader (Chapter 2). 

Following this initial general methods" description, a pilot study comparing several 

methods for estimating the relative numbers of crabs involved in this study is 

introduced (Chapter 3). The pilot study was carried out to identify the most effective 

method to implement in this thesis. A chapter on environmental conditions is then 

introduced to describe the sites according to their similarities, and so that patterns in 

crab abundance and litter consumption in later chapters can be related to patterns in 

environmental conditions (Chapter 4). Mangrove productivity and in si/u litter 

processing rates are likewise introduced at this point, for the same reasons (Chapter 

5). The main component of the project, spatial and temporal patterns in distribution 

of grapsid crabs and litter removal, are presented in two chapters (Chapters 6 and 7), 

and subsequently related to one another and to mangrove productivity (Chapter 8). 
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The laboratory-based experiments on feeding preferences of the three most abundant 

grapsids in the study area are then presented and discussed (Chapter 9). The findings 

from all of these chapters are summarised, and their implications for the effect of 

grapsid crabs on the structure and function of mangrove forests are discussed in the 

final chapter (Chapter 10). 
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2. CRABS, STUDY AREA, AND GENERAL METHODS 

2.1. Crab species 

This section has been included so that the reader may become familiar with the 

group of crabs, the grapsids, that are the subject of this thesis. General information 

on grapsid crabs is scarce, and often difficult to obtain. For this reason I will present 

a brief overview of some of the distinguishing characteristics, geographical 

distribution, and feeding behaviours of the species included in this study. 

The family Grapsidae (commonly called the grapsids) belongs to the subphylum 

Crustacea, order Decapoda, and infraorder Brachyura. Grapsid crabs, generally 

known as shore crabs, are common all over the world on reefs, under rocks and 

debris on beaches, in estuaries and estuarine marshes and mangroves, and in 

burrows along shorelines. Crabs that belong to this family are distinguished from 

others by their square carapaces (typically quadrilateral to quadrate, and sometimes 

subcircular) and short eye stocks (Healy & Yaldwyn 1970, Davie 2002). The 

chelipeds are usually stout and robust, and both male and female chelipeds are 

similar in shape (see Davie 2002 for full description of the family). 

The grapsid crabs included in this study belong to two subfamilies, the Sesarminae 

and the Grapsinae (Dana 1851). Species from both of these subfamilies are known 

to feed on organic matter from plant material. The Sesarminae, in this study, include 

Sesarma (Perisesarma) darwinensis Campbell 1967 (Figure 2-1), Sesarma 

(Perisesarma) semperi semperi Burger 1 896 (Figure 2-2), Neosarmatium meinerti 
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de Man 1887 (Figure 2-3), Episesarma sp. nov, Sarmatium unindentatus Davie 1992 

(Figure 2-4), Sarmatium hegerli Davie 1992, Sarmatium gerinaini A. Mime 

Edwards 1869, and Sesarmoides borneensis Tweedie 1950. Note that the subgenus 

Perisesarma is synonymous to Chiromantes (Campbell 1993). The Grapsinae 

include Clistocoeloma nerguiensis de Man 1888, Ilyograpsus paludicola Rathbun 

1909, and Metopograpsus latifrons White 1847. The first four of these species, S. 

darwinensis, S. semperi, N. meinerti, and Episesarma sp. nov, are common in 

Darwin Harbour, Northern Australia. S. darwinensis, S. semperi, and Episesarma sp. 

nov are often observed active on the forest floor. N. meinerti is not as commonly 

observed, but its presence is obvious from the presence of its burrows. 

Figure 2-1 Photograph of Sesarma darwinensis collected in Darwin Harbour. 
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Figure 2-2 Photograph of Sesarma semperi collected in Darwin Harbour mangroves. 

Figure 2-3 Photograph of Neosarmatiu,n meinerti collected in Darwin Harbour mangroves. 
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Figure 2-4 Photograph of Episesarma sp nov. collected in Darwin Harbour mangroves. 

Crabs of the genus Sesarma are identified by a distinct reticulated, grating-like area, 

on each side wall of the carapace made up of intersecting lines of fine hairs (Healy 

& Yaldwyn 1970). Sesarma species also have depressed spinules on the male 

cheliped. 

S. darwinensis and S. semperi belong to this genus. Both of these species have many 

variations in colour pattern. The carapace is mottled brown, with the borders ranging 

from yellow-orange to red speckled. The chelae also vary in colour from yellow-

orange to red. S. darwinensis and S. semperi cannot be distinguished by colour or 

size, however, they can be distinguished by the number of teeth present on the upper 

surface of the chelae. S. darwinensis has 15-20 tall teeth on the upper surface of the 

chelae, while S. semperi has only 7-8. S. darwinensis has so far only been observed 

in the Northern Territory mangroves, whereas S. semperi is more widely distributed, 

occurring elsewhere in the Indo-Pacific region (Frusher et al. 1994). S. darwinensis 

20 



CRABS, STUDY AREA, AND GENERAL METHODS 

has been recorded from mangrove mud flats, while S. semperi has been observed in 

a wider range of habitats; under stones, among grass, and burrowing in soft mud at 

high water neap in areas of moderate to high salinity (Davie 1993). These crabs 

appear to be exclusively detritivores, feeding on abscised mangrove leaves as well 

as other organic material in the sediment. 

Crabs from the genus Episesarma have a carapace and front that are narrow, with 

the length shorter than half the carapace width (Serene & Soh 1970). Males have a 

row of dactylar tubercles on their chelipeds (in contrast to the spinules that Sesarma 

species have). Episesarma sj,. nov is currently being described (Davie pers. comm.). 

This species has a dark carapace, and white (with a slight tinge of light green) 

chelae. So far it appears that the species is endemic to the Darwin region, inhabiting 

the upper margins of these mangrove forests. Little else is known about the ecology 

of this species. In general, Episesarma spp. in mangrove forests are known to 

mainly consume leaf material (Sivasothi 2000). 

Neosarmaliurn meinerli is the largest of the intertidal mangrove Sesarmines, with a 

carapace width of about 4 cm. Neosarniatium is distinguished from Sarmaiiuin by 

an absence of grooves and ridges on the upper part of the palm on the male cheliped, 

among other attributes, and is best differentiated from Episesarma by a carapace 

which is dorsally more convex from stem to stern (Serene & Sob 1970). N. meinerli 

has a brown carapace with bright-red borders, and cream coloured chelae. 

N. meinerti is common in Australia, the Indo-West Pacific region, and the east coast 

of Africa (Davie 1994). These crabs emerge from large, deep hooded burrows in the 

upper margins of mangrove forests, most often during night-time low tides (Branch 
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& Grindley 1979). N. meinerli is known to be an important consumer of mangrove 

leaves and propagules (Robertson & Daniel 1989; Smith et al. 1991). 

The genus Sarmatium can be identified by a deeply vaulted carapace. The upper 

surfaces of the palm of male chelipeds have a series of transverse grooves separating 

large transverse ridges (Davie 1992). The species in this study are all beige-white in 

colour, and can be distinguished from each other by the distinct patterns of teeth on 

the inner surface of the chelae (Davie 1992). S. germaini occurs in Australia from 

Brisbane to Darwin, but S. hegerli and S. unindentatus are only known to be in 

Darwin. All inhabit muddy areas in lower intertidal assemblages of mangrove 

swamps. 

The genus Sesarmo ides has a flattened carapace with the lateral borders strongly 

divergent backward (Serene & Soh 1970). The most distinguishing feature of 

S. borneensis is that the pereopods are quite elongated. The third pereopod is more 

than twice the carapace length (Serene & Soh 1970). The carapace and chelipeds are 

dark brown in colour. S. borneensis occurs in northern and eastern Australia, 

Indonesia, and Singapore in the intertidal regions of mangrove forests. This species 

is often found hiding under decaying logs or within dead Ceriops buttress roots. The 

author has found no reference to the feeding habits of S. borneensis, but from 

observation it appears likely that it may consume dead organic material. 

The genus Ikteeopograpsus (subfamily Grapsinae) is best distinguished from 

Sarmatium (subfamily Sesarminae) by the presence of a milled ridge outside the 

dactylus (Holthuis 1977). M. latifrons has quite a smooth carapace. These mangrove 
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crabs occur in coastal areas of the eastern sea and in Singapore, and are often 

observed in the sandbanks of the seaward area spending much of their time on tree 

trunks. These crabs feed on algae and plant material (Sivasothi 2000). 

Ilyograpsus pal udicola is the smallest of the grapsids observed in Darwin 

mangroves, with a carapace breadth of 4 to 8 mm (Holthuis 1977). These crabs have 

a wide distribution, from Africa to the Indo-West pacific, and have always been 

recorded in mangroves (Hoithuis 1977). 1. paludicola appear to inhabit shallow 

intertidal pools, and often are observed under litter and rocks. From observation, it 

appears that I. pal udicola is most likely detritivorous. 

Clistocoeloma merguiensis has quite a cryptic appearance. This species is a small 

(its carapace width is about 1 cm) mud-coloured crab, and has a rough texture due to 

the many fine hairs on the carapace and legs. C. merguiensis has been reported from 

northern Australia, and the Indo-west Pacific Ocean. This species has been observed 

in low and mid intertidal mangrove forests. From visual observation, it 

appears that this species is likely to also be a detritivore, consuming organic material 

from the surface of sediment. 

2.2. Location and description of study sites 

Mangrove forests cover approximately 4,120 km2  of the Northern Territory of 

Australia (Wightmann 1989), the largest areas of which are within Darwin Harbour, 

on Melville and Bathurst Islands, and in coastal areas of Arnhem Land (Figure 2-5). 
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Figure 2-5 Coverage of mangrove assemblages in the Northern Territory of Australia 
(Dames & Moore 1984). 

Darwin Harbour is located in tropical Australia between latitudes 12020' and 

12°45' S and longitudes 1300451  and 131005' E (Brocklehurst & Edmeades 1996) and 

covers an area of about 450 km2. The regional climate is monsoonal, with most of 

the rains occurring between December and March (Pietsch & Stuart-Smith 1987). 

Mean maximum temperatures are between 3 0-34° C, and mean minimum between 

19-27° C. The warmest temperatures occur during the wet season. The coolest 

temperatures are during the dry season from April to September. 

Darwin Harbour (Figure 2-6) is a partially closed macrotidal estuary with maximum 

tides at around 8 meters. It is composed of many connecting tidal creeks that during 
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the wet season are a significant source of fresh water. Thirty-six mangrove species 

occur in the harbour assemblages and occupy an area of 20,400 hectares 

(Brocklehurst & Edmeades 1996). Brocklehurst and Edmeades (1996) defined and 

mapped twelve communities within the harbour (Table 2-1), ten of which are 

mangrove assemblages and the remaining two, of which are samphiralsaltpan and 

beach habitat. 

Community Species composition and community description 
1 Rhizophora stylosa closed forest/low closed forest (shoreline forest) 
2 Rhizophora stylosa/Campostemon schultz/i closed forest (tidal creek) 
3 Rhizophora/Bruguiera/Ceriops forest (transition) 
4 Ceriops tagal low closed-forest (mid tidal flat) 

5 Ceriops tagal/Avicennia marina low closed forest (high tidal flat) 
6 mixed species low forest (hinterland) 
7 mixed species low woodland 
8 Sonneratia a/ba woodland (Islands, rocky shores) 
9 Rhizophora stylosa low woodland (islands, rocky shores) 
10 low open-woodland (low tidal mudflat) 
11 Samphiralsaltpan 
12 Beach 

Table 2-1 Darwin Harbour mangrove assemblages defined by Brocklehurst and Edmeades 
(1996). 

The most common assemblages within the harbour are Rhizophora 

slylosa/Campostemon schultz/i closed-forest, referred to here as the tidal creek 

(community 2), Ceriops tagal low closed-forest, referred to as the mid tidal flat 

(community 4), and mixed species low forest, referred to as the hinterland 

(community 6). Together these cover 15,449 hectares, or about 75% of the area of 

the Darwin Harbour mangrove forests. The dominant species within these 
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assemblages are Avicennia marina, Brugueira exarislata, Ceriops tagal, Lumni/zera 

racemosa, and Rhizophora sty! osa, all of which are arborescent forms (Brocklehurst 

& Edmeades 1996). 

The tidal creek, mid tidal flat, and hinterland assemblages were the focus of study in 

this thesis because of their dominance within the harbour. The mixed species 

woodland assemblage was also included because it was an important component of 

the areas selected for study. The inclusion of the mixed species woodland also 

complimented other past and on-going studies within the harbour. 

Three creeks within Darwin Harbour were selected for study: Reichardt Creek, 

Elizabeth River and Jones Creek (Figure 2-6). Sites in Jones Creek and Elizabeth 

River were being studied by other students as well as the Northern Territory 

Department of Lands, Planning & Environment (NT DLPE). 

The sites at Reichardt Creek were grouped and are referred to as area 1, and the sites 

at Elizabeth River and Jones Creek were grouped into what will hereafter be called, 

area 2. Within each area an up-stream location and a down-stream location were 

selected along the creeks (Figure 2-6). This factor, referring to up-stream and down-

stream locations, will be hereafter called "aspect." In lieu of a better term, the word 

aspect" was used in the sense of "appearance to the eye or mind, look; the physical 

aspect of the country" defined by the Macquarie Dictionary (1981). 
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Figure 2-6 Location of established study sites along Reichardt Creek (area 1), Elizabeth 
River, and Jones Creek (area 2) within Darwin Harbour for sampling of grapsid crab 
abundance and mangrove litter consumption. The location of the pilot study site (Chapter 
3) was at Ludmilla Creek. 

Down-stream aspects included four assemblages: the tidal creek, tidal flat, 

hinterland, and mixed species woodland (according to Brocklehurst & Edmeades). 

Up-stream aspects included only the tidal creek, tidal flat, and hinterland. The 

absence of the mixed species woodland assemblage in up-stream aspects was simply 

due to the natural distribution of assemblages within the aspects chosen. It is 

important here to note that the word "site" used in this thesis refers to a combination 

of an assemblage, aspect, and area. 
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2.3. General methods 

Field surveys of crab abundance, mangrove litter consumption, and mangrove 

productivity were conducted over two years, during 1999 to 2000. Sampling was 

conducted within two replicate circular plots, 20 m in diameter, in each mangrove 

assemblage. In area 1, plots were located on either side of the access path that 

allowed easy entry into the plots and reduced trampling (Figure 2-7). The replicate 

plots in area 2 were adjacent to one another along one side of the access path, so that 

they did not interfere with other research being done on the other side of the path. 

The distance between plots varied depending upon the site, but was always between 

10 and 20 m. 

Down-Stream Up-stream Down-Stream Up-stream 

Mixed el ~ P02 Mixed 00 
0 
0 

I
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0 
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P2 Hinterland (P) 

P02 Tidal flat 

02 Tidal Bank 
 81 

() (2) Hinterland 

P02 Tidal flat @0 
(~2) Tidal Bank OPI rP,-2 

Creek Creek 

Area 1 Area 2 

Figure 2-7 Sampling of grapsid crab abundance and litter consumption within two replicate 
plots (P1 and P2) at each mangrove assemblage area I and area 2. 

28 



CRABS, STUDY AREA, AND GENERAL METHODS 

To sample relative crab numbers during the pilot study and in this thesis, funneled 

pitfall traps were used. Traps were chosen as the method of estimating grapsid 

numbers for this thesis since results from the pilot study demonstrated that traps 

were more effective than other methods (Section 3.4). The configuration of the 

funneled pitfall traps closely resembled that used by Warren (1987) although 

different, more readily available materials were used (Figure 2-7). Traps were 

constructed of Decor plastic planting pots with a diameter of 185 cm and depth of 

17 cm. The drainage holes allowed for water to escape as the tide receded. A 1 mm 

mesh (shade cloth) was then bound tightly around the bottom of the trap with duct 

tape to prevent smaller crabs from slipping through the drainage holes. Funnels were 

made by cutting the ends off of narrow bottomed planting pots that also had 

diameters of 185 cm but shorter depths of 9 cm. The funnels were then attached to 

the planting pots by drilling two small holes opposite each other through both funnel 

and planting pot, and clipping funnel and planting pot together with small 

"sprinkler" clips (Figure 2-8). The clips allowed easy removal of the funnels to 

access the crabs during sampling. Pitfall traps were placed flush with the surface of 

the sediment, then checked one and two days after placement. On the second day, 

the traps were removed and the pits filled in with the same sediment that was 

removed when the traps were installed. 
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I.II: i Clip Funnel 

II  - I 
ting pot r 
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Figure 2-8 Pitfall trap configuration. 

All crabs recorded during sampling were identified by genus, subgenus, or species, 

according to the level at which the grapsids could be easily distinguished in the 

field. For the field-based portion of the study, Sesarma darwinensis and Sesarma 

semperi were grouped together and simply recorded as Sesarma. Sarmatium 

unindentatus, Sarmatium hegerli, and Sarmatium germaini were also grouped into 

their genus, Sarmatium. Episesarma sp. nov was easily identified, but since the 

species has not been described nor named, it is referred to as Episesarma. 

Neosarmalium me/ncr/i, Chsiocoeloma merguiensis, Ilyograpsus paludicola, 

Sesarmoites borneensis, and Melopograpsus latifrons were all clearly 

distinguishable and were recorded at species level. 

30 



CRABS, STUDY AREA, AND GENERAL METHODS 

2.4. Statistical Analyses 

Two statistical analyses were carried out to properly analyse each data set recorded 

for identifying: 1) spatial and temporal variation in relative grapsid numbers, 2) 

consumption of mangrove litter, and 3) productivity. The specific details for the 

methods of collecting the data sets of the latter two studies are in Chapters 5 and and 

7. Here, the analyses are described since they are all similar, and repetition later in 

the thesis can be avoided. These two analyses were required because of the 

unbalanced nature of the number of assemblages included in each aspect. The first 

analysis included three assemblages (the hinterland, tidal flat, and tidal bank) and 

both aspects (up-stream and down-stream of the creeks). The second analysis 

included all four assemblages (including mixed species woodland), but only the 

down-stream aspect. 

The software package used for statistical analyses was Statistica version 5.5 for 

Windows (copyright by StatSoft, Inc.). Homogeneity of variances was tested for all 

data with Cochran's Test. In cases where data were heterogeneous, they were log or 

square root transformed until the test of homogeneity was not significant (p> 0.05). 

For repeated measures Analysis of Variance (ANOVA), in the few cases where the 

assumption of homogeneity of variances was still not met after transformation, data 

were checked for sphericity with Machley's test, and the Greenhouse Geisser 

correction factor was applied (StatSoft, Inc. 1984-1994). Post-hoc modifications 

(see Winer el al. 1991) were also applied to ANOVAs which had nested or random 

factors, if necessary, and followed procedures in Winer et al. (1991). ANOVAs on 

proportions were appropriately transformed before analysis. 
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For statistical tables within the thesis, levels of significance are denoted as: p < 0.05 

= , p <0.01 = **, and p  <0.001 = *** All ANOVA tables include degrees of 

freedom (df, mean squares (MS), degrees of freedom for the mean squares error (df 

MS error), within group means squares error (MS Error), and the F statistic (F). To 

compare means for factors found to be significant, Tukey's HSD test (a = 0.05) was 

used. The relative importance of factors and interactions are determined by the MS 

and the F-statistic values, and the level of significance. "Important" factors and 

interactions are those that are significant and have relatively large MS values. 'Less 

important" factors and interactions (also referred to as "minor factors" or 

interactions in this thesis) refer to those that are significant but have relatively small 

MS values. 
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3. A COMPARISON OF METHODS FOR ESTIMATING 
RELATIVE ABUNDANCE OF GRAPSID CRABS 

3.1. Introduction 

A pilot study was conducted to identify the most appropriate method of estimating 

grapsid crab numbers. Comprehensive comparisons of methods have only been 

conducted for ocypodid crabs. Nobbs and McGuinness (1999) tested the 

effectiveness of different protocols for estimating counts based on observations for 

Uca species. A more recent paper by Skov and Hartnoll (2001) compared the 

suitability of binocular observations, burrow counts, and excavations for quantifying 

the abundance of the mangrove fiddler crab, Uca annulipes. 

Findings by Nobbs and McGuinness (1999) and Skov and Hartnoll (2001) may not 

apply to grapsid crabs because grapsid and ocypodid crabs display different 

behaviours. For example, in summarizing methods used for estimating ocypodid 

crab numbers, Nobbs and McGuinness (1999) point out that pitfall trap counts were 

unsuitable for estimating the abundance of ocypodids in northern Australia; 

ocypodids infrequently fall into traps. Pitfall traps, however, have been used more 

frequently in studies estimating numbers of grapsid crab (Frusher et al. 1994, 

Warren 1987). In the case of the grapsid crab, Neosarmatium meinerti, burrow 

counts have also been used (Micheli etal. 1991). The effectiveness of these and 
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other methods for estimating the number of grapsid crabs are not well understood 

(Lee 1998). 

The study in this chapter focuses on comparing methods of measuring apparent 

abundance of grapsid crabs in mangrove forests. Apparent abundance refers to 

estimates of relative numbers, and is used to compare densities of animals among 

areas (Caughley 1971; Warren 1990). The collection of information on apparent 

abundance was chosen over the collection of information on absolute (true) 

abundance because the emphasis of this study is a spatial and temporal comparison 

of numbers of crabs. Sampling of absolute abundance requires excavation that is 

destructive and therefore would interfere with the results of studies measuring 

numbers of crabs over time. By destroying the habitat where crabs live, the numbers 

that naturally occur can be affected. Consequently, measurements over time in the 

same habitat may not be valid. Excavations, however, were used in one of several 

experiments in this pilot study in order to relate the apparent abundance measured 

by the methods found to be most appropriate in this study to true abundance. 

The methods used for measuring apparent abundance were observational, 

photographic, pitfall trap counts, and burrow counts. These were compared to find 

the most effective method for estimating apparent abundance. Effectiveness was 

defined here as the method that had the highest counts of crabs. In Darwin Harbour 

mangroves it was obvious from observations in the forest that all methods for 

estimating apparent abundance underestimated true abundance. Methods giving 

higher numbers were therefore closer to the "true" value. The comparison was also 
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made to test that efficiency of the methods did not vary among crab species or 

habitats. 

Observational methods were first examined on their own to assess factors that might 

influence the number of crabs observed. The observational experiments were 

designed to assess: 1) the recovery time required for crabs to emerge from their 

burrows after disturbance, 2) the effect of the type of observation (continuous vs. 

discontinuous) on the numbers of crabs observed, and 3) the effect of the distance of 

the observer from the quadrats, being monitored, on the number of crabs observed. 

The most effective observational method was then compared to the other methods 

for estimating apparent abundance: photography and pitfall trap counts 

(remembering that the most effective method in this case was the method which 

resulted in the highest crab count). The photographic method provided an 

instantaneous count with a view from above the quadrat, whereas observational 

counts relied on counts taken from a distance with a sidelong view through 

binoculars. Pitfall traps included two kinds; traps with and without funnels. Frusher 

et al. (1994) used unfunneled traps for sampling Sesarma, Neosarmatium, and 

Clisiocoeloma species in the Murray River mangrove forests in the tropical region 

of Queensland, Australia. In contrast, Warren (1987) used funneled traps to sample 

grapsids of the genera Sesarma and Paragrapsus in temperate mangrove swamps in 

New South Wales, Australia. 

35 



A COMPARISON OF METHODS FOR ESTIMATING RELATIVE ABUNDANCE OF 
GRAPSID CRABS 

After identifying the most effective apparent abundance method (from the pitfall 

trap, photographic, and observational methods), numbers of crabs counted from the 

selected method were compared to burrow counts. This comparison was only 

conducted on N. meinerli crabs. Burrow counts have been used to estimate crab 

densities in previous research (Micheli et al. 1991; Lee 1998), and are particularly 

good for estimating N. nieinerti numbers because the burrows are easily identified 

by their large hoods. Burrow counts have been tested and found reliable in 

estimating relative abundance of some crabs (Warren 1990; Skov & Hartnoll 2001), 

and have been suggested for use in estimating N. meinerti numbers. Micheli ci al. 

(1991) estimated N. meinerli burrow turnover rates to be three weeks, indicating that 

old burrows do not persist long. If burrows were to persist over a long period of 

time, abandoned burrows would be included in the count. Including counts of 

abandoned burrows could introduce gross overestimates of relative abundance. 

In addition to comparing numbers of crabs sampled by different methods, 

population characteristics were also compared. Population characteristics included 

mean carapace width, sex ratio, and the proportion of females that were ovigerous. 

These measurements were only possible, however, for crabs that were excavated 

and caught in pitfall traps. 

3.2. Methods 

The pilot study was done at Ludmilla Creek (Figure 2.6), a site chosen for its easy 

accessibility. The experiments were done in the tidal bank, tidal flat, and hinterland 
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assemblages. Apparent abundance studies were carried out over a two-day period 

during spring tides on the 26th28tui  (inclusive) of November 1998. 

3.2.1. Observational methods 

Observational studies were conducted in two ways, either quadrats were observed 

simultaneously with binoculars from a distance of 6 m, or observed individually 

without binoculars from a distance of I m. Sets of three replicate 0.56m2  quadrats 

(Nobbs & McGuinness 1999) were placed haphazardly in each of the three 

assemblages. These were placed about 6 m apart in an arc (Figure 3-1). This design 

facilitated the simultaneous observation of all quadrats from the 6 in distance. 

6m 

75 rn 

e  
OB SERVER 

Figure 3-1 Experimental set-up for simultaneous crab counts from a distance of 6 meters 
made by observing three replicate quadrats througli binoculars for 30 minutes. 
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Quadrats were marked with translucent, nylon fishing line wrapped around thin 

wooden skewers inserted into the sediment to mark off the corners. The fishing line 

was high enough that it didn't affect the crabs (15 cm). 

Recovery times 

The three quadrats were observed continuously at 6 m for 15 minutes each, and the 

species of crabs emerging from burrows within the quadrats and time of emergence 

were both recorded. The percentages of crabs that had emerged within the first 15 

minutes were calculated and analyzed in a two-factor analysis of variance 

(ANOVA) with factors as assemblage (fixed, three levels) and day (repeated, two 

levels). An observational period of 15 minutes was chosen since this is a practical 

period of time for observations (given that three assemblages needed to be observed 

within a window of four hours between high tides), and it was long enough for most 

crabs to emerge. 

Comparison of continuous and instantaneous counts at two distances 

This study tested the effectiveness of continuous and instantaneous counts at I m 

and at 6 m after 15 minutes of observation. For counts at 6 m, all three quadrats 

were observed simultaneously with binoculars (as described in Figure 3-1), but for 

counts at 1 m, observations of quadrats had to be made separately. Between counts, 

the observer changed positions and allowed 30 minutes to elapse before beginning 

observations so that crabs could once again emerge after being disturbed. 
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During continuous counts, crabs were observed, identified, and counted as they 

emerged from burrows within the quadrats during the observation period. 

Individuals that emerged from their burrows more than once were only counted 

once. Instantaneous counts (also known in behavioural science as scan sampling, see 

Bart et at. 2000) were based on the number of crabs that were on the surface at the 

end of the 30-minute period. 

Data were analyzed with a five-factor repeated measures ANOVA with day 

(repeated, three levels), method (repeated, two levels), distance (fixed, two levels), 

species (fixed, two levels), and assemblage (fixed, three levels) as factors. The 

factor "method" was considered repeated because the same quadrats were used for 

both methods. 

3.2.2. Comparison of observational, photographic, and pitfall trap count 
methods 

Four methods were compared in this experiment: the most effective observational 

method (from the experiment described in section 3.2.1), funneled and unfunneled 

pitfall trapping methods, and the photography method. The observational method 

with the highest crab count was a continuous observation for 30 minutes at a 

distance of I in. 

Funneled trap sampling followed the description in section 2-3 (Chapter 2). 

Unfunneled traps did not have the funnel attached to the top of the trap. The 
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photographic method involved taking photographs of 0.25 x 0.25 m quadrats from I 

meter above the sediment surface. A zoom lens was used so that the quadrat could 

be photographed as close as possible. Photographs were taken with 400 speed ASA 

film in a 35 mm Pentax automatic camera attached to a two legged camera stand, 

made out of steel rods, and a PVC support beam (Figure 3-2). The steel rods were 

inserted 25 cm into the sediment. The camera was triggered using a remote shutter 

release. 

Camera 

-_------. Steel rod leg 

Sediment surface 

Figure 3-2 Photographic method for estimating relative abundance. 

Four quadrats for observation, four quadrats for photographs, four unfunneled pitfall 

traps, and four funneled pitfall traps were placed randomly within each assemblage. 

Crabs were counted and identified on the photographs, in pitfall traps, and during 

observation. Counts were analyzed with a two-factor ANOVA with the following 

factors: method (fixed, four levels) and assemblage (fixed, three levels). 
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3.2.3. Comparison of Neosarinatiurn meinerti burrow counts to trap captures 

N. meinerti burrows (Figure 3-3) were counted within 0.25 m2  quadrats in each 

assemblage for comparison with counts from funneled pitfall traps (since funneled 

traps were more effective than unfunneled). 

Figure 3-3 Pitfall trap (left) and N. meinerti burrow (right). 

Three replicates were conducted for each method. Data were analysed with a two- 

factor ANOVA. The factors included method (fixed, two levels) and assemblage 

(fixed, three levels). 
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3.2.4. Comparison of trap captures with excavation captures 

To relate true crab abundance to relative abundance, an experiment comparing 

numbers of crabs within excavated quadrats and in pitfall traps was conducted. 

Excavated quadrats were randomly selected and were 0.25 m2. Quadrats were 

excavated by first excavating the burrows within the quadrats and removing crabs 

from the burrows, and then by excavating the rest of the area within the quadrats. 

Four replicates were conducted for each method. 

Excavation was possible for all grapsid species found in all assemblages sampled, 

except for Neosarmalium meinerti. N. meinerli has deep burrows that make it 

difficult to excavate it. The fact that N. meinerti crabs appear to evade danger by 

hiding far inside their burrows, also, makes it difficult to excavate them. 

Data gathered from crab counts in pitfall traps were compared to excavations with a 

three-factor ANOVA including method (fixed, two levels), assemblage (fixed, three 

levels), and crab species (fixed, two levels) as factors. 

3.3. Results 

Eight grapsids were observed in the pilot study experiments: Sesarma, 

(listocoeloma merguiensis, Neosarmatium meinerti, Sesarmo ides borneensis, 

Episesarma, ilyograpsus paludicola, Sarmatium, and Metopograpsus latifrons. 
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3.3.1. Recovery times 

All crabs that emerged during the recovery experiment were Sesarma with the 

exception of one Met opograpsus latifrons. Sesarnia observed during the 30-minute 

period had emerged in the hinterland after 9 minutes, and in the tidal flat and tidal 

creek assemblages after 23 minutes of observation (Figure 3-4). Comparisons of 

numbers that emerged at 15 minutes did not differ among assemblages, nor did 

recovery rates differ between days (Table 3-1). 
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Figure 3-4 Mean cumulative percentage of Sesarnia crabs emerging from burrows after 
disturbance over a 30 minute observation period (error bars represent X ± I SE). 
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Table 3-1 Repeated measures ANOVA on the cumulative percent of Sesarnia emerged 
during the first 15 minutes of the 30 minute observation period. 

Factor df MS df MS Error MS F 
Assemblaae 2 975.01 3 2289.82 0.43 
Day 1 728.04 3 623.15 1.17 
Assem x Day 2 141.67 3 623.15 0.23 

3.3.2. Comparison of continuous and instantaneous counts 

Sesarma spp. and Clisiocoeloma merguiensis were the only crab species observed 

during this experiment. A much greater number of Sesarma (255 individuals) were 

observed than were observed for C. merguiensis (15). Sesarma occurred in all 

assemblages while C. merguiensis occurred only in the tidal flat assemblage. 

Distance had a greater influence on crab numbers observed than did the method 

used, but both had significant effects (Table 3-2). More crabs were observed at a 

distance of 1 meter (X= 1.61, SE = 0.20) than at 6 meters (X= 0.26, SE = 0.05), 

and more were observed using continuous counts ( X = 1.25, SE = 0.19) than using 

instantaneous counts ( X = 0.63, SE = 0.10). 

There were no significant differences in counts among the three days of sampling, 

but there was an interaction between method and day. Continuous observations on 

day 3 ( X = 1.41. SE = 0.33) were greater than instantaneous observations on all 

three days(X= 0.65, SE= 0.15;X= 0.63, SE= 0.18; and = 0.60, SE= 0.17 

respectively). 
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The most important interactions, however, was between crab species and distance. 

Numbers of Sesarma at 1 meter were significantly greater than numbers of Sesarma 

at 6 meters and numbers of C. merguiensis at 1 meter and 6 meters (Sesarma at 1 m 

had a X= 2.06 and SE = 0.24, Sesarma at 6 meters had a X= 0.35 and SE = 0.07, C. 

merguiensis at 1 meter had a X= 0.82 and SE 0.13, and C. merguiensis at 6 meters 

had a X= 0.09 and SE = 0.03). 
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There were interactions between crab species and methods; assemblage and 

distance; among assemblage, crab species, and distance; and assemblage, method, 

and distance. These interactions indicated that more Sesarma were observed at I 

meter in the tidal flat assemblage than in any other combination of these factors. 

Table 3-2 Repeated measures analysis of variance on observational methods of estimating 
abundance of Sesarnia and C. merguiensis. AGreenhouse  Geisser correction applied 
(SoftCom Inc., (0 1984-1994). 

Factor df MS df MS Error MS Error F 
Assemblaae 2 4.25 18 0.19 22.96*** 
Crab Species 1 24.61 18 0.19 132.83*** 
Method 1 1.21 18 0.03 47.40*** 
Distance 1 10.29 18 0.07 143.35*** 
Day 1.39 0.25 36 0.18 026A 

AssemblagexCrab 2 2.45 18 0.19 13.22*** 
Assemblage x Method 2 0.04 18 0.03 1.39 
Crab x Method 1 0.79 18 0.03 30.75*** 
Assemblage x Distance 2 1.79 18 0.07 24.98*** 
Crab x Distance 1 4.56 18 0.07 63.53*** 
Method x Distance 1 0.01 18 0.01 1.22 
Assemblage x Day 2.77 1.79 18 0.07 24.98*** 
Crab x Day 1.39 4.56 18 0.07 63.53*** 
Method x Day 2 0.18 36 0.04 453* 
Distancex Day 2 0.10 36 0.12 .82 
Assem x Crab x Method 2 0.03 18 0.03 1.04 
Assem x Crab x Distance 2 0.63 18 0.07 8.73** 
Assem x Method x Distance 2 0.06 18 0.01 7.67** 
Crab x Method x Distance 1 0.01 18 0.01 1.08 
Assem x Crab x Day 2.77 0.63 18 0.01 .69 
Assem x Method x Day 4 0.06 36 0.04 1.64 
Crab x Method x Day 2 0.05 36 0.04 1.27 
Assem x Distance x Day 4 0.09 36 0.12 .71 
Species x Distance x Day 2 0.13 36 0.12 1.03 
Method x Distance x Day 2 0.02 36 0.02 .64 
Assem x Crab x Method x Dist 2 0.01 18 0.01 .52 
Assem x Crab x Method x Day 4 0.06 36 0.04 1.60 
Assem x Crab x Distance x 4 0.09 36 0.12 .76 
Assem x Method x Distance x 4 0.03 36 0.02 1.16 
Crab x Method x Distance x 2 0.03 36 0.02 1.28 
Assem x Crab x Method x 4 0.06 36 0.02 2.36 
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Other interactions reflected differences in crab abundance rather than differences in 

methods and distances and will therefore not be discussed. Continuous and 

instantaneous counts, and counts made at I and 6 meters from the quadrats were 

positively correlated (df= 5, 138; F = 139.96; p < 0.0001 and df= 4, 139; F = 

23.06; p <0.0001, respectively) with correlation coefficients of r = 0.895 and r = 

0.606 (N = 144 for both; Figure 3-5). 
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Figure 3-5 Relationship between the number of Sesarina observed by (A) 
instantaneous and continuous observations and (B) observations made at 1 meter and 6 
meters. Many points in the scatterplot overlap, but they have been shifted so that they 
can be seen. 
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3.3.3. Comparison of observational, photographic, and pitfall trap methods 

There were differences in species composition observed with the different sampling 

methods. Sesarma crabs were observed with all methods (a total of 82 individuals), 

whereas Neosarmatium meinerti crabs were only observed in pitfall traps (3 individuals - 

I in funneled and 2 in unfunneled traps) in the hinterland assemblage. One 

Metopograpsus la/ifrons was counted in the tidal bank using the observation method, 1 

Ilyograpsus paludicola in the tidal bank using unfunneled traps, 2 Clistocoelorna 

merguiensis and 2 Sesarmoides borneensis in funneled traps in the tidal flat. 

There was an important effect on numbers of Sesarma counted from the sampling 

methods used (observational, unfunneled and funneled pitfall trap, and photographic 

methods; Table 3-3). Significantly more crabs were counted in funneled traps (X= 2.07, 

SE = 0.60) than from photographs (X= 0.37, SE = 0.26), with crab counts in unfunneled 

traps and continuous counts falling in between (X= 1.46, SE = 0.35 and X= 1.60, SE = 

0.39 respectively). 

There was a significant interaction between sampling method and assemblage, with 

greater crab numbers in funneled traps in the tidal flat assemblage (X = 6.00, SE = 0.33) 

than in any other combination (X < 2.70, SE < 0.33; Figure 3-6). 



A COMPARISON OF METHODS FOR ESTIMATING RELATIVE ABUNDANCE OF 
GRAPSID CRABS 

Table 3-3 Analysis of variance on methods of estimating abundance of Sesarnia. Methods 
include: continuous counts at I meter, funneled traps, unfunneled traps, and photographic 
method. 

Factor df MS df MS Error MS Error F 
Assemblaae 2 10.524 24 1.31 8.053* 
Method 3 8.014 24 1.31 6.132** 
Assemblaae x Method 6 5.858 24 1.31 4.482** 
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Figure 3-6 The mean number of Sesarina counted by continuous counts (at 1 meter for 15 
minutes), funneled traps, unfunneled traps, and photography in the hinterland, tidal flat and tidal 
bank assemblages (X + I standard error). 
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3.3.4. Comparison of Neosarmatium meinerti burrow counts to trap captures 

There were more N. meinerti burrows counted (X = 0.17. SE = 0.08) than crabs captured 

in either unfunneled or funneled pitfall traps (X = 0.11, SE = 0.08; Table 3-4). 

Table 3-4 Analysis of variance on numbers of N. nieinerti estimated with pitfall traps and with 
burrow counts. 

Factor df MS df MS Error MS Error F 
Method 2 0.44 18 0.30 8.00** 
Assemblage 2 0.11 18 0.30 2.00 
Method xAssem 2 0.11 18 0.30 2.00 

3.3.5. Comparison of trap captures with excavation captures 

Many more Sesarma (31) were sampled than Clistocoeloma merguiensis (3), Sesarmoides 

borneensi,s (2), Episesarma (1), Ilyograpsus paludicola (1), and Sarmatium (1). No 

Neosarmatiuni meinerti or Melopograpsus latifrons were observed. 

Overall there was a greater number of crabs counted by excavating quadrats (X = 0.42 

crabs/m2, SE = 0.08) than there were by using pitfall traps (X = 0.10 crabs/trap, SE = 

0.02), but this was dependent on the species of crab and on the assemblage sampled 

(Table 3-5; Figure 3-7). Numbers of excavated Sesarma in the tidal bank and tidal flat 

(X = 2.66 crabs/ni2, SE = 0.19; X = 3.00 crabs/rn2, SE = 0.19 respectively) were greater 

than corresponding numbers captured in pitfall traps (X = 1.00 crabs/trap, SE =0 .22; X 

0.75 crabs/trap, SE = 0.20). There were no differences in numbers of other species 

captured among the methods. 
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Table 3-5 ANOVA comparing numbers of sesarmids sampled by excavating and capturing in 
funneled pitfall traps. 

Factor df MS df MS Error MS Error F 
Method 1 1.046 112 0.153 6.857* 
Assemblage 2 0.009 112 0.153 0.062 
Species 7 6.092 112 0.153 39943*** 
Method xAssem 2 0.045 112 0.153 0.296 
Assem x Species 14 0.224 112 0.153 1.470 
Method xSpecies 7 1.313 112 0.153 8.610*** 
Method xSoxAssem 14 0.290 112 0.153 1.901* 

There were not enough crabs to determine the sex ratio and proportion of females that 

were ovigerous for all species, except for Sesarma. Excavated Sesarma had a greater 

female to male ratio than those counted in pitfall traps (Tables 3-6 and 3-7), but this was 

not statistically significant. None of the female Sesarma were ovigerous. 

Mean carapace width ranged from 0.43 cm (I. paludicola) to 1.20 cm (C. merguiensis). 

Sesarma sampled by excavation (X = 0.69 cm, SE = 0.04) had a significantly smaller 

mean carapace width than those in pitfall traps (Table 3-7 B; X = 0.91 cm, SE = 0.08). 
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GRAPSID CRABS 

Table 3-6 Means and standard errors for the proportion of females in the population 
sampled, for the proportion of ovigerous females sampled, and of the carapace width of 
grapsid crabs captured by excavation and iii pitfall traps. The letter n" refers to the 
overall sample size for each of the population characteristics. 

Crab 

Species 

Carapace 

Width (cm) 

Proportion 

Female 

Proportion 

Ovigerous 

n Mean SE n Mean SE n Mean SE 
Sesarma 

Excavation 21 0.69 04 9 0.33 0.17 3 0.00 0.00 
Pitfall Traps 10 0.91 08 7 0.14 0.14 1 - - 

Episesarma 
Excavation U - - 0 - - 0 - - 

Pitfall Traps 1 0.48 - 0 - - 0 - - 

I. paludicola 
Excavation 1 0.65 - 1 - - 0 - - 

Pitfall Traps 0 - - 0 - - 0 - - 

S. borneensis 
Excavation 0 - - 0 - - 0 - - 

Pitfall Traps 1 0.43 - 0 - - 0 - - 

C. merquiensis 
Excavation 1 0.56 - 0 - - 0 - - 

Pitfall Traps 1 1.20 - 1 - - 0 - - 

Sarmatium 
Excavation 0 - - 0 - - 0 - - 

Pitfall Traps 1 1 1.00 - 1 - - 0 - - 

Table 3-7 ANOVAs on characteristics of Sesarma captured by excavations and pitfall 
traps. 

A) Sesarma sex ratio 
Factor df MS df MS Error MS Error F 
Method 1 0.107 10 0.183 0.584 
Assemblage 2 0.237 10 0.183 1.293 
Method xAssem 2 0.268 10 0.183 1.462 

Sesarma carapace width 
Factor df MS df MS MS Error F 
Method 1 0.172 10 0.033 5.290* 
Assemblage 2 0.011 10 0.033 0.333 
Method x Assem 2 0.002 10 0.033 0.070 
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3.4. Discussion 

Experiment I showed that a recovery period of about 20 minutes is adequate for 

visual counts of species in the three assemblages compared. At the 15-minute point 

there was no significant difference among assemblages, but it was clear that 

numbers were still increasing in the tidal bank and in the tidal flat assemblages. A 

more powerful study may have shown differences at 15 minutes. 

In a study of fiddler crabs (Uca species) conducted by Nobbs and McGuinness 

(1999), Uca emerged more quickly than Sesarma, with over 90% of the total 

observed appearing in the first 10 minutes. In this study, more than 90% of grapsid 

crabs emerged after twice the time required for Uca. Combined, these results 

suggest that grapsids may be more cautious than fiddler crabs, although the 

difference might also be due to temporal changes in behaviour (the study on Uca 

was done at a different time). Nonetheless, this does highlight the importance of 

testing these methodologies, and serious biases might arise if this testing is not 

done. 

Counts of Sesarma and Clistocoeloma merguiensis crabs, using observational 

sampling methods, were greatest when observed continuously at 1 meter rather 

than instantaneously or at 6 meters. Sesarma observed at 1 meter tended to be 

small adults or juveniles while those observed at 6 meters were large adults. The 

larger adults appeared to be aware of the observer at the closer distance and often 

chose to remain in the safety of their burrows. On the other hand, at the six-meter 
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distance, many of the small juveniles were overlooked because of their cryptic 

colour, and also because they remained motionless for considerable periods 

possibly to avoid being sighted by predators. 

There was a moderate correlation between estimates at 1 meter and at 6 meters and 

between continuous and instantaneous counts. If instantaneous counts were the 

only option for sampling, or observations could not be taken at 1 meter because of 

the experimental design, a better estimate of numbers for this mangrove system 

could be predicted by using the regression equation from the correlations. 

The most effective method of estimating relative abundance of grapsids, from the 

observational, funneled and unfunneled pitfall traps and photographic methods, 

was the funneled pitfall trap method. When using the pitfall trap method, N. 

meinerti was sampled as well as the greatest number of Sesarma. Since 

Neosarmatium meinerti are infrequently observed outside of their burrows, 

observational and photographic methods are useless for sampling the numbers of 

this species. Pitfall traps also allow for measurements such as sex and carapace 

width, whereas the other methods are more restrictive in the amount of information 

that can be collected. 

Data collected, comparing burrow counts and pitfall trap counts, indicated that 

there were more N. meinerli burrows counted than crabs captured in pitfall traps. 

Pitfall trap counts have the limitation of being dependent on crab surface activity 

and catchability (Skov & Hartnoll 2001). Estimates of relative numbers of 
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N. meinerli crabs appear to be particularly susceptible to this limitation. These 

crabs spend much of their active time up-keeping their burrows, and do not appear 

to frequently forage far from their burrows (Micheli et al. 1991; Emmerson & 

McGwynne 1992). Thus, it appears that they may have less chance of falling into 

pitfall traps than do other grapsids that travel further from their burrows and spend 

longer periods actively foraging on the surface. Pitfall trap counts are useful for 

collecting information on the population structure of N. meinerti, but it appears that 

burrow counts are more reliable in estimating numbers of crabs. 

The comparison of numbers of sampled crabs with pitfall traps and excavations 

showed that traps underestimated true abundance of Sesarma in the tidal bank and 

tidal flat assemblages, and that there is a bias when using this method toward 

sampling larger crabs in the population. Smith ci al. (1991) experienced similar 

results in S. messa and S. .senpeii when removal traps (for decreasing the crab 

population) were deployed over a period of time. During the Smith etal. (199 1 ) 

study, the size distribution of the population changed to a smaller size. Although 

there were no differences in the sex ratio observed between the two methods, it is 

essential that a more powerful study be conducted. Such a study would ascertain 

any differences in activity and behaviour between genders that could cause biased 

sampling. 

A test of differences between apparent and absolute estimates of all other species 

was not possible due to an insufficient sample size. Differences among apparent 

and absolute estimates in Sesarma numbers, however, highlight the possibility of 

similar differences in sampling other species of crabs due to their activity patterns. 
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4. ENVIRONMENTAL CONDITIONS 

4.1. Introduction 

Intertidal habitats are one of the most dynamic environments in the world. These 

areas experience regular tidal inundation, wave activity, currents, and associated 

fluctuations in temperature and soil oxygenation. Intertidal mangrove forests, like 

other intertidal habitats, experience extremely variable environmental conditions. 

The concentration of salt and the percentage of moisture, for instance, appear to 

change with the elevation in mangrove forests (Semeniuk 1985). The importance 

of variability in environmental conditions in this study is that flora and fauna 

attributes such as distribution, abundance, and behaviour may be affected by 

changes in environment. 

Variability in environmental conditions within mangrove forests is evident 

vertically and horizontally, on small and large scales. On a geographical scale, 

variability may be caused simply by latitudinal change. Changes in geographical 

location appear to be associated with changes in faunal abundance. For instance 

tropical latitudes in Australia have greater faunal abundance and diversity in 

mangrove forests than in temperate latitudes (Hutchings & Saenger 1987). In fact 

this is a trend observed for mangrove crustaceans as well (Hutchings & Recher 

1982). These trends may be a result of varying tolerances that crabs may have to 

different climates. On the other hand, the greater amounts of organic production, 

carbon turnover, and species diversity in mangrove forests of tropical climates 
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(Saenger & Snedaker 1993) may also have a greater capacity to support larger 

crustacean numbers and diversity than do temperate climates. 

Some studies that focus on variability of environmental conditions on smaller 

scales such as regions, have found that environmental conditions have an effect on 

crab distribution, abundance, and behaviour. For instance, in Hong Kong, site 

attributes were related to the population dynamics of grapsid crabs (Kwok 1995). 

Some of these attributes were tidal level, sediment grain size, redox potential, and 

nitrogen concentration. Crab behaviour and activity appear, also, to be associated 

with conditions such as temperature, moisture, and light (Smith & Miller 1973; 

Powers & Cole 1976; Nakasone et at. 1982; Vannini el at. 1997). Environmental 

conditions may also affect crabs indirectly. For instance Boto and Wellington 

(1984) suggested that crab distribution, numbers, and activity may be related to 

decreased mangrove productivity in anaerobic and high salinity environments. 

Despite the findings in these studies, little is known about environmental 

conditions at the study sites included here and their variability. There is a wide 

variety of mangrove systems in Darwin Harbour with a large array of 

environmental conditions reflecting its geomorphic history (Semeniuk 1985). 

Although mangrove communities do re-occur in different areas within the harbour, 

high variability in environmental conditions occurs among similar communities 

due to differences in marine sedimentation, tidal erosion, wave action, terrestrial 

transport and sedimentation, and freshwater/marine interchange (Semeniuk 1985). 

There is also variation within communities due to a range of small-scale physical 

and chemical gradients (Semeniuk 1985). The importance of these environmental 
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variations for the distribution and behaviour of grapsid crabs living in the harbour 

is unknown. 

Although some environmental conditions, such as soil texture and fabric (which 

describe the soil composition; see Semeniuk 1985) have been measured in Darwin 

Harbour to provide a general description of assemblages within the harbour 

(Semeniuk 1985). there is limited information on conditions specific to the 

assemblages, aspects, areas, and seasons included in this study. A study by 

McGuinness (I 997b) described some environmental conditions, but this 

information is limited to tidal flat habitats at only one site. Identifying these 

conditions and the similarity (or dissimilarity) of conditions within assemblages, 

aspects, areas, and seasons, in this study, are likely to offer insight into patterns 

observed in the abundance, distribution, and behaviour of grapsid crabs. Moreover, 

having this information gives a basis for comparison with studies conducted 

elsewhere. 

The objectives in this chapter are to describe the environmental conditions at the 

study sites, and to determine the similarity of conditions within assemblages, 

aspects, areas, and samples taken during each season. The study in this chapter is 

meant to provide enough information for a "first test" for relationships between 

environmental factors and the other processes studied in this thesis. Since the focus 

of the thesis is on the function of crabs in mangrove forests, the information 

presented in this chapter has its limitations and is in no way meant to be 

comprehensive or conclusive. For example, the measurements taken during the dry 

and wet seasons were only taken on one day, and therefore cannot be said to 
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represent the entire season. Having said this, however, the conditions during each 

season take time to develop and are fairly stable throughout the season (Northern 

Territory Bureau of Climatology, pers. comm.). The environmental conditions of 

interest are soil temperature, moisture, redox potential, pH, and salinity since crabs 

in mangrove forests spend most of their time on and within the soil. 

4.2. Methods 

Environmental measurements were taken twice during the two-year study period, 

once at the end of a dry season (September 2t1,  1999) and once at the end of a wet 

season (May 2000). Two haphazard replicate measurements of each condition 

(since variability is very small) were taken at all sites (in all mangrove assemblages 

in each aspect and area; Figure 2.6). Data for area 2 were provided by the Northern 

Territory Department of Lands. Planning, and Environment (NT DLPE), but wet 

season data for the up-stream aspect of area 2 and the hinterland assemblage down-

stream of area 2 were not available (and are missing). 

Temperature, pH, and redox potential (Eh) were measured at a depth of 5 cm with 

a field probe (Fluke H 1 83 14 Combination Meter). Soil moisture and pore-water 

salinity measurements were taken from sediment samples obtained with a core 

constructed of plastic PVC tube with a diameter of 4 cm and length of 5 cm. 

Moisture was measured by calculating the difference between wet and dry soil 

weights (dried at 60° C for 4 days), and expressed as a percentage of the total 

weight. 
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Soil salinity was measured as the amount of soluble salts in a soil. Soluble salts 

depend upon the amount of soil to water ratio. Because of the large variability in 

water content of mangrove soils, all samples were standardized to obtain 

comparable results. To obtain estimates of salinity, electrical conductivity 

measurements were made of 1:5 air-dried soil / water extract samples (Raymond & 

Higginson 1992). Soil samples were air dried to constant weight, crushed and 

sieved through a 2 mm sieve. Five grams of soil and 25 g of distilled water were 

mixed and mechanically shaken for 1 hour. The sediment was allowed to settle for 

30 minutes, and then the conductivity measured with a Hanna H18733 Eh meter. 

Eh measurements were converted to salinity by multiplying values by the constant 

0.3 7248 (indicated in the Hanna HI 8733 manual). 

Similarity in environmental conditions of areas, aspects, assemblages and samples 

taken in different seasons was analysed using a multidimensional scaling analysis 

(MDS). To conduct the MDS analysis, data were first standardised (so that each 

variable had a mean of 0 and standard deviation of 1). Standardising the data is 

routine for environmental data because the data are measured on different scales. 

The MDS analysis was nonmetric and was based on a Euclidean distance matrix 

(commonly used for environmental data). A 2D solution was used since it is easier 

to interpret than a 3D solution, and the latter would only be used if the 2D solution 

was unsatisfactory (stress too high:> 0.20). The stress for this MDS was not high 

(0.15). 

4.3. Results 
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Environmental conditions measured at all sites (assemblages, aspects, and areas) in 

the wet and dry season are shown in Figure 4-1 (pg 63 - 65). Measurements during 

the wet season in the upstream aspect of Area 2 were not made due to problems 

with the probe. Patterns in these environmental variables are considered in more 

detail in subsequent sections by reference to the MDS analyses. 
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Figure 4-1 Mean Eli, moisture, pt-I, salinity, and temperature in the tidal bank (bank), tidal 
flat (flat), hinterland (hint), and mixed species woodland (mix) assemblages measured 
during the wet and dry seasons in the up-stream and down-stream aspects of areas I and 2 
(k± I SE). 
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during the wet and dry seasons in the up-stream and down-stream aspects of areas 1 and 2 
(± I SE). 
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4.3.1. Pattern in environmental conditions within assemblages 

Similarity in environmental conditions was most pronounced within assemblages 

(Figure 4-2). Despite the area, aspect, and season in which the environmental 

conditions were measured, all sites within mixed species woodland assemblages 

grouped closely together in the multidimensional scaling analysis. Sites within the 

hinterland and tidal bank assemblages also grouped closely together according to 

assemblage. The tidal flat was the only assemblage to have sites with 

environmental conditions that overlapped into other assemblages. Wet season 

environmental conditions in the down-stream tidal flat assemblage of area 1 were 
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more similar to hinterland conditions. Dry season conditions of the down-stream 

tidal flat assemblage in area 2 were more similar to tidal bank conditions. 

Dimension 1 

Figure 4-2 MDS showing similarity of environmental conditions among assemblages. Each 
point represents environmental conditions measured at a study site (a combination of areas, 
aspects, and assemblages) during either the wet season or dry season. Conditions measured 
within each assemblage are connected with a line. Each poilit represents a study site (a 
combination of areas, aspects, and assemblages) and sample time (wet season or dry 
season). The first letter indicates the season (D = dry and W = wet), the second letter 
indicates the area (I = area I and 2 = area 2), the third letter indicates aspect (U = tIp-
stream, L = down-stream), and the last letter indicates the assemblage (M = mixed species 
woodland, 1-I = hinterland, F = tidal flat, and B = tidal bank). 

4.3.2. Patterns in environmental conditions within areas 

Environmental conditions in area I appeared to be more variable than in area 2. 

The variability was primarily due to a more limited range on dimension 1 in the 

MDS analysis (Figure 4-3) in area 2 as compared to that in area I. 
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Dimension 1 

Figure 4-3 MDS showing similarity of environmental conditions between areas. Each 
point represents environmental conditions measured at a study site (a combination of 
areas, aspects, and assemblages) during either the wet season or dry season. The lines 
connect conditions measured in area 2. Each point represents a study site (a combination 
of areas, aspects, and assemblages) and sample time (wet season or dry season). The first 
letter indicates the season (D = dry and W = wet), the second letter indicates the area (I = 

area I and 2 = area 2), the third letter indicates aspect (U = up-stream, L = down-stream), 
and the last letter indicates the assemblage (M = mixed species woodland, H = hinterland, 
F = tidal flat, and B = tidal bank). 

4.3.3. Patterns in environmental conditions within aspects 

Environmental conditions within the up-stream aspect appeared to be more similar 

than in the down-stream aspect (Figure 4-4). 
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Figure 4-4 MDS showing similarity of environmental conditions between aspects. Each 
point represents environmental conditions measured at a study site (a combination of 
areas, aspects, and assemblages) during either the wet season or dry season. The lines 
connect conditions measured in the down-stream aspect. Each point represents a study site 
(a combination of areas, aspects, and assemblages) and sample time (wet season or dry 
season). The first letter indicates the season (D = dry and W = wet), the second letter 
indicates the area (I = area I and 2 = area 2), the third letter indicates aspect (U = up-
stream, L = down-stream), and the last letter indicates the assemblage (M = mixed species 
wood land, H = hinterland, F = tidal flat, and B = tidal bank). 

4.3.4. Patterns in environmental conditions within samples in different seasons 

All points representing samples measured during the wet season, except for two, 

lay in a limited range on dimension I indicating that environmental conditions in 

the wet season were somewhat similar (Figure 4-5). The two points that do not lie 

between -0.75 and 0.0 were both mixed species woodland sites. 
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Figure 4-5 MDS showing similarity of environmental conditions between seasons. Each 
point represents environmental conditions measured at a study site (a combination of 
areas, aspects, and assemblages) during either the wet season or dry season. The lines 
connect conditions measured in the wet season. The circled points are also conditions in 
the wet season. Each point represents a study site (a combination of areas, aspects, and 
assemblages) and sample time (wet season or dry season). The first letter indicates the 
season (D = dry and W = wet), the second letter indicates the area (I = area 1 and 2 = area 
2), the third letter indicates aspect (U = up-stream, L = down-stream), and the last letter 
indicates the assemblage (M = mixed species woodland, H = hinterland, F = tidal flat, and 
B = tidal bank). 

4.4. Discussion 

Assemblages separated clearly in the MDS, indicating that these had distinct 

combinations of environmental conditions. The observed gradients were similar to 

those in studies conducted in tropical mangrove forests in northern Queensland and 

in Darwin Harbour (Semeniuk 1985; Frusher et at. 1 994; Metcalfe 1999). 

Differences between areas, aspects and samples in different seasons were less 

pronounced than would be expected since these included three or four markedly 
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different assemblages. Conditions in area 2, however, were found to be more 

similar than in area 1, conditions at sites within up-stream aspects were more 

similar than sites in down-stream aspects, and wet season samples were more 

similar than dry season samples. 

Differences in environmental conditions among assemblages were mostly due to 

soil salinity, redox potential, and moisture. These environmental variables 

appeared to have a gradient that corresponds to intertidal elevation. Salinity, redox 

potential, and moisture increased with decreasing elevation. These results are 

consistent with findings in other studies in Darwin Harbour. For instance, 

Semeniuk (1985) investigated salinity concentrations in various mangrove 

environments of different elevation gradients in Darwin Harbour. Semeniuk found 

that salinity was greatest in the tidal flat assemblage and lowest in the higher 

hinterland and mixed species assemblages. In other areas, however, high intertidal 

sediments can be the most saline due to repeated cycles of evaporation during the 

dry season, and little freshwater run-off (Semeniuk 1985). Semeniuk also 

described tidal flat and tidal bank soils as waterlogged most of the time, where as 

the hinterland and mixed species woodland soils were waterlogged only during the 

wet season and after infrequent high tides. The differences in redox potential 

between lower and higher intertidal assemblages further indicate that the 

waterlogged assemblages tend to have greater oxidizing environment than the 

dryer intertidal areas. Soil temperature did not show much of a gradient, however, 

the mean temperature in the mixed species woodland assemblage was greater than 

in the other three assemblages. In the mixed species woodland assemblage, tidal 
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inundation is minimal and water evaporates quickly, leaving little moisture to cool 

the surface. 

The tidal flat was the only assemblage to have two MDS points that overlapped 

into other assemblages. For example, the MDS point for conditions measured in 

the wet season in the tidal flat down-stream of area 1, was more similar to 

hinterland MDS points. From observation, this tidal flat assemblage appeared to 

have substrate characteristics similar to hinterland assemblages. The soil contained 

boulder deposits and appeared to be made up mostly of sand with some gravel and 

mud, both of which are characteristic of hinterland assemblages (Semeniuk 1985). 

This tidal flat site also had lower moisture and salinity in the wet season samples 

than in the dry season samples, and lower moisture and salinity than other tidal flat 

sites in samples from either season. These conditions resulted in measurements that 

were more similar to those at hinterland sites. Perhaps, conditions in the tidal flat 

down-stream of area I in the wet season were more like hinterland conditions, 

because the sandy substrate at this site has a lower capacity to retain water than 

would a muddy substrate that is usually found in tidal flat assemblages. There is no 

obvious explanation for the low salinity measured. 

The other tidal flat measurement having conditions that fell outside of the tidal flat 

assemblage grouping was the tidal flat down-stream of area 2 (measured during the 

dry season). The conditions at this site and time were more similar to tidal bank 

conditions. There are no obvious explanations for these observations either. 
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Similarity in environmental conditions was less consistent within areas, aspects, 

and seasons. The area, aspect, and season with rather dissimilar conditions (area 1, 

the down-stream aspect, and the dry season) all had common outlying MDS points. 

The MDS points included the tidal bank assemblage in area 1 during the dry 

season, the tidal flat assemblage in area 1 during the dry season, and the mixed 

species woodland assemblage in area 1 during the wet season. The reason for the 

dissimilarity in conditions measured at these sites from conditions measured at 

other sites is apparent when focusing on each of the environmental variables 

measured. For instance, the dry season tidal flat (in area 1 during the dry season) 

and tidal bank (in area I during the dry season) MDS points had redox potential 

values that were much greater than values at any other site. There were also 

unusually drier conditions in the tidal flat of the down-stream aspect in area 1 than 

there were in any of the other tidal flat assemblage. The wet season mixed species 

woodland assemblage in area I had measurements of redox potential, pH, and 

salinity that were lower than at any other site. In general, there was greater 

dissimilarity in conditions at sites in the down-stream aspect than there was in the 

up-stream aspect, however, the dissimilarity was also due to the fact that mixed 

species woodland assemblages only occur in down-stream sites. Since conditions 

among assemblages are well segregated, the addition of mixed species assemblage 

sites causes sites in the down-stream aspect to lie away from all other points. 

There was little clear separation of MDS points between areas I and 2, between 

up-stream and down-stream aspects, and between dry and wet seasons. Any 

differences in conditions that were observed may have been influenced by 

measurements made at sites with extreme conditions (as mentioned above). For 
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example, greater mean redox potential was observed in area 1 than was observed in 

area 2. High redox potential values in the tidal bank and tidal flat assemblages in 

area 1, which were measured during the dry season, influenced the greater mean 

redox potential in area 1. Differences in moisture and redox potential between 

aspects were also influenced by the extreme conditions at these sites. 

There was, however, some segregation between environmental conditions 

measured during the wet and dry seasons. Soil measured during the wet season had 

lower temperatures than soil measured in dry season temperatures, probably due to 

cooling of the substrate by wet seasonal rains. Likewise, the mean salinity was 

lower in soil measured during the wet season than soil measured in the dry season. 

Wet seasonal freshwater rains may have been responsible for washing salts away. 

In contrast, soil moisture was greater in the wet season than in the dry season as a 

result of wet seasonal rains. Redox potential was higher in the dry season than in 

the wet season. This pattern was consistent with results in the study by Metcalfe 

(1998). As soils dried out and oxygen was able to penetrate, redox potential and 

salinity both went up coincidentaly. 

In analysing the similarity in environmental conditions with MDS, there may have 

been artefacts introduced in interpreting the data due to missing data points. 

Patterns in similarity within assemblages were quite strong, and therefore, the 

inclusion of the four missing data points would not have been likely to change the 

resulting observed similarity. However, patterns in similarity within areas, aspects, 

and seasons were not as strong, and the inclusion of the four missing data points 

might have modified the observed pattern. For instance, the four missing wet 
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seasonal measurement points represent the environmental conditions in area 2 in 

the up-stream aspect and in the wet season. These are measurements of the 

particular area, aspect, and season that had sites with conditions that were rather 

similar. It is difficult to know whether the inclusion of the missing data points 

would have changed the observed similarity. 

In conclusion, similarities in environmental conditions within assemblages were 

pronounced. All sites that belong to a particular forest assemblage are at a similar 

intertidal position, which contributes to the observed similarities in soil types, 

textures, and colours, water saturation, flora and fauna as well as many other 

characteristics (Semeniuk 1985). As noted earlier, the pronounced differences in 

environmental conditions among assemblages considerably limits the likely extent 

of similarities of conditions measured within areas, aspects, and seasons (because 

each area aspect and season contains a number of rather different assemblages). 

These differences and similarities may have important implications for the crab 

abundance and distribution of fauna and their activities. Subsequent chapters will 

document patterns in crab abundance and activity and explore relationships with 

the patterns documented in this chapter. 
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5. MANGROVE LITTER PRODUCTIVITY AND IN SITU 
PROCESSING RATES 

5.1. Introduction 

Coastal wetlands such as mangrove forests and salt marshes are among the most 

productive ecosystems in the world (Woodroffe et al. 1988). This productivity is 

due to the great amount of organic matter derived from primary production in these 

systems. This organic matter in mangrove forests, whether retained in mangrove 

forests or exported to offshore systems, supports large detrital-based food webs 

(Odum & Heald 1972; Snedaker 1978). 

Much of the organic matter comes from falling litter from mangrove forests. For 

this reason litter fall has been used as a useful estimate of mangrove productivity. 

This does not mean that litter fall measurements are equivalent to net primary 

productivity. Net  primary productivity includes secondary growth and above 

ground biomass (Woodroffe el al. 1988). Litter fall includes mainly fallen leaves, 

but also flowers, propagules and seeds, and small branches. 

To understand the energy flow within mangrove forest ecosystems, both the 

quantity and fate of primary productivity produced within the systems need to be 

understood (Robertson 1986). Several studies have estimated primary productivity 

rates in mangrove forests (Clough & Attiwill 1982; Boto etal. 1984; Woodroffe & 

Bardsley 1987; Woodroffe etal. 1988; Metcalfe 1999) and the fate of mangrove 

litter (Camilleri 1994; Giddins et al. 1986; Emmerson & McGwynne 1992). 
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Primary productivity studies have demonstrated that the amount of mangrove 

productivity, mainly estimated by measuring litter fall, is dependent upon the 

geographical region and varies among mangrove assemblages and also varies with 

seasons. 

Studies focusing on ascertaining the fate of mangrove litter have either focused on 

the retention of organic matter from litter within mangrove forests or exportation 

of litter to offshore habitats. Retention of organic matter can occur either when 

litter is left by tides to decay or when grazing animals consume it. Recent studies 

of grapsid crabs have demonstrated the important role of crabs in retaining organic 

matter by consuming or burying fallen leaves and propagules (Camilleri 1984; 

Giddins et al. 1986; Emmerson & McGwynne 1992). 

To obtain accurate estimates of the consumption of mangrove litter, the studies 

mentioned above have estimated true consumption rather than relative 

consumption. True consumption refers to a measure of the weight of mangrove 

material consumed, whereas relative estimates are derived from recording the fate 

of litter (whether it is consumed or not consumed; see Chapter 7). True 

consumption estimates can be used to relate the amount of mangrove litter retained 

through consumption to the amount of litter fall produced by mangroves. Some 

studies have taken this additional step and estimated the quantity of litter fall 

retained by grapsid crabs within mangrove forests (Lee 1989; Emmerson & 

McGwynne 1991). 
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Most research has shown substantial consumption of litter fall by crabs in 

mangrove forests. Lee (1989) recorded greater than 57% by weight of Kandelia 

candel leaf litter was consumed by Perisesarma hidens. In the Mgazana estuary in 

southern Africa, an estimated 44% by weight of leaf litter is consumed by N. 

meinerti (Emmerson & McGwynne 1992). Robertson (1986) recorded 

consumption of Rhizophora litter fall by Sesarma messa greater than 28%. 

Most of the experiments mentioned above estimate ingestion (material that enters 

the digestive system of the animals) or processing rates (material broken down by 

ingestion and shredded by 'sloppy feeding"). Almost all of these studies are of 

necessity laboratory-based because of the nature of the ingestion and processing 

measurements. Laboratory-based experiments are very useful for measuring 

variables that are impossible to measure in the field. It may be difficult, however, 

to reproduce natural conditions within the laboratory. For instance, in the 

laboratory, many of the studies mentioned above focus on specific species of crabs 

and are restricted to leaf litter from particular species of mangroves. Differences in 

behaviours and activity among species of crabs may affect selection and, therefore, 

consumption of litter, thus affecting total consumption in a mangrove forest. 

Similarly, the density and species of leaves and propagules available for crabs to 

consume may affect the amount of litter that crabs consume. The effects of some of 

these factors can certainly be tested in the laboratory, but a study with all of the 

natural interactions among environmental and hiotic conditions would be difficult 

to reproduce in the laboratory. 
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Field based measurements are likely to offer more accurate estimates of litter 

processed within mangrove forests, since they take into account natural densities of 

crabs and litter as well as the natural fluctuations of environmental conditions (and 

associated changes in the behaviour and activity of crabs) of tidal cycles. Only one 

study conducted in northeastern Australia has quantified in situ processing rates, 

and identified the percentage of productivity processed by crabs (Robertson 1986). 

Robertson's study provided important temporal information by relating seasonal, 

and day-time and night-time patterns in leaf processing to seasonal patterns in leaf 

litter fall. Processing has not yet, however, been related to litter fall in different 

assemblages. This is an important aspect given the changes in numbers of crabs of 

different species within the different assemblages, and the changes in mangrove 

assemblage characteristics at different intertidal positions. 

This study aims to: 1) identify spatial and temporal litter fall rates at sites studied 

within Darwin Harbour, 2) measure spatial patterns (among assemblages) in in situ 

processing rates in an area of Darwin Harbour, and 3) relate in situ processing rates 

to productivity rates. Although seasonal and yearly patterns in litter fall were not 

related to in situ processing rates in this chapter (since processing rates were only 

measured in March of 2000), temporal patterns in litter productivity during the 

two-year study are presented here so that they may be related to patterns in relative 

litter consumption and grapsid numbers measured later in this thesis (see Chapter 

8). In situ processing rates will also be related to relative consumption rates in a 

later chapter (Chapter 7). 
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5.2. Methods 

5.2.1. Mangrove litter productivity 

Mangrove litter productivity was sampled at all sites during 1999 and 2000 in 

January (wet season), March (late wet season), August (dry season), and October 

(late dry season). Litter productivity was sampled in four assemblages, in up-

stream and down-stream aspects of areas I and 2 (see section 2.2 for experimental 

design). Litter productivity was measured by collecting litter from traps tied 

underneath tree canopies as has been done in other studies (Duke 1981; Metcalfe 

1988; Woodroffe el al. 1988). 

Two 0.5 m2  litter traps were placed within each assemblage (28 traps all together) 

just above the level of high spring tide by tying the traps to trees. Replicate traps 

were placed about 10 in away from each other (the distance varied slightly 

according to the nature of the assemblage and distances of trees). This distance was 

chosen so that it was consistent with traps already set up at some of the sites during 

ongoing studies by other researchers. The litter traps were constructed of shade 

cloth bags attached to PVC frames (2 cm in diameter) with internal dimensions of 

0.71 x 0.71 in (Figure 5-1). The bags were tied closed at the bottom in order to 

collect the litter samples. 
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Figure 5-1 Litter fall traps for sampling primary productivity. 

The litter was collected from traps approximately every 30 days (which was 

consistent with other studies (Woodroffe & Bardsley 1987; Woodroffe et al. 1988; 

Metcalf 1999), then dried at 65 °C until repeated weight measurements were 

consistent (2 to 3 days). Twigs with a diameter greater than 15 mm were not 

included. Some litter may not have been sampled since some traps were above the 

height where the canopy began (since traps had to be placed above the highest 

spring tides). For traps that did not sample the entire canopy, a correction factor 

was calculated following methods used by Metcalfe (1998). First, the height of the 

trees and traps were measured, and then the canopy depths were measured with 

height poles. The correction factor was calculated by the following formula: 

r1 (HI_H')_(HIi?_H)11 
L HT—H j 
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The symbols are: H1  = tree height, Hc = height to the bottom of the canopy, and 

Hi r  = trap height. 

For each trap, the corresponding correction factor was multiplied by measured dry 

litter weight, to obtain the corrected litter fall weights. In area 2, since the same 

litter traps positioned by Metcalfe (1998) were used, her calculated conversion 

factors were applied to values of measured productivity during this study. Litter 

production was then expressed as dry weight per month per half m2. 

Variability in productivity was analysed with two repeated measures ANOVAs 

(see section 2.2 for further explanation on the need for two analyses). The first 

analysis, a 5 factor ANOVA, included three assemblages (the hinterland, tidal flat, 

and tidal bank) and both aspects (up-stream and down-stream). The factors 

included in the analysis were sample time (four levels, repeated measures), year 

(two levels, fixed), area (two levels, random), aspect (two levels, fixed), and 

assemblage (four levels, fixed). The second analysis, a 4 factor ANOVA, included 

the same factors but omitted aspect so that all four assemblages could be included. 

5.2.2. In situ processing rates 

In situ processing of mangrove leaves was measured during the day and night of a 

spring tide in March 2000. Processing was measured during only one day and night 

due to time constraints (other experiments were in progress). Results, therefore, 

cannot be generalized to all diurnal cycles. This study is, however, an important 

first step in determining in situ processing in Darwin Harbour mangroves. 
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Processing was measured in the tidal bank, tidal flat, and hinterland of the up-

stream aspect of area 1 (Reichardt Ck.). Ten leaves were placed within each of 

three quadrats, which in turn were placed haphazardly within each assemblage. For 

every assemblage, the experimental density of leaves was matched to the natural 

density (estimated by calculating the mean number of leaves in three random 1 x 1 

in quadrats). As a result, 1 x I in quadrats were placed in the tidal bank and tidal 

flat assemblages, and 3 x 3 in quadrats in the hinterland. Quadrats were marked 

with small wooden skewers and cleared of any leaves before the experimental 

leaves were placed inside the quadrats. The leaves chosen for placement in the 

quadrats were senescent leaves (collected from trees) of the dominant mangrove 

species of the assemblage being measured (e.g. Ceriops tagal leaves were placed in 

the hinterland and the tidal flat assemblages, and Rhizophora stylosa in the tidal 

bank assemblage). 

Leaves were tethered by tying them to 6 cm roofing nails with a I in nylon fishing 

line as used in other studies (Smith 1987a; McGuinness 1997a; McGuirmess 

1997b). The tethered leaves were positioned haphazardly as the tide was ebbing, 

left for four hours, and then collected as the tide was re-entering. The same routine 

was carried out during the day and during the night. Any leaves that had fallen 

within the plots were collected and if crab consumption was evident, the area 

processed was estimated with a 5 x 5 mm translucent, plastic grid. Leaves could 

have only entered the quadrats from falling from trees. It was not possible for 

leaves to wash in from outside of the quadrats since the assemblages were 

completely exposed from the tide during the period of the study. Evidence of crab 

consumption was identified and distinguished from consumption by insects by 
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crabs' characteristic damage marks (straight cuts by chelae rather than grazed 

across or curved cuts; see Onufet al. 1977). 

The fresh areas and weights of all leaves, placed in the quadrats, were measured 

with a triple-beam balance and a leaf area meter. After the experiment areas were 

measured with a leaf area meter a conversion was then calculated in order to 

express the area of consumed leaf material in weight. Fresh weights consumed 

were calculated by the following formula: 

W'=(Ai-Ai)x 
Ai 

The symbols are: Wc = fresh weight consumed, Al  = initial area, AF = final area, 

and Wi  = initial fresh weight. To express consumption in dry weight, fresh wt/dry 

wt conversions were derived by measuring fresh and dry weights of leaves (dried 

at 600  C for two days) from the different mangrove species, and calculating 

corresponding regression equations. Fresh weights were converted into dry weight 

by using these regression equations. 

Patterns in leaf processing rates were analysed with a three factor repeated 

measures ANOVA. Factors were: sample period, to indicate the day or night 

sampling period (repeated measure, two levels), assemblage (fixed factor, three 

levels), and quadrat (random factor, three levels). 

5.2.3. In situ processing rates in relation to mangrove productivity 
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Primary productivity data for the month of March 2000 in the up-stream aspect of 

area 1 were used to match the time and sites where processing was measured. To 

relate litter processing to primary productivity, regression and correlation 

coefficient were calculated. 

5.3. Results 

5.3.1. Mangrove litter productivity 

Productivity varied greatly through the year from a mean low of 32.88 9/0.5 m2  in 

March to 75.04 g/0.5 m2  in October. Productivity also varied, although not as much 

among assemblages, from 32.72 g/month/0.5 m2  in the tidal flat to 68.25 

g/month/0.5 m2  in the tidal bank, but was fairly similar in the two areas (area 1 = 

52.61 g/ month/U.S m2, SE = 3.04 and area 2 = 48.15 g/month/0.5 m2, SE = 3.45), 

and aspects (up-stream = 51.60 g/ monthl0.5 rn2, SE = 3.80 and down-stream = 

49.16 g/month/0.5 rn2, SE = 2.87). 

Productivity was significantly affected by sample time and assemblage (Table 5-1, 

Figure 5-2). These were evident in the second analysis (Table 5-1B). The tidal 

bank assemblage (X = 67.49 g/month/0.5 rn2, SE = 3.91) had greater productivity 

than all other assemblages (tidal flat: X = 31.40 g/month/0.5 m2, SE = 4.58; 

hinterland: X = 49.41 g/month/0.5 m2, SE = 3.91; mixed species woodland: 

X = 39.24 g/month/0.5 m2, SE = 4.52). The month of October had greater 

productivity (X = 108.17 g/monthl0.5 m2, SE = 6.48) than all other months 

(January: X = 64.31 g/month/0.5 m2, SE = 6.60; March: X = 47.98 g/month/0.5 

m2, SE = 6.48; August: X = 72.54 g/monthl0.5 m2, SE = 6.60). 

84 



MANGROVE LITTER PRODUCTIVITY AND IN SITU PROCESSING RATES 

The most important interaction was between year, area, and sample time (evident 

in both Table 5-IA and 5-1B). This interaction indicated that trends were quite 

consistent in both areas and years in terms of increasing productivity from January 

to October, except in area 2 in January 2000 (Figure 5-3). The mean productivity 

in this area at this time (X = 84.38 g/month/0.5 m2. SE = 9.61) was greater than 

the mean productivity for any other combination of year and area in January (area 

I in 1999: X = 27.89 g/monthl0.5 m2, SE = 9.25; area 2 in 1999: X = 21.64 

g/month/0.5 m2, SE = 9.26; area I in 2000: X = 32.10 g/month/0.5 m2, SE = 

9.26). Year, area, and sample time did not interact with assemblage, so the patterns 

observed here were similar across all assemblages. 
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Table 5-1 Analysis of variance of spatial and temporal patterns in mangrove litter 
productivity in Darwin Harbour in 1999 and 2000. 

(A) ANOVA including both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Vr 1 1.110 1 0.215 5.155 
Area 1 0.290 22 0.095 3.053 
Asoect 1 0.108 1 0.205 0.528 
Assemblacie 2 2.130 2 0.138 15.409 
SamDle time 3 1.109 3 0.338 3.284 
Year xArea 1 0.215 22 0.095 2.268 
Year xAsDect 1 0.012 1 0.000 152.116 

Area xAsDect 1 0.205 22 0.095 2.156 

Year xAssem 2 0.025 2 0.006 4.026 

Area xAssem 2 0.138 22 0.095 1.457 

AsectxAssem 2 0.175 2 0.350 0.500 

Year xSamøt 3 0.308 3 0.847 0.364 

Area x SamDt 3 0.338 66 0.033 10.249*** 

AsDectxSamot 3 0.068 3 0.080 0.845 
Assem x Samt 6 0.432 6 0.126 3.440 
Year x Area xAspect 1 0.000 22 0.095 0.001 
Year x Area x Assem 2 0.006 22 0.095 0.064 

Year xAsoectxAssem 2 0.016 2 0.029 0.567 
Area x Aspect x Assem 2 0.350 22 0.095 3.684* 

Year x Area x Sampt 3 0.847 66 0.033 25.698*** 
Year x Aspect x Sampt 3 0.004 3 0.004 0.968 
Area x Aspect x Sampt 3 0.080 66 0.033 2.433 
Year x Assem x Sampt 6 0.055 6 0.037 1.504 
Area x Assem x Sampt 6 0.126 66 0.033 3.816* 

Aspect x Assem x Sampt 6 0.046 6 0.056 0.824 
Year x Area x Aspect x Assem 2 0.029 22 0.095 0.304 
Year x Area x Aspect x Sampt 3 0.004 66 0.033 0.127 
Year x Area x Assem x Sampt 6 0.037 66 0.033 1.116 
Year x Aspect x Assem x Sampt 6 0.037 6 0.035 1.055 
Area x Aspect x Assem x Sampt 6 0.056 66 0.033 1.705 
Year x Area x Aspect x Assem xSampt 6 0.035 66 0.033 1.068 

86 



MANGROVE LITTER PRODUCTIVITY AND IN SITU PROCESSING RATES 

(B) ANOVA including one aspect (up-stream), and all four assemblages 
(mixed species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Year 1 1.125 1 0.363 3.101 
Area 1 0.402 16 0.146 2.762 
Assemblage 3 0.709 16 0.146 4.860* 
Samptime 3 1.322 3 0.082 16.128* 
Year xArea 1 0.363 16 0.146 2.493 
Year xAssem 3 0.008 3 0.044 0.192 
Area xAssem 3 0.183 16 0.146 1.258 
Year xSampt 3 0.212 3 0.471 0.449 
Area x Sampt 3 0.082 48 0.045 1.816 
Assem x Sampt 9 0.239 9 0.035 6.762** 
Year x Area xAssem 3 0.044 16 0.146 0.301 
Year x Area x Sampt 3 0.471 48 0.045 10.439*** 
Year x Assem x Sampt 9 0.009 9 0.043 0.205 
Area x Assem x Sampt 9 0.035 48 0.045 0.785 
Year x Area x Assem x Sampt 9 0.043 48 0.045 0.947 

Also in Table 5-113 there was an important interaction between assemblage and 

sample time. In all assemblages, productivity was consistently lower in January 

and March than it was in August and October, with the exception of the tidal bank 

assemblage (Figure 5-4). The tidal bank was the only assemblage to have high 

productivity during January and March (X = 68.04 g/monthl0.5 m2, SE = 9.09 and 

X = 68.22 g/monthl0.5 m2, SE = 9.09). All other assemblages had much lower 

productivity during these months (X :5 32.42g/monthl0.5 m2, SE :5 9.09). This 

pattern was consistent across years and areas since area and sample time together, 

did not interact with either year or area. 

The most important interactions in the first analysis (Table 5-1A) were among 

year, area, and sample time, and between area and sample time. These interactions 

reflected the same pattern described in the year by area by sample time interaction 

as described above. 
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Figure 5-2 Mean litter productivity of mangroves in Darwin Harbour in January, March, 
August, and October during 1999 and 2000. The figure includes the tidal bank, tidal flat, 
hinterland, and mixed species woodland assemblages in areas 1 and 2 (k+ I SE). 
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Figure 5-3 Mean primary productivity of mangroves in Darwin Harbour in January, March, 
August, and October in 1999 and 2000. The figure includes the tidal bank, tidal flat, 
hinterland, and mixed species woodland assemblages in areas I and 2 (x ± I SE). 
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Figure 5-4 Mean litter productivity of mangroves in Darwin Harbour in January, March, 
August, and October. The figure includes the tidal bank, tidal flat, hinterland, and mixed 
species woodland assemblages in up-stream and down-stream aspects (k ± I SE). 
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A less important interaction among area, assemblage, and sample time in 

Table 5-IA is related to the interaction observed between assemblage and sample 

time in Table 5-1B. The added interaction with assemblage, indicated that the large 

productivity observed in January in the tidal bank was consistent in both areas, 

however, in March the large productivity mainly occurred in area 1 (area 1: X = 

91.18 g/monthl0.5 m2, SE = 7.95; and area 2: X = 45.27 g/month/0.5 m2, SE = 

8.02). 

The area by aspect by assemblage interaction (Table 5-lA) indicated that there was 

variability in productivity among assemblages, but productivity depended upon 

aspects and areas (Figure 5-5). In the tidal bank, productivity was similar in all 

aspects and areas (up-stream of area I: X = 76.67 g/month/0.5 m2, SE = 8.63; 

down-stream of area 1: X = 68.64 g/month/0.5 in  2,  SE = 4.99; down-stream of 

area 2: X = 70.03 g/monthl0.5 m2, SE = 11.36), except for in the up-stream 

aspect of area 2 (X = 44.59 g/month/0.5 in  2,  SE = 8.22). For the tidal flat 

assemblage, productivity was similar among areas and between aspects (down-

stream of area 1: X = 20.57 g/month/0.5 m2. SE = 3.57; up-stream of area 2: X 

= 26.71 g/monthl0.5 in  2,  SE = 6.67; down-stream of area 2: X = 36.88 

g/month/0.5 m2, SE = 5.36), except for in the up-stream aspect of area 1 (X = 

5 1.1 8 g/month/0.5 in  2,  SE = 10.06). In the hinterland, the down-stream aspect of 

area 2 (X = 37.60 g/month/0.5 m2, SE = 7.26) had low productivity, unlike the 

other three assemblages (up-stream of area 1: X = 66.82 g/rnonthl0.5 m2, SE = 

8.03; up-stream of area 1: X = 56.17 g/month/0.5 in  2,  SE = 8.63; up-stream of 

area 2: X = 60.46 g/month/0.5 m2, SE = 8.03). 
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Figure 5-5 Mean litter productivity of mangroves in Darwin Harbour in the tidal bank, 
tidal flat, hinterland, and mixed species woodland assemblages in the up-stream and down-
stream aspects of areas I and 2 (x ± I SE). 

5.3.2. In situ processing rates 

A total of 4.045 g dry weight of leaf litter was processed by grapsid crabs during 

this experiment; or expressed in m2, a mean of 0.449 g/m2  in one day. 

Although small, there was significant variability among replicate quadrats (X 

0.24 g/day, SE = 0.009; X = 0.22 g/day, SE = 0.009; and X = 0.24 g/day, SE = 

0.009), which interacted with time (Table 5-2, Figure 5-6). There were greater 

differences in processing among the three quadrats during the day than at night 

(Figure 5-6). There were no significant patterns in processing rates between day 

and night times, nor among assemblages. 
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Table 5-2 Analysis of variance of in situ leaf processing rates at different times, 
assemblages, and quadrats at Reichardt Ck. in March of 2000. 

Factor df MS df MS MS F 
Error Error 

Assemblaae 2 0.0221 6 0.012 1.864 
Quadrat 6 0.0118 81 0.005 2.345* 

Time 1 0.0001 6 0.016 0.004 
Assem x Quadrat 2 0.0020 6 0.016 0.131 
Quadrat xTime 6 0.0157 81 0.006 2.817* 
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Figure 5-6 Variability in mean processing rates (leaf weight consumed per in2  per day) 
among three random quadrats in three assemblages in the up-stream aspect of area I 
(Reichardt Ck.) in March 2000 (k ± I SE). SE's are from a pooled estimate of variance 
from the ANOVA. 

5.3.3. Processing rates in relation to litter productivity 

The multiple regression relating productivity to processing rates was significant 

with a positive correlation coefficient of 0.81 (r2= 0.66, N = 6; Figure 5-7). 
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Figure 5-7 Scatterplot displaying the correlation between mangrove litter productivity and 
mangrove leaf processing in the up-stream aspect of area I in March 2000. 

5.4. Discussion 

The experiment measuring in situ processing of litter by grapsid crabs, indicated 

that 0.45 g dry wt. /m2/day of litter was processed by grapsid crabs in the up-

stream aspect of area 1 during the study in March of 2000. If the estimate could be 

applied to every day of March then 13.50 g/m2  of litter would have been processed 

during the month of March. The mean litter produced in this area in March was 

66.18 g/m2/month. These values suggest that grapsid crabs in this particular area 

could have processed 20.4% of litter fall in March. These estimates compare well 

to consumption rates measured in Malaysia (Leh & Sasekumar 1985) and in 

northeastern Australia (Robertson 1986). Leh and Sasekumar indicated that greater 
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than 20 - 30% of mangrove litter fall was consumed by Sesarma and 

Clistocoeloma in Malaysia. Robertson showed that Sesarma messa consumed 28% 

of Rhizophora litter fall in northeastern Australia. Many estimates, however, have 

been much greater. Lee (1989) estimated a greater than 57% consumption of 

Kandelia candel leaves by Perisesarma hidens in Hong Kong, and in warm 

temperate southern African mangroves (Emmerson & McGwynne 1992) 44% of 

Avicennia marina leaves was consumed by Neosarmatium meinerti. 

5.4.1. Mangrove productivity 

The results from the mangrove productivity study indicated that productivity was 

generally greatest in the tidal bank and lowest in the tidal flat. This pattern is 

consistent with studies previously conducted in Darwin Harbour (Woodroffe ci al. 

1988; Metcalfe 1999). Metcalfe (1999) sampled productivity over an 18 month 

period at eight sites with two to six mangrove assemblages (a total of eight 

different assemblages were surveyed) within Darwin Harbour. In her study, the 

lowest intertidal assemblage dominated by Sonneratia a/ha (not included in this 

study), was found to have the greatest productivity, and was followed in 

productivity by assemblages dominated by Rhizophora slylosa (adjacent shoreline 

and tidal bank assemblages). The lowest productivity was recorded from the mid 

and upper tidal flat assemblages. Woodroffe ci al. (1988) found that R. slylosa 

and Avicennia marina had greater productivity than Ceriops tagal and Bruguiera 

parvflora in Creek 'H' in Darwin Harbour. 
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The interactions between assemblage and other spatial factors found in this study, 

however, indicated that any general statement about ranking of assemblages in 

terms of productivity may be misleading. In particular, the area by aspect by 

assemblage interaction indicates that the productivity within the assemblages 

depended upon which aspect and area the assemblage was sampled. 

There was also a seasonal trend evident in productivity, with productivity peaking 

in the late dry season (October) and dropping during the late wet (March). These 

findings are fairly consistent with other productivity studies in northern Australia 

(Woodroffe el at. 1988; Metcalfe 1999; Smith 1998), northeastern Australia 

(Robertson 1986; Clough 1992), southeastern Australia (Smith 1998), and South 

Africa (Emmerson & McGwynne 1992). Metcalfe's study found that productivity 

peaked from September to March in Darwin Harbour, and experienced its 

minimum during June and July. The study presented in this chapter does not 

include the wet season months of November and December, as did Metcalfe's. 

Interestingly, Metcalfe (1998) found that this temporal pattern in productivity in 

Darwin Harbour appeared to be linked to reproductive and leaf phenology, and 

also appeared to be a response to climatic variation. 

The results showed that there was a degree of variability in productivity depending 

upon combinations of year, area, sample time, aspect, and assemblage. These 

interactions suggest that significant spatial and temporal variability exists on a 

local scale. Variability, on a local scale, may be due to differences in 

environmental conditions among sites and changes in climatic factors (as 
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mentioned above). Similar variability has been observed in other productivity 

studies in Darwin Harbour (Woodroffe & Bardsley 1987; Metcalfe 1999). 

5.4.2. In situ leaf litter processing 

Leaf litter processed in situ by grapsid crabs was found to be variable among 

quadrats, but there were no patterns in processing rates apparent among 

assemblages or between night and day times of that particular diurnal c dc. [he 

variability among quadrats, however, does suggest that leaf litter processing was 

patchy, and the interaction between quadrats and sample time indicated that 

patchiness occurred more during the day-time than at night-time. Robertson (1986) 

found that sesarmids (S. messa) in Rhizophora dominated assemblages in 

northeastern Queensland had greater leaf removal and processing rates during night 

time low tides than day time low tides. Different diurnal patterns in litter 

processing in this study may be due to differences in behaviour of the species of 

crabs occurring in Darwin Harbour. From this short study, however, consistent 

diurnal patterns were not evident. 

Finally, there was a significant positive correlation between processing rate and 

productivity in the up-stream aspect of area 1. This correlation indicated that as 

productivity increased, the processing of mangrove litter also increased. Although 

it might be easy to suggest that these results indicated that litter fall was a limiting 

factor, the fact that crabs consumed only about 20% of mangrove litter, suggests 

otherwise. More information is, therefore, required on crab abundance, 
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distribution, and feeding habits to explain this trend. Abundance, distribution, and 

feeding habits are appropriately addressed and discussed in subsequent chapters. 

97 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE GRAPSID NUMBERS 

6. SPATIAL AND TEMPORAL VARIATION IN 
RELATIVE GRAPSID NUMBERS 

6.1. Introduction 

Grapsid crabs are one of the most abundant and important faunal components of 

intertidal mangrove forests (Golley el at. 1962; Chapter 1; Jones 1984; Smith et at. 

1991). The diversity of grapsid crabs has been studied to some extent. Findings 

from these studies have suggested that the diversity of crabs is dependent on 

geographical regions, and appears to be greater in the east than in the west. For 

instance, grapsid species numbers in Australia have been estimated at 37 species 

(Davie 1982) and in the Americas at only 5 (Abele 1992). Abundance and 

distribution studies of grapsid crabs, however, are limited. This is true for studies 

on geographical as well as local scales. Studies in the change in grapsid population 

sizes and species composition over time are even more limited. 

Research on spatial patterns in grapsid abundance has only been conducted in 

Australia, Africa, and Hong Kong (Micheli et at. 1991; Frusher et at. 1994; Smith 

et at. 1997; Lee & Kwok 2002). Studies in Australia have found that species of 

crabs that occur in mangrove forests change across the continent, and so do their 

numbers (Smith et at. 1997). On a local scale, the abundance and distribution of 

different species appear to change across intertidal zones, and also, along tidal 

creeks (Frusher et at. 1994). 

The variation in species diversity, distribution, and abundance discussed above are 

likely a result of differences in habitat within and among mangrove forests as well 
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as the ability of species to adjust or modify their behaviour, activity, and 

physiology (by evolving) to the habitat they live in. For instance, it is known that 

grapsid crabs have a wide range of feeding habits, ranging from detritivory 

(grazing on organic material in soil or shredding fallen leaves from mangroves), 

herbivory (feeding on propagules), to carnivory (feeding on other crabs or insects; 

Nishihira 1984; Lee 1998). This difference in feeding behaviour among species 

makes it possible for crabs to live in a diversity of habitats. 

Habitat complexity also influences the distribution and abundance of grapsids by 

providing shelter which crabs use to avoid predators and physiological stress when 

outside of their burrows. Crabs without shelter are more vulnerable to predatory 

birds at low tide and fish during tidal inundation, and can be more prone to 

physiological stresses such as desiccation, freezing, heating, and osmotic 

fluctuations (Connell 1972; Peterson 1991). 

There is no published information available on spatial and temporal patterns in the 

population structure of grapsid crabs in mangrove forests. Characteristics of the 

population structure, such as size and gender distribution, and the presence of 

gravid females may also be affected by environmental conditions occurring in 

different locations (Lee & Kwok 2002), and would certainly influence crab energy 

requirements. Changes in energy requirements may result in alterations in food 

preferred by crabs and the quantity of food consumed, thus influencing the role 

that crabs play within the ecosystem. Research that has been conducted on 

population characteristics has been restricted mainly to crabs belonging to the 

family Ocypodidae. 
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Studies on the social behaviour and activity of grapsid crabs, however, are more 

common (Seiple 1981; Willason 1981; Seiple & Salmon 1982; Micheli etal. 1991; 

Smith cial. 1991; Frusher etal. 1994; Kneib cial. 1999). Crabs may alter their 

behaviour according to the environmental conditions in the mangrove forests that 

they inhabit. These alterations, for instance, may be in the time spent feeding or 

burrowing. Changes in crab activity can also influence estimates of relative 

abundance. Studies conducted on the east and southeast coast of Australia report 

high crab activity during spring tides (Seiple 1981; Micheli etal. 1991; Smith etal. 

1991; Frusher ci al. 1994), and therefore, abundance estimates using trapping 

methods have been conducted during this period of the tidal cycle. The patterns in 

activity of grapsid species in the Northern Territory have not yet been studied, and 

the best time for sampling is not known. 

The aim of this chapter is to fill some of the gaps in the current knowledge of 

spatial and temporal patterns in grapsid numbers on a local scale. This information 

will also provide a basis for comparison to other studies conducted in different 

environmental conditions and geographical regions (Smith ci al. 1991; Mclvor & 

Smith 1993; Frusher etal. 1994). In later chapters (Chapters 8 and 10), these 

patterns will also be related to environmental conditions (Chapter 4), mangrove 

primary productivity (Chapter 5), and consumption of mangrove material 

(Chapters 5 and 7). 

Relative numbers of grapsids in this study can be estimated effectively with pitfall 

traps, but reliability of this method for estimating Neosarmatium meinerti numbers 
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remains questionable (see Chapter 2). For this reason it is also important to 

compare spatial and temporal patterns in N. meinerli burrows to counts of N. 

meinerti crabs. Burrow counts are particularly good for estimating N. meinerti 

numbers because of their easily identifiable large, hooded burrows (see Chapter 3, 

Figure 3-3). Burrow counts have been tested and found reliable in estimating 

relative abundance of some crabs (Warren 1990 Skov & Hartnoll 2001), and have 

been suggested for use in estimating N. meinerti numbers. N. meinerli population 

estimates are also reliable since burrow turnover rates are estimated to be 3 weeks 

(uninhabited burrows do not persist longer; Micheli etal. 1991). Pitfall traps, 

however, have the advantage of allowing for measurements on population 

characteri sties. 

To accomplish the aims in this chapter, the specific objectives were to: 1) 

determine patterns in crab numbers, sampled on spring and neap tides, 2) compare 

spatial (within plots, among assemblages, between aspects, and between areas) and 

temporal variability in N. nieinerti numbers estimated with pitfall traps and burrow 

counts, and 3) determine abundance and distribution of grapsid crabs and their 

population structure in space and time. 

6.2. Methods 

6.2.1. General Methods 

Pitfall traps were used to estimate relative abundance of grapsid crabs as has been 

done in other studies (Frusher etal. 1994; Smith et al.1997). Traps were found to 

be the most appropriate sampling method for this research because the method can 
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sample all grapsid species occurring within Darwin Harbour with little disturbance 

to their habitat (see the pilot study in Chapter 3). Traps were also selected because 

they allow for the collection of detailed information on the population structure of 

crabs (see Chapter 3) such as the sex ratio, size distribution, and reproductive 

status of the population sampled. 

The configuration of traps and method of deployment are described in detail in 

Chapter 2 (section 2.3). The number of plots and sites used are described in 

sections 6.2.2. and 6.2.3. Two replicate traps were randomly placed within each 

circular (20 in in diameter) plot sampled. Only two replicates were possible due to 

limited resources. Locations were selected by picking a tree in the centre (as a 

reference point) of each plot, and then choosing a direction and distance (randomly 

selected from an MS Excel®  program) from the tree (as in Smith et at. 1997). For 

each sampling period, traps were re-deployed with new random locations. Since 

some grapsid species were noted to travel frequently, a meter or two away from 

their burrows while foraging during low tides, traps were placed no closer than 3 m 

from one another. 

Traps were set during low tides, and then checked daily for two days (as described 

in Chapter 2, section 2.3). All crabs caught in traps were identified, their carapace 

width was measured, gender determined, and number of ovigerous females 

recorded. Carapace width was measured at the widest point including lateral spines 

(Davie 1992) to the nearest 0.01 of a cm. All crabs captured in traps were marked 

on their carapaces before releasing them with a blue permanent marker in order to 

avoid counting them more than once. If the same crabs fell in the traps on the 
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second day as on the first, then overestimating the relative numbers of crabs in a 

plot could be avoided by identifying the marked crabs. Markings were known to 

last more than 3 days. 

6.2.2. Variation in grapsid numbers during spring and neap tides 

Grapsid crabs were sampled on a spring and a neap tide during the month of June 

2000 (June 4th -7th and June l0th-13th respectively). Replicate sampling of tides 

was not possible due to time constraints. Results, therefore, cannot be generalized 

to all tidal cycles. This study is, however, an important first step in determining the 

variation in grapsid numbers during spring and neap tides in Darwin Harbour 

mangroves. Sampling was conducted in two plots in the hinterland, two plots in the 

tidal flat, and two in the tidal bank assemblage in the up-stream aspect of Reichardt 

Creek (Figure 2-2). 

Neap/Spring relative abundance was analysed with a three-factor ANOVA. Factors 

included tide (two levels, fixed), assemblage (three levels, fixed), and plot (two 

levels, random). Only Sesarma was used in the analysis since it was the only 

species to occur in high numbers and since numbers of crabs of different species 

could possibly be non-independent. 

6.2.3. Spatial and temporal variation in relative grapsid numbers 

Grapsid crabs were sampled with pitfall traps for two years, from January 1999 to 

December 2000. Each year, crab numbers were sampled six times. Two sampling 
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periods fell in the wet season (January and March), one in the transition between 

wet and dry (May), two in the dry seasons (July and September), and one in the 

transition between the dry and wet season (November). Crabs were sampled only 

on spring tides. Two plots were sampled per assemblage. Details on plots within 

assemblages, the number and type of assemblages in each aspect, and aspects in 

areas are described in Chapter 2 (section 2.3). 

During this experiment, live and dead crabs were noted. The use of traps did result 

in some crab mortality. During rains or extreme spring high tides, water that 

accumulated in traps appeared to drain slowly, causing crabs to drown. The impact 

of trap related crab mortality on the results of the study was also evaluated. 

Two designs were used to analyse the spatial and temporal variation in relative 

abundance of each species because of the unbalanced nature of the number of 

assemblages included in each aspect (see Chapter 2 for explanation of the need for 

two analyses). The first analysis was a six-factor ANOVA with the following 

factors: sample time (six levels, fixed), year (two levels, fixed) area (two levels, 

random), aspect (two levels, fixed), assemblage (three levels, fixed), and plot (two 

levels, random). The second analysis was a five-factor ANOVA which excluded 

the factor "aspect" but included all assemblages. 

The means and standard errors for carapace width, proportion of females, and 

proportion of ovigerous females, were calculated for all crab species sampled. 

ANOVAs were used only on Sesarma, Neosarmatium meinerli, and Episesarma 

data since few individuals of other species were captured. Analyses were 
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conducted on all three population characteristics for Sesarma, but there were not 

enough data to run statistics on the proportion of ovigerous females for N meinerti 

and Episesarma. The number of factors, included in these analyses varied 

depending upon the number of crabs captured, but included one or more of the 

following: sample time (six levels, fixed), assemblage (two levels, fixed), and area 

(two levels, random). Assemblage was used only for the analyses on Sesarma and 

only included the tidal flat and tidal bank where this species was always present. 

6.2.4. Spatial and temporal variation in Neosarmatium meinerti burrow counts 

N. meinerli burrows were counted on the day that the pitfall traps were first buried. 

Counts were made of the distinct hooded burrows within two randomly placed 1 x 

1 m quadrats within each plot. Counts began in May 1999. 

Data for N. meinerti burrow counts were analysed using the two designs described 

above (section 6.2.3), but the factor "year" was omitted since sampling did not 

include two full years. In addition to ANOVAs on spatial and temporal variation 

of N meinerti burrows, regression and correlation coefficients of N meinerti 

burrow counts and N. meinerti crab counts in traps were calculated. 
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6.3. Results 

6.3.1. Variation in grapsid numbers during spring and neap tides 

A total of 41 crabs were counted in pitfall traps in this experiment; 24 Sesarma, 5 

Neosarmatiurn meinerti, 5 Episesarma, 5 Sesarmo ides borneensis, and 2 

Ilyograpsus paludicola. Figure 6-1 shows the numbers counted of each species 

from pitfall trap captures during the spring and during the neap tides. 
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Figure 6-1 Mean number of crabs counted in pitfall traps on spring and neap tides in three 
assemblages at Reichardt Ck. in June 2000. Assemblages include tidal bank, tidal flat, and 
hinterland (X ± 1 SE). SE's are from a pooled estimate of variance from the ANOVA. 

The ANOVA of Sesarma numbers indicated that the only significant main effect was 

tide (Table 6-1). More Sesarma crabs fell into traps during the spring tide (X = 

1.42 crabs/plot, SE = 0.42) than during the neap tide (X = 0.58 crabs/plot, SE = 

0.23). 
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Table 6-I Analysis of variance of numbers of Sesarma crabs counted in pitfall traps at 
different tides, and in different assemblages, and plots at Reichardt Ck. in June 2000. 

Factor Df MS df MS MS F 
error error 

Tide 1 4.17 3 0.25 16.67* 
Assemblage 2 4.88 3 1.08 4.50 
Plot 3 1.08 12 0.42 2.60 
Tide x Assem 2 5.54 3 0.25 22.17* 
Tide x Plot 3 0.25 12 0.42 0.60 

The most important interaction was between tide and assemblage (Figure 6-1). A 

greater number of crabs were sampled on the spring tide in the tidal flat assemblage 

(X = 3.00, SE = 0.41) than in all other combinations of assemblages and tides (X 

1.25, SE < 0.48). 

The mean carapace widths of the crabs that were sampled ranged from 0.51 cm (I 

paludicola) to 2.22 cm (N. meinerli) (Table 6-2). Overall there were more male 

crabs sampled than females, but the mean proportion of females in the population 

sampled varied among species. Standard errors were high, most likely due to low 

numbers of crabs captured as well as variability in the population. Only one S. 

borneensis was ovigerous. 
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Table 6-2 Means and standard errors for grapsid crab carapace width, proportion female, 
and proportion of ovigerous females counted in traps during spring and neap tides at 
Reichardt Ck. in June 2000. The letter "n" relers to the overall sample size for each of the 
population characteristics. 

Crab 

Species 

Tide Carapace 

Width (cm) 

Proportion 

Female 

Proportion 

Ovigerous 

n Mean SE n Mean SE n Mean SE 
Sesarma Spring 13 0.91 0.14 13 0.23 0.17 2 0.00 0.00 

Neap 7 1.22 0.41 2 0.00 0.00 0 - - 

N. meinerti Spring 5 2.22 0.48 4 0.50 0.29 3 0.00 0.00 
Neap 0 - - 0 - - 0 - - 

Episesarma Spring 5 0.99 0.34 5 0.20 0.17 1 0.00 - 

Neap 0 - - 0 - - 0 - - 

S. borneensis Spring 3 1.53 0.15 3 0.67 0.33 3 0.33 - 

Neap 1 1.47 - 0 - - 0 - - 

I. paludicola Spring 2 0.51 0.20 0 - - 0 - - 

Neap 0 - - 0 - - 0 - - 

6.3.2. Spatial and temporal variation in relative grapsid numbers 

Sesarma was the most abundant (554 individuals) of the eight species of grapsids 

captured during the two-year study. Numbers of crabs for the other seven species 

sampled were: 67 Neosarmatium meinerti (and 201 burrows), 39 Episesarma, 27 

Clistocoeloma merguiensis, 25 Ilyograpsus paludicola, 18 Sesarmo ides 

borneensis, 14 IvIelopograpsus latifrons, and 8 Sarmatium. 

Relative numbers of Sesarma 

The analysis of variance on Sesarma numbers indicated that the most important 

main effect was that of assemblage (Table 6-3A). There were greater numbers in 

the tidal bank (X = 1.01, SE = 0.07) and tidal flat (X = 1.58, SE = 0.07) than 

there were in the hinterland (X = 0.30, SE = 0.06) and mixed species woodland 
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assemblages (X = 0.05, SE = 0.09). There was also significant variability between 

replicate plots (X = 1 .08, SE = 0.05; X = 0.55, SE = 0.05) evident in Table 6-3A 

and 6-3B. 

The most important interaction was among the factors area, aspect and assemblage. 

There was a consistent trend in highest abundance of Sesarma in the tidal flat, 

followed by the tidal bank, and lower abundance in the hinterland and mixed 

species woodland assemblages; except for in the tidal flat assemblages up-stream 

of area 2 and down-stream of area I (Figure 6-2). Both of these sites had lower 

numbers of crabs (up-stream of area 2: X = 1.19, SE = 0.05; down-stream of area 

1: X = 0.80, SE = 0.14) than the other two tidal flat assemblages (up-stream of 

area 1: X = 2.38, SE = 0.13; down-stream of area 2: X = 1.93, SE = 0.14). The 

sample time by area interaction was also important, and indicated that greater 

numbers of crabs were captured in the month of July in area 2 (X = 1.46, SE = 

0.12) than all other months in both areas (X < 0.87, SE < 0.12), except for in 

area 2 (area 2: X = 1.46, SEO.12; area l:X 0.56, SEO.12), and inJanuary 

and November in area 1 (X = 1.27, SEO.l2and X = 1.10, SEO.12, 

respectively). 
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Table 6-3 Analysis of variance of spatial and temporal patterns in relative numbers of 
Sesarina in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS 
Error 

MS 
Error 

F 

Samole time 5 2.71 5 9.71 0.28 
Year 1 9.50 1 0.55 17.34 
Area 1 0.00 12 6.94 0.00 
Aspect 1 0.00 1 5.55 0.00 
Assemblaqe 2 74.67 2 0.13 571.36** 
Plot 12 6.94 282 0.87 8.01*** 
Sampt x Year 5 3.16 5 4.99 0.63 
Sampt xArea 5 9.71 60 1.82 533*** 

Year xArea 1 0.55 12 5.59 0.10 
Sampt x Aspect 5 0.75 5 0.82 0.92 
Year x Aspect 1 0.00 1 5.05 0.00 
Area xAspect 1 5.55 12 6.94 0.80 
Sampt xAssem 10 3.26 10 5.80 0.56 
Year xAssem 2 6.56 2 1.26 5.21 
Area xAssem 2 0.13 12 6.94 0.02 
Aspect xAssem 2 6.06 2 33.86 0.18 
Samptx Plot 60 1.82 282 0.87 2. 10*** 
Year x Plot 12 5.59 282 0.87 6.45*** 
Sampt x Year x Area 5 4.99 60 1.49 335** 

Sampt x Year x Aspect 5 2.48 5 1.44 1.73 
Sampt x Area x Aspect 5 0.82 60 1.82 0.45 
Year x Area x Aspect 1 5.05 12 5.59 0.90 
Sampt x Year x Assem 10 1.55 10 2.21 0.70 
Sampt x Area x Assem 10 5.80 60 1.82 3.19** 
Year xArea xAssem 2 1.26 12 5.59 0.23 
Sampt x Aspect x Assem 10 0.94 10 0.99 0.95 
Year x Aspect x Assem 2 0.84 2 8.14 0.10 
Area x Aspect x Assem 2 33.86 12 6.94 4.88* 
Sampt x Year x Plot 60 1.49 282 0.87 1.72** 
Sampt x Year x Area x Aspect 5 1.44 60 1.49 0.96 
Sampt x Year x Area x Assem 10 2.21 60 1.49 1.48 
Sampt x Year x Aspect x Assem 10 1.10 10 3.14 0.35 
Sampt x Area x Aspect x Assem 10 0.99 60 1.82 0.54 
Year xArea x Aspect x Assem 2 8.14 12 5.59 1.46 
Sampt  x Year x Area x Aspect xAssem 10 3.14 60 1.49 2.11* 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages (mixed 
species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

SamDtime 5 1.46 5 2.85 0.51 
Year 1 3.49 1 0.74 4.71 
Area 1 2.48 8 5.20 0.48 
Assemblaqe 3 35.31 3 10.35 3.41 
Plot 8 5.20 186 0.63 8.29*** 
Sampt x Year 5 0.84 5 1.37 0.62 
Sampt x Area 5 2.85 40 1.68 1.70 
Year xArea 1 0.74 8 6.30 0.12 
Sampt xAssem 15 2.13 15 2.47 0.86 
Year x Assem 3 3.56 3 4.66 0.76 
Area xAssem 3 10.35 8 5.20 1.99 
Samptx Plot 40 1.68 186 0.63 2.68*** 
Year x Plot 8 6.30 186 0.63 10.06*** 
Sampt x Year x Area 5 1.37 40 1.25 1.10 
Sampt x Year x Assem 15 0.87 15 0.82 1.05 
Sampt x Area x Assem 15 2.47 40 1.68 1.47 
Year x Area x Assem 3 4.66 8 6.30 0.74 
Sampt x Year x Plot 40 1.25 186 0.63 1 •99** 

SamDtx Year x Area xAssem 15 0.82 40 1.25 0.66 
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Figure 6-2 Mean number of Sesarma per plot in four assemblages in the up-stream and down-
stream aspects of areas I and 2 in Darwin Harbour (X ± 1 SE). 

The sample time by year by area interaction (Table 6-3A) indicated that the 

patterns discussed above depended upon the year of sampling. Similarly, the 

sample time by area by assemblage interaction indicated that the patterns depended 

upon the assemblage sampled. Finally, a sample time by year by area by aspect by 

assemblage indicated that all patterns also depended upon aspect (Figure 6-3). 

Another important interaction was evident in Table 6-3A and 6-313 between year 

and plot, indicating that variability depended upon year. There was greater 

variability in the number of crabs sampled in 1999 than in 2000. The interactions 

between sample time and plot, and among sample time, year, and plot, showed that 

the large variability in 1999 occurred mainly in March, May, and July. 
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Figure 6-3 Meaii number of Sesarnia per plot in four assemblages in Darwin Harbour at 
different sample times ( ± 1 SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for areas I and 2 in 1999 
and 2000. 
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Relative numbers of Neosarmatium meinerti 

The most important main sources of variation of N. meinerti crab numbers based 

on pitfall trap captures were the effects of plot (Table 6-413) and assemblage (Table 

64A and 6-413). The significant effect of plot indicated that there was variability 

between replicate plots (plot 1: X = 0.14, SE = 0.02 and plot 2: X = 0.09, SE = 

0.02). Numbers were greater in the mixed species woodland and hinterland 

assemblages (X = 0.24, SE = 0.04 and X = 0.21, SE = 0.03, respectively) than in 

the tidal flat and tidal bank assemblages (X = 0.01, SE = 0.01 and X = 0.01, SE 

= 0.01). 

The most important interaction was between year and assemblage. N. meinerti 

numbers were low in lower intertidal assemblages in 1999 and 2000, but variation 

increased between years with higher intertidal assemblages. Numbers in the mixed 

species woodland were greater in 2000 than they were in 1999 (X = 0.35, SE = 

0.06 and X = 0.13. SE = 0.06 respectively; Figure 6-4). There was also an 

interaction, although less important, among sample time, year, area and 

assemblage. indicating that the interaction between year and assemblage depended 

upon both area and sample time (Figure 6-5). 
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Table 6-4 Analysis of variance of spatial and temporal patterns in relative numbers ofN. 
ineinerli based on pitfall trap captures in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samole time 5 0.31 5 0.21 149 
Year 1 0.09 1 023 0.37 
Area 1 1.28 12 0.49 2.60 
Aspect 1 0.04 1 0.42 0.09 
Assemblaqe 2 3.00 2 1.06 2.84 
Plot 12 0.49 282 0.11 4.29*** 
Sampt x Year 5 0.04 5 0.06 0.65 
Sampt xArea 5 0.21 60 0.19 1.08 
Year xArea 1 0.23 12 0.15 1.52 
Sampt xAspect 5 0.09 5 0.11 0.81 
Year xAspect 1 0.45 1 0.23 1.93 
Area xAspect 1 0.42 12 0.49 0.85 
Sampt xAssem 10 0.35 10 0.22 1.62 
Year x Assem 2 0.12 2 0.38 0.32 
Area xAssem 2 1.06 12 0.49 2.15 
Aspect xAssem 2 0.03 2 0.28 0.10 
Sampt x Plot 60 0.19 282 0.11 1.68** 
Yearx Plot 12 0.15 282 0.11 1.34 
Sampt x Year x Area 5 0.06 60 0.08 0.69 
Sampt x Year x Aspect 5 0.14 5 0.18 0.80 
Sampt x Area x Aspect 5 0.11 60 0.19 0.60 
Year x Area x Aspect 1 0.23 12 0.15 1.52 
Sampt x Year x Assem 10 0.04 10 0.03 1.15 
Sampt x Area x Assem 10 0.22 60 0.19 1.12 
Year x Area x Assem 2 0.38 12 0.15 2.45 
Sampt x Aspect x Assem 10 0.10 10 0.12 0.83 
Year x Aspect x Assem 2 0.79 2 0.39 2.03 
Area x Aspect x Assem 2 0.28 12 0.49 0.58 
Sampt x Year x Plot 60 0.08 282 0.11 0.73 
Sampt x Year x Area x Aspect 5 0.18 60 0.08 2.14 
Sampt x Year x Area x Assem 10 0.03 60 0.08 0.39 
Sampt x Year x Aspect x Assem 10 0.13 10 0.16 0.79 
Sampt x Area x Aspect x Assem 10 0.12 60 0.19 0.65 
Year x Area x Aspect x Assem 2 0.39 12 0.15 2.53 
Sampt x Year x Area x Aspect x Assem 10 0.16 60 0.08 1.96 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages 
(mixed species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS 
Error 

MS 
Error 

F 

Samotime 5 029 5 0.21 1.38 
Year 1 0.10 1 0.00 40.11 
Area 1 0.06 8 0.24 0.25 
Assemblage 3 1.39 3 0.11 13.12* 
Plot 8 0.24 186 0.12 2.04* 
SamptxYear 5 0.15 5 0.10 1.62 
SamptxArea 5 0.21 40 0.21 1.00 
Year xArea 1 0.00 8 0.17 0.01 
SamptxAssem 15 0.24 15 0.20 1.21 
Year x Assem 3 0.50 3 0.01 98.52** 
Area xAssem 3 0.11 8 0.24 0.44 
Samptx Plot 40 0.21 186 0.12 1.78** 
Yearx Plot 8 0.17 186 0.12 1.46 
Sampt x Year x Area 5 0.10 40 0.08 1.14 
Sampt x Year x Assem 15 0.16 15 0.18 0.86 
Samptx Area xAssem 15 0.20 40 0.21 0.94 
Year x Area x Assem 3 0.01 8 0.17 0.03 
Sampt x Year x Plot 40 0.08 186 0.12 0.71 
Samot x Year x Area x Assem 15 0.18 40 0.08 2.18* 
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Figure 6-4 Mean numbers of N. meinerti captured with pitfall traps per plot in four 
asselliblages during 1999 and 2000 in Darwin Harbour ( ± 1 SE). 
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Figure 6-5 Mean number of N. meinerli captured with pitfall traps per plot in four 
assemblages in Darwin Harbour at different sample times (Y ± 1 SE). Assemblages 
include tidal bank, tidal flat, hinterland, and mixed species woodland. Graphs display 
results for area I and area 2 in 1999 and 2000. 
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There was also a significant interaction between sample time and plot (Table 6-4A 

and 6-4B) indicating that variability between plots was particularly large in May 

(plot 1: X = 0.20, SE = 0.05 and plot 2: X = 0.03, SE = 0.05) and July (Plot 1: 

X = 0.20, SE = 0.06, Plot 2: X = 0.08, SE = 0.06). 

The number of N. meinerli estimated by burrow counts (a total of 201 burrows 

were counted during the two year study) was in the majority of the cases greater 

than the number estimated by traps (67). The relationship between mean N. 

meinerli burrow counts and mean N. meinerli numbers was significant, but the 

correlation coefficient was small (r = 0.26, r2  = 0.07, df= 1, 94; Figure 6-6). 
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Figure 6-6 Scatterplot displaying the correlation between the mean iiumber of N. meinerti 
counted in pitfall traps and mean number of N. weiner/i burrows counted at all sites from 
May 1999 to December 2000 in Darwin Harbour. Many data points overlap each other, 
but these have been shifted on the x-axis so that they can be seen. 
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Results from the statistical analysis of patterns in spatial and temporal variability 

of N. meinerli numbers based on burrow counts (Table 6-5) differed from those 

based on pitfall traps (Table 6-4). 

The effect of assemblage in the analyses of data from burrow counts was similar to 

the effect in the analyses of data from pitfall trap captures in that the hinterland and 

mixed species woodland had a greater estimated number of crabs (X = 0.93, SE = 

0.06 and X = 1.38, SE = 0.09 respectively) than did the tidal flat and tidal bank 

assemblages (X = 0.05, SE = 0.06 and X = 0.01, SE = 0.06), but in the case of 

the analysis based on burrow counts, patterns were more significant (Table 6-5A 

and 6-513). The effect of plot, indicating that there was variability in crab numbers 

within assemblages, was similarly significant although to a much lesser extent 

(Table 6-5A). 
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Table 6-5 Analysis of variance of spatial and temporal patterns in relative numbers of N. 
ineinerli in Darwin Harbour in 1999 and 2000. Results are based on burrow counts. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samotime 5 0.69 5 0.65 1.06 
Area 1 0.75 12 0.50 1.50 
Aspect 1 0.65 1 3.44 0.19 
Assemblage 2 30.00 2 0.32 94.22* 

Plot 12 0.50 235 0.25 1.99* 
Sampt xArea 5 0.65 60 0.30 2.15 
Sampt xAspect 5 0.14 5 0.07 1.88 
Area xAspect 1 3.44 12 0.50 6.88* 
Sampt xAssem 10 0.61 10 0.59 1.02 
Area x Assem 2 0.32 12 0.50 0.64 
Aspect x Assem 2 0.34 2 5.39 0.06 
Sampt x Plot 60 0.30 235 0.25 1.21 
Sampt x Area x Aspect 5 0.07 60 0.30 0.25 
Sampt xArea xAssem 10 0.59 60 0.30 1.95 
Sampt x Aspect x Assem 10 0.25 10 0.07 3.62* 
Area x Aspect x Assem 2 5.39 12 0.50 10.80* 

Sampt x Area x Aspect x Assem 10 0.07 60 0.30 0.23 

(B) ANOVA using only one aspect (up-stream), and all four assemblages 
(mixed species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samotime 5 0.61 5 1.11 0.55 
Area 1 0.00 8 0.34 0.00 
Assemblaae 3 23.76 3 1.77 13.43* 
Plot 8 0.34 155 0.55 0.61 
Sampt xArea 5 1.11 40 0.71 1.57 
Sampt xAssem 15 0.69 15 0.53 1.31 
Area x Assem 3 1.77 8 0.34 5.25* 
Sampt x Plot 40 0.71 155 0.55 1.29 
Sampt x Area x Assem 15 0.53 40 0.71 0.75 

The most significant interactions were between area and aspect; and among area 

and aspect, and assemblage (Figure 6-7). These interactions showed that the 

number of N. ineinerti burrows were greater in the hinterland of the up-stream of 

120 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE GRAPSID NUMBERS 

area I (X = 1 .29. SE = 0.12), in the mixed species woodland of the down-stream 

aspect of area I (X = 1 .49, SE = 0.13), and in both the hinterland and mixed 

species woodland in the down-stream aspect of area 2 (X = 1.29, SE = 0.12; X 

= 1.21, SE = 0.12) than there were in any other combination of these factors (X 

:5 0.79, SE :5 0.12). There was a less important interaction between area and 

assemblage, reflecting the pattern described above. The interaction among sample 

time, aspect, and assemblage, indicated that there were several months in which the 

specific sites with large numbers of burrows had less burrows than they did in 

other months. In particular, this is apparent in the hinterland of area 2 for the 

months of March and July (Figure 6-7). 
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Figure 6-7 Mean number of N. ineinerti burrows per plot in four assemblages in Darwin 
Harbour at different sample times (X ± 1 SE). Assemblages include tidal bank, tidal 
flat, hinterland, and mixed species woodland. Graphs display results for area 1 and area 2. 
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Relative numbers of Episesarma sp. nov 

The main factors that affected numbers of Episesarma crabs were sample time and 

plot (Table 6-6A). There was a peak in abundance in March and May (March: X 

= 0.11, SE = 0.03; May: X = 0.14 SE = 0.03; all other sampling months: X 

0.04, SE < 0.03). Variability between plots was also significant (X = 0.08, SE = 

0.01. X = 0.04, SE = 0.02; Table 6-613). 

Several important interactions among main effects were evident (Figure 6-8). Area 

interacted with assemblage (Table 6-6A), indicating that the tidal flat, tidal bank 

and mixed species woodland assemblages had similar numbers of Episesarnia 

crabs in areas I and 2, but numbers in the hinterland assemblage differed between 

areas. Crabs in the hinterland in area 1 were more numerous than in the hinterland 

in area 2 (X = 0.20, SE = 0.03 and X = 0.06, SE = 0.03 respectively). Another 

important interaction was evident between sample time and assemblage (Table 6-

6A and 6-613). The peak in abundance in March was observed in the mixed species 

woodland and in May in the hinterland. Plot also interacted with sample time, 

indicating that variability was greatest in May (Plot 1: X = 0.19, SE = 0.03 and 

Plot 2: X = 0.04, SE = 0.03). 

There were less important interactions among sample time, year and area; year, 

aspect, and assemblage; and sample time, year, area, and assemblage. These 

indicated that the increase in crab numbers in May was experienced in 1999 in 

areas 1 and 2 (X = 0.11, SE = 0.05, X = 0.14, SE = 0.05) and in 2000 in area 1 
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(X = 0.22, SE = 0.05), but was delayed until July of 2000 in area 2 (May: X = 

0.00, SE = 0.05, July: X = 0.07, SE = 0.05). Numbers were similar in the up-

stream aspect of creeks during 1999 and 2000 in the hinterland, but differed 

between years in the down-stream aspect (1999: X = 0.21, SE = 0.04. 2000: X = 

0.06, SE = 0.04). 
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Table 6-6 Analysis of variance of spatial and temporal patterns in relative numbers of 
Episesarnia in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samole time 5 0.17 5 0.03 5.29* 
Year 1 0.01 1 0.00 1.96 
Area 1 0.22 12 0.07 3.13 
Aspect 1 0.02 1 0.03 0.72 
Assemblage 2 0.94 2 0.32 2.93 
Plot 12 0.07 282 0.05 1.32 
Sampt xYear 5 0.08 5 0.12 0.63 
Sampt x Area 5 0.03 60 0.08 0.42 
Year xArea 1 0.00 12 0.08 0.06 
Sampt xAspect 5 0.04 5 0.13 0.30 
Year x Aspect 1 0.07 1 0.01 7.37 
Area xAspect 1 0.03 12 0.07 0.43 
Sampt xAssem 10 0.21 10 0.04 535** 
Year x Assem 2 0.07 2 0.03 2.23 
Area x Assem 2 0.32 12 0.07 453* 
Aspect x Assem 2 0.00 2 0.02 0.13 
Sampt x Plot 60 0.08 282 0.05 1 45* 
Yearx Plot 12 0.08 282 0.05 1.44 
Sampt x Year x Area 5 0.12 60 0.04 2.84* 
Sampt x Year x Aspect 5 0.06 5 0.02 2.66 
Sampt xArea xAspect 5 0.13 60 0.08 1.65 
Year x Area x Aspect 1 0.01 12 0.08 0.11 
Sampt x Year x Assem 10 0.03 10 0.15 0.19 
Sampt x Area x Assem 10 0.04 60 0.08 0.50 
Year x Area x Assem 2 0.03 12 0.08 0.40 
Sampt x Aspect x Assem 10 0.04 10 0.14 0.25 
Year x Aspect x Assem 2 0.18 2 0.01 20.87* 
Area x Aspect x Assem 2 0.02 12 0.07 0.25 
Sampt x Year x Plot 60 0.04 282 0.05 0.81 
Sampt x Year x Area x Aspect 5 0.02 60 0.04 0.53 
Sampt x Year x Area x Assem 10 0.15 60 0.04 334** 
Sampt x Year x Aspect x Assem 10 0.03 10 0.03 1.04 
Sampt x Area x Aspect x Assem 10 0.14 60 0.08 1.83 
Year x Area x Aspect x Assem 2 0.01 12 0.08 0.11 
Sampt x Year x Area x Aspect x Assem 10 0.03 60 0.04 0.72 

124 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE GRAPSID NUMBERS 

(B) ANOVA using only one aspect (up-stream), and all four assemblages (mixed 
species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samotime 5 0.15 5 0.05 3.25 
Year 1 0.07 1 0.03 2.56 
Area 1 0.11 8 0.15 0.72 
Assemblaqe 3 0.43 3 0.09 4.99 
Plot 8 0.15 186 0.06 2.34* 
Sampt x Year 5 0.08 5 0.07 1.07 
Sampt xArea 5 0.05 40 013 0.35 
Year xArea 1 0.03 8 0.18 0.15 
Sampt xAssem 15 0.32 15 0.07 4.41** 
Year x Assem 3 0.15 3 0.04 4.05 
Area x Assem 3 0.09 8 0.15 0.59 
Sampt x Plot 40 0.13 186 0.06 2.06*** 
Yearx Plot 8 0.18 186 0.06 2.86** 
Sampt x Year x Area 5 0.07 40 0.11 0.65 
Sampt x Year x Assem 15 0.05 15 0.08 0.66 
Sampt x Area x Assem 15 0.07 40 0.13 0.56 
Year x Area x Assem 3 0.04 8 0.18 0.21 
Sampt x Year x Plot 40 0.11 186 0.06 1.78** 
Sampt x Year x Area x Assem 15 0.08 40 0.11 0.68 
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Figure 6-8 Meaii numbers of Episesarina per plot in four assemblages in Darwin Harbour 
at different sample times (X ± 1 SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for area I and area 2 in 
1999 and 2000. 
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Relative numbers of Clistocoeloma merguiensis 

There were no significant sources of variation in numbers of C. merguiensis (Table 

6-7; Figure 6-9). 

Table 6-7 Analysis of variance of spatial and temporal patterns in relative numbers of C. 
merguiensis in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samoletime 5 0.04 5 0.10 0.39 
Year 1 0.08 1 0.03 2.61 
Area 1 0.00 12 0.06 0.00 
Aspect 1 0.00 1 0.05 0.03 
Assemblage 2 0.11 2 0.01 21.00 
Plot 12 0.06 282 0.06 1.07 
Sampt x Year 5 0.02 5 0.03 0.63 
Sampt xArea 5 0.10 60 0.07 1.52 
Year xArea 1 0.03 12 0.04 0.69 
Sampt xAspect 5 0.04 5 0.03 1.44 
Year x Aspect 1 0.00 1 0.07 0.02 
Area xAspect 1 0.05 12 0.06 0.87 
Sampt xAssem 10 0.07 10 0.07 1.03 
Year xAssem 2 0.05 2 0.04 1.33 
Area x Assem 2 0.01 12 0.06 0.08 
Aspect xAssem 2 0.03 2 0.10 0.26 
Sampt xPlot 60 0.07 282 0.06 1.16 
Year x Plot 12 0.04 282 0.06 0.79 
Sampt x Year x Area 5 0.03 60 0.05 0.63 
Sampt x Year x Aspect 5 0.08 5 0.02 4.16 
Sampt x Area x Aspect 5 0.03 60 0.07 0.44 
Year x Area x Aspect 1 0.07 12 0.04 1.47 
Sampt x Year x Assem 10 0.03 10 0.05 0.51 
Sampt x Area x Assem 10 0.07 60 0.07 1.07 
Year x Area x Assem 2 0.04 12 0.04 0.79 
Sampt x Aspect x Assem 10 0.03 10 0.04 0.73 
Year x Aspect x Assem 2 0.16 2 0.02 9.01 
Area x Aspect x Assem 2 0.10 12 0.06 1.63 
Sampt x Year x Plot 60 0.05 282 0.06 0.90 
Sampt x Year x Area x Aspect 5 0.02 60 0.05 0.36 
Sampt x Year x Area x Assem 10 0.05 60 0.05 1.02 
Sampt x Year x Aspect x Assem 10 0.09 10 0.05 1.93 
Sampt xArea x Aspect x Assem 10 0.04 60 0.07 0.59 
Year x Area x Aspect x Assem 2 0.02 12 0.04 0.40 
Samot x Year x Area x Asoect x Assem 10 0.05 60 0.05 0.92 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages 
(mixed species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samotime 5 0.03 5 0.08 0.45 
Year 1 0.06 1 0.04 1.33 
Area 1 0.01 8 0.07 0.09 
Assemblage 3 0.05 3 0.05 0.96 
Plot 8 0.07 186 0.05 1.42 
Sampt xYear 5 0.04 5 0.03 1.14 
Sampt x Area 5 0.08 40 0.04 1.72 
Year x Area 1 0.04 8 0.05 0.87 
Sampt xAssem 15 0.04 15 0.04 1.10 
Year xAssem 3 0.11 3 0.02 5.33 
Area x Assem 3 0.05 8 0.07 0.65 
Sampt x Plot 40 0.04 186 0.05 0.85 
Year x Plot 8 0.05 186 0.05 0.97 
Sampt x Year x Area 5 0.03 40 0.04 0.87 
Sampt x Year x Assem 15 0.03 15 0.04 0.85 
Sampt x Area x Assem 15 0.04 40 0.04 0.85 
Year x Area x Assem 3 0.02 8 0.05 0.40 
Sampt x Year x Plot 40 0.04 186 0.05 0.67 
Sampt x Year x Area x Assem 15 0.04 40 0.04 1.07 
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Figure 6-9 Mean numbers of C. inerguiensis per plot in four assemblages in Darwin 
Harbour at different sample times ( + 1 SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for areas I and 2 in 1999 
and 2000. 
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Relative numbers of Ilyograpsus paludicola 

The only main source of variation in numbers off. paludicola was the factor 

assemblage (Table 6-813). Crab numbers were greater in the tidal bank and tidal flat 

assemblages than they were in the hinterland and mixed species woodland (X = 

0.05, SE = 0.02; X = 0.08, SE = 0.02; X = 0.01, SE = 0.02; X = 0.00, SE = 

0.02). Patterns among assemblages depended upon area (Figure 6-10). The pattern 

in numbers in different assemblages described above was consistent in both areas 

except for in the tidal fiat. Crabs were more numerous in the hinterland in area 1 

(X = 0.02. SE = 0.02) than in area 2 (X = 0.00, SE = 0.02). 

An important interaction was also observed between sample time and plot. There 

was greater variability in numbers of crabs counted in plots during March and 

May. 

A less important interaction was observed among the factors; sample time, year, 

area, and assemblage. This interaction indicated that the patterns observed between 

areas and assemblages discussed above depended upon sample time and year 

(Figure 6-10). 
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Table 6-8 Analysis of variance of spatial and temporal patterns in relative numbers of I. 
pal udicola in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samole time 5 0.07 5 0.04 1.68 
Year 1 0.01 1 0.03 0.29 
Area 1 0.02 12 0.02 1.21 
Aspect 1 0.07 1 0.03 2.14 
Assemblaqe 2 0.20 2 0.10 2.05 
Plot 12 0.02 282 0.04 0.46 
Sampt xYear 5 0.05 5 0.04 1.15 
Sampt x Area 5 0.04 60 0.07 0.57 
Year x Area 1 0.03 12 0.06 0.53 
Sampt x Aspect 5 0.03 5 0.09 0.35 
Year xAspect 1 0.05 1 0.11 0.46 
Area xAspect 1 0.03 12 0.02 1.69 
Sampt xAssem 10 0.03 10 0.06 0.44 
Year x Assem 2 0.01 2 0.07 0.09 
Area x Assem 2 0.10 12 0.02 5.46* 
Aspect x Assem 2 0.09 2 0.01 7.84 
Sampt x Plot 60 0.07 282 0.04 1 .72** 
Yearx Plot 12 0.06 282 0.04 1.47 
Sampt x Year x Area 5 0.04 60 0.04 1.01 
Sampt x Year x Aspect 5 0.07 5 0.02 3.13 
Sampt x Area x Aspect 5 0.09 60 0.07 1.25 
Year x Area x Aspect 1 0.11 12 0.06 1.95 
Sampt x Year x Assem 10 0.04 10 0.10 0.36 
Sampt x Area x Assem 10 0.06 60 0.07 0.89 
Year x Area x Assem 2 0.07 12 0.06 1.28 
Sampt x Aspect x Assem 10 0.07 10 0.04 1.96 
Year x Aspect x Assem 2 0.01 2 0.01 0.83 
Area x Aspect x Assem 2 0.01 12 0.02 0.66 
Sampt x Year x Plot 60 0.04 282 0.04 1.06 
Sampt x Year x Area x Aspect 5 0.02 60 0.04 0.56 
Sampt x Year x Area x Assem 10 0.10 60 0.04 2.41* 
Sampt x Year x Aspect x Assem 10 0.05 10 0.06 0.84 
Sampt x Area x Aspect x Assem 10 0.04 60 0.07 0.53 
Year x Area x Aspect x Assem 2 0.01 12 0.06 0.22 
Sampt x Year x Area x Aspect x Assem 10 0.06 60 0.04 1.42 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages (mixed 
species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS 
Error 

MS 
Error 

F 

SamDtime 5 0.05 5 0.07 0.78 
Year 1 0.01 1 0.10 0.07 
Area 1 0.00 8 0.00 0.21 
Assemblage 3 0.25 3 0.01 18.37* 

Plot 8 0.00 186 0.04 0.03 
Sampt x Year 5 0.06 5 0.02 2.60 
Sampt x Area 5 0.07 40 0.08 0.92 
Year xArea 1 0.10 8 0.07 1.33 
Sampt xAssem 15 0.04 15 0.05 0.78 
Year xAssem 3 0.00 3 0.03 0.11 
Area x Assem 3 0.01 8 0.00 10.77** 
Sampt x Plot 40 0.08 186 0.04 1.98** 
Yearx Plot 8 0.07 186 0.04 1.86 
Sampt x Year x Area 5 0.02 40 0.03 0.62 
Sampt x Year x Assem 15 0.03 15 0.06 0.56 
Sampt x Area x Assem 15 0.05 40 0.08 0.62 
Year x Area x Assem 3 0.03 8 0.07 0.46 
Sampt x Year x Plot 40 0.03 186 0.04 0.90 
Samt x Year x Area x Assem 15 0.06 40 0.03 1.78 
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Figure 6-1 0 Mean numbers of I. paludicola per plot in four assemblages in Darwin 
Harbour at different sample times (\v ± I SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for area I and area 2 in 
1999 and 2000. 
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Relative numbers of Sesarmoides borneensis 

S. borneensis varied in relative abundance between aspects (Table 6-9). A greater 

number of these crabs were observed up-stream than were observed down-stream 

(X = 0.06, SE = 0.01 andX = 0.00, SE = 0.01). 

There were minor interactions among sample time, year, and area; and sample 

time, year, area, and aspect, indicating that there was some variability that 

depended upon all of the latter factors (Figure 6-1 1). 
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Table 6-9 Analysis of variance of spatial and temporal patterns in relative numbers of S. 
borneensis in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samole time 5 0.021 5 0.045 0.48 
Year 1 0.015 1 0.132 0.11 
Area 1 0.002 12 0.019 0.09 
Aspect 1 0.367 1 0.002 225.00* 
Assemblage 2 0.072 2 0.031 2.30 
Plot 12 0.019 282 0.037 0.51 
Sampt x Year 5 0.034 5 0.065 0.53 
Sampt x Area 5 0.045 60 0.027 1.65 
Year xArea 1 0.132 12 0.047 2.84 
Sampt xAspect 5 0.019 5 0.037 0.50 
Year xAspect 1 0.041 1 0.080 0.51 
Area x Aspect 1 0.002 12 0.019 0.09 
Sampt xAssem 10 0.025 10 0.033 0.75 
Year xAssem 2 0.005 2 0.105 0.05 
Area xAssem 2 0.031 12 0.019 1.64 
Aspect x Assem 2 0.035 2 0.061 0.57 
Sampt x Plot 60 0.027 282 0.037 0.73 
Year x Plot 12 0.047 282 0.037 1.25 
Sampt x Year x Area 5 0.065 60 0.022 300* 

Sampt x Year x Aspect 5 0.037 5 0.097 0.38 
Sampt x Area x Aspect 5 0.037 60 0.027 1.37 
Year x Area x Aspect 1 0.080 12 0.047 1.72 
Sampt x Year x Assem 10 0.054 10 0.018 2.92 
Sampt x Area x Assem 10 0.033 60 0.027 1.23 
Year x Area x Assem 2 0.105 12 0.047 2.25 
Sampt x Aspect x Assem 10 0.032 10 0.043 0.75 
Year x Aspect x Assem 2 0.002 2 0.061 0.03 
Area x Aspect x Assem 2 0.061 12 0.019 3.22 
Sampt x Year x Plot 60 0.022 282 0.037 0.58 
Sampt x Year x Area x Aspect 5 0.097 60 0.022 450** 

Sampt x Year x Area x Assem 10 0.018 60 0.022 0.86 
Sampt x Year x Aspect x Assem 10 0.039 10 0.027 1.46 
Sampt x Area x Aspect x Assem 10 0.043 60 0.027 1.58 
Year xArea x Aspect x Assem 2 0.061 12 0.047 1.32 
Sampt x Year x Area x Aspect x Assem 10 0.027 60 0.022 1.24 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages (mixed 
species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

SamDtime 5 0.004 5 0.004 1.00 
Year 1 0.009 1 0.009 1.00 
Area 1 0.009 8 0.005 1.90 
Assemblaqe 3 0.003 3 0.003 1.00 
Plot 8 0.005 186 0.005 0.93 
Sampt xYear 5 0.004 5 0.004 1.00 
Sampt x Area 5 0.004 40 0.005 0.79 
Year x Area 1 0.009 8 0.005 1.90 
Sampt xAssem 15 0.005 15 0.005 1.00 
Year x Assem 3 0.003 3 0.003 1.00 
Area x Assem 3 0.003 8 0.005 0.63 
Sampt x Plot 40 0.005 186 0.005 0.88 
Year x Plot 8 0.005 186 0.005 0.93 
Sampt x Year x Area 5 0.004 40 0.005 0.79 
Sampt x Year x Assem 15 0.005 15 0.005 1.00 
Sampt xArea xAssem 15 0.005 40 0.005 1.10 
Year x Area x Assem 3 0.003 8 0.005 0.63 
Sampt x Year x Plot 40 0.005 186 0.005 0.88 
Sampt x Year x Area x Assem 15 0.005 40 0.005 1.10 

136 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE GRAPSID NUMBERS 

—o— Tidal Bank 
Downstream ... -- Tidal Flat 

—o Hinterland 
—0--- Mixed 

/ 

Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov 

1999 2000 

0.50 
Cl) 

0.45 
Q) 
0) 0.40 
E 
- 

0.35 

0.30 

0.25 

0.20 
F 
:3 0.15 C 

0.10 
a) 

0.05 

0.00 

0.50 

Cl) 0.45 
Cl) 

0.40 
0) 
E 0.35 
0 

0.30 

9- 0.25 
0 
C,) 

0.20 
U) 
-Q 
F 0.15 
:3 
C 0.10 
C 

0.05 

0.00  

Upstream 

Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov 

1999 2000 

Figure 6-1 1 Mean numbers of S. borneensis per plot in four assemblages in Darwin 
Harbour at differeiit sample times (x ± I SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for up-stream and down-
stream in 1999 and 2000. 
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Relative numbers of Metopograpsus Iatjfrons 

Relative abundance of M. lalifrons was affected by area (Table 6-1A) and 

assemblage (Table 6-1 OB). Numbers in area 2 were greater than in area 1 (X = 

0.04, SE = 0.01 and X = 0.01, SE = 0.01 respectively). M latfrons was also more 

abundant in the tidal bank and tidal flat (X = 0.04, SE = 0.01 and X = 0.02, SE = 

0.01) than in the hinterland and mixed species woodland (X = 0.00, SE = 0.01). 

The most important interactions were between area and aspect (Figure 6-12) and 

area, assemblage and aspect (Table 6-10A; Figure 6-12). Numbers of crabs were 

greater up-stream than down-stream but only in area 2 (up-stream of area 2: X = 

0.07, SE = 0.01 and all other combinations of areas and aspects: X = 0.01, SE = 

0.01 ). Variation among assemblages was similarly dependant on area. The 

interaction among all three effects, area, aspect and assemblage, was due to the 

significantly greater numbers of crabs in the up-stream of area 1 in the tidal flat 

assemblage (Figure 6-12). 

A less important interaction included sample time, year, area, and assemblage, 

indicating that the patterns described above also depended upon sample time 

(Figure 6-13). 

In Table 6-1 OB, there was evidence of interactions between; sample time and plot; 

year and plot; and among sample time, year and plot. Numbers of crabs were 

similar in replicate plots in 1999,   but in 2000 there was greater variability between 
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plots. The sample time by year by plot interaction, suggested that variability was 

greater in March of 2000, and in December of both 1999 and 2000. 

Table 6-10 Analysis of variance of spatial and temporal patterns in relative numbers of M. 
Iaifrons in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samole time 
Year 
Area 

5 0.08 5 
1 0.00 1 
1 0.14 12 

0.05 1.50 
0.02 0.04 
0.01 12.46** 

Aspect 1 0.09 1 0.12 0.72 
Assemblage 2 0.10 2 0.13 0.82 
Plot 12 0.01 282 0.03 0.37 
Sampt x Year 5 0.02 5 0.02 0.93 
Sampt xArea 5 0.05 60 0.03 1.92 
Year xArea 1 0.02 12 0.06 0.32 
Sampt x Aspect 5 0.01 5 0.02 0.38 
Year x Aspect 1 0.01 1 0.00 4.00 
Area xAspect 1 0.12 12 0.01 10.74** 
Sampt xAssem 10 0.04 10 0.03 1.24 
Year xAssem 2 0.00 2 0.01 0.34 
Area xAssem 2 0.13 12 0.01 11.04** 
Aspect xAssem 2 0.16 2 0.14 1.17 
Sampt x Plot 60 0.03 282 0.03 0.85 
Yearx Plot 12 0.06 282 0.03 1.85* 
Sampt x Year x Area 5 0.02 60 0.02 1.13 
Sampt x Year x Aspect 5 0.03 5 0.04 0.73 
Sampt x Area x Aspect 5 0.02 60 0.03 0.82 
Year x Area x Aspect 1 0.00 12 0.06 0.05 
Sampt x Year x Assem 10 0.03 10 0.03 0.79 
Sampt x Area x Assem 10 0.03 60 0.03 1.10 
Year x Area x Assem 2 0.01 12 0.06 0.12 
Sampt x Aspect x Assem 10 0.08 10 0.04 1.92 
Year x Aspect x Assem 2 0.03 2 0.01 2.07 
Area x Aspect x Assem 2 0.14 12 0.01 11.86** 
Sampt x Year x Plot 60 0.02 282 0.03 0.55 
Sampt x Year x Area x Aspect 5 0.04 60 0.02 2.30 
Sampt x Year x Area x Assem 10 0.03 60 0.02 1.97 
Sampt x Year x Aspect x Assem 10 0.02 10 0.02 0.63 
Sampt x Area x Aspect x Assem 10 0.04 60 0.03 1.62 
Year x Area x Aspect x Assem 2 0.01 12 0.06 0.25 
Sampt x Year x Area x Aspect x Assem 10 0.02 60 0.02 1.42 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages (mixed 
species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Samotime 5 0.02 5 0.00 4.99 
Year 1 0.01 1 0.01 0.51 
Area 1 0.00 8 0.01 0.03 
Assemblage 3 0.03 3 0.00 121.00** 

Plot 8 0.01 186 0.01 1.50 
Sampt x Year 5 0.00 5 0.02 0.12 
Sampt x Area 5 0.00 40 0.01 0.31 
Year x Area 1 0.01 8 0.02 0.85 
Sampt xAssem 15 0.02 15 0.00 5.03** 

Year x Assem 3 0.01 3 0.01 0.51 
Area x Assem 3 0.00 8 0.01 0.03 
Sampt x Plot 40 0.01 186 0.01 2.01*** 

Year x Plot 8 0.02 186 0.01 2.44* 

Sampt x Year x Area 5 0.02 40 0.01 2.03 
Sampt x Year x Assem 15 0.00 15 0.02 0.12 
Sampt x Area x Assem 15 0.00 40 0.01 0.30 
Year x Area x Assem 3 0.01 8 0.02 0.82 
Sampt x Year x Plot 40 0.01 186 0.01 1. 84** 
Sampt x Year x Area x Assem 15 0.02 40 0.01 1.97* 
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Figure 6-12 Mean numbers of M. lalifrons per plot in four assemblages in the up-stream 
and down-stream aspects of areas I and 2 in Darwin Harbour ( ± I SE). 
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Figure 6-13 Mean numbers of M latifrons per plot in four assemblages in Darwin 
Harbour at different sample times (x ± I SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for area 1 and area 2 in 
1999 and 2000. 
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Relative numbers of Sarmatium species 

Assemblage was the only significant main effect that influenced Sarmatium 

numbers sampled (Table 6-1 1). Sarmatiurn occurred more often in the tidal bank 

than in the tidal fiat, hinterland, and mixed species woodland (X = 0.04, SE = 

0.01; X =0.01, SEO.01; X = 0.00, SEO.01; X = 0.00 SEO.01 

respectively). An interaction between year, aspect, and assemblage indicated that 

numbers in the tidal bank in the down-stream aspect of creeks in the year 2000 (X 

= 0.08; SE = 0.02) were greater than all other combinations of the three factors (X 

0.04; SE = 0.02; Figure 6-14). 
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Table 6-I I Analysis of variance of spatial and temporal patterns in relative numbers of 
Sarmaiiu,n in Darwin Harbour in 1999 and 2000. 

(A) ANOVA using both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

SamDle time 5 0.015 5 0.026 0.56 
Year 1 0.026 1 0.003 9.00 
Area 1 0.003 12 0.016 0.18 
Aspect 1 0.000 1 0.003 0.00 
Assemblaqe 2 0.070 2 0.001 54.83* 

Plot 12 0.016 282 0.014 1.10 
Sampt x Year 5 0.004 5 0.011 0.40 
Sampt xArea 5 0.026 60 0.014 1.85 
Year xArea 1 0.003 12 0.009 0.33 
Sampt x Aspect 5 0.004 5 0.006 0.79 
Year x Aspect 1 0.026 1 0.003 9.00 
Area xAspect 1 0.003 12 0.016 0.18 
Sampt xAssem 10 0.021 10 0.026 0.81 
Year x Assem 2 0.011 2 0.001 9.02 
Area xAssem 2 0.001 12 0.016 0.08 
Aspect xAssem 2 0.005 2 0.014 0.34 
Samptx Plot 60 0.014 282 0.014 1.01 
Year x Plot 12 0.009 282 0.014 0.62 
Sampt x Year x Area 5 0.011 60 0.016 0.69 
Sampt x Year x Aspect 5 0.025 5 0.021 1.19 
Sampt x Area x Aspect 5 0.006 60 0.014 0.39 
Year x Area x Aspect 1 0.003 12 0.009 0.33 
Sampt x Year x Assem 10 0.007 10 0.011 0.66 
Sampt xArea xAssem 10 0.026 60 0.014 1.83 
Year x Area x Assem 2 0.001 12 0.009 0.15 
Sampt x Aspect x Assem 10 0.003 10 0.003 1.04 
Year x Aspect x Assem 2 0.050 2 0.014 355* 

Area x Aspect x Assem 2 0.014 12 0.016 0.89 
Sampt x Year x Plot 60 0.016 282 0.014 1.11 
Sampt x Year x Area x Aspect 5 0.021 60 0.016 1.35 
Sampt x Year x Area x Assem 10 0.011 60 0.016 0.69 
Sampt x Year x Aspect x Assem 10 0.020 10 0.019 1.08 
Sampt x Area x Aspect x Assem 10 0.003 60 0.014 0.22 
Year x Area x Aspect x Assem 2 0.014 12 0.009 1.60 
Sampt x Year x Area x Aspect x Assem 10 0.019 60 0.016 1.19 
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(B) ANOVA using only one aspect (up-stream), and all four assemblages (mixed 
species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS 
Error 

MS 
Error 

F 

SamDtime 5 0.010 5 0.012 0.86 
Year 1 0.038 1 0.004 9.00 
Area 1 0.004 8 0.008 0.53 
Assemblage 3 0.037 3 0.004 9.00 
Plot 8 0.008 186 0.011 0.74 
Sampt xYear 5 0.010 5 0.012 0.86 
Sampt x Area 5 0.012 40 0.012 0.97 
Year x Area 1 0.004 8 0.008 0.53 
Sampt xAssem 15 0.010 15 0.011 0.88 
Year x Assem 3 0.037 3 0.004 9.00 
Area xAssem 3 0.004 8 0.008 0.51 
Samptx Plot 40 0.012 186 0.011 1.13 
Yearx Plot 8 0.008 186 0.011 0.74 
Sampt x Year x Area 5 0.012 40 0.012 0.97 
Sampt x Year x Assem 15 0.010 15 0.011 0.88 
Sampt x Area x Assem 15 0.011 40 0.012 0.91 
Year x Area x Assem 3 0.004 8 0.008 0.51 
Sampt x Year x Plot 40 0.012 186 0.011 1.13 
Sampt x Year x Area x Assem 15 0.011 40 0.012 0.91 
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Figure 6-14 Mean numbers of Sarmatiuni per plot in four assemblages in Darwin Harbour 
at different sample times ( ± I SE). Assemblages include tidal bank, tidal flat, 
hinterland, and mixed species woodland. Graphs display results for up-stream and down-
stream aspects in 1999 and 2000. 
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6.3.3. Population structure: size, sex ratio, and proportion of ovigerous females 

In the mangroves of Darwin Harbour, the largest crabs on average were 

Neosarmatium meinerli, followed in order from the largest to the smallest by: 

Sesarmo ides horneensis, Sesarma, Sarmatiurn, Episesarma, Clisiocoeloma 

merguiensis and Ilyograpsus paludicola (Table 6-12). Overall, there were many 

more male crabs captured in traps than there were females. Ovigerous females 

were only observed for Sesarma and C. merguiensis. 

Table 6-12 Means and standard errors for carapace width, proportion female, and 
proportion of ovigerous females of grapsid crabs sampled in Darwin Harbour in 1999 and 
2000. The number 'n" refers to the overall sample size for each of the population 
characteristIcs. 

Crab 

Species 

Carapace 

Width (cm) 

Proportion 

Female 

Proportion 

Ovigerous 

n Mean SE n Mean SE n Mean SE 

Sesarma 263 1.24 0.02 252 0.33 0.02 123 0.25 0.04 
N. meinerti 52 2.24 0.09 51 0.28 0.06 17 0.00 0.00 
Episesarma 26 1.12 0.06 25 0.13 0.07 4 0.00 0.00 
I. paludicola 20 0.49 0.07 5 0.00 0.18 5 0.00 0.00 
S. borneensis 15 1.30 0.10 14 0.39 0.13 5 0.00 0.00 
C. merquiensis 23 1.07 0.06 22 0.36 0.10 10 0.10 0.10 
Sarmatium 1 7 1.18 0.121 6 0.17 0.17 1 1 0.00 - 

Spatial and temporal variation in Sesarma population structure 

Differences in size of Sesarma were observed only between areas (Table 6-13A), 

where area I had larger crabs than area 2 (X = 1.33, SE = 0.03 and X = 1.26, SE 

= 0.03; Figure 6-15). 
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The proportion of females of the total number of Sesarma captured did not vary 

significantly among sample times, assemblages, or between years and areas (Table 

6-1313). Analyses of the proportion of ovigerous females showed evidence that 

there were patterns in variation depending upon sample time and assemblage 

(Table 6-13C; Figure 6-15). The number of ovigerous females increased during the 

wet season months, and decreased during the dry season months (Jan: X = 0.43, 

SE = 0.09; Mar: X = 0.39, SE = 0.09; May: X = 0.13, SE = 0.12; Jul: X = 0.09, 

SE = 0.08; Sep: X = 0.43, SE = 0.08; Nov: X = 0.39, SE = 0.08), The tidal bank, 

overall, had more ovigerous females than the tidal flat (X = 0.38, SE = 0.06; X 

0.16, SE = 0.05). 

Table 6-13 Analysis of variance of spatial and temporal patterns in (A) carapace width. 
(B) proportion of females, and (C) proportion of ovigerous females of Sesarma sampled in 
Darwin Harbour in 1999 and 2000. Analyses include only the tidal flat and tidal bank 
assemblages. 

(A) ANOVA of carapace width 
Factor df MS df MS MS F 

Error Error 
Samole time 5 0.09 5 0.11 0.87 
Year 1 0.01 1 0.00 2.73 
Area 1 0.39 166 0.10 3.86* 
Assemblaqe 1 0.17 1 0.10 1.68 
Sampt x Year 5 0.28 5 0.19 1.43 
Sampt xArea 5 0.11 166 0.10 1.08 
Year xArea 1 0.00 166 0.10 0.03 
Sampt xAssem 5 0.13 5 0.09 1.45 
Year xAssem 1 0.02 1 0.21 0.10 
Area xAssem 1 0.10 166 0.10 1.03 
Sampt x Year x Area 5 0.19 166 0.10 1.95 
Sampt x Year x Assem 5 0.07 5 0.03 2.54 
Sampt x Area x Assem 5 0.09 166 0.10 0.93 
Year x Area x Assem 1 0.21 166 0.10 2.09 
Sampt x Year x Area x Assem 5 0.03 166 0.10 0.26 
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ANOVA of sex ratio 
Factor df MS df MS MS F 

Error Error 
Samole time 5 0.30 5 0.28 1.06 
Year 1 0.03 1 0.09 0.35 
Area 1 0.00 160 0.16 0.00 
Assemblaqe 1 0.00 1 0.09 0.01 
Sampt x Year 5 0.09 5 0.01 13.76 
Sampt xArea 5 0.28 160 0.16 1.81 
Year xArea 1 0.09 160 0.16 0.55 
Sampt xAssem 5 0.13 5 0.03 4.61 
Year xAssem 1 0.21 1 0.02 13.07 
Area xAssem 1 0.09 160 0.16 0.56 
Sampt x Year x Area 5 0.01 160 0.16 0.04 
Sampt x Year x Assem 5 0.15 5 0.41 0.37 
Sampt x Area x Assem 5 0.03 160 0.16 0.19 
Year x Area x Assem 1 0.02 160 0.16 0.10 
Sampt x Year x Area x Assem 5 0.41 160 0.16 2.62 

ANOVA of proportion of ovigerous females 
Factor df MS df MS MS F 

Error Error 
Samole time 5 0.43 85 0.16 2.66* 
Year 1 0.01 85 0.16 0.06 
Assemblaqe 1 0.71 85 0.16 4.41* 
Sampt xYear 5 0.11 85 0.16 0.67 
Sampt xAssem 5 0.11 85 0.16 0.67 
Year xAssem 1 0.05 85 0.16 0.32 
Sampt x Year x Assem 5 0.37 85 0.16 2.28 
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Figure 6-15 Mean carapace width and proportion of ovigerous females of Sesarnia 
sampled in Darwin Harbour in 1999 and 2000 (x ± I SE). 
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Spatial and temporal variation in Neosarmatium meinerti population structure 

There was no significant variation in N. meinerli carapace width among sample 

times or years (Table 6-14). The proportion of female N. meinerti crabs did 

however, vary between years with more females sampled in 1999 than in 2000 (X 

= 0.47, SE =0.14 and X = 0.18, SE = 0.11). 

Table 6-14 Analysis of variance of spatial and temporal patterns in (A) carapace width (B) 
and proportion of female N. nzeiner/i, sampled in Darwin Harbour in 1999 and 2000. 

ANOVA on carapace width 
Factor df MS df MS MS F 

Error Error 
Samoletime 5 0.43 40 0.38 1.13 
Year 1 0.31 40 0.38 0.82 
SamotxYear 5 0.16 40 0.38 0.41 

ANOVA on sex ratio 
Factor df MS df MS MS F 

Error Error 
Samole time 5 0.28 39 0.15 1.90 
Year 1 0.96 39 0.15 6.51* 
SamotxYear 5 0.22 39 0.15 1.53 

Spatial and temporal variation in Episesarma population structure 

There was no variation in Episesarma carapace width or in the proportion of 

females in the population sampled among sample times (Table 6-15). 
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Table 6-1 5 Analysis of variance of temporal patterns in (A) carapace width (B) and 
proportion of female Episesarma sampled in Darwin Harbour in 1999 and 2000. 

ANOVA on carapace width 
Factor df MS df MS MS F 

Error Error 
Samoletime 5 0.14 22 0.10 1.49 

ANOVA on sex ratio 
Factor df MS df MS MS F 

Error Error 
Sarnnlp timp 5 0.17 21 0.09 1.91 

6.3.4. Survival of grapsid crabs sampled by pitfall traps 

Survival of crabs in traps ranged from 79% for Episesarma to 38% for Sarmatium. 

Survival for the most frequently sampled species, Sesarma, was 53%, which 

indicated that out of an average of 1.65 (SE = 0.004) crabs sampled per plot, 0.87 

crabs survived. For the crab with the highest mortality (Episesarma) 0.9 crabs 

survived from an average of 1.40 crabs sampled per plot. 

6.4. Discussion 

6.4.1. Effects of crab mortality on estimates from trap captures 

The mortality of crabs caused by using pitfall traps for estimating relative 

abundance did not interfere with the results in this study. Mortality of crabs during 

sampling can be a concern in studies that involve temporal sampling since crab 
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densities would be reduced artificially by traps each time the crabs are sampled. 

Artificially reducing numbers in one sampling period could result in lower than 

expected counts in subsequent sampling periods. 

Even though the proportion of crabs surviving in pitfall traps was as low as 53% 

for the most abundant species sampled (Sesarma), the mean mortality was not 

more than 1 crab in each circular 20 in diameter plot during any one sample time. 

One crab per plot per sample time was insignificant given the high densities of 

Sesarma crabs. Excavations of crabs, conducted in Chapter 3, showed that the 

mean true abundance of Sesarma crabs across assemblages was 1.35 crabs/m2. For 

Sarma.'ium, the species of grapsid with the highest mortality and lower abundance, 

there was an average mortality of 72% of crabs caught in pitfall traps. Densities 

estimated from excavation in Chapter 3  were I Sarmaiiurn/3m2 . Captures in traps 

were rare (much less than 1 crab in each circular 20 m diameter plot during any 

one sample time, meaning that less than 1 in about every 100 crabs in a plot would 

be removed from the population by mortality. This number is also insignificant and 

indicates that trap related mortality did not interfere with results. Since mortality of 

crabs sampled in traps was insignificant for all species sampled, the differential 

mortality of the different species of crabs did not affect the results of the study 

presented in this chapter. Trap related mortality, however, could interfere with 

results in studies where traps are much more densely placed. In fact, traps have 

been used with the deliberate intention of reducing the size of crab populations in a 

study by Smith ci at. (1991), but it is not known if the traps caused crab mortality 

in that study. 
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6.4.2. Variation in grapsid numbers during spring and neap tides 

Crabs were more active during the spring tide than during the neap tide. Although 

results from this experiment were restricted by the limited spatial and temporal 

replication included in the experiment, the results appear to suggest that crabs in 

Darwin Harbour have similar patterns in activity, as do crabs in other studies 

(Micheli et al. 1991; Frusher ci al. 1994; Nobbs 1999). Studies on both fiddler 

crabs (Uca spp.; Nobbs 1999) and grapsids (Micheli et al. 1991, Frusher et al. 

1994) have high activity patterns during spring tides. Micheli et al. (1991) 

indicated that, for instance. N. meinerti spend more time digging during the spring 

tide than during the neap tide, suggesting that more digging is required when high 

water level within the burrows causes burrows to deteriorate or collapse. 

Spring-neap activity cycles were, however, observed only in the tidal flat and 

hinterland, and not in the tidal bank. The absence of a spring-neap pattern in 

grapsid activity in the tidal bank assemblage may simply reflect the regular pattern 

of tidal inundation, which results in consistently high soil saturation in this habitat. 

Micheli et al. (1991) observed reduced differences in strong spring-neap activity of 

the land crab, Cardisoma carnifex, during a period of high soil and air moisture 

caused by a full moon spring tide and nocturnal rain showers. Similar observations 

as those made of C. carnifex have been documented as well in other studies on 

land crabs (Goshima et al. 1978). 

Micheli ci al. (199 1 ) suggested that in higher intertidal zones, surface conditions 

do not change dramatically since the forest is not flooded during most spring tides. 

The rise in the water table, however, may cause burrows to deteriorate or collapse 
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entirely, hence the observed increase in digging activity of crabs in their study 

(Micheli el al. 1991). Digging is also easier when soil is moist. This explanation 

fits the increased spring-neap activity pattern observed in the hinterland and tidal 

flat assemblages in this study. 

6.4.3. Comparison of Neosarmatium meinerti number and Neosarmatium 
n,einerti burrow counts 

The abundance of N. meinerti estimated by burrow counts in the majority of cases 

was almost four times the estimate of numbers of N. meinerti captured in pitfall 

traps. This relationship between pitfall trap captures and burrow counts was 

significant, but because the correlation coefficient was low predictions of trap 

captures based on burrow counts may not be extremely accurate. For the purposes 

of this thesis, predicting one of these values from the other is not important. 

Instead, estimating N meinerti abundance from one or both of these measures is 

important. Results here indicate that an estimate that is closer to the true population 

size of N. me/ncr/i (than implied by numbers counted from pitfall captures) can be 

obtained from pitfall trap capture data by using the abundance regression equation 

in Figure 6.6 (y = 0.123 + 0.153x). 

From the two methods, burrow counts may be a better estimate because N meinerti 

appear to spend little time travelling on the surface (Emmerson & McGwynne 

1992). By comparison, many other grapsids travel on the surface and may, 

therefore, fall more frequently into traps. Also the life of a burrow is estimated at 3 

weeks (Micheli c/al. 1991), meaning that old uninhabited burrows do not last 

154 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE GRAPSID NUMBERS 

long. Crab population could be overestimated if the burrows lasted more than three 

weeks (see Chapter 3 for further discussion on this topic). 

Over estimates of abundance from burrow counts could arise from counting double 

entrances to one burrow as entrances to two burrows. In Mida Creek in Kenya, 

double entrances to N. meinerti burrows have not been observed (Micheli et al. 

1991), but in Darwin Harbour these appear to be common. Double entrances 

appeared to occur within a couple of cm of each other, and in almost all cases 

connected to the main burrow at a depth of less than 5 cm depth. Visually, double 

entrances were generally easily recognised, and counted as one (double entrances 

were located adjacent to each other, and in most cases they connected just bellow 

the surface so the observer could see from one entrance through to the other 

entrance). Conversely underestimates could arise from multiple crabs inhabiting 

one burrow (Emmerson 2000). 

6.4.4. Spatial and temporal variation in relative grapsid numbers 

The genera observed in Darwin Harbour are common to the Indo-west Pacific and 

Africa. Only two species, so far, appear to be endemic; Sesarma darwinensis and 

Episesarma sp. nov. Many species found in other studies, however, are absent from 

Darwin Harbour (evident from this survey and the Northern Territory Museum and 

Art Gallery collection). Of particular interest is the absence of crabs such as 

Sesarma messa, Sesarnia brevicrisiatum, Bresedium brevipes, which are common 

in northeastern Australia (Frusher ci al. 1994). Differences in species may be due 

to genetic divergence across the continent. 
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During the two year study on relative abundance of grapsids in Darwin Harbour, 

Sesarma was the most abundant crab species, followed in order of abundance by 

Neosarmalium meinerti, Episesarma, Clistocoelorna merguiensis, Ilyograpsus 

paludicola, Sesarnio ides horneensis, Melopograpsus latifrons, and Sarmatiurn. 

These species do not include all grapsids occurring in Darwin Harbour, but include 

all species occurring in the tidal bank, tidal flat, hinterland, and mixed species 

woodland assemblages. 

Underestimates of Episesarnia may have been possible because these crabs may, 

like N. meinerti, have limited activity (Sivasothi, 1998) since they live in relatively 

dry assemblages in Darwin Harbour. 

Overall, mangrove forest assemblage was the most important factor influencing the 

distribution of grapsid crab species and their relative abundance within the 

harbour. Sesarma was most abundant in the tidal flat and tidal bank assemblages, 

although it still occurred in the hinterland and mixed species woodland 

assemblages. N. meinerti was largely limited to the hinterland and mixed species 

woodland, although a few were observed in tidal flat and tidal bank forests. 

Episesarma had a similar distribution among assemblages as N meinerti, but was 

much less abundant. C. merguiensis, I. paludicola, M. latifrons, and Scirmatiuni 

were almost exclusively found in the tidal flat and tidal bank, but in much lower 

numbers than Sesarma. S. borneensis was the only species that was found 

dispersed in similar, but low numbers, among the different assemblages. 
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The importance of the effect of assemblage is consistent with other studies, where 

species are more abundant in some habitats than in others (Micheli el al. 1 991; 

Frusher etal. 1994). A 'habitat'S, here, is a combination of a certain type of forest 

and range of elevations on the shore. In this study, the habitats are"assemblages". 

In contrast to findings here. Frusher c/ al. (1994) found that on the Murray River in 

southeast Australia, S. (Perisesarma) semperi was less abundant than the other 

three sesarmid species (not occurring in Darwin), and only occurred in the low 

intertidal habitats of the river mouth. The implications of these differences will be 

discussed in the general discussion section of this thesis (Chapter 10). 

Variability within assemblages (between plots) was low in relative abundance for 

all species except for Sesarma, N. meinerti, and Episesarma. Sesarma particularly 

had high plot variability. Plot variability may reflect heterogeneity in 

environmental conditions within assemblages. 

Sesarmoiies borneensi,s showed consistent patterns of greater numbers up-stream 

than down-stream. Frusher ci al. (1994) observed a similar difference in numbers 

of grapsid crabs up-stream and down-stream of the Murray River, but with a 

different crab species other than S. borneensis. In their study, Sesarma brevipes 

dominated the up-stream sites, whereas Sesarma semperi was restricted to the river 

mouth. 

M. lalifrons had the most specific occurrence, in that it occurred almost entirely in 

the tidal flat and tidal bank assemblage of the up-stream of area 2. This species was 

commonly observed in the shoreline forest, an assemblage not included in the 
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study. The shoreline forest, which is at a lower elevation than the tidal bank, is 

dominated by Rhizophora slylosa and Sonneralia a/ba, and is commonly inundated 

by tides. The tidal flat and tidal bank assemblages up-stream of area I appeared to 

be inundated by tides more often than the same assemblages at other sites. These 

conditions may have been similar enough to shoreline forest conditions, so that a 

few M. /a1ifions could live there. 

Finally, Episesarma was the only species to show consistent patterns of abundance 

over time, with a distinctive increase in numbers during the wet season months. It 

is difficult to know whether this is a result of change in the population size, or 

whether surface activity of crabs simply increased due to wetter conditions from 

wet seasonal rains. 

Overall, there were many interactions among factors, indicating that the occurrence 

and abundance of crab species were often specific to certain plots, assemblages, 

areas, aspects, and times during 1999 and 2000. These interactions appear to reflect 

the specificity that grapsid crabs have to particular environmental conditions at 

certain sites and times. Mangrove forests in Darwin Harbour are known to be 

heterogeneous due to the geomorphic history of the area (Semeniuk 1985). This 

heterogeneity appears to be reflected in the sites included in this study. Possible 

differences in tide and elevation among these sites, for instance, could affect the 

ability for larvae to settle in particular sites, and therefore, affect the abundance of 

species at those sites. Likewise, differences, in substrate characteristics, may play a 

role in determining abundance and distribution of crabs. For example, the 

hinterland assemblage up-stream of area 2 had only a thin (in many areas only 10 
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cm) layer of soil before encountering hard rock below. The rock was unsuitable for 

N. meinerti crabs to build their deep burrows. This type of substrate was also 

present in the tidal flat assemblage down-stream of area 1. The affect of these 

differences will be discussed further in chapter 10. 

For many of the grapsid species in this study, numbers sampled were different in 

different months and years. In all cases, but one (Episesarma), changes over time 

were not consistent and occurred only in certain assemblages, areas, and aspects. It 

is difficult to identify whether these changes in numbers of crabs sampled were due 

to changes in the actual crab population size, or in crab activity. Changes in 

activity can be caused by stochasticity in climatic patterns, and changes in spring 

and neap tide amplitudes. Tidal amplitudes change over seasons, with large spring 

tides occurring during the wet season. Rains may also increase surface activity 

considerably. In the wet season, periods with little rain can easily be followed by a 

period of a few days of heavy rain. In addition, some wet seasons are simply very 

wet, and others are much drier or come quite late (for example in February instead 

of in December). These factors are likely to influence activity as well as abundance 

of crabs. 

6.4.5. Spatial and temporal variation in population structure 

Overall, N. meinerli was the largest of the crabs in this study, followed in order 

from large to small by: Sesarmoides horneensis, Sesarma, Sarmatium, Episesarma, 

Clislocoeloma merguiensis, and Ilyograpsus paludicola. Mean crab sizes were 

probably overestimated in this study since traps capture larger crabs more than 
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they capture smaller crabs (section 3-4; Smith etal. 1991). In the pilot study in 

Chapter 3, crabs were marginally overestimated by 0.21 cm (SE = 0.08). The 

overestimate was found when comparing carapace widths of crabs that were 

excavated, to carapace widths of crabs that were captured in pitfall traps. 

Furthermore, in most cases more males were sampled than females. If males are 

more active than females, resulting in more males captured than females, sexual 

dimorphism (where males are larger than females, which is prevalent in many 

species of crabs; Abelló et al. 1997, Thurman 1985) could cause augmented mean 

crab size estimates. There are no studies that have assessed the male: female ratio 

within the populations of these species of crabs. 

The mean carapace width of Sesarma appeared to be slightly larger in area 1, than 

it was in area 2 (this was significant in the ANOVA). This may be due to differences 

in environmental conditions or food availability in each area. It is interesting to 

note that there were no changes in the size frequency distribution of the population 

of Sesarma over time (throughout the two year study period). The size frequency 

distribution is generally a dynamic characteristic that changes as a result of 

reproduction and recruitment from larvae (Thurman 1985). Sesarma crabs show 

seasonal patterns in the occurrence of ovigerous females, and therefore, seasonality 

in larval dispersal and development, resulting in the occurrence of seasonal size 

frequency distributions may be expected. 

For most species of crabs, the population that was sampled in this study was 

composed mainly of males. A study on Carcinus maenas (Abelló ci al. 1997) 

showed populations to be high in males in six out of twelve sites studied, four out 
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of twelve sites had similar numbers of males and females, and two out of twelve 

sites had greater numbers of females than males. Sites, with a large number of 

females, contained mostly gravid or spawning females. This introduces the 

possibility that females of this species may be less active than males, except when 

preparing for and during spawning. In fiddler crabs (Uca spp.), sex ratio appears to 

be dependent on species, location, and environmental conditions (Thurman 1985). 

Sex ratios have been recorded for Uca populations, ranging from 83% male for U. 

pugnax, to 39% for male U. pug/la/or (Krebs & Bums 1977; Colby & Fonseca 

1984; Thurman 1985). Interestingly, fewer female Uca appear to survive into the 

larger size categories (Thurman 1985). If this is the case for grapsid crabs, 

sampling crabs with traps may bias estimates of sex ratios since traps capture large 

crabs. 

The proportion of the females in the population of N. me/ncr/i sampled was greater 

in 1999 than 2000. These differences in observations could reflect changes in the 

female to male ratio within the population or be due to changes in activity of males 

and females. No studies have been conducted on the different burrow use by male 

and female N. meinerti. Further study of the population structure of these crabs 

would explain the differences observed during the two years. 

Perhaps, the most important observation in the population structure of crabs in this 

study was the increase in ovigerous Sesarma females during the wet season. Most 

shallow-water crabs release larvae during the nocturnal high tides to avoid 

predation on the larvae (although there are some exceptions; Christy & Morgan 

1997). In some Uca species, larval release and settling is synchronised with local 
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tides in order to facilitate dispersal (Thurman 1985). Interestingly, in a study in 

Texas (Rabalais & Cameron 1982) where droughts are common, Uca 

suhcylindrica waits for the months with rains so that conditions are not hypersaline 

(which inhibit development). In this way, the species can ensure that the larvae 

develop. These reproductive strategies are interesting to consider, given the strong 

wet and dry seasons in northern Australia. Also, the tidal bank had a noticeably 

greater proportion of ovigerous female Sesarnia crabs than the tidal flat 

assemblage. The tidal flat assemblage may have environmental conditions more 

suitable for the production of eggs and dispersal of larvae. 

In conclusion, the factors influencing patterns in grapsid distribution, abundance, 

and population structure are complex in their interactions. In this chapter, it was 

possible to identify some spatial and temporal factors controlling these patterns in 

Darwin Harbour. Insight into the reasons why the patterns occur will be discussed 

after comparing results in this chapter to findings on environmental conditions and 

litter production in other chapters. 

162 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE MANGROVE LITTER 
CONSUMPTION 

7. SPATIAL AND TEMPORAL VARIATION IN 
RELATIVE MANGROVE LITTER CONSUMPTION 

7.1. Introduction 

The importance of feeding activity of crabs on mangrove litter in the recycling of 

nutrients is well recognized in many studies (Leh & Sasekumar 1985; 

Poovachiranon & Tantichodok 1991; Robertson 1991; Lee 1998). Crabs aid in the 

degradation process of mangrove litter by burying and consuming leaves and 

propagules. Preference that crabs may have for propagules of certain species may 

also affect the structure of mangrove forests by limiting propagation of some 

mangrove species in particular assemblages (see Chapter 1, section 1.2 for further 

information on the role of grapsid crabs on the structure and function of mangrove 

forests). 

A considerable amount of research has been conducted on the consumption of litter 

by grapsid crabs in mangrove forests, and consumption so far appears to vary 

considerably among regions and mangrove communities. To identify patterns 

among regions and mangrove communities in the consumption of mangrove 

material, studies have been conducted in different parts of the world and some have 

included some spatial sampling within mangrove forests. Patterns in variability of 

consumption of mangrove leaves and propagules by crabs in space, however, are 

still not well understood. There are several reasons for this. The first is that, 

although studies have been done in several geographical regions, the differences in 

the focus of existing studies make it difficult to identify patterns and controlling 
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factors. For instance, many studies on the predation rates of propagules in 

different regions have been conducted on leaves or propagules from different 

species of mangroves. Since crabs may prefer to consume litter from some species 

more than others (Camilleri 1989; Micheli 1993), a direct comparison of 

consumption rates between regions where consumption of different mangrove 

species was studied may not be entirely valid. 

The second reason why patterns in consumption on a spatial scale are not well 

understood is because many studies have been conducted in laboratory 

environments. Although the information available from these studies is invaluable, 

consumption rates recorded in the laboratory may not be the same as in natural 

conditions of mangrove forests. For instance, it is known that many grapsids have a 

diet consisting of several different foods (i.e. mangrove litter, algae, and animal 

prey; Dandouh-Guebas el al. 1999) when in their natural environment. If crabs are 

only offered leaves in laboratory experiments, these crabs may consume more than 

they might when living in the forest. Also, natural densities of mangrove litter 

may influence selectivity of the different foods, thereby possibly influencing the 

amount of litter consumed. 

The final reason why spatial patterns in litter consumption are not well understood 

is because the studies that have included spatial sampling on a local scale (where it 

is easier to have a consistent experimental design for direct comparisons) are very 

few and limited to specific litter from certain mangroves rather than a larger 

sampling design that includes all litter that naturally occurs within a mangrove 
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forest. Having pointed out the limitations of these studies, some of the important 

information from the studies will now be introduced. 

There are two excellent reviews on the current understanding of the role of grapsid 

crabs that have collated the available information from existing studies (Robertson 

1991; Lee 1998), and have highlighted the differences and similarities in patterns 

in different regions. From the existing research, it appears that there is a general 

trend toward greater importance of the role of grapsid crabs in the Indo-West 

Pacific, and a much lesser role in new world mangroves (Lee 1998). In the Indo-

West Pacific, crabs appear to consume more leaf litter and propagules. For 

instance, an estimate of predation on Avicennia marina by mainly Neosarmatium 

meinerli in northern Australia was 1 00% (McGuinness 1 997a). In contrast, 

predation of Avicennia germinans propagules by crabs on the Caribbean coast of 

Panama was estimated to be less than 50% (Sousa & Mitchell 1999), and in 

Louisiana (USA) predation by Sesarma cinereum was estimated at about 5% 

(Patterson el al. 1997). 

There is also much variability in consumption within the Indo-West Pacific. This 

variability is apparent, for example, by the different rates of consumption of leaf 

litter in Malaysia and Thailand. Leaf consumption by Sesarma and (listocoeloma 

within a mixed species mangrove forest in Malaysia has been estimated at 20-30% 

(Leh & Sasekurnar 1985). Consumption estimates of fallen Rhizophora apiculala 

leaves by Neoepisesarma and Chiromanies in Southern Thailand are much greater, 

at 100% (Poovachiranon & Tantichodok 1991). In fact, even estimates within 

Australia differ greatly. Predation levels of A. marina in northeastern Australia 
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have been recorded at about 58% (Smith 1988), and in northern Australia at 100% 

(McGuinness I 997a). 

On a local scale, Robertson (1986) showed that in north-eastern Australia there is 

significant spatial variability in mangrove litter consumption across intertidal 

zones. Roberson's work estimated differential consumption rates at 28%, 79% and 

33% in the Rhizoj,hora, Ceriops and Bruguiera, and Avicennia forests, 

respectively. 

Some studies have recognised the importance of selectivity of mangrove litter by 

crabs that inhabit different elevations in the intertidal region. Some laboratory 

experiments have been conducted to identify preferences that particular grapsids 

have for litter of different species and type (Camilleri 1989; Micheli 1993; 

Dandouh-Guebas c/ at. 1997). This work has indicated that the selectivity of 

mangrove litter by grapsids is important, and may result in differences in 

consumption among assemblages (since assemblages in different intertidal zones 

are dominated by different mangrove species). It remains unclear, however, how 

selectivity affects patterns in the variability in consumption of mangrove litter in 

mangrove forests (given that laboratory conditions are different than conditions in 

mangrove forests). 

So far, spatial sampling has been the focus of the introduction to this chapter. 

Temporal factors have been studied much less (the exception is: Robertson 1986) 

and are therefore even less understood. 
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All of the existing work points to a need for a study on a broad spatial and 

temporal scale on the consumption of mangrove litter within natural conditions of 

mangrove forests. This chapter aims to gain insight into the importance of spatial 

and temporal factors affecting mangrove litter consumption. The study particularly 

focuses on identifying patterns in variability of relative consumption rates in situ 

(that is, in the forest - without modifying natural density and occurrence of 

mangrove litter). 

Two additional short experiments have been included in this chapter. The first 

measures consumption rates during neap and spring tides. It is not known whether 

differences in activity patterns of crabs between spring and neap tides (Chapter 6, 

Frusher ci al. 1 994) reflect differences in feeding behaviours between tides. The 

only study to record the time spent by crabs in different activities suggested that 

foraging times of Neosarmatium meinerti did not differ in spring and neap tides, 

even if these crabs were more active during spring tides (Micheli etal. 1991). 

Furthermore, consumption rates measured in the experiments presented in this 

chapter were all measured during the period leading up to spring tides (mostly days 

consisting of neap tides). If there are differences in consumption rates between 

tides, it is important to be able to relate consumption rates during neap tides to 

those during spring tides (or vise versa). 

The second experiment relates relative consumption rates to processing rates (see 

Chapter 5, section 5.1 for discussion of processing and consumption). The 

importance of this experiment lies in finding whether the relative estimates of litter 

fall consumed can be converted into litter processed (in weight). Values of litter 
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processed (in grams) are invaluable for comparisons to litter productivity (in 

grams) to calculate percentage of litter-fall that is processed by crabs. 

7.2. Methods 

7.2.1. General methods for estimating relative consumption 

To measure relative consumption of mangrove litter, leaves and propagules were 

tethered and their fate was recorded (as in Smith I 987a; McGuinness I 997a). 

McGuinriess (1997c) studied artifacts that are potentially introduced by using this 

method with propagules, and found that there were no biases introduced which 

would invalidate comparisons among habitats. 

Leaves and propagules were tethered by tying them to 6 cm roofing nails with a I 

in nylon fishing line. The nails were inserted into the soil and flagging tape was 

then placed on nearby trees to facilitate relocation of tethered litter. 

For each species of mangrove, five leaves in the dry season, and five propagules 

and five leaves in the wet season, were placed haphazardly in each plot with a 

distance of at least 2 in apart to prevent entanglement. Prior litter density estimates 

suggested that using more than 5 replicates would significantly increase litter 

densities in some mangrove assemblages, which could introduce bias in the results. 

Within each assemblage sampled, litter from the most representative mangrove 

species was used (Table 7-1). Further detail of spatial sampling is mentioned in 

sections 7.2.2 and 7.2.3. 
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Table 7-1 Species of mangrove from which leaves and propagules were tethered in each 
assemblage within up-stream and down-stream aspects for measurement of relative 
consumption rates. 

Assemblage Up-stream Aspect Down-stream Aspect 
Mixed species woodland C. tagal & A. marina 
Hinterland C. lagal C. tagal 
Tidal flat C. Icigal C. tagal 
Tidal bank R. slylosa R. stylosa & A. marina 

A sampling period of six days was used, since the rate of mangrove litter 

consumption rate was high within mangrove forests in Darwin Harbour 

(McGuinness 1 997a, 1 997b). Leaves and propagules were checked every two days 

for the six days, which made it possible for both the up-stream and down-stream 

aspects to be sampled simultaneously (offset by one day). Leaves and propagules 

were recorded as having been 'consumed" if 50% of the volume or more had been 

consumed by crabs or if the leaf or propagule had been pulled down a crab burrow 

(methods consistent with Smith 1987a). The 50% criterion was appropriate since 

crabs in Darwin Harbour appeared to regularly consume significant amounts of a 

particular item rather than only consuming small portions of many items. This 

method was also appropriate for this study since the focus was on relative 

consumption on fairly large spatial and temporal scales. Measurements of absolute 

consumption are more time consuming which would have restricted the sampling 

to fewer areas and times. 

The observation on each leaf or propagule was recorded according to whether or 

not it had been consumed, but the actual (absolute) amount consumed was not 

recorded. From whether or not" data the resulting estimates are of the frequency 

of attack (where attack" is defined by the 50% rule). However, the data can also 

be considered as relative estimates of consumption rather than frequencies because 
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the 50% rule has been used (although likely not to be very accurate). In this chapter 

the data has been presented as "relative consumption" rather than frequency of 

attack. 

7.2.2. Variation in relative consumption of leaves during spring and neap tides 

Relative consumption was measured during a spring and neap tide in the month of 

May and June. 2000 (May 29(11 
- June 3rd)  Sampling was conducted in the two 

plots within each of the hinterland, tidal flat, and tidal bank assemblages in the 

up-stream aspect of area 1. Replicate sampling of tides was not possible due to 

time constraints. Results, therefore, cannot be generalized to all tidal cycles. This 

study is, however, an important first step in determining the variation in grapsid 

numbers during spring and neap tides in Darwin Harbour mangroves. The data 

were analysed with a 4-factor ANOVA. Factors included tide (two levels, fixed), 

assemblage (three levels, fixed), and plot (two levels, random). The dependant 

variable was the number of leaves consumed. 

7.2.3. Spatial and temporal variation in relative consumption of mangrove 
litter 

Relative consumption was sampled for two years, from January 1999 to December 

2000. Each year, consumption was sampled four times; twice in the wet season 

(January and March) and twice in the dry season (July and September). Leaves 

were tethered during both seasons, but propagules were only tethered during the 

wet season since they are naturally not available in the dry season (Metcalfe 1999). 

Consumption measurements of mangrove litter were conducted during the six days 
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prior to crab abundance sampling. Since crabs were sampled for abundance and 

distribution on spring tides (Chapter 6, section 6.2.3), consumption was sampled 

during tides leading up to the spring tide (so that consumption measurements did 

not overlap with crab captures in pitfall traps). Spatial sampling followed the 

experimental design described in section 2.3. 

Data were analysed with ANOVAs. Rhizophora slylosa and Ceriops lagal leaves 

were included in the same analyses since a balanced analysis could be conducted 

on these (their occurrence does not overlap within any assemblages). Two 

ANOVAs (see Chapter 2 for detailed explanation of the need for two analyses) 

were used. The first was a six-factor ANOVA with both up-stream and down-

stream aspects, but only three assemblages; tidal bank, tidal flat, and hinterland. 

The factors included were season (two levels, fixed), year (two levels, fixed), area 

(two levels, random), assemblage (three levels, fixed), aspect (two levels, fixed), 

and plot (two levels, random). The second analysis was a five-factor ANOVA with 

only down-stream sites, but included all four assemblages; the tidal flat, tidal bank, 

hinterland, and mixed species woodland. The factors were as in the six-factor 

ANOVA, but excluded aspect. Consumption of Avicennia marina leaves was 

analysed separately (since its occurrence overlapped with other species in the 

assemblages) as a five-factor ANOVA including only the down-stream aspect 

because this species was only present in that aspect. Factors included were sample 

time (four levels, fixed), year (two levels, fixed), area (two levels, random), 

assemblage (two levels, fixed), and plot (two levels, random). 
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Propagules were analysed in the same fashion as leaves, grouping C. tagal and R. 

stylosa in a set of two analyses, and analysing A. marina separately in a set of two 

analyses. The factor 'season' was not included in these analyses. 

7.2.4. In situ processing rates in relation to relative consumption rates 

To relate in si/u processing rates, measured in the tidal bank, tidal flat, and 

hinterland assemblages of the up-stream aspect of area 1 in March 2000 (presented 

in Chapter 5) to relative consumption rates presented in this chapter, processing 

and relative consumption were measured simultaneously. Quadrats used for 

measuring processing rates were placed at least 3 meters away from any leaves 

tethered for measuring relative consumption. This distance was close enough to be 

measuring the same population of crabs, but far enough away so that the leaves 

placed in the in situ processing quadrats were not consumed by the same crabs that 

were consuming leaves from the relative consumption study. Processing rates 

(section 5.3.2) were related to relative consumption by calculating regression and 

correlation coefficients. 

7.3. Results 

7.3.1. Variability in relative mangrove leaf consumption during spring and 
neap tides 

The important factor affecting relative consumption rates of leaves was assemblage 

(Table 7-2). Relative consumption rates were greater in the tidal bank (X = 2.19, 
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SE = 0.04) than in the tidal flat (X = 0.19, SE = 0.04) and hinterland assemblages 

(X = 0.43, SE = 0.04; Figure 7-1). The effect of tide was not significant. 

Table 7-2 Analysis of variance of relative consumption of mangrove leaves (C. tagal and 
R. sly/usa) on spring and neap tides in three assemblages (tidal bank, tidal flat, and 
hinterland) in Darwin Harbour. 

Factor df MS df MS MS F 
Error Error 

Tide 1 1.87 3 1.61 1.16 
Assemblage 2 57.29 3 1.61 3555** 

Plot 3 1.61 132 - - 

Tide xAssem 2 1.78 3 1.61 1.10 
Tide x Plot 3 1.61 132 - - 
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Figure 7-1 Mean relative consumption of mangrove leaves per plot in three assemblages 
in Darwin Harbour on neap and spring tides (x ± 1 SE). C. laga/ leaves were placed in 
the hinterland and tidal flat assemblages and R.../ v/usa in the tidal bank. 

7.3.2. Temporal and spatial variability in relative consumption rates of 
mangrove litter 

Overall, mean relative consumption rates (mean number of leaves 

consumed/plot/day) were greatest for A. marina propagules (X = 0.70, SE = 0.04) 
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followed in order by R. slylosa leaves (X = 0.57, SE = 0.03), C lagal leaves (X 

= 0.48, SE = 0.02), A. m(1rina leaves (X = 0.45, SE = 0.03), C. tagal propagules 

(X = 0.40, SE = 0.05), and R. stylosa propagules (X = 0.02, SE = 0.01). 

Consumption of Ceriops tagal and Rhizophora stylosa 

Season had a significant effect on the relative consumption rate of C. tagal and R. 

sly/ova (Table 7-3 A, Figure 7-2). In the wet season there was greater consumption 

than in the dry season. 

The most important interactions were between area and aspect, followed by area 

and assemblage (Table 7-3A and 7-3 B). There was also an interaction among area, 

aspect, and assemblage (Table 7-3, Figure 7-3). The interactions indicated that 

relative consumption rates were greater in up-stream and down-stream aspects of 

area 1 (X = 0.68, SE = 0.06; X = 0.71, SE = 0.06) and in the down-stream aspect 

of area 2 (X = 0.84, SE = 0.06) than they were in the up-stream aspect of area 2 

(X = 0.38, SE = 0.06). The greater consumption rates observed at these sites were 

due to the greater consumption rate in the hinterland assemblages (up-stream of 

area 1: X =0.89, SEO.11; down-stream of area l: X = 0.58, 

SE = 0.11; down-stream of area 2: X = 1.80, SE = 0.11), with the exception of the 

hinterland assemblage in the up-stream aspect of area 2 (X = 0.08, SE = 0.11). 

High consumption rates occurred also in the tidal bank up-stream and down-stream 

of area I (X = 0.78, SE = 0.11; X = 0.86, SE = 0.11). 
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Less important interactions were season by area (Table 7-3 B), and season by year 

by area (Table 7-3A, Figure 7-3). Consumption rates in areas I and 2 in the wet 

season of 1999 (X = 0.89, SE = 0.08 and X = 0.86, SE = 0.08) and in area I in 

the wet season of 2000 (X = 0.94, SE = 0.08) were greater than in both areas in 

the dry season of 2000 (X = 0.40, SE = 0.08 and X = 0.47 SE = 0.08, 

respectively). Consumption rates in the wet season of 2000 in area 1 (X = 0.93, 

SE = 0.08) were also greater than the wet season of 2000 in area 2 (X = 0.64, SE 

= 0.08; Figure 7-4). 
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Table 7-3 Aiialysis of variance of spatial and temporal patterns in relative consumption of 
C. lagal and R.s tylosa leaves in Darwin Harbour in 1999 and 2000. 

(A) ANOVA including both aspects (upper and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Season 1 280 96 0.20 14.00** 
Year 1 0.28 1 0.13 2.18 
Area 1 0.00 12 0.14 0.01 
Assemblaqe 2 2.79 2 1.37 2.05 
Aspect 1 2.19 1 4.51 0.49 
Plot 12 0.14 96 0.20 0.71 
Season x Year 1 0.04 1 0.55 0.08 
Season x Area 1 0.09 12 0.23 0.39 
Year xArea 1 0.13 12 0.17 0.76 
Season x Assem 2 0.20 2 0.06 3.57 
Year xAssem 2 0.68 2 0.12 5.87 
Area xAssem 2 1.37 12 0.14 974** 

Season x Aspect 1 0.54 1 0.03 17.09 
Year x Aspect 1 0.06 1 0.07 0.84 
Area x Aspect 1 4.51 12 0.14 32.20*** 
Assem x Aspect 2 2.89 2 6.04 0.48 
Season x Plot 12 0.23 96 0.20 1.15 
Yearx Plot 12 0.17 96 0.20 0.86 
Season x Year x Area 1 0.55 12 0.11 4.82* 
Season x Year x Assem 2 0.12 2 0.12 0.98 
Season x Area x Assem 2 0.06 12 0.23 0.24 
Year x Area xAssem 2 0.12 12 0.17 0.68 
Season x Year x Aspect 1 0.07 1 0.17 0.43 
Season x Area x Aspect 1 0.03 12 0.23 0.14 
Year x Area x Aspect 1 0.07 12 0.17 0.40 
Season xAssem xAspect 2 0.22 2 0.11 1.92 
Year x Assem x Aspect 2 0.91 96 0.20 455* 

Area xAssemxAspect 2 6.04 12 0.14 43.12*** 
Season x Year x Plot 12 0.11 96 0.20 0.57 
Season x Year x Area xAssem 2 0.12 12 0.11 1.07 
Season x Year x Area x Aspect 1 0.17 12 0.11 1.50 
Season x Year x Assem x Aspect 2 0.13 2 0.33 0.41 
Season x Area x Assem x Aspect 2 0.11 12 0.23 0.50 
Year x Area x Assem x Aspect 2 0.07 12 0.17 0.41 
Season x Year x Area x Assem x Aspect 2 0.33 12 0.11 2.92 
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(B) ANOVA including one aspect (up-stream), and all four assemblages 
(mixed species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS 
Error 

MS 
Error 

F 

Season 1 711 1 1.20 5.90 
Year 1 1.31 160 0.36 3.64 
Area 1 0.47 8 0.16 2.89 
Assemblage 3 2.40 3 1.29 1.86 
Plot 8 0.16 160 0.36 0.45 
Season x Year 1 0.10 1 0.17 0.60 
Season x Area 1 1.20 8 0.22 5.56* 

Year xArea 1 0.18 8 0.17 1.07 
Season xAssem 3 0.76 3 0.48 1.57 
Year x Assem 3 0.71 3 0.08 8.99 
Area xAssem 3 1.29 8 0.16 795** 

Season x Plot 8 0.22 160 0.36 0.61 
Year x Plot 8 0.17 160 0.36 0.46 
Season x Year xArea 1 0.17 8 0.12 1.44 
Season x Year x Assem 3 0.09 3 0.17 0.51 
Season x Area x Assem 3 0.48 8 0.22 2.23 
Year xArea xAssem 3 0.08 8 0.17 0.47 
Season x Year x Plot 8 0.12 160 0.36 0.33 
Season x Year x Area xAssem 3 0.17 8 0.12 1.41 
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Figure 7-2 Mean relative consumption rates of C. lagal and R. slj'/osa leaves per plot of four 
assemblages in areas I and 2 during the wet and dry seasons in Darwin Harbour (±1 SE). 
Assemblages include tidal bank, tidal flat, hinterland, and mixed species woodland. 
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Figure 7-3 Mean relative consumption rates of C. lagal and R. stylosa leaves per plot 
of four assemblages in the up-stream and down-stream aspects of areas I and 2 in 
Darwin Harbour (x ± 1 SE). Assemblages include tidal bank, tidal flat, hinterland, 
and mixed species woodland. 
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Figure 7-4 Mean relative consumption of C. lagal and R.stylosa leaves per plot in 
areas I and 2 during 1999 and 2000 in Darwin Harbour during wet and dry seasons 
(± 1 SE). 
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Consumption of Avicennia marina leaves 

The most important factors influencing relative consumption rate of A. marina 

leaves were year and assemblage (Table 7-4, Figure 7-5). The year 1999 (X = 

0.71, SE = 0.05) had a greater consumption rates than 2000 (X = 0.34, SE = 0.05). 

For the assemblages, the mixed species woodland assemblage (X = 0.69, SE = 

0.05) had greater consumption rates than the tidal bank assemblage (X = 0.36, SE 

= 0.05; Figure 7-5). 

There was an important interaction between year, area, and assemblage (Table 7-4. 

Figure 7-6). The mixed species woodland assemblage of areas 1 and 2 in 1999 

(X = 0.97, SE = 0.12 and X = 0.98, SE = 0.12) had greater consumption rates 

than the tidal bank in area 2 in 1999 (X = 0.23, SE = 0.12), areas I and 2 in 2000 

(X = 0.21, SE = 0.12 and X = 0.34, SE = 0.12), and the mixed species woodland 

of area 2 in 2000 (X = 0.31, SE = 0.12). There was a less important interaction 

between season and plot indicating that there was greater variability in the wet 

season. 
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Table 7-4 Analysis of variance of spatial and temporal patterns in relative consumption of 
A. marina leaves in Darwin Harbour in 1999 and 2000. ANOVA includes only the down-
stream aspect and the mixed species woodland and tidal bank assemblages. 

Factor df MS df MS 
Error 

MS 
Error 

F 

Season 1 0.37 1 0.16 2.33 
Year 1 2.17 4 0.20 10.85* 

Area 1 0.21 4 0.09 2.38 
Assemblage 1 1.76 32 0.09 19.56* 

Plot 4 0.09 32 0.09 1.02 
Season x Year 1 0.12 1 0.04 2.75 
Season xArea 1 0.16 4 0.30 0.53 
Year xArea 1 0.12 4 0.02 5.61 
Season x Assem 1 0.27 1 0.00 64.00 
Year xAssem 1 0.67 1 0.53 1.26 
Area x Asssem 1 0.02 4 0.09 0.20 
Season x Plot 4 0.30 32 0.09 344* 

Year x Plot 4 0.02 32 0.09 0.25 
Season x Year x Area 1 0.04 4 0.20 0.21 
Season x Year x Assem 1 0.01 1 0.00 3.57 
Season x Area x Assem 1 0.00 4 0.30 0.01 
Year x Area x Assem 1 0.53 32 0.09 5.89* 

Season x Year x Plot 4 0.20 32 0.09 2.23 
Season x Year x Area x Assem 1 0.00 4 0.20 0.01 
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Figure 7-5 Mean relative consumption of A. marina leaves per plot in two assemblages in 
Darwin Harbour during different season ( ± 1 SE). Assemblages include the tidal 
bank and mixed species woodland. Graphs display results for areas 1 2 in 1999 and 2000. 
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Figure 7-6 Mean relative consumption rate of A. marina leaves per plot in two 
assemblages in Darwin Harbour (x ± 1 SE). Assemblages include the tidal bank and 
mixed species woodland. Graphs display results for area I and area 2 in 1999 and 2000. 

Consumption of Ceriops tagal and Rhizopliora stylosa propagules 

Area and assemblage were the only main factors that affected relative consumption 

of C. tagal and R. stylosa propagules (Table 7-5A and 7-5 B). Area 1 had a greater 

relative consumption than area 2 (X = 0.56, SE = 0.01 and X = 0.26, SE = 0.01). 

There were greater consumption rates in the mixed species woodland and the 

hinterland assemblages (X = 1.06, SE = 0.14 and X = 0.71. SE = 0.10) than in 

the tidal flat and tidal bank assemblages (X = 0.18, SE = 0.10 and X = 0.02, 

SE = 0.10). 

The most important interaction was among area, assemblage, and aspect (Figure 

7-7). The hinterland up-stream of area I and the mixed species woodland 
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assemblage of area 1 (X = 1.50, SE = 0.03 and X = 1.58, SE = 0.03) had greater 

consumption rates than all other sites (X <0.83. SE <0.03). The hinterland of the 

down-stream aspect of area 2 (X = 0.83, SE = 0.03) had greater consumption rates 

than all tidal flat and tidal bank assemblages (X <0.29, SE < 0.03). Interactions 

between area and assemblage, and area and aspect reflected the patterns observed 

in the area by assemblage by aspect interaction described above. 

The interaction among year, area, and assemblage was also significant. This 

interaction indicated that hinterland and mixed species woodland assemblages in 

area I during 2000 (X = 1.38 number of leaves/plot/day, SE = 0.03 and X = 2.50, 

SE = 0.49) had greater consumption rates than all other assemblages (X <0.67, 

SE < 0.49). Interactions between year and area reflected these same patterns 

(Figure 7-8). The interaction among year, area, and aspect indicated that the 

consumption rates in the up-stream aspect of area 2 were greater than in the down-

stream of area 2 during both 1999 and 2000 (Figure 7-8). 
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Table 7-5 Analysis of variance of spatial and temporal patterns in relative consumption of 
C. lagal and R. slylosa propagules in Darwin Harbour in 1999 and 2000. 

(A) ANOVA including both aspects (up-stream and down-stream), and three 
assemblages (hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Year 1 0.42 1 0.05 8.84 
Area 1 0.36 12 0.01 72.39*** 

Assemblaqe 2 2.07 2 0.33 6.23 
Aspect 1 0.03 1 0.79 0.04 
Plot 12 0.01 0 0.00 - 

Year x Area 1 0.05 12 0.01 949** 

Year x Assem 2 0.22 2 0.31 0.71 
Area x Assem 2 0.33 12 0.01 66.50*** 
Year xAspect 1 0.56 1 0.36 1.55 
Area x Aspect 1 0.79 12 0.01 157.46*** 
Assem x Aspect 2 0.05 2 1.31 0.04 
Year x Plot 12 0.01 0 0.00 - 

Year x Area x Assem 2 0.31 12 0.01 60.96*** 
Year x Area x Aspect 1 0.36 12 0.01 72.39*** 
Year x Assem x Aspect 2 0.51 2 0.41 1.24 
Area xAssem xAspect 2 1.31 12 0.01 261.92*** 
Yearx Area xAssem xAspect 2 0.41 12 0.01 81.81*** 

(B) ANOVA including one aspect (up-stream), and all four assemblages 
(mixed species woodland, hinterland, tidal flat, and tidal bank). 

Factor df MS df MS MS F 
Error Error 

Year 1 1.15 1 1.08 1.06 
Area 1 1.72 16 0.39 5.85* 
Assemblaqe 3 2.28 3 0.54 4.21 
Plot 8 0.01 16 0.39 0.02 
Year xArea 1 1.08 8 0.01 2.77 
Year x Assem 3 0.33 3 0.69 0.48 
Area xAssem 3 0.54 16 0.39 1.38 
Year x Plot 8 0.01 16 0.39 0.02 
Year x Area x Assem 3 0.69 8 0.01 1.77 

184 



SPATIAL AND TEMPORAL VARIATION IN RELATIVE MANGROVE LITTER 
CONSUMPTION 

1.6 

1.4 

1.2 

o 
1.0 

C G. 0.8 o .  
0 

ft06 

c 0.4 

0.2 

WI 
Bank Flat Hinterland Bank Flat Hinterland Mixed 

Upstream Downstream 

Figure 7-7 Mean relative colisumption of C. tagal and R. stylosa propagules per plot in 
four assemblages in Darwin Harbour (x ± 1 SE). Assemblages include tidal bank, tidal 
flat, hinterland, and mixed species woodland Graphs display results for up-stream and 
down-stream aspects of area I and area 2. 
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Figure 7-8 Mean relative consumption of C. Icigal and R. stylosa propagules per plot in 
four assemblages in Darwin Harbour (X ± 1 SE). Assemblages include tidal bank, tidal 
flat, hinterland, and mixed species woodland. Graphs display results for Up-stream and 
down-stream aspects of area I and area 2 in 1999 and 2000. 
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Consumption of A vicennia marina propagules 

There were no significant differences in relative consumption of A. marina 

propagules between 1999 and 2000, areas 1 and 2, and tidal bank and mixed 

species woodland assemblages (Table 7-6, Figure 7-9). 

Table 7-6 Analysis of variance of spatial and temporal patterns in relative consumption of 
A. marina propagules in Darwin Harbour in 1999 and 2000. ANOVA includes only the 
down-stream aspect and the mixed species woodland and tidal bank assemblages. 

Factor df MS df MS 
Error 

MS 
Error 

F 

Year 1 0.27 1 0.23 1.17 
Area 1 0.32 4 0.16 1.96 
Assemblage 1 0.22 1 0.04 6.02 
Plot 4 0.16 0 0.00 - 

Year xArea 1 0.23 4 0.16 1.44 
Year xAssem 1 0.80 1 0.73 1.10 
Area xAssem 1 0.04 4 0.16 0.23 
Yearx Plot 4 0.16 0 0.00 - 

Year x Area x Assem 1 0.73 4 0.16 4.50 
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Figure 7-9 Mean relative consumption of A. marina propagules per plot in two 
assemblages in Darwin Harbour (.v ± 1 SE). Assemblages include the tidal bank and 
mixed species woodland. Graphs display results for area 1 and area 2 in 1999 and 2000. 

7.3.3. Processing rates in relation to relative consumption rates of leaves 

In situ processing rates and relative consumption rates based on tethered leaves 

measured in the upstream aspect of area I were not related (r = 0.18, and r2  = 0.03, 

N = 6). The regression was not significant (Figure 7-10), meaning that with the 

limitations of this study processing rate cannot be predicted from relative litter 

consumption. 
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Figure 7-10 Scatterplot displaying the relationship between relative consumption and in 
situ processing of mangrove leaves measured in the upstream aspect of area I in Darwin 
Harbour. 

7.4. Discussion 

7.4.1. Propagule consumption - effects on mangrove forest structure 

The results from the field-based experiments presented in this chapter indicated 

that crabs consumed 84% of Avicennia marina propagules, 48% of Ceriops lagal, 

and 2% of Rhizophora slylosa tethered propagules (remembering that consumed" 

here means that more than 50% had been eaten). The differential consumption 

rates observed for the different species in this study is consistent with other Indo-

Pacific studies. In a study by Smith cial. (1989) in north-eastern Australia, 

patterns in propagule predation were similar to this study in that predation levels 

decreased among species in the following order: A. marina> Bruguiera exarislata 
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= C. tagal > Bruguiera gymnorhiza = R. stylosa (Smith 1987a; Smith et at. 1989). 

In northern Australian mangrove forests, McGuinness (1997a) showed that 100% 

of A. marina, 7 1 % of C. tagal, and 63% of B. exaristata were preyed upon. The 

patterns observed in this study are also consistent with a new world study 

conducted in Panama where predation rates were greater for Avicennia germinans 

than for Rhizophora mangle and Laguncularia racemosa (Sousa & Mitchell 1999). 

Results in this study, however, contrast with studies in Louisiana (USA), where for 

example only about 5% of A. germinans propagules were predated upon (Patterson 

etal. 1997). 

Consumption of A. marina and R. stylosa propagules were not affected by spatial 

factors, but consumption of C. tagal propagules was. C. tagal propagules were 

consumed at greater rates at two sites than at all other sites, but only in the year 

2000. These sites were the hinterland up-stream of area 1 and the mixed species 

woodland down-stream of area 1. Possible reasons for these particular sites to 

have greater consumption rates than other sites will be discussed in Chapter 10. 

These results contrast with a northeastern Australia study by Smith (1987a). Smith 

(1987a) measured consumption of A. marina propagules across intertidal 

assemblages. His study was the first to suggest that crabs may be responsible for 

altering mangrove forest structure by limiting establishment of A. marina seedlings 

in certain forests. Smith (1 987a) indicated that predation on propagules was 

greatest where conspecific dominance was lowest (mid-intertidal areas), and 

predation lowest where conspecific dominance was greatest (low and high 

intertidal areas). Findings here, however, do not support this dominance-predation 
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model (Smith 1991). High consumption of A. marina and C. lagal occurred in 

assemblages where these species were high in numbers. Several other studies 

(Smith etal. 1989; McKee 1995; McGuinness 1997a; Sousa & Mitchell 1999) also 

found no relationship between predation and dominance of mangrove species. The 

study by Sousa and Mitchell (1999) in Panama found that patterns of predation and 

dominance of only one (A. germinans) out of three species of mangroves tested (A. 

germinans, R. mangle, L. racemosa) were consistent with the dominance-predation 

model, but that predation rates on A. germinans propagules appeared to be 

insufficient to prevent A. germinans from establishing. Other studies in Panama 

have shown that more propagules are consumed where conspecific trees were more 

abundant (Smith ci al. 1989). Except for the study in northern Australia 

(McGuinness 1997a), all studies that have not supported the dominance-predation 

hypothesis were in new world mangrove. The study in this chapter confirms 

findings by McGuinness (1997a), in which new world mangrove forests are not the 

only systems that do not support the model. There are other factors, other than 

geographical location (and corresponding attributes such as biodiversity) that affect 

establishment of seedlings (also suggested by Sousa & Mitchell 1999). In this 

case, crabs do not appear to affect forest structure significantly by selectively 

consuming propagules. 

7.4.2. Leaf litter consumption - role in recycling nutrients 

The consumption of tethered leaves was greatest for Rhizophora slylosa at 69%, 

and was followed in magnitude by Ceriops lagal leaves at 58%, and Avicennia 
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marina leaves at 54%. These percentages are high as they are in previous studies 

(Robertson 1991), but differ in estimates of consumption among species. 

The relative consumption of two of the three species of leaves did show significant 

spatial variability. The mean consumption of A. marina leaves was greater in the 

mixed species woodland assemblage than in the tidal bank assemblage. This 

pattern was stronger in areas 1 and 2 in 1999 and area I in 2000 than in area 2 in 

2000. The consumption of C. iagal leaves in the hinterland tended to be greater 

than in the tidal flat and mixed species woodland assemblages, except for in the 

hinterland of the up-stream aspect of area 2. This particular site had a rocky 

substrate underneath about 10-30 cm of sediment and may have not been a suitable 

area for habitation of burrowing crabs (results from Chapter 6 showed very low 

numbers of crabs here). The effects of environmental factors on consumption of 

mangrove litter will be further discussed in Chapter 10. Consumption of R. stylosa 

did not vary among tidal bank assemblages in different areas and aspects. 

Temporal factors influenced the relative consumption of mangrove leaves. Both 

C. tagal and R. slylosa were consumed at a greater rate in the wet season than in 

the dry season. There was an inclination toward greater relative consumption of A. 

marina leaves during the wet seasons and lesser during the dry seasons as well, but 

this was only significant in the second year of the study (2000). The pattern 

observed appeared to only occur though, in some plots, suggesting that there was 

variability within assemblages. Mean consumption rates were greater in the wet 

season than in the dry season. This finding is consistent with Robertson's (1986), 

where highest removal rates in the Rhizophora forest were reported in the wet 
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season months (November and January), and lowest in dry season months (April 

and May). This study identified variables existing between years, and extends this 

trend to assemblages dominated by C. lagal and where A. marina mangroves are 

high in numbers. It is interesting to note here that processing rates of mangrove 

leaves by crabs in laboratory studies have been greater at 30° C than at 20° C 

(Camilleri 1989). Northern Australia's wet season (mean of 30° C to 34° C) is 

certainly hotter than the dry season (mean of 19° C to 27° Q. 

7.4.3. Variation in relative consumption of leaves during spring and neap tides 

Relative consumption was found to be similar during spring and neap tides, 

although the result can only apply to the particular time the experiment was 

conducted since not more than one tidal cycle was included in the experiment. 

These results are consistent with results from Micheli el al. (1991), where the time 

N. meinerti spent foraging did not change through the tidal cycle. 

7.4.4. In situ processing rates in relation to relative consumption rates 

From this study, values of relative consumption cannot be converted into actual 

processing rates since the relationship between processing rates and relative 

consumption rates was weak. A more extensive study with greater replication and 

an increase in the range of variation in processing rates might strengthen the power 

of the test. 
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8. RELATIONSHIP BETWEEN CRAB NUMBERS AND 
MANGROVE LITTER FALL, AND LITTER 

CONSUMPTION 

8.1. Introduction 

Research on Indo-Pacific mangrove forests has shown that grapsid crabs are 

important in the turnover of mangrove litter (Lee 1998). It has also been suggested 

that in mangrove forests where propagule recruitment is not limited, grapsid crabs 

may affect the structure of mangrove forests by consuming propagules that would 

otherwise establish and proliferate (see Chapter 1 for further detail). Gastropods 

are probably of some importance as well (Crowe 1997; results for Terebralia), but 

we know very little about most groups of gastropods. 

Findings from studies on grapsid crabs have identified particular crab species that 

consume large amounts of mangrove litter, thereby playing an important role in the 

function, and possibly the structure of mangrove systems. For instance, a study in 

Africa showed that Neosarmatium meinerli consumes 44% of Avicennia marina 

leaf litter (Emmerson & McGwynne 1992). Perisesarma bidens in Hong Kong 

consumes greater than 57% of Kandelia kendel leaf litter (Lee 1989), and Sesarma 

niessa in northeastern Australia consumes greater than 28% of Rhizophora leaf 

litter (Robertson 1986). 

Most research, however, has stopped at estimating consumption rates of particular 

species of crabs in certain mangrove forests or assemblages. There are few studies 

that have focused on identifying the factors that influence the consumption rates of 
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mangrove litter by the particular species of crabs. There are many factors within 

mangrove forests that might influence consumption rates of litter by crabs. Some 

of these factors are, for example, the density of crabs, the presence of different 

species of crabs, the density of mangrove leaves and propagules, and the 

availability of leaves and propagules from different species of mangroves. In 

general, from existing research, it is difficult to identify how numbers of the 

different species of crabs, for instance, are related to mangrove litter consumption 

rates. It is equally difficult to identify how density and availability of mangrove 

litter is related to litter consumption rates. 

As an example of how some of these factors may be important in influencing 

consumption rates, the current information available on the ecology of the grapsid 

crab, S. messa, will be discussed. S. messa, as mentioned above, has been recorded 

to consume greater than 28% of leaves of Rhizophora species in Rhizophora 

forests (Robertson 1986). S. messa on the Murray River in northeastern 

Queensland is the most abundant of the Sesarma species and is dominant in down-

stream sites (Frusher et al. 1994). S. messa is much less abundant in up-stream 

sites, so the amount of material consumed in up-stream sites may therefore be less 

than in down-stream sites. In up-stream sites, however, Sesarma brevicristalum 

and Sesarma brevipes become the dominant species (Frusher ci al. 1994). It is not 

known whether S. brevipes and S. brevicrisialum consume significant amounts of 

leaf litter as does S. messa. The question that remains is, "how important are crab 

species (and density) to the consumption of mangrove litter?". 
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The density and species of litter available may also influence the amount of litter 

consumed. For example, if the preferred leaf species is not available (or is limited) 

for crabs to consume, crabs may turn to another source of food to meet the required 

nutrients of their diet. In fact, many species of grapsids are known to have a varied 

diet (i.e. mangrove leaves, algae, and mollusks; Dandouh-Guebas ci al. 1999). The 

leaves from mangrove species that are available for crabs to consume are 

dependent on site attributes. For example, mangrove species distribution is known 

to follow an elevation gradient (Duke ci al. 1998). Rhizophora generally dominates 

the low intertidal forest, and Ceriops, the mid and high intertidal forests. 

Avicennia often occurs in the low and high intertidal forests. Leaves and 

propagules from these mangrove species are only available in the intertidal forest 

where each mangrove species occurs. In addition, the density of leaves on the 

forest floor depends (in part) on the litter fall rate of the different species of 

mangroves, which is also dependent upon season (see Chapter 5). The relationship 

between factors such as litter fall rate, and temporal and spatial factors such as 

season and assemblage to litter consumption are not well understood. A few 

studies have related propagules of different species of mangroves to propagule 

predation (Smith I 987b), but because the focus of these studies was not to relate 

natural occurrence of propagules to predation rate, in some assemblages 

propagules were offered where they do not naturally fall. 

This study aims to identify the importance of both crab numbers of different 

species of crabs and litter fall to the consumption of litter. To be sure that findings 

are relevant to conditions that occur naturally in mangrove forests, crab numbers, 

litter fall, and consumption rates were measured in situ. The study included a broad 
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spatial and temporal sampling design. Four mangrove assemblages were sampled 

up-stream and down-stream of rivers, and over the wet and dry seasons of 1999 

and 2000 in Darwin Harbour, northern Australia. 

8.2. Methods 

To relate crab numbers and litter fall rates to litter consumption rates, data from 

Chapters 5, 6, and 7 were used. Spatial and temporal factors included season, 

aspect, and assemblage (all non-random). All non-random factors from the 

experimental design from Chapters 5, 6 and 7 were used since these are fixed 

factors that might contribute to the prediction of litter consumption. The temporal 

factor, season, included wet and dry seasons. For the spatial factors, aspect 

included up-stream and down-stream aspects, and assemblage included the tidal 

bank, the tidal flat, the hinterland, and the mixed species woodland assemblages 

(see Chapter 2 for details on the experimental design). 

The crabs included in the analyses were the three most abundant species in Darwin 

Harbour; Sesarma, Neosarmatium me/ncr/i, and Episesarma. N. meinerli burrow 

counts were used instead of N. meinerti counts from pitfall captures since burrows 

counts were likely to offer more accurate estimates (see Chapter 6, section 6.4.3). 

The relationship between crab numbers and litter fall, and consumption, was 

analysed with multiple regressions. The dependent variable was relative 

consumption rate. Continuous independent variables were N. meinerli burrow 

counts, Episesarnia pitfall trap counts, and Sesarma pitfall trap counts. 

Independent categorical factors were season, aspect, and assemblage. 
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One multiple regression was conducted for the total litter consumption rate (which 

included leaves plus propagules consumed from all species of mangroves studied), 

and one multiple regression was conducted for the consumption rate of each litter 

type and species: C. lagal leaves, A. marina leaves, R. stylosa leaves, C. tagal 

propagules, A. marina propagules, and R. stylosa propagules. For each significant 

regression, a Pareto chart (with corresponding t-values associated with the 

regression coefficients) was included to show the significant factors and 

interactions that contributed to predicting litter consumption rates. 

8.3. Results 

8.3.1. Total relative litter consumption 

The multiple regression for the total relative litter consumption was highly 

significant (df= 15, 94, F = 7.45, P <0.0001), meaning that litter consumption 

could be predicted from the information available in this study, better than by pure 

chance alone. The whole model multiple regression coefficient was 0.74, and the r2  

was 0.54. 

T-values for the regression coefficients of factors in the multiple regressions 

indicated that N. meinerli burrows, assemblage, and the interaction among season, 

aspect, and assemblage significantly contributed to predicting litter consumption 

rates (Figure 8-1). The r2  values for each of these factors were: 0.13 for N. meinerti 

burrows, 0.09 for the season by aspect interaction, 0.07 for the season by aspect by 
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assemblage interaction, 0.03 for the assemblage on its own, 0.02 for another season 

by aspect by assemblage interactions, and 0.02 for the aspect by assemblage 

interaction. On their own, none of these factors accounts for much of the variation 

in consumption but together they account for over half. 

p=.05 

N. meinerti burrows 
Season x Aspect 

Seas x Asp x Assem 
Assemblage 

Seas x Asp x Assem 
Aspect x Assemblage 

Season x Assemblage 
Seas x Asp x Assem 

Assemblage 
Assemblage 

Season x Assemblage 
Season x Assemblage 
Aspect x Assemblage 
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Aspect x Assemblage 
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329 

256 
/ 247 

VA 2.37  

77 771.85 

1.66 

1.20 

1,08 

ff75 
71 

27 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 

t-Value (for Coefficient;Absolute Value) 

Figure 8-1 Pareto chart of the t-va!ues associated with the regression coefficients of factors 
contributing to the prediction of total litter consumption. 

The results indicated that litter consumption increased with increasing N. meinerti 

burrow numbers, from the up-stream aspect to the down-stream aspect, and from 

the dry season to the wet season. Wet season consumption rates decreased toward 

the tidal flat, from both the highest intertidal assemblage (the mixed species 

woodland) as well as from the lowest intertidal assemblage (the tidal bank) (Figure 

8-2). 
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Figure 8-2 Mean total consumption rate (propagules plus leaves) in four assemblages and 
upstream and downstream aspects of Darwin Harbour creeks during the wet and dry 
seasons ( ± I SE). 

8.3.2. Ceriops togal relative leaf consumption 

The multiple regression was highly significant (df= 9, 68, F = 3.44, P <0.005) for 

C. lagal leaves. The multiple r was 0.56, and the r2  was 0.31 (df= 9). T-values for 

the regression coefficients of individual factors, however, were not significant 

(Figure 8-3). 
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Figure 8-3 Pareto chart of the t-values associated with the regression coefficients of 
factors contributing to the prediction of C. tagal leaf consumption. 

8.3.3. Relative consumption of Avicennia marina leaves 

The multiple regression was significant (df= 6,25, F = 3.76, P <0.01) for A. 

marina leaves. The whole model multiple regression was 0.69, and the r2  was 0.47. 

I-values for regression coefficients of factors in the multiple regression indicated 

that Episesarma, season, and N. meinerli burrows significantly contributed to 

predicting consumption of A. marina leaves (Figure 8-4). The r2  values for the 

significant factors were 0.24 for Episesarma, 0.12 for season, and 0.08 for N. 

meinerli burrows. Litter consumption increased with increasing Episesarma crabs 

and N. meinerli burrow numbers, and from dry season to wet season. 
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Figure 8-4 Pareto chart of the t-values associated with the regression coefficients of 
factors contributing to the prediction of A. marina leaf consumption. 

8.3.4. Relative consumption of Rhizophora stylosa leaves 

The multiple regression for the consumption rate of R.slylosa leaves was not 

significant (df= 6, 25, F = 0.57, P > 0.05). Relative consumption of R. stylosa 

leaves could not be predicted better than what would be expected with pure chance 

alone. 

202 



RELATIONSHIP BETWEEN CRAB NUMBERS AND MANGROVE LITTER FALL, 
AND LITTER CONSUMPTION 

8.3.5. Relative Ceriops tagal propagule consumption 

The multiple regression on consumption rates of C. tagal propagules was 

significant (df= 8, 10, F = 3.11, P <0.05). The whole model multiple regression 

was 0.84, and the r2  was 0.71. I-values for factors in the multiple regressions 

coefficient indicated that only Neosarmatium meinerli burrows significantly 

contributed to predicting C. lagal propagule consumption rates (Figure 8-5). Litter 

consumption rates increased with increasing N. meinerli burrow numbers. 

p=.05 
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Figure 8-5 Pareto chart of the multiple regression analysis on consumption of C. tagal 
propagules. 

8.3.6. Relative A vicennia marina propagule consumption 

The multiple regression for A. marina propagule consumption rate was not 

significant (df= 4, 3, F = 0.16 1, P>0.05). 
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8.3.7. Relative Rhizoplwra stylosa propagule consumption 

The analysis on R. sly! osa propagule consumption was not possible due to its 

limited consumption. 

8.4. Discussion 

The factors that were most strongly related to litter consumption rates were 

estimates of numbers of grapsid crabs. From the three crab species included in this 

study (Neosarmatium meinerli, Episesarma, and Sesarma), the numbers of N. 

meinerti and Episesarma crabs were found to be important in predicting 

consumption of mangrove litter. 

Findings here are consistent with other studies on the consumption of mangrove 

litter material by N. meinerli. N meinerli has been identified as an important 

consumer of mangrove litter (Micheli etal. 1991; Emmerson & McGwynne 1992; 

Steinke et al. 1993) in the Indo-west Pacific region. N. meinerti is the only species 

of those included in this study (N. meinerti, Episesarma, and Sesarma) that takes 

whole leaves and propagules down its burrows. In fact, it is common to see a 

collection of several leaves (or propagules) just inside N. meinerti burrows. The 

results from this study suggest that the consumption of mangrove litter increased 

with increasing numbers of N meinerti burrows. N. meinerli burrow numbers 

were particularly related to Avicennia marina leaves and Ceriops tagal propagules, 

but not to A. marina propagules nor C. lagal leaves. 
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Episesarma was also related to consumption rates of mangrove litter, but to a much 

lesser extent than N. meinerli. The feeding habits of Episesarma .sp. nov are not 

known. The diet of other species of Episesarma is known to be mangrove leaves 

(Sivasothi 2000). The results in the present study showed that numbers of 

Episesarina were only related to A. marina leaves. Interestingly, the numbers of 

the most abundant of all three species of crabs, Sesarma, did not appear to be 

related to litter consumption rates at all. 

From the patterns in crab numbers and litter consumption rates described in 

chapters 6 and 7, further meaning can be drawn from the relationships observed in 

this chapter. For example, N. meinerli numbers did not appear to be related to the 

consumption of A. marina propagules or to C. tagal leaves. This appears to be odd, 

since in Chapter 7 it was evident that crabs were consuming A. marina propagules 

and C. tagal leaves. In Chapter 7, it is also evident, however, that A. marina 

propagules were consumed at similar rates in the tidal bank (where Sesarma occurs 

in large numbers) as were consumed in the mixed species woodland assemblage 

(where N. meinerli occurs in large numbers). The fact that neither Sesarma nor N. 

meinerli numbers were related to consumption most likely indicates that both of 

these crabs were responsible for consuming A. marina propagules. 

A similar explanation may be responsible for the absence of a relationship between 

N. meinerli numbers and consumption rates of C. tagal leaves. Consumption rates 

of C. tagal leaves were similar in tidal flat assemblage (where Sesarma occurs in 

large numbers) with consumption rates in the hinterland and mixed species 

woodland assemblages (where N. meinerli occurs in large numbers). The fact that 
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neither Sesarma nor N. meinerti numbers were related to C. tagal consumption 

rates may indicate that both of these crabs were responsible for consuming C. tagal 

leaves. 

The lack of a significant relationship between Sesarma numbers and the 

consumption rate of Rhizophora stylosa., may have a different explanation. R. 

slylosa was available only in the tidal bank assemblage where there was little 

variability in consumption rates and Sesarina numbers. Therefore, although 

Sesarma appeared to be consuming R. slylosa, there was little variation in both of 

these variables to result in a significant correlation. 

Season was also related to, and significantly contributed to the prediction of litter 

consumption rate. Mangrove litter consumption rates increased from the dry season 

to the wet season. Much of the increase of total consumption rates (leaves and 

propagules together) during the wet season is likely to be a result of the availability 

of propagules in the wet season. 

Interestingly, litter consumption rates were not related to litter fall rates. 

Propagules are responsible for much of the increase in litter fall weights during the 

wet season. An explanation for the lack of the relationship between litter fall rates 

and litter consumption rates may be associated to the wet season propagule fall, 

and to the nature of the experiment. The timing of release of propagules from 

mangrove trees depends upon mangrove species. For example, Ceriops generally 

drops propagules continually from September to January, Rhizophora appears to 

peak in dropping fruit around September, and Avicennia appears to only drop fruit 
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during January and February (Metcalfe 1999). Due to time constraints of this 

project, it was not possible to overlap relative consumption measurements of the 

propagules during periods of high propagule fall for each mangrove species. The 

lack of relationship between litter fall and litter consumption may be attributed, in 

part, to the limited overlap in propagule fall and propagule consumption estimates. 

A study measuring, separately, leaf litter fall and propagule fall may result in a 

more accurate evaluation of the relationships between litter fall and consumption 

rates of leaves and propagules. Also, measurements of propagule consumption 

rates for the different species of mangroves during the exact time of propagule fall 

(for each species) may result in a significant relationship between litter fall and 

mangrove litter consumption. 

Total litter consumption was related to aspect and assemblage. Litter consumption 

rate decreased, going from the mixed species woodland assemblage to the tidal flat, 

and also from the tidal bank to the tidal flat assemblage. In the tidal bank, 

consumption increased in the tidal bank from upstream to downstream, particularly 

during the wet season. These patterns probably reflected the effects of a 

combination of the litter species available and crab species present, in these 

assemblages and aspects. For example, C. tagal mangroves occurred almost 

exclusively in the tidal flat assemblages, and R. tylosa occurred almost 

exclusively in the tidal bank assemblages or, together, with A. marina mangroves 

in the tidal bank assemblage. Although Sesarma is high in numbers in all of these 

assemblages, more mangrove litter was consumed in the tidal bank than in the tidal 

flat assemblage. Such observations imply that there is a role of feeding selectivity 

on mangrove litter. To evaluate the importance of feeding selectivity in in situ 
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consumption of mangrove material, feeding preferences that crabs may have for 

mangrove litter of different species will be investigated in the next chapter. 
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9. FEEDING PREFERENCES 

9.1. Introduction 

Studies on the feeding ecology of grapsid crabs have contributed in understanding 

the fate of mangrove litter nutrients (Camilleri 1984, 1989). These studies have 

shown that grapsid crabs have an important role in reducing exportation of 

mangrove nutrients (Lee 1998). In fact, crabs process a variety of food items, 

mainly dead leaves, into smaller particles and in this way make these nutrients 

available for other fauna in mangrove forests to consume (gastropods, crabs, and 

fish). Knowledge of preferences that grapsid crabs have for food items, such as 

mangrove leaves and propagules from different species of mangroves, has 

implications for the quantity and type of mangrove litter (and associated nutritional 

value) that is recycled by grapsid crabs. 

The feeding behavior of some grapsid crabs common to mangrove forests in 

Queensland, Australia, and Kenya, have been studied (Camilleri 1989; Micheli 

1993; Dandouh-Guebas el al. 1997), but no thorough studies have investigated 

feeding behaviour of crabs in northern Australia. This study will add to the limited 

information available on feeding preferences of crabs by studying feeding 

behaviour of crabs from dry, tropical mangrove forests in northern Australia. The 

preferences that crabs have for litter, discussed in this chapter, will be related later 

in this thesis to the consumption rates of litter in mangrove forests of Darwin 

Harbour (Chapter 7). By relating mangrove litter preferred by crabs to the 

mangrove litter that is actually consumed by crabs in mangrove forests, it will be 
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possible to identify particular litter that may be limited food items for crabs. For 

example, if the leaf from a particular mangrove species is consumed (in the field 

study), but it is not known to be a preferred food item (in laboratory studies), then 

the preferred food item may be limiting. Litter from certain mangrove species can 

be limited in a mangrove assemblage when, for instance, the mangrove species 

does not proliferate in that particular assemblage. Also, propagules of many 

mangrove species drop only during specific wet season months. 

On the other hand, if a preferred litter item is not consumed by a particular crab 

species, but is available, then there is a possibility that competition between crabs 

of different species or faunal groups is preventing its consumption by the crab 

species in question. 

To collect the infomation required in order to identify the factors affecting 

observed consumption in mangrove forests, the feeding preferences of crabs in 

northern Australia were studied. The specific objectives were to determine the 

importance of; 1) availability of species and condition of leaves to litter preferred 

by grapsid crabs, and 2) seasonal change in availability of litter items to litter 

preferred by grapsid crabs. 

The feeding behavior of the dominant Darwin Harbour sesarmid crabs was 

investigated. There were three crab species that were included: Sesarma semperi, 

Sesarma darwinensis, and Neosarmatium meinerli. The effects of crab size classes 

and gender were also investigated. 
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9.2. Methods 

9.2.1. General methods 

Mangrove leaves and propagules included in experiments were taken from the 

three dominant mangrove tree species in the four dominant mangrove assemblages 

in Darwin Harbour (the tidal bank, tidal flat, hinterland, and mixed species 

woodland assemblages). The species were Ceriops lagal, Rhizophora slylosa, and 

Avicennia marina. Leaf conditions included fresh (leaves which are green in 

colour), senescent (yellow), and decayed (brown). 

To investigate the effect of availability of leaf species and conditions on feeding 

preferences, two experiments were conducted. The first included all three leaf 

species and three leaf conditions, and the second, only included naturally available 

leaf species and leaf conditions on the forest floor. Naturally available material 

included senescent and decayed leaves from mangroves that were dominant in the 

assemblages, where the crab species that were tested were most abundant. 

A comparison of litter preferred by crabs during the wet season and dry season was 

also conducted to identify the effect of availability of mangrove propagules on crab 

feeding preferences. 'Dry season" experiments only included leaves and not 

propagules in order to emulate the dry season conditions (as described above). 

"Wet season" experiments included both propagules and leaves to emulate what is 

naturally available during the wet season when propagules drop from many 

mangrove tree species. 

211 



FEEDING PREFERENCES 

The effect of propagule dimension on feeding preference was also tested. The test 

was conducted since propagules were cut into similar sizes but could not be cut 

into similar shapes (because of the natural differences in the shapes of propagules 

of different species). Leaf dimension was not tested in this study since leaves could 

be cut down to similar shapes and sizes. 

Litter preferences were identified by measuring the amount of material of each litter 

item that was processed. Processed litter includes the amount of mangrove litter 

ingested and lost due to sloppy feeding (Camilleri 1989). Two measurements for 

estimating the amount of litter processed (weight and area) were compared in all 

experiments. 

9.2.2. Experiment preparation 

All experiments were conducted in a shaded, outdoor laboratory so that crabs 

experienced a regular diurnal cycle as well as temperatures characteristic of the 

season in which the experiments were conducted. Individual crabs were placed in 

separate clear, plastic take-away food containers, 14 cm in diameter and 10 cm 

high, with the of the lid cut out. The lids were dome—shaped, so cutting the roof 

allowed air to enter but at the same time prevented crabs from escaping. Containers 

having no crabs were included in order to control for loss of weight due mainly to 

leaching, and also fungal and microbial activity (20 replicates). Seawater was 

added to all containers to a level of 0.5 cm and was changed daily. 

212 



FEEDING PREFERENCES 

Crabs were starved for 24 hours before each experiment. Sesarma crabs were 

offered the choice of mangrove material selected for each experiment (explained in 

Chapter 9, section 9.2.6) for a period of 12 hours, while N. meinerti crabs were 

offered mangrove material for a period of 18 hours (the time required for this 

species to consume a significant amount of material). 

9.2.3. Crab Collection 

All crabs were collected at Jones Creek, Darwin Harbour (Chapter 2, Figure 2-6). 

Sesarma crabs were collected by hand. Twenty of each of the two Sesarma species 

were captured; 10 males and 10 females. For each species, half of the 10 were 

larger and half smaller than average (1.3 cm carapace width). The average size was 

estimated from 106 Sesarma that were sampled in the wet season of 1999 (Chapter 

6). Neosarn2alium meinerli crabs were captured in pitfall traps (see Chapter 2, 

section 2.3 for details on the method). Tests of sex and size were not possible for 

N. meinerti because there were only 6 N. meinerti crabs caught in pit fall traps, one 

of which was female and the other 5 were males. All crabs were placed in separate 

containers as soon as was possible (upon return to the laboratory) to reduce stress 

and injury, in particular among aggressive competing males. 

9.2.4. Leaf Preparation 

Fresh and senescent leaves (yellow leaves that are ready to fall naturally from 

trees) were collected from tree species that were required for each experiment 

(indicated in Chapter 9. section 9.2.5). Decayed leaves were created by collecting 
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senescent leaves from trees, tying them to roots inside 2 mm mesh bags, and 

leaving them to decompose for 15 days. Leaves were stored at 4°C for ito 1.5 

days, until the experiments began. Disc shapes, 2 cm in diameter, were cut out 

from all leaves to reduce possible influences of leaf size on preference. Propagules 

were collected from trees and were cut into similar size pieces. Since dimensions 

were less similar among propagules (because of their different shapes), the effect 

of dimension on preference for consumption was tested (the experiment is 

described in Chapter 9, section 9.2.6; Experiment 5). 

9.2.5. Processing Measurements and Calculations 

To correct for weight loss of propagules and leaves due to leaching, and fungal and 

microbial activity, mean weight loss for the relevant control treatments (treatments 

with no crabs) was subtracted from the weight loss of leaves and propagule in 

treatments with crabs (this was done for each species and litter type). Peterson and 

Renau (1989) point out that this correction assumes that the correction factors are 

known without error. In practice the correction factors themselves are subject to 

variability and treating them as if they are not will result in too many Type I errors. 

This effect is probably moderated in the analyses presented in this chapter by the 

fact that most of the analyses have moderate to large degrees of freedom. The 

solutions suggested by Peterson and Renau (1989) cannot be used in complex 

designs such as those in this chapter. To take into account this problem, the 

discussion of the analyses only focus on effects that are significant to p < 0.01 

level. This procedure may be conservative but should avoid excessive Type I 

errors. 
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To express the amount processed of leaves and propagules of R. stylosa, A. marina. 

and C. tagal, in dry weight, fresh wt/dry wt conversion formulas were derived for 

the leaves and propagules of each species. To calculate the formulas, fresh and dry 

weights (dried at 600  C for two days) for 20 leaves and 20 propagules of each 

species were measured. The corresponding regression equations for the 

relationship between fresh and dry weights were used as the conversion formulas. 

To calculate the weight of mangrove material processed by crabs based on 

measurements of the area processed, fresh weights of all items offered were 

measured before the experiments. After the experiments, area consumed was 

calculated from data recorded by overlaying a grid (on a plastic transparency) on 

top of the litter items and counting the total number of 5 mm x 5 mm squares that 

each leaf disc originally filled and the number of squares consumed. Percent area 

processed was converted into dry weight processed by multiplying percent area by 

the converted initial leaf dry weights. The formula used was: 

% Processed = - 
Si - Sj 

x 100 x 
Si 

where ST = total squares, S = squares processed, W1  = initial dry weight. 

Material processed based on weights was calculated by measuring fresh weights of 

litter items offered before the experiments, followed by measuring dry weights 
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after the experiment. Initial fresh weights were then converted to dry weights and 

the change in dry weights was calculated. 

9.2.6. Experiments 

A total of five feeding preference experiments were conducted. All three crabs, 

Sesarma semperi, Sesarma darwinensis, and Neosarmalium meinerti, were tested 

in each of the experiments. Mangrove leaf material offered in the different 

experiments are described below and listed in Table 9-1. 

Preferences of litter from three common mangrove species 

Experiment 1 - Dry season 

All three crab species were offered a choice of 9 types of leaves; 3 species (Ceriops 

tagal, Avicennia marina, and Rhizophora stylosa), and 3 conditions (fresh, 

senescent, and decayed). 

Experiment 2 - Wet season 

All crabs were offered a selection of 12 types of mangrove material; 3 species (C 

tagal, A. marina, and R. stylosa), 2 litter types (leaves and propagule pieces), and 3 

leaf conditions (fresh, senescent and decayed). 

Preferences of naturally available mangrove material 

Experiment 3— Dry season 

S. semperi was offered senescent and decayed leaves from C. tagal, the dominant 

species in tidal flat communities. S. darwinensis was offered senescent and decayed 
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A. marina and R. stylosa leaves, representative species of tidal bank communities. 

N. meinerti was offered senescent and decayed C. lagal and A. marina leaves, the 

representative species in mixed woodland and hinterland communities. 

Experiment 4 - Wet season 

S. .emperi was offered senescent and decayed C. lagal leaves and C. tagal 

propagules. S. darwinensis was offered propagules, and senescent and decayed 

leaves of A. marina and R. slylosa. N. meinerti was offered propagules and 

senescent and decayed leaves of C. tagal and A. marina. 

Effect of propagule dimension on propagule preference 

Experiment 5 

Crabs were offered a selection of 6 propagule food items: 3 species (C. tagal, A. 

marina, and R. slylosa), and 2 types. Types were whole propagules and propagule 

pieces (cut into similar sized pieces of approximately 3 cm x 0.5 cm to 1 cm x I 

cm, depending on species of propagule). 
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Table 9-1 Mangrove litter (species and conditions) offered in feeding preference experiments 1-5, and included in seasonal analyses. Experiments to 
identifi litter preferred from the most common mangrove species with all leaf conditions (fresh, senescent, and decayed leaves) were conducted in 
experiments I (dry season conditions) and 2 (wet season conditions). Experiments for identifying preferences for naturally available litter were 
conducted in experiments 3 (dry season condition) and 4 (wet season condition). Seasonal analyses compared experiments I and 2, and 3 and 4. Sd = 

S. darwinensis, Ss = S. semperi. Nm = N. ineinerli, Ct = C. lagal, Am = A. marina, Rs = R. slylosa, F = fresh, S = senescent, D = decayed, P = pieces, 
and W = whole. 

Preference on Comrrion Mangrove Preference on Naturally Available Effect of dimension on 
~ propaqule 

Seasonal Analyses 
Species Species preference 

EXPERIMENTS  

2   3  4  5  1&2   3 & 4  

Crab species Ss Sd Nm Ss Sd Nm Ss Sd Nm Sd Ss N rn Ss Sd NM Ss Sd Nm Ss Sd Nm 
Leaf Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct Ct 
species Am Am Arni Am Am Am Am Am Am Am Arni Am Am Am Am 

Ps Ps Ps Ps Ps Ps  Pa  Pa Ps Ps Pa  Ps  

Condition F F F F F F F F F 
S S S S S S S S 5 5 S S S S S S S S 
D D D I' D 0 0 0 D D D 0 D 0 0 U D 0 

Fropagule Ct Ct Ct Ct Ct Ct Ct Ct 
species Ann Am Ann Am Arn Arri Am Am 

Pa Ps Ps Pg Ps Ps Ps 
Propagule F' P P P F' P P P P 
type  VV VV VV  



9.2.7. Data Analysis 

Repeated Measures Analysis of Variance was used for analysing weights of mangrove litter 

processed because the data were not likely to be independent (Statistica for Windows 

(Volume I): Statistica II; SoftCom, Inc. © 1984-1994 ). Sesarma darwinensis and Sesarma 

semperi were grouped together for experiments 1 and 2 since gender and size class could be 

included in these analyses. Gender and size class could not be included for analyses of 

Neosarmatium meinerui because of the limited number of crabs. 

The factors for Sesarma species analysed in Experiment 1 (dry season) were: crab species 

(2 levels, fixed), gender (two levels, fixed), size class (2 levels, fixed), leaf species (3 levels, 

repeated measure), and leaf condition (3 levels, repeated measure). Analysis of N. meinerli 

in Experiment I included only leaf species and leaf condition. Analyses for Experiment 2 

(wet season) were the same as described for Experiment 1, except "leaf condition" was 

replaced by "litter type" (4 levels, repeated measure). Litter type included propagules as 

well as decayed, senescent, and fresh leaves. 

All crabs in Experiments 3 and 4 were analysed separately since the leaves of mangrove 

species offered to each crab species differed. The analysis of S. darwinensis in Experiment 

3 (dry season) included: gender (2 levels, fixed), size class (2 levels, fixed), leaf species (2 

levels, repeated measure), and leaf condition (2 levels, repeated measure). The analysis of 

S. semperi in Experiment 3 included gender (2 levels, fixed), size class (2 levels, fixed), and 

leaf condition (2 levels, repeated measure). The analyses of N. meinerli included: leaf 

species (2 levels, repeated measure) and leaf condition (2 levels, repeated measure). 
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Analyses for Experiment 4 had the same design as in Experiment 3, but "leaf condition" 

was replaced by "litter type" (3 levels, repeated measure), since propagules were included. 

Using data from leaf processing in Experiment 1-4, two additional analyses were included 

in order to test the effect of seasonal availability of mangrove litter on the processing of 

mangrove leaves (Table 9-1). The first analysis compared the leaves processed from all 

three species of leaves in the dry season to the wet season (Experiments 1 & 2). The second 

analysis compared processed leaves that are naturally available (on the sediment surface for 

crabs to consume) in the dry season to those leaves that are naturally available in the wet 

season (Experiments 3 & 4). Propagules were excluded from these analyses. 

Results from analyses of weights of processed litter derived from the areas processed are 

presented in tables and discussed in the main body of the results. Any differences between 

analyses of weights processed, based on weight-derived data and area-derived data, are 

mentioned in the results. 

9.3. Results 

9.3.1. Preferences on litter from three common mangrove species 

Experiment 1 - Dry season 

Analyses of leaf weight processed, based on leaf area data indicated that crab feeding 

behaviour was affected most by crab size, leaf species, and leaf condition (Table 9-2A). 
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Large Sesarma processed a greater amount of leaf material than small Sesarma (X = 

0.017 g/dry wt/12 hrs, SE = 0.002 and X = 0.008 g/dry wt/12 hrs, SE = 0.002 

respectively). There was an evident pattern of preference for R. slylosa (X = 0.0 19 g/dry 

wt/12 hrs, SE = 0.003) over A. marina (X = 0.009 g/dry wt/12 hrs, SE = 0.001) and C. 

tagal(X = 0.010 g/dry wt/12 hrs, SE = 0.002; Figure 9-1). Patterns in processing of 

different leaf conditions were even stronger than those for leaf species. Decayed leaves 

were selected over senescent and fresh leaves (X = 0.028 g/dry wt/12 hrs, SE = 0.004; 

X = 0.006 g/dry wt/12 hrs, SE = 0.002;X = 0.003 g/dry wt/12 hrs, SE = 0.001). 

There were significant interactions between leaf species and condition, and among crab 

species, size, leaf species and condition. These interactions were less important than the 

main effects and mostly caused by the effects of size and leaf species. For instance, large 

Sesarma, in particular processed more decayed R. stylosa than they did other decayed 

material, and processed more material than small crabs. 

Analyses based on leaf weight processed were consistent with those based on leaf area 

consumed, with the exception of results relating to gender but these were significant at p 

<0.05 (MS = 0.013, F = 5.90*). Male Sesarma processed more leaf material than females 

(X = 0.011 g/dry wt/12 hrs, SE = 0.001 and X = 0.009 g/dry wt/12 hrs, SE = 0.001 

respectively). 

N. meinerli did not display a pattern of preference for leaves of any particular species or 

condition, neither in the analysis based on data from leaf area processed nor from the data 

on weights processed (Table 9-213). 
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Table 9-2 Repeated measures analysis of variance on weights of leaves processed (calculated 
frorn areas of leaves processed) by (A) Sesarina and (B) N. nieinerli in Experiment 1. Included 
are the results from: (A) a five-factor Repeated Measures ANOVA, and (B) a two-factor 
Repeated Measures ANOVAs. ("= Greenhouse Geisser correction applied). 

(A) Repeated Measures ANOVA of litter processed by Sesarma 
Factor df MS df MS Error MS Error F " 
Crab Soecies 1 0.0018 32 0.0017 1.078 
Gender 1 0.0031 32 0.0017 1.869 
Size Class 1 0.0202 32 0.0017 12.173*** 
Leaf Species 2 0.0100 64 0.0013 7.464*** 
Leaf Condition1  1.26 0.0722 64 0.0023 31 .20*** 
Crab x Gender 1 0.0000 32 0.0017 0.002 
Crab xSize 1 0.0002 32 0.0017 0.113 
Gender xSize 1 0.0000 32 0.0017 0.022 
Crabx Leaf 2 0.0013 64 0.0013 0.964 
Genderx Leaf 2 0.0026 64 0.0013 1.934 
Sizex Leaf 2 0.0011 64 0.0013 0.855 
Crab xCond' 1.26 0.0010 64 0.0023 0.432' 
Gender xCond' 1.26 0.0002 64 0.0023 0.104" 
Size x Cond' 1.26 0.0076 64 0.0023 3.263" 
Leaf xCond 4 0.0041 128 0.0012 3.529** 
Crab x Gend x Size 1 0.0001 32 0.0017 0.080 
Crab x Gend x Leaf 2 0.0005 64 0.0013 0.336 
Crab x Size x Leaf 2 0.0005 64 0.0013 0.396 
Gend x Size x Leaf 2 0.0002 64 0.0013 0.127 
Crab x Gend x Cond 2 0.0002 64 0.0023 0.116 
Crab x Size xCond' 1.26 0.0025 164 0.0023 1.139" 
Gend x Size x Cond' 1.26 0.0009 128 0.0012 1.094" 
Crab x Leaf x Cond 4 0.0009 128 0.0012 0.734 
Gend x Leaf x Cond 4 0.0004 128 0.0012 0.318 
Size x Leaf x Cond 4 0.0036 128 0.0012 3.080* 
Crab x Gend x Size x Leaf 2 0.0002 64 0.0013 0.186 
Crab x Gend x Size x Cond 2 0.0001 64 0.0023 0.033 
Crab x Gend x Leaf x Cond 4 0.0004 128 0.0012 0.312 
Crab x Size x Leaf x Cond 4 0.0050 128 0.0012 4.307** 
Gend x Size x Leaf x Cond 4 0.0003 128 0.0012 0.239 
Crab x Gend x Size x Leaf x 4 0.0003 128 0.0012 0.281 

(B) Repeated Measures ANOVA of litter processed by N. meinerti 
Factor df MS df MS Error MS F 
Leaf Soecies 2 0.0015 10 0.0015 0.717 
Leaf Condition 2 0.0007 10 0.0008 3.104 
Leaf xCond - 4 0.0013 20 0.0013 1.128 
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Figure 9-1 Experiment I: Feeding preference of S. clarwinensis, S. seniperi, and N. ineinerti on 9 different leaf types; 3 species (A. marina, R. 
stylosa, and C. lagal) and 3 conditions (fresh, senescent, and decayed). Litter processed is represented as mean dry weight (g) of mangrove leaf 
material processed per individual per 12 hours (x ± I SE). Litter processed is based on calculations of leaf area processed. Leaf conditions are: F = 

fresh, S = senescent, D = decayed. 



Experiment 2 - Wet season 

Patterns in feeding preference were similar in the wet season conditions (when 

propagules are available) as they were during dry season conditions. The most 

important effects in Sesarma feeding preference were again litter species and litter 

type (Table 9-3 -A). Rhizophora slylosa continued to be selected over Avicennia 

marina and Ceriops iagal(X = 0.028 g/dry wt/12 hrs, SE = 0.008; X = 0.003 

g/dry wt/12 hrs. SE = 0.001; X = 0.002 g/dry wt/12 hrs, SE = 0.001). 

Decayed leaves (X = 0.034 g/dry wt/12 hrs, SE = 0.007) were preferred over 

senescent leaves (X = 0.006 g/dry wt/12 hrs, SE = 0.003), fresh leaves (X = 

0.001 g/dry wt/12 hrs, SE = 0.00), and propagules (X = 0.003 g/dry wt/12 hrs, SE 

= 0.002). Differences in crab size was less important, but still significant. Larger 

crabs processed more than smaller crabs (X = 0.014 g/dry wt/12 hrs. SE = 0.003 

and X = 0.009 g/dry wt/12 hrs, SE = 0.003). 

There was an important interaction between litter species and litter type, where 

processing of decayed R. slylosa leaves was significantly greater than the 

processing of any other combination of litter species and litter type (X= 0.094 

g/dry wt/12 hrs, SE = 0.005; all other combinations had a X < 0.0 18 g/dry wt/12 

hrs and SE < 0.007) (Figure 9-3). Less important interactions included 

combinations of crab species, gender, crab size, litter species, and litter type. For 

instance, processing of decayed R. slylosa leaves by large male crabs (X 0.194 

g/dry wt/12 hrs, SE = 0.051) and small female crabs (X= 0.137 g/dry wt/12 hrs, 

SE = 0.037) had significantly greater mean values than all other combinations of 

crab gender, size class, litter species, and litter type. The amount of decayed R. 

slylosa leaves processed by small males and large females were similar (X = 
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0.049 g/dry wt/12 hrs, SE = .037;X= 0.041 g/dry wt/12 hrs, SE = 0.037), and 

were followed in magnitude by consumption of senescent R.stylosa leaves (X = 

0.031 g/dry wt/12 hrs, SE = .014),A. marina propagules (X= 0.020 g/dry wt/12 

hrs, SE = 0.008), and decayed C. lagal leaves (X = 0.010 g/dry wt/12 hrs, SE = 

0.006) that were processed by large females. All other combinations had mean 

values of processed litter lower than 0.010 g/dry wt/12 hrs. 

Results from the analyses of litter processed based on weight only showed the 

difference in processing of mangrove litter species (MS = 0.75, F = 9.77***) and 

type (MS = 0.46, F = 6.85**), and a corresponding interaction between litter 

species and litter type (MS = 0.51, F = 6.83***) 
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Table 9-3 Repeated measures analysis of variance of weights of leaves processed 
(calculated from areas of leaves processed) by (A) Sesarma and (B) N. ineinerli in 
Experiment 2. Included are the results from a five-factor (A) and a two-factor (B) 
Repeated Measures ANOVA. (A 

= Greenhouse Geisser correction applied). 

A) Repeated Measures ANOVA of litter processed by Sesarma 
Factor df MS df MS Error MS Error F 
Crab Snecies 1 0.198 28 0.043 4.588* 
Gender 1 0.036 28 0.043 0.827 
Size Class 1 0.578 28 0.043 13.364** 
LitterSpecies 1.60 1.416 56 0.048 29.279\*** 
Litter Type 2.25 1.871 84 0.044 42.477\** 
Crab xGend 1 0.036 28 0.043 0.830 
Crab x Size 1 0.029 28 0.043 0.670 
Gend x Size 1 0.057 28 0.043 1.324 
Crab xSpec 1.60 0.156 56 0.048 3.219' 
Gend x Spec 1.60 0.055 56 0.048 1 •1450A 

Size xSpec 1.60 0.163 56 0.048 3• 378A 

Crab xType 2.25 0.021 84 0.044 0.468' 
Gend xType 2.25 0.049 84 0.044 1.120' 
Size xType 2.25 0.114 84 0.044 2.584' 

Spec xType 6 1.004 168 0.052 19.178*** 

Crab x Gend x Size 1 0.026 28 0.043 0.599 

Crab x Gend x Spec 1.60 0.041 56 0.048 0.852" 

Crab x Size x Spec 1.60 0.016 56 0.048 0.322' 
Gend x Size x Spec 1.60 0.230 56 0.048 4.747" 
Crab x Gend x Type 2.25 0.148 84 0.044 3.369\* 
Crab x Size x Type 2.25 0.172 84 0.044 3.894\* 
Gend x Size x Type 2.25 0.192 84 0.044 4.356\* 

Crab x Spec x Type 6 0.071 168 0.052 1.350 
Gend x Spec x Type 6 0.025 168 0.052 0.470 
Size x Spec x Type 6 0.096 168 0.052 1.842 
Crab x Gend x Size x Spec 1.60 0.025 56 0.048 0.512' 
Crab x Gend x Size x Type 2.25 0.011 84 0.044 0.257' 
Crab x Gend x Spec xType 6 0.063 168 0.052 1.198 
Crab x Size x Spec x Type 6 0.072 168 0.052 1.374 
Gend x Size x Spec x Type 6 0.166 168 0.052 3.170** 
Crab x Gend x Size x Spec x 6 0.019 168 0.052 0.355 

Repeated Measures ANOVA of litter orocessed by N. meinerti 
Factor df MS Df MS Error MS Error F 
Litter Soecies 2 0.729 10 0.1214 6.012* 
Litter Type 3 0.900 15 0.0459 19.624*** 
SpeciesxType 6 0.230 30 0.1119 2.059 
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N. meinerti showed a preference for decayed leaves (X = 0.035 g/dry wt/12 hrs, 

SE = 0.008) over senescent leaves, fresh leaves, and propagules (X = 0.007 g/dry 

wt/12 hrs, SE = 0.003; X = 0.001 g/dry wt/12 hrs, SE = 0.001;X = 0.001 g/dry 

wt/12 hrs, SE = 0.00; Figure 9-2). Analyses based on measurements of weight 

processed by N. meinerli indicated that there were no significant patterns in 

feeding preference data. 
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Figure 9-2 Experiment 2: Feeding preference of S. darwinensis. S. seniperi, and N ineinerli crabs on 12 different mangrove litter types: 3 species (A. 
marina, R. slylosa, and C. lagal), 3 conditions of leaves (fresh, senescent, and decayed), and propagules of all species included. Litter processed is 
represented as mean dry weight (g) of mangrove leaf material processed per individual per 12 hours ( X ± SE). Litter processed is based on 
calculations of leaf area processed. Litter types are: P = propagules F = fresh leaves, S = senescent leaves, D = decayed leaves. 



9.3.2. Preferences on naturally accessible mangrove material 

Experiment 3 - Dry season 

There were no effects on the feeding preference of Sesarma semperi that were significant to 

the p < 0.01 level (Table 94A, Figure 9-3). Sesarma darwinensis, however, preferred 

Rhizophora slylosa leaves overAvicennia marina (X = 0.035 g/dry wt/12 hrs, SE = 0.004 and 

X = 0.007 g/dry wt/12 hrs, SE = 0.002 respectively), but no preference for either senescent or 

decayed leaves was apparent (Table 9-413; Figure 9-3). 

Results based on measurements of mangrove leaf weights were similar with respect to S. 

semperi, where there was no significant pattern in preference for any particular leaf condition. 

Results based on measurements of mangrove leaf weights for S. darwinensis were also similar 

but included an interaction between gender and size (MS = 1.79, F = 24.46***). 

Analyses of Neosarmalium meinerti feeding behavior indicated that there were no significant 

patterns in selection of mangrove leaf species or leaf condition (Table 9-4C; Figure 9-3). 
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Table 9-4 Repeated measures analysis of variance on (A) S. semperi and (B) S. darwinensis, and (C) 
N. meinerti weights of leaves processed (calculated from areas of leaves processed) in Experiment 3. 
Analyses include a 3-factor (A), a 4-factor (B), and a 2-Factor (C) Repeated Measures ANOVA. 

Repeated Measures ANOVA of litter processed by S. semperi 
Factor df MS df MS Error MS Error F 
Gender 1 0.008 16 0.009 0.968 
Size Class 1 0.029 16 0.009 3.200 
Leaf Condition 1 0.083 16 0.008 10.248* 
Gend x Size 1 0.121 16 0.009 13.362* 
Gend x Cond 1 0.003 16 0.008 0.376 
Size x Cond 1 0.029 16 0.008 3.604 
Gend x Size x Cond 1 0.015 16 0.008 1.783 

Repeated Measures ANOVA of litter processed by S. darwinensis 
Factor df MS df MS Error MS Error F 
Gender 1 0.088 16 0.069 1.264 
Size Class 1 0.014 16 0.069 0.203 
Leaf Species 1 0.203 16 0.098 32.391*** 
Leaf Condition 1 0.253 16 0.096 2.625 
Gend x Size 1 0.007 16 0.069 2.625 
Gend x Species 1 0.001 16 0.098 0.094 
Size x Species 1 0.057 16 0.098 0.653 
Gend x Cond 1 0.000 16 0.096 0.012 
Size xCond 1 0.314 16 0.096 2.839 
Species x Cond 1 0.064 16 0.082 0.048 
Gend x Size x Species 1 0.118 16 0.098 1.954 
Gend x Size x Cond 1 0.008 16 0.096 0.561 
Gend x Species x Cond 1 0.094 16 0.082 0.509 
Size x Species x Cond 1 0.057 16 0.082 0.536 
Gend x Size x Species x Cond 1 0.029 16 0.082 0.708 

Repeated Measures ANOVA of litter processed by N. meinerti 
Factor df MS df MS Error MS Error F 
Leaf SDecies 1 0.005 5 0.003 1.796 
Condition 1 0.000 5 0.004 0.071 
Leaf x Cond 1 0.010 5 0.005 2.044 
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Figure 9-3 Experiment 3: Feeding preference of S. darwinensis and S. seinperi and, N. meinerli crabs on leaf types (1 or 2 species of leaf and 2 leaf 
conditions) that are most commonly found on the floor of assemblages where each crab species occurs in greatest abundance. Litter processed is 
represented as mean dry weight (g) of mangrove leaf material processed per individual per 12 hours (T ± SE). Litter processed is based on 
calculations of leaf area processed. Leaf conditions are: S = senescent, D = decayed. 



Experiment 4 - Wet season 

The availability of propagules in wet season conditions did not change Sesarma 

semperi 's preference for senescent Ceriops tagal leaves over other C. lagal litter 

(Table 9-5A, Figure 9-4). In Experiment 4, litter processed was greatest for 

senescent leaves, followed by decayed leaves, and then and propagules (X = 0.060 

g/dry wt/12 hrs, SE = 0.018;X= .029 g/dry wt/12 hrs, SE = 0.010;X = 0.00 g/dry 

wt/12 hrs, SE = 0.00). Preference for senescent leaves over other litter types was 

also evident in analyses based on weight processed (MS = 0.83, F = 12.63***) 

There were no effects on the feeding preference of Sesarma darwinensis that were 

significant to the p  <0.01 level (Table 9-513, Figure 9-4). Analysis based on 

weight processed showed no preference at all. 

Neosarniatium meinerti feeding preference was influenced by litter species as well 

as litter type during wet season conditions (Table 9-5C; Figure 9-4). Patterns for 

selection of Avicennici marina over C. Iagal(X= 0.033 g/dry wt/12 hrs, SE = 

0.009; X = 0.001 g/dry wt/12 hrs, SE = 0.001 respectively) were stronger than 

patterns of preference for decayed leaves over propagules (decayed leaves: X = 

0.034 g/dry wt/12 hrs, SE = 0.008; senescent leaves:X = 0.017 g/dry wt/12 hrs, 

SE = 0.008; and propagules: X= 0.004 g/dry wt/12 hrs, SE = 0.002). 
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Table 9-5 Repeated measures analysis of variance on (A) S. seinperi, (B) S. darwinensis, 
and (C) N. nleinerli weights of leaves processed (calculated from areas of leaves 
processed) in Experiment 4 A three-factor (A), a four-factor (B) and a two-factor 
Repeated Measures ANOVA. 

(A) Repeated Measures ANOVA of litter processed by S. semperi 
Factor df MS df MS Error MS Error F 
Gender 1 0.573 13 0.1702 3.368 

Size Class 1 0.034 13 0.1702 0.204 

Litter Type 2 1.452 26 0.1051 13.813*** 
Gend xSize 1 0.028 13 0.1702 0.161 
Gend xType 2 0.325 26 0.1051 3.094 
Class x Size 2 0.037 26 0.1051 0.350 
Gend x Class x Size 2 0.008 26 0.1051 0.078 

(B) Repeated Measures ANOVA of litter processed by S. darwinensis 
Factor df MS df MS Error MS Error F 
Gender 1 0.077 15 0.087 0.883 
Size Class 1 0.084 15 0.087 0.960 
Litter Species 1 0.124 15 0.052 2.366 
Litter Type 2 0.351 30 0.074 3.183* 
Gend x Size 1 0.005 15 0.087 0.061 
Gend x Spec 1 0.087 15 0.052 1.655 
Size xSpec 1 0.102 15 0.052 1.940 
Gend xType 2 0.027 30 0.074 0.361 
Size xType 2 0.044 30 0.074 0.595 
SpecxType 2 0.163 30 0.081 2.013 
Gend x Size x Spec 1 0.163 15 0.052 2.013 

Gender x Size x Type 2 0.043 30 0.074 0.587 

Gend x Spec x Type 2 0.089 30 0.081 1.106 
Size x Spec x Type 2 0.015 30 0.081 0.182 
Gend x Size x Soec x 2 0.048 30 0.081 0.592 

(c)_Repeated Measures ANOVA of litter processed by N. meinerti 
Factor df MS df MS Error MS Error F 
Litter Soecies 1 1.7660 5 0.0566 31.219** 

Litter Type 2 0.4335 10 0.0500 8.664** 
Species x Type 2 0.2395 10 0.0374 6.398* 
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Figure 9-4 Experiment 4: Feeding preference of S. durwinensis, S. seinperi, and N. ineinerli crabs on 3 to 6 different mangrove 
litter types: 3 species (A. marina, R. slylosa, and C. tagal), 2 conditions of leaves (senescent and decayed), and propagules of all 
species included. Litter processed is represented as mean dry weight (g) of mangrove leaf material processed per individual per 12 
hours ( ± I SE). Litter processed is based on calculations of leaf area consumed. Litter types are: P = propagules, S = senescent 
leaves, D = decayed leaves. 



9.3.3. Effect of propagule dimension on feeding preference 

Propagule dimension (whole propagules vs. propagule pieces) did not have an 

influence on propagules selected by Sesarma crabs (Table 9-6). A pattern of 

preference for Avicennia marina was evident. A. marina was the only species 

processed (X= 0.008 g/dry wt/12 hrs, SE = 0.002; Figure 9-5). Results based on 

weight of mangrove material processed indicated that there were no significant 

effects influencing crab feeding preference. Neosarmatium meinerti did not process 

any mangrove material whatsoever during the Experiment 5. 

235 



FEEDING PREFERENCES 

Table 9-6 Repeated measures analysis of variance on weights of leaves processed (calculated 
from areas of leaves processed) by Sesarma in Experiment 5. Included are the results from a 
live-factor Repeated Measures ANOVA. (A=  Greenhouse Geisser correction applied). 

Factor df MS df MS Error MS Error F 
Crab Snecies 1 0.006 28 0.028 0.219 
Gender 1 0.004 28 0.028 0.126 
Size Class 1 0.015 28 0.028 0.524 
Propaqule Species 1 0.267 56 0.028 9570A** 
Dimension 1 0.003 28 0.026 0.105 
Crab x Gend 1 0.005 28 0.028 0.197 
Crab x Size 1 0.000 28 0.028 0.007 
Gender xSize 1 0.004 28 0.028 0.141 
Crab x Prop 1 0.006 56 0.028 0.219' 
Gend x Prop 1 0.004 56 0.028 0.126 
Sizex Prop 1 0.015 56 0.028 0.524' 
Crab x Dimen 1 0.034 28 0.026 1.317 
Gend x Dimen 1 0.099 28 0.026 3.771 
Size x Dimen 1 0.002 28 0.026 0.092 
Prop x Dimen 2 0.003 56 0.026 0.105 
Crab x Gend x Size 1 0.022 28 0.028 0.797 
Crab x Gend x Prop 1 0.005 56 0.028 0.197 
Crab x Size x Prop 1 0.000 56 0.028 0.007 
Gend x Size x Prop 1 0.004 56 0.028 0.141A 
Crab x Gender x Dimen 1 0.015 28 0.026 0.588 
Crab x Size x Dimen 1 0.068 28 0.026 2.593 
Gend x Size x Dimen 1 0.007 28 0.026 0.253 
Crab x Prop x Dimen 2 0.034 56 0.026 1.317 
Gender x Prop x Dimen 2 0.099 56 0.026 3.771* 
Size x Prop x Dimen 2 0.002 56 0.026 0.092 
Crab x Gend x Size x Prop 1 0.022 56 0.028 0.500 
Crab x Gend x Size x Dimen 1 0.036 28 0.026 1.360 
Crab x Gend x Prop x Dimen 2 0.015 56 0.026 0.588 
Crab x Size x Prop x Dimen 2 0.068 56 0.026 2.593 
Gend x Size x Prop x Dimen 2 0.007 56 0.026 0.253 
Crab x Gend x Size x Prop x Dimen 2 0.036 56 0.026 1.360 

236 



oo S. semperi 000f S. darwinensis 42) 
oo4 oo 

-- 
o 
a. . 

0 C) 
C) 

P W P W P W 
A. marina R. sty/osa C. tagal 

PROPAGULE TYPE 

P W P W P W 
A. marina R. sty/osa C. (a gal 

PROPAGULE TYPE 

Figure 9-5 Experiment 5: Feeding preference of S. darwinensis and S. semperi crabs on propagule dimension (3 species of propagules and 2 
dimensions). Litter processed is represented as mean dry weight (g) of mangrove leaf material processed per individual per 12 hours consumed ( ± 
I SE). Litter processed is based on calculations of leaf area. Dimensions are: P = pieces, W = whole. 



9.3.4. Effect of season on selection of mangrove leaves 

Preferences on litter from three common mangrove species 

Season did not have affect Sesarma feeding preference when all common 

mangrove litter was offered (Table 9-7A). Similar patterns of feeding behavior 

and preferences were evident in this grouped analysis of Experiments I and 3 as 

it was in the separate analyses of Experiments 1 and 3 in previous sections. The 

most important again were the effects of leaf species and leaf condition. 

Rhizophora stylosa leaves were preferred over Avicennia marina and Ceriops 

tagal(X =O.03 g/dry wt/l2hrs, SE.004; X =0.01 g/dry wt/l2hrs, SE= 

001; X = 0.01 g/dry wt/12 hrs, SE = .001), and decayed leaves were 

processed more than senescent or fresh leaves (X = 0.03 g/dry wt/12 hrs, SE = 

0.004; X = 0.01 g/dry wt/12 hrs, SE = 0.002; X = 0.002 g/dry wt/12 hrs, SE 

= 0.001). 

The most important interaction was between species and condition, where 

decayed R. stylosa leaves were preferred over all other combinations (decayed 

R.stylosaX = 0.07 g/dry wt/12 hrs. SE = 0.0 10; all other combinations X 

0.01 g/dry wt/12 hrs, SE = 0.004). Also, an interaction between season and size 

was evident indicating that big crabs processed more in the dry season than 

small crabs did, but small crabs consumed more in the wet season than big 

crabs did. Less important interactions were evident when combinations of 

season, crab species, gender, crab size, leaf species, and leaf condition were 

included. Only the interactions with season will be mentioned here. The 

interaction among season, crab species, and leaf species indicated that the 
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difference in the amount of R. slylosa processed between wet season and dry 

season conditions was greater for Sesarma darwinensis than for Sesarma 

semperi. The interaction among season, crab size, and condition, indicated that 

the difference in amount of decayed leaves processed between the wet season 

and dry season conditions was greater for small crabs than for large crabs. 

Analyses based on processed litter weight did not show crab species as a 

significant effect, but did show the other important effects of leaf species and 

leaf condition (leaf species: MS = 0.73, F = 29.98***;  leaf condition: MS = 

0.68, F = 25.65***) 

There were no effects on the feeding preference of Neosarmatium meinerli that 

were significant to the p  <0.01 level (Table 9-7-13). Analyses of processed 

litter based on weights, showed a significant interaction between season and 

species (MS = 0.34, F = 16.19***), where R. slylosa leaves were selected over 

other species during the wet season (R. slylosa: X = 0.061 g/dry wt/12 hrs, SE 

= 0.012: other species: X < 0.015 g/dry w1/12 hrs, SE = .006), but not during 

the dry season (X = 0.007 g/dry wt/12 hrs; SE = 0.012). 
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Table 9-7 Repeated measures analysis of variance of weights of leaves processed 
(calculated from areas of leaves processed) by (A) Sesarina and (B) N. meinerti feeding in 
Experiments 2 & 3 Seasons. Included are the results from (A) a six-factor and (B) a 
three-factor Repeated Measures ANOVA. (= Greenhouse Geisser correction applied). 

(A) Repeated Measures ANOVA of litter processed by Sesarma 
Factor df MS df MS Error MS Error F 
Season 1 0.018 60 0.010 1.792 
Crab Species 1 0.055 60 0.010 5.623* 
Gender 1 0.031 60 0.010 3.113 
Size 1 0.009 60 0.010 0.890 
Leaf Species 1.31 0.337 120 0.009 36.008A*** 
Leaf Condition 1.46 0.826 120 0.010 86.124*** 
Season x Crab 1 0.004 60 0.010 0.400 
Season x Gend 1 0.006 60 0.010 0.634 
Crab xGend 1 0.013 60 0.010 1.356 
Season x Size 1 0.152 60 0.010 15.472*** 
Crab x Size 1 0.002 60 0.010 0.248 
Gend xSize 1 0.016 60 0.010 1.656 
Season xSpec 1.31 0.022 120 0.009 2.333 
Crab xSpec 1.31 0.002 120 0.009 0.225 
Gend x Spec 1.31 0.032 120 0.009 3.427* 
Size xSpec 1.31 0.004 120 0.009 0.480' 
Season x Cond 1.46 0.005 120 0.010 0.507 
Crab xCond 1.46 0.001 120 0.010 0.139' 
Gend xCond 1.46 0.049 120 0.010 5.065** 
Size xCond 1.46 0.002 120 0.010 0.171 
Species x Cond 4 0.140 240 0.009 16.205*** 
Season x Crab x Gend 1 0.019 60 0.010 1.895 
Season x Crab x Size 1 0.004 60 0.010 0.428 
Season x Gend x Size 1 0.001 60 0.010 0.141 
Crab x Gend x Size 1 0.008 60 0.010 0.789 
Season x Crab x Spec 1.31 0.021 120 0.009 2.199 
Season x Gend x Spec 1.31 0.013 120 0.009 1 .408 
Crab x Gend x Spec 1.31 0.023 120 0.009 2.486 
Season x Spec x Spec 1.31 0.054 120 0.009 5.770** 
Crab x Size x Spec 1.31 0.020 120 0.009 2.102 
Gend x Size x Spec 1.31 0.000 120 0.009 0.014 
Season x Crab x Cond 1.46 0.007 120 0.010 0.709' 
Season x Gender x Cond 1.46 0.000 120 0.010 0.003' 
Crab x Gender x Cond 1.46 0.036 120 0.010 3.708\* 
Season x Size x Cond 1.46 0.072 120 0.010 7.462*** 
Crab x Size x Cond 1.46 0.005 120 0.010 0.488' 
Gend x Size x Cond 1.46 0.024 120 0.010 2.532' 
Season x Spec x Cond 4 0.010 240 0.009 1.181 
Crab x Spec x Cond 4 0.045 240 0.009 5.258*** 
Gend x Spec x Cond 4 0.023 240 0.009 2.647* 
Size x Spec x Cond 4 0.012 240 0.009 1.349 
Season x Crab x Gend x Size 1 0.029 60 0.010 2.937 
Season x Crab x Gend x Spec 1.31 0.000 120 0.009 0.001 
Season x Crab x Size x Spec 1.31 0.003 120 0.009 0.282' 
Season x Gender x Size x Spec 1.31 0.022 120 0.009 2.396' 
Crab x Gend x Size x Spec 1.31 0.010 120 0.009 1.054' 
Season x Crab x Gend x Cond 1.46 0.000 120 0.010 0.045' 
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Table 9-11 continued 
Season x Crab x Size x Cond 1.46 0.031 120 0.010 3.190A* 
Season x Gend x Size x Cond 1.46 0.021 120 0.010 2.178 
Crab x Gend x Size x Cond 1.46 0.006 120 0.010 0595A 

Season x Crab x Spec x Cond 4 0.005 240 0.009 0.590 
Season x Gend x Spec x Cond 4 0.004 240 0.009 0.415 
Crab x Gend x Spec x Cond 4 0.047 240 0.009 5.450*** 
Season x Size x Spec x Cond 4 0.053 240 0.009 6.180*** 
Crab x Size x Spec x Cond 4 0.015 240 0.009 1.698 
Gend x Size x Spec x Cond 4 0.002 240 0.009 0.282 
Season x Crab x Gend x Size x Spec 1.31 0.046 120 0.009 4.940\** 
Season x Crab x Gend x Size x Cond 1.46 0.038 120 0.010 4.004 
Season x Crab x Gend x Spec x Cond 4 0.002 240 0.009 0.238 
Season x Crab x Size x Spec xCond 4 0.001 240 0.009 0.113 
Season x Gend x Size x Spec x Cond 4 0.035 240 0.009 4.107** 
Crab x Gend x Size x Spec x Cond 4 0.001 240 0.009 0.156 
Season x Crab x Gend x Size x Soec x Cond 4 0.043 240 0.009 4975** 

Repeated Measures ANOVA of litter nrocessed by N. meinerti 
Factor df MS df MS Error MS Error F 
Season 1 0.032 9 0.009 3.819 
Leaf Species 1.25 0.076 18 0.209 3.629 
Leaf Condition 2 0.075 18 0.018 4.150* 
Season x Species 2 0.013 18 0.015 0.877 
Season x Condition 2 0.102 18 0.018 5.667* 
Species x Condition 4 0.025 36 0.023 1.074 
Season x Soecies x Condition 4 0.066 36 0.023 2.842* 

Preferences on naturally accessible mangrove material 

Sesarma semperi feeding preference from a choice of naturally accessible food 

items was not affected by season (Table 9-8A). Similar patterns in feeding 

behavior to those in Experiments 2 and 4 were evident, where senescent leaves 

were preferred over decayed leaves ( X = 0.06 g/dry wt/12 hrs, SE = 0.009; 

andX = 0.03 g/dry wt/12 hrs, SE = 0.005). 

Season did affect Sesarma darwinensis feeding behavior (Table 9-8-13). More 

material was processed during the dry season than during the wet season (X = 
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0.02 g/dry wt/12 hrs, SE = 0.003; and X = 0.01 g/dry wt/12 hrs, SE = 0.003 

respectively). Mangrove litter species and condition were both important 

effects. Rhizophora slylosa (X = 0.02 g/dry wt/12 hrs, SE = 0.002) was 

preferred overAvicennia marina (X = 0.01 g/dry wt/12 hrs, SE = 0.003), and 

decayed leaves over senescent (X = 0.02 g/dry wt/12 hrs, SE = 0.003 and X 

= 0.01 g/dry wt/12 hrs, SE = 0.002 respectively). There was an important 

interaction between season and leaf species. In dry season conditions, more R. 

stylosa was processed than in wet season conditions (R. stylosa in dry: X = 

0.04 g/dry wt/12 hrs, SE = 0.003; A. marina in dry: X = 0.007 g/dry wt/12 hrs, 

SE = 0.004; R. stylosa in wet: X = 0.01 g/dry wt/12 hrs, SE = 0.004; A. marina 

in wet: X =0.01 g/dry wt/12 hrs, SE = 0.004). 

Analyses based on litter weight processed by S. semperi showed no significant 

effects at p  <0.01. Analyses of litter processed by S. darwinensis did not show 

any significant effects at all. 

N. meinerti preference was affected by species, but not by condition of the 

leaves (Table 9-8C). More A. marina was processed than C. tagal (X = 0.03 

g/dry wt/12 hrs, SE = 0.004;X = 0.01 g/dry wt/12 hrs, SE = 0.002). There was 

an important interaction between season and species. More A. marina was 

processed during wet season conditions than in dry season conditions. and than 

any other leaf species in the wet and dry season conditions (A. marina in wet: 

X = 0.05 g/dry wt/12 hrs, SE = 0.006; C lagal in wet: X = 0.002 g/dry wt/12 

hrs, SE = 0.003; A. marina in dry: X = 0.01 g/dry wt/12 hrs, SE = 0.006; C. 
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tagal in dry: X = 0.01 g/dry wt/12 hrs, SE = 0.003). Analyses based on litter 

weight did not identify season and species as significant effects, but did find the 

season by species interactions significant (MS = 0.12 and F = 18.74**) 

Table 9-8 Repeated measures analysis of variance on weights of leaves processed 
(calculated from areas of leaves processed) by (A) S. semperi,  (B) S. darwinensis, and (C) 
N. Ineinerli in Experiment 2 &3; Seasons. Included are the results from (A) a four-factor, 
(B) a five-factor, and (C) a three-factor Repeated Measures ANOVA. 

(A) Repeated Measures ANOVA for litter processed by S. semperi 
Factor df MS df MS Error MS Error F 
Season 1 0.0004 29 0.017 0.021 
Gender 1 0.1093 29 0.017 6.560* 
Size Class 1 0.0049 29 0.017 0.297 
Leaf Condition 1 0.1135 29 0.012 10.420** 
Season xGend 1 0.0435 29 0.017 2.612 
Season xSize 1 0.0229 29 0.017 1.377 
Gend x Size 1 0.0395 29 0.017 2.371 
Season xCond 1 0.0015 29 0.012 0.134 
Gend x Cond 1 0.0145 29 0.012 1.330 
Size x Cond 1 0.0379 29 0.012 3.482 
Season x Gend x Size 1 0.0647 29 0.017 3.885 
Season x Gend x Cond 1 0.0369 29 0.012 3.391 
Season x Size x Cond 1 0.0008 29 0.012 0.070 
Gend x Size x Cond 1 0.0095 29 0.012 0.868 
Season x Gend x Size x Cond 1 0.0035 29 0.012 0.322 
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Repeated Measures ANOVA for litter processed by S. darwinensis 
Factor df MS df MS Error MS Error F 
Season 1 0.0564 31 0.006 9.144** 
Gender 1 0.0008 31 0.006 0.132 
Size Class 1 0.0021 31 0.006 0.340 
Leaf Species 1 0.0752 31 0.005 14.349*** 
Leaf Condition 1 0.0362 31 0.005 7.618** 
Season x Gend 1 0.0065 31 0.006 1.049 
Season xSize 1 0.0149 31 0.006 2.411 
Gend x Size 1 0.0007 31 0.006 0.108 
Season x Spec 1 0.1067 31 0.005 20.347*** 
Gend x Spec 1 0.0036 31 0.005 0.695 
Size x Spec 1 0.0126 31 0.005 2.399 
Season x Cond 1 0.0024 31 0.005 0.496 
Gend x Cond 1 0.0016 31 0.005 0.331 
Size x Cond 1 0.0141 31 0.005 2.961 
Spec xCond 1 0.0018 31 0.005 0.327 
Season x Gend x Size 1 0.0005 31 0.006 0.084 
Season x Gend x Spec 1 0.0087 31 0.005 1.660 
Season x Size x Spec 1 0.0006 31 0.005 0.124 
Gend x Size x Spec 1 0.0084 31 0.005 1.602 
Season x Gend x Cond 1 0.0008 31 0.005 0.163 
Season x Size x Cond 1 0.0038 31 0.005 0.797 
Gend x Size x Cond 1 0.0000 31 0.005 0.003 
Season x Spec x Cond 1 0.0003 31 0.005 0.062 
Gend x Spec x Cond 1 0.0035 31 0.005 0.644 
Size x Spec x Cond 1 0.0000 31 0.005 0.003 
Season x Gend x Size x Spec 1 0.0034 31 0.005 0.649 
Season x Gend x Size x Cond 1 0.0070 31 0.005 1.468 
Season x Gend x Species x Cond 1 0.0003 31 0.005 0.062 
Season x Size x Spec x Cond 1 0.0056 31 0.005 1.043 
Gend x Size x Spec x Cond 1 0.0112 31 0.005 2.073 
Season x Gend x Size x Spec x 1 0.0002 31 0.005 0.040 

Repeated Measures ANOVA for litter processed by N. meinerti 
Factor df MS df MS Error MS Error F 
Season 1 0.025 10 0.003 7.875* 
Leaf Species 1 0.045 10 0.003 14.787** 
Condition 1 0.006 10 0.004 1.632 
Season x Species 1 0.093 10 0.003 32.199*** 
Season x Condition 1 0.010 10 0.004 2.708 
Species x Condition 1 0.000 10 0.004 0.018 
Season x Species x Condition 1 0.022 10 0.004 5.041* 
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9.4. Discussion 

The most important effect on feeding preferences of crabs was leaf condition. In 

almost every experiment Sesarma darwinensis, Sesarma semperi, and 

Neosarmatium meinerli selected decayed and senescent leaves over fresh leaves, 

and typically preferred decayed leaves over senescent. 

Crab feeding preference for leaves of different mangrove species were similar 

throughout the experiments in this study. All three crabs studied almost 

always selected Rhizophora stylosa leaves over Avicennia marina and 

Ceriops lagal leaves. In experiments including only naturally available litter, 

S. darwinensis continued to select R. stylosa over A. marina leaves, but N. 

meinerli displayed no preference for either A. marina or C. tagal leaves. In 

experiments that included propagules as well as leaves, leaves were selected 

over propagules. In the experiment including propagules, however, S. 

darwinensis did not show the usual preference for R. stylosa over C. tagal 

leaves. N. meinerti processed more A. marina than C. lagal leaves when 

propagules were available. 

Crab size was an important factor influencing feeding behavior. Large 

Sesarma crabs (carapace width greater than 1.3 cm) often processed more 

than small crabs (smaller than 1.3 cm). In one case processing depended upon 

size, where large female crabs processed more than large male crabs, and than 

small male and female crabs. There were no differences in litter processing 
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between S. semperi and S. darwinensis nor between males and females of 

these two species (at p < 0.01). 

Seasonal conditions affected feeding preference for mangrove leaves in 

experiments with only naturally available litter species and leaf conditions 

offered. In this case, S. darwinensis processed more leaf material during the 

dry season when there were no propagules available, and processed more R. 

stylosa than the other option of A. marina. In contrast, N. meinerti processed 

more during wet season conditions when propagules were offered, and 

processed more A. marina than C. tagal. 

In comparing the two measurements (weight and area) for estimating amounts 

of mangrove litter processed by crabs, results were fairly consistent in 

detecting strong patterns in feeding preferences. Inconsistencies appeared 

mostly in less important effects. Overall, there were more significant effects 

detected from statistical analyses based on measurements of area consumed. 

This may be a more accurate method for measuring litter processed because 

of the natural variability in leaf weights, and since it removes artifacts 

introduced from the effects of leaching. 

Since the experiment to test the effect of dimension showed no effect, crab 

feeding preferences in this study were not influenced by propagules of 

different dimensions. Results from experiments that used propagule pieces 

were reliable. Slight differences in dimensions of different species of 

propagule pieces did not significantly bias crabs in their selection of food 
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items. It is also important to note that, although smaller food items might be 

easier to handle or larger items offer more material, dimension and size did 

not influence crabs in their selection of mangrove propagules. 

Results from crab feeding behaviour experiments of sesarmids in Darwin 

Harbour were similar in many ways to findings of this nature from other 

researchers elsewhere. A study conducted by Camilleri (1989) studied the 

feeding behavior of Sesarma cry! hrodaclyla and found that these crabs 

preferred aged leaves to freshly fallen leaves. Micheli (1993) confirmed these 

results with Sesarma messa in Queensland, where decayed leaves were 

preferred over senescent leaves. In Mida Ck, Kenya, Neosarmatium smiihii 

showed a preference for old or decaying leaves over young leaves (Micheli 

1991). 

The only study to deviate from findings in this chapter was a study by Smith 

(1998) on Northern Territory Sesarma feeding behavior. Although he 

observed a preference for decayed leaves from R. slylosa and C. tagal, he also 

observed that fresh A. marina and Bruguieraparviflora leaves were selected 

over senescent and decayed leaves. Smith's findings do not appear to be 

consistent with findings here and in most other studies. 

Studies on tannin content of mangrove leaves have concluded that decaying 

leaves have a lower concentration of tannins than fresh leaves and may be 

more easily digested (Giddins et al. 1986,   Neilson et al. 1986). These studies 

suggest that the higher tannin content in fresh leaves probably deters crabs. 
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Micheli (1993), however, tested the relationship of leaf characteristics with 

feeding preferences of S. smiihii and S. messa, and found that there were no 

significant correlations. Tannin content was among many of the 

characteristics in Micheli's study. The relationship of tannin content to 

feeding preference was only tested, however, for senescent leaves (of R. 

stylosa, C. lagal, B. exarisiala, and A. marina), which had a tannin range of 

6.76% to 17.43%. Robertson (1988) analysed chemical properties of 

mangrove leaves during decomposition, and found that tannin was lost 

rapidly from R..lylosa, C. tagal, and A. marina, even after only 14 days of 

decomposition. In two out of three cases, Robertson's mean tannin values for 

aged leaves were lower than 6.76%. Tannin concentration in senescent leaves 

may not be low enough to attract crabs as much as decayed leaves do. 

Crab feeding preferences for mangrove leaves of different species were less 

consistent in other studies than in the present study. Smith (1998) found that 

Sesarma preferred Sonneratia a/ha in one experiment, A. marina in a second 

experiment, and R. stylosa in a third experiment. Conversely, results from 

Micheli's study were similar to findings presented here in that Sesarma 

smiihii preferred R. stylosa to A. marina, B. exaristala, and C. tagal (Micheli 

1993). Micheli's results for S. nwssa, however, showed no significant 

preference out of the four leaf species tested. Camilleri's (1989) study on 

Sesarma erythrodactyla crabs indicated that R. stylosa was last in preference 

out of three leaf species. In the study by Camilleri (1989), A. marina was 

selected over B. exarislata, followed by R. stylosa.  
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R. slylosa leaves have lower nitrogen concentrations and higher percentage of 

tannin than C. lagal and A. marina (Robertson 1988). Preferences for R. 

slylosa leaves are, therefore, difficult to explain. Preferences for A. marina, 

on the other hand, may be easily explained by the particularly low tannin 

levels characteristic of this species (Camilleri 1989). Although A. marina 

leaves contain iridoid glycosides which are a defense against generalist 

insects (Bowers 1992, Bousquet-Melou & Fouvel 1998), possibly these 

compounds are broken down as the leaves age (hence preference for decayed 

A. marina). Selection of R. stylosa must be attributed to some other 

characteristic, possibly its leaf thickness or differences in nitrogen levels. 

Camilleri identified the importance of thick and thin leaves of R. slylosa in 

influencing crab feeding preference. Thick leaves were chosen over thin 

leaves. This preference may carry over to different species, where in some 

cases mangrove species with thick leaves are preferred over species with thin 

leaves. 

In contrast to findings in experiments in this chapter, crab size did not appear 

to be important in affecting the amount of litter processed by Sesarma 

(Perisesarma) in feeding behaviour experiments conducted by Smith (1998). 

He found no differences in amount of litter consumed among crabs of 

different sizes. 

The greater amount of leaf material processed in dry season conditions than 

was processed in wet season conditions in some experiments here cannot be 

explained easily. Micheli (1993) observed that there were more ovigerous 
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crabs in her study during the late dry season period and suggested that 

consuming adequate amounts of mangrove material may become more 

important in the late dry season to meet energy requirements. There was, 

however, no evidence of the importance of crab gender in the experiment on 

S. darwinensis feeding behavior. A study on feeding behaviours of ovigerous 

and non-ovigerous female sesarmids would surely clarify this question. 

In conclusion, in choosing from leaves of different conditions and species, 

sesarmid crabs may select mangrove litter differently depending upon the 

crabs' characteristics, such as nutrient requirements and ability to digest and 

metabolise leaves of different nitrogen levels, tannin concentrations, and leaf 

thickness. It seems though, that in Darwin Harbour Sesarma and N. meinerti 

crabs have a general preference for consuming decayed Rhizophora leaves, 

irrespective of season. The implications of the findings in this chapter, on the 

consumption of litter by crabs in Darwin Harbour mangrove forests, will be 

considered in the general discussion presented in the next chapter. 
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10. GENERAL DISCUSSION 

Past research has demonstrated an association between grapsid crabs and 

mangroves (Lee 1998; Lee & Kwok 2002), with each affecting the presence and 

proliferation of the other. As mentioned in the introduction, it has generally been 

accepted that grapsids have an important role on mangrove growth and 

productivity, and this has lead to the suggestion that they may therefore have a 

"keystone position" in mangrove ecosystems (see Smith etal. 1991). 

Specifically, previous research has focused on the role of grapsid crabs in the 

function and structure of mangrove forests (Robertson 1986; Smith 1987a; Smith 

1987b; Smith 1988; Smith etal. 1989; Smith etal. 1991; Emmerson & 

McGwynne 1992; Smith 1992; Frusher et al. 1994; McGuinness I 997a; 

McGuinness 1997b; Lee 1998; Sousa & Mitchell 1999; Clarke & Kerrigan 2002). 

For instance, most grapsid crabs consume fallen and decaying mangrove litter 

thereby functioning as important nutrient recyclers within mangrove forests. It has 

also been proposed that consumption of mangrove propagules by crabs may affect 

the structure of mangrove forests by limiting the recruitment of some mangrove 

species. 

The function of grapsids in mangrove forests, however, depends on many factors 

(Lee & Kwok 2002), many of which have been little studied. The research 

presented in this thesis has filled some of the gaps in knowledge of the function of 

grapsid crabs in mangrove forests by identifying important factors that affect the 
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consumption of mangrove litter. This has been accomplished by examining the 

effects of spatial factors (such as mangrove assemblage type and upstream and 

downstream of rivers), temporal factors (such as season), and feeding preferences, 

on the numbers of crabs and consumption rates of litter from different mangrove 

species. Patterns in crab numbers in space and time were then related to mangrove 

litter consumption rate in space and time. This is the only study that has so far 

attempted to tease out the factors affecting the function of crabs in mangrove 

systems in this way, and thereby obtaining a clearer picture of the role of crabs' in 

mangrove forests. The key to this approach was in having a nested spatial and 

temporal design that covered many levels within a large area. 

Presented here is a discussion of findings from the four specific objectives of this 

thesis (section 1.3, pg 15). The discussion that follows ties in the findings from the 

different chapters to explain the patterns that were observed. No studies have 

measured the abundance, distribution and consumption of mangrove litter in 

mangrove forests with the levels of nested spatial factors as this study. For this 

reason many of the patterns that remain unexplained in this thesis are left for 

speculation (derived from observations in the field, but not experimentally tested), 

which have implications for future studies. 
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10.1. Spatial and temporal variability in grapsid numbers and 
population structure 

10.1.1. Abundance and distribution of grapsid crabs 

The genera observed in Darwin Harbour are common to the Indo-west Pacific and 

Africa During the two-year study on relative abundance of grapsids in Darwin 

Harbour, Sesarma, Neosarmatiuni meinerli, and Episesarma sp. nov were the most 

abundant crab species, followed in order of abundance by Clistocoeloma 

merguiensis, Ilyograpsus paludicola, Sesarmoites borneensis, Mei'opograpsus 

lati,fron,s, and Sarmaliurn. N. meinerli is an important component of other 

Australian mangrove systems, the Indo-West Pacific Region, and mangroves of 

the east coast of African (Micheli etal. 1991; Emmerson & McGwynne 1992; 

Davie 1994). S. semperi is also widely distributed, occurring elsewhere in the 

Indo-Pacific region (Frusher et al. 1994), but S darwinensis is endemic, only 

occurring in the Northern Territory of Australia. Episesarma sp. nov is also known 

only to occur in the Northern Territory. The grapsid species in the new world 

mangrove forests are much fewer (Davie 1982, Abele 1992) and differ completely 

in species from crabs observed in this study. The role of crabs in new world 

mangroves may, therefore, be more different from the role of crabs in this study 

and in Indo-west and Pacific and African mangroves. 

This study showed that mangrove forest assemblage was the most important factor 

influencing the distribution of grapsid crab species and their relative abundance 

within the harbour (consistent with findings from other studies; Micheli ci al. 
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1991. Frusher etal. 1994). Sesarma was most abundant in the tidal flat and tidal 

bank assemblages, although it still occurred in the hinterland and mixed species 

woodland. N. meinerti and Episesarma were largely limited to the hinterland and 

mixed species woodland, although a few were observed in tidal flat and tidal bank 

forests. The occurrence of N. meinerli in high intertidal mangroves is similar to 

other sites studied elsewhere (Emmerson & McGwynne 1992; Micheli et al. 

1991). C. merguiensis, I. paludicola, M. latifrons, and Sarmatium were almost 

exclusively found in the tidal flat and tidal bank, but in much lower numbers than 

Sesarma. S. borneensis was the only species that was found dispersed in similar, 

but low numbers among the different assemblages. 

The observed distribution of grapsid crabs among assemblages may have been 

related to the strong patterns in differing soil conditions among the different 

assemblages. A study by Frusher etal. (1994) examined the relationship of 

grapsid numbers and environmental conditions (porewater salinity, Eh, pH, and 

percent silt, clay and organic matter) to find possible causes for distributional 

patterns of grapsid crabs in the Murray River mangrove forests. Results from their 

study showed that mangrove forests with high sand content tended to have 

increased abundance of the two most numerous crabs in their study, Sesarma 

messa and Sesarma brevipes. S. messa also occurred in greater numbers in forests 

with sediment containing a high organic matter content than it did in low organic 

matter conditions. The abundance of S. brevipes appeared to increase with 

increasing sediment acidity. 
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Frusher et al. (1994) indicated, however, that these environmental variables did 

not appear to explain the limited distributional patterns observed in Sesarma 

semperi or Sesarnia brevicristatum. S. semperi was present in much lower 

numbers than were S. messa, S. brevipes, and S. brevicristalurn, and only occurred 

in the low intertidal habitats of the river mouth. 

Both S. semperi and Sesarma darwinensis appear to be fairly widespread in 

Darwin Harbour, occurring in all assemblages, areas, and aspects. It seems 

possible, therefore, that the three more abundant species in the Frusher et al. 

(1994) study (S. messa, S. brevipes, and S. brevicristatum) may out-compete S. 

semperi for the more desirable habitats in that region. It may also be possible, 

however, that S. darwinensis (only occurring in northern Australia) has, in part, 

filled the ecological niche occupied by other sesarmids that occur on the Murray 

River. Smith (1998) suggested that although S. semperi and S. darwinensis appear 

overlapped in distribution in Darwin Harbour, S.semperi may prefer higher 

intertidal zones, and S. darwinensis lower intertidal zones. Further study on 

competition between these species may explain some of the patterns in distribution 

that are not explained by environmental condition. 

Sesarmo lies horneensis showed consistent patterns of greater numbers up-stream 

than down-stream. The soil conditions that were measured in this thesis were not 

particularly different in the up-stream aspects than in the down-stream aspects. 

Frusher etal. (1994) observed a similar difference in numbers of grapsid crabs up-

stream and down-stream of the Murray River, but with different species of crabs. 

In their study, Sesarma brevipes dominated the up-stream sites, whereas Sesarrna 
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semperi was restricted to the river mouth site. The distribution of S. brevipes in the 

Frusher el al. (1994) study appeared to be related to soil acidity, but the 

distribution of S. semperi was not related to any particular soil condition. In this 

study the limited abundance of S borneensis in the down-stream aspect also 

remains unexplained. Further study on the ecology of this species could identify 

reasons for the observed patterns in distribution. 

M. lalifrons had the most specific distribution, in that it occurred almost entirely in 

the tidal flat and tidal bank assemblage of the up-stream of area 2. This species 

was commonly observed in the shoreline forest, an assemblage not included in the 

study that is lower in elevation than the tidal bank. The shoreline forest is 

dominated by Rhizophora stylosa and Sonneratia a/ba, and is commonly 

inundated by tides. The tidal flat and tidal bank assemblages up-stream of area 2 

appeared to be inundated by tides more often than the same assemblages at other 

sites. Soil moisture in the up-stream of area 2 was not greater, however, than in the 

down-stream of area 2. The reason for the occurrence of M. lalifrons at this site 

may, therefore, be attributed, not to soil moisture, but to some other factor such as 

tidal flow or elevation gradient, which would make the settlement of M lot ifrons 

at this site possible. 

Finally, Episesarma was the only species to show a distinct increase in number 

during the wet season months. It is difficult to know whether this is a result of an 

actual change in population size, or whether surface activity of crabs simply 

increased due to wetter conditions from wet season rains (activities known to 

increase during spring tides; Frusher et at. 1994; Nobbs 1999; Lee & Kwok 2002). 
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Overall, there were many interactions among factors indicating that crab species 

occurrence and abundance were often specific to certain plots, assemblages, areas, 

aspects, and times during 1999 and 2000. These interactions appear to reflect the 

specificity that grapsid crabs have to particular environmental conditions at certain 

sites and times. Mangrove forests in Darwin Harbour are known to be 

heterogeneous due to the geomorphic history of the area (Semeniuk 1985). This 

heterogeneity is reflected in differences in soil conditions measured at the sites 

that are included in this study. Although soil conditions grouped according to 

assemblage, within each assemblage, soil conditions differed remarkably. 

10.1.2. Population structure 

Overall, Neosarmatium meinerti was the largest of the crabs in this study followed 

in order by Sesarmo ides borneensis, Sesarma, Sarmatium, Episesarma, 

Clisiocoeloma merguiensis, and Ilyograpsus paludicola. Mean crab sizes for each 

species were marginally overestimated in this study since traps sampled larger 

crabs more than smaller crabs (Chapter 2). The mean carapace width of Sesarma 

appeared to be slightly larger in area I than in 2. There were no particular 

differences in soil conditions or litter fall rates between these areas that would 

explain this pattern. Lee and Kwok (2002) found similar differences in crab sizes 

in different mangrove forests in Hong Kong and suggested that the differences 

could be mainly attributed to differences in the dominant mangrove species 

present within each forest (one forest was dominated by a species of mangrove 

having more carbon content in its leaves than the species dominating the other 

257 



GENERAL DISCUSSION 

forest). Since areas in this study were composed of forests with similar mangrove 

dominance, this explanation may not apply. However, physical differences (also 

suggested by Lee and Kwok 2002) of the environments are likely to play an 

important role. 

For most species of crabs in this study, the population that was sampled was 

composed mainly of males. This is consistent with a study by Lee and Kwok 

(2002) on Perisesarma bidens and Parasesarma ajjInis, but contrasts with 

findings on A rat us pisorni populations in new world mangroves (Conde & Diaz 

1989). A biased measure of sex ratio could have occurred since traps capture large 

crabs more than they capture small crabs, and since male adult crabs are slightly 

larger than females for most of the species that are included in this study. Larger 

males (with larger chelae) may be less susceptible to predation and may therefore 

be more active on the surface than females. A study on differential activity and use 

of burrows by males and females would provide further information on bias 

involved in sampling these crabs. 

Perhaps the most important observation in the population structure of crabs, in this 

thesis was the increase in ovigerous Sesarma females during the wet season. The 

increase in ovigerous females could have been associated with the strong wet and 

dry seasons in northern Australia (see Rabalais & Cameron 1982, Chapter 6). The 

tidal bank also had a noticeably greater proportion of ovigerous female Sesarma 

crabs than the tidal flat assemblage. The tidal bank assemblage must have 

environmental conditions more suitable for the production of eggs and dispersal of 

larvae (see Thurman 1985 for use of tides by Uca for dispersal). A particular 
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factor that may be important is that the tidal creek occurs in this assemblage, and 

may be used for dispersal. This is common of crabs in many other studies (Christy 

& Morgan 1997), where larvae are conspicuous to predators and dispersal is 

important to avoid predation. 

10.2. Crab feeding preferences, and spatial and temporal 
variation in mangrove litter consumption rates 

This section brings together the findings from feeding preference laboratory 

experiments and litter consumption field studies conducted in different chapters of 

this thesis so that the importance of the effects of litter preferences and spatial and 

temporal factors on consumption can be identified. 

In every experiment Sesarma darwinensis, Sesarma semperi, and Neosarmatium 

meinerli selected decayed and senescent leaves over fresh leaves, and typically 

preferred decayed leaves over senescent. Preference for decayed leaves is 

consistent with studies on other grapsid species (Carnilleri 1989, Micheli 1993), 

and may therefore be common in many mangrove systems. The use of senescent 

leaves in field studies included in this thesis was appropriate for the purpose of 

measuring relative consumption of leaves. Studies measuring absolute 

consumption, however, may be more accurate if using decayed leaves since crabs 

prefer decayed over senescent. 

Overall, the field studies showed that consumption of tethered Avicennia marina 

propagules (84%) was greatest, followed in order of magnitude by Rhizophora 
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slylosa leaves (69%), ('eriops tagal leaves (5 8%), A. marina leaves (54%), and C 

lagal propagules (48%). R. slylosa propagules (2%) were hardly consumed at all. 

The differential consumption rates of these species are similar to most other 

studies (Smith 1 987a; Smith et al. 1989; McGuinness I 997a; Sousa & Mitchell 

1997). Selectivity observed in feeding preference experiments was also consistent 

with relative consumption measured in the field, except for A. marina leaves and 

propagules. In contrast to field studies, in laboratory feeding preference 

experiments in this thesis leaves were processed much more than propagules. The 

large amount of A. marina propagules consumed in the field in comparison with 

the amount processed in laboratory experiments suggests that there are factors in 

the mangrove forest environment (such as competition between crabs or other 

fauna) that influenced crabs to change their preference from A. marina leaves to A. 

marina propagules. Consumption of material other than A. marina propagules, 

however, was not influenced by environmental factors, and generally, only 

influenced by actual preference that crabs had for certain mangrove litter. This 

finding suggests that in Darwin Harbour mangrove forests, in some cases the 

environment can actually change" the crabs' preference of leaves over propagules 

(when both are available and not limiting), and in this way influence their role in 

mangrove forests. 

Feeding preference experiments showed that all three crabs studied, selected R. 

slylosa leaves over A. marina and C. tagal leaves when all of these were available. 

These findings were less consistent with other studies (Camilleri 1989, Micheli 

1993, Smith 1998), and suggest that the specific preferences that particular species 

have are likely to affect the role that crabs have in different mangrove system. 
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In field studies, the relative consumption of A. marina leaves tended to be greater 

in the mixed species woodland assemblage than in the tidal bank assemblage. In 

the tidal bank assemblage, mostly R.s lylosa and A. marina were available. 

Feeding preference experiments showed that this pattern was due to actual 

preference as apposed to other factors such as competition or environment. 

Consumption of A. marina and R. slylosa propagules was not affected by spatial 

factors, but consumption of C. tagal propagules was. C. lagal propagules were 

consumed at greater rates at two sites than they were at all other sites, but only in 

the year 2000. These sites were the hinterland up-stream of area 1 and the mixed 

species woodland down-stream of area 1. N. meinerti burrow numbers were, in 

fact, greater in the hinterland of the up-stream of area 1, and in the mixed species 

woodland of the down-stream in area 1, than at other sites. This observation 

certainly appears to suggest that numbers of N. meinerli may be related to 

consumption of C. tagal propagules (as in Dandouh-Guebas et al. 1999). 

Other factors such as season and crab size were important in influencing the rate 

of consumption of mangrove material. These observations have been either 

suggested or observed in other studies (Robertson 1986; Micheli 1993; Lee & 

Kwok 2002). 

261 



GENERAL DISCUSSION 

10.3. Mangrove litter consumption rates in relation to crab 
numbers and feeding preferences 

The factor that was most strongly related to litter consumption rates was numbers 

of grapsid crabs. From the three most abundant crab species, included in this 

study, (Neosarmatiuni meinerti, Episesarma, and Sesarma), the numbers of N. 

meinerti and Episesarma crabs were found to be important in predicting 

consumption of mangrove litter. These findings are consistent with observed 

ingestion rates of mangrove litter in other studies (Dandou-Guebas et al. 1997). 

This study shows that consumption of litter by these crabs is consistent enough to 

be predicted by numbers of crabs. Sesarma appeared to be important as well, but 

the analyses were confounded by the variety of species occurring across the 

intertidal forest. Sesarma appear to also be responsible for recycling mangrove 

material in other regions. Studies conducted in north-eastern Australia in particular 

suggest this (Robertson 1986; Micheli 1993). 

N. meinerti is the only species of those, included in this study that takes whole 

leaves and propagules down its burrows. Results from feeding preference 

experiments suggest that the high consumption of A. marina leaves observed in 

the mixed species woodland assemblage was due to a preference for A. marina 

leaves over C. lagal leaves by N. meinerti. Episesarma was related to consumption 

rates of mangrove litter to a much lesser extent than N. meinerli. The feeding 

habits of Episesarma sp. flOV are not known. The diet of other species of 

Episesarma, however, is known to be mangrove leaves (Sivasothi 2000). The 
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results in this study showed that numbers of Episesarma were, however, only 

related to A. marina leaves. 

Sesarma and N. meinerli appeared to be responsible for consuming A. marina 

propagules. Although Sesarma preferred A. marina leave over C. tagal leaves, in 

much of the intertidal area these crabs were limited to the choice of C. tagal (since 

part of the intertidal region is almost entirely monospecific with C. tagal). 

In the tidal flat and hinterland assemblages (dominated by C. lagal), only C. tagal 

leaves were available, and consumption of C. tagal leaves in both of these 

assemblages, therefore, might have been expected to be similar. The greater 

consumption of C. tagal leaves observed in the hinterland than in the tidal flat 

assemblage, however, was likely a result of the behaviours of the crabs that 

dominated each assemblage. It is known that the hinterland was dominated by N. 

meinerti, and the tidal flat assemblage was dominated by Sesarma. N meinerti is 

known to mainly consume mangrove litter, but Sesarma is known to also consume 

particulate organic matter in soil (Dandouh-Guebas et al. 1999). Since C. tagal 

was the least preferred of the mangrove leaves studied in this thesis, Sesarma may 

have changed its diet to particulate organic matter to meet its nutritional needs. 

The lack of a significant relationship between Sesarma numbers and the 

consumption rate of Rhizophora stylosa was likely because R. slylosa was 

available only in the tidal bank assemblage. In this assemblage, there was little 

variability in both, consumption rates and Sesarma numbers, resulting in an 

insignificant correlation, although Sesarma appeared to be consuming R..lylosa. 
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Season was also related to and significantly contributed to the prediction of, litter 

consumption rate. Mangrove litter consumption rates increased from the dry 

season to the wet season. Feeding preferences did not show that individual crabs 

ate more during wet season conditions than during dry season conditions, nor did 

numbers of N. meinerli and Sesarma increase in the wet season. Episesarma 

numbers increased during the wet season months, thus Episesarma was the only 

crab species that showed seasonality in numbers. Since this species was present 

only in the hinterland and mixed species woodland assemblages, its presence 

might explain greater consumption rates recorded for C. lagal and A. marina 

leaves (since leaves of these species occur in these assemblages). An increased 

consumption rate of R. slylosa, however, remains unexplained. Higher 

consumption rates of all leaves may have been a function of greater activity in 

warmer conditions. Leaf processing rates by crabs in laboratory studies have, 

however, been shown to be greater at warmer temperatures (Camilleri 1989). 

Although crab activity has been known to increase on high tides and during rains, 

but so far, it appears that this is only burrowing activity (Micheli c/al. 1991). 

Furthermore, in an experiment included in this thesis, relative consumption was 

found to be similar during spring and neap tides. A factor that might explain some 

of the increase in consumption during the wet season was the increase in the 

proportion of ovigerous sesarnia. Micheli (1993) suggested that for ovigerous 

female crabs, consuming adequate amounts of mangrove material could become 

more important to meet energy requirements. 
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Many of the findings in the latter part of this section cannot be compared with 

other findings since no other study (to the author's knowledge) has looked at the 

interaction of as many factors that are discussed here. Further studies on these 

interactions might confirm the existence of the effects of many of the factors 

suggested to influence the role of crab in this study. 

10.4. The significance of grapsid crabs for the consumption of 
mangrove material and the survival of seedlings 

The experiment on in si/u processing of litter by grapsid crabs (March of 2000) 

indicated that, in the up-stream aspect of area I (where the experiment was 

conducted), 20.4% of leaf litter fall was processed by grapsid crabs. The estimate 

of the percent of litter fall processed in Darwin Harbour may differ in months 

other than March, and may also differ when including the consumption of 

propagules.The amount of litter processed here appears to be similar (as 

mentioned in Chapter 5) to estimates in some Indo-Pacific studies (Leh & 

Sasekumar 1985; Robertson 1986), but less than others (Lee 1989). Crabs in 

Darwin Harbour can be said to have an important role in nutrient recycling. 

The findings in this thesis on consumption of mangrove propagules, however, 

contrast with a northeastern Australian study on the role of crabs in the structure of 

mangrove forests (Smith 1987). Smith (1987) measured consumption of Avicennia 

marina propagules across intertidal assemblages. His study was the first to suggest 

that crabs may be responsible for altering mangrove forest structure by limiting 

establishment of A. marina seedlings in certain forests. Smith (1987) indicated that 
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predation on propagules was greatest where conspecific dominance was lowest 

(mid-intertidal areas), and predation lowest where conspecific dominance was 

greatest (low and high intertidal areas). Findings here, however, do not support 

this dominance-predation model (Smith 1991). High consumption of A. marina 

and C. lagal occurred in assemblages where these species were high in numbers. 

Several other studies (Smith et al. 1989, McKee 1995, McGuinness 1996, Sousa & 

Mitchell1999, Clark & Kerrigan 2002) also found no relationship between 

predation and dominance of mangrove species. Except for the study in northern 

Australia (McGuinness 1996), all studies that have not supported the dominance-

predation model were in new world mangrove. The study presented here, confirms 

findings by McGuinness in which new world mangrove forests are not the only 

systems that do not support the model. There are other factors, other than 

geographical location (and corresponding attributes such as grapsid crab 

diversity), that affect establishment of seedlings. In this study, crabs do not appear 

to directly affect forest structure by selectively consuming propagules. 

105. Conclusion 

In conclusion, the research presented in this thesis has added substantially to 

understanding the role that grapsid crabs have in the function and structure of 

mangrove forests. In this study, grapsid crabs in Darwin Harbour were important 

in recycling nutrients by consuming mangrove leaves and propagules. Grapsid 

crabs, however, were not important in influencing the forest structure by 

consuming propagules that might have otherwise been established. 
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The experiments and studies presented here have certainly identified some of the 

important factors that influenced the amount of litter recycled through 

consumption by grapsid crabs. 

Although crabs' preferences, for litter of a particular species, had a role in 

determining the consumption of litter, availability of mangrove litter was equally 

as important or even more important in determining litter consumption. 

Neosarmalium meinerli and Episesarma were important in consuming propagules 

and leaves of Avicennia marina and Ceriops tagal in the high intertidal forests. 

Sesarma was an important consumer of Rhizophora stylosa leaves, A. marina 

leaves, and propagules, in the low intertidal forests. Sesarma, however, consumed 

very little C. fagal material in the mid-intertidal forests (where it was almost 

exclusively available), apparently preferring to consume material other than fallen 

leaves and propagules. Aspects of the population structure of crabs, such as a high 

proportion of large crabs or high numbers of crabs carrying eggs, may also have 

been important in increasing the amount of litter consumed in mangrove forests. 

Season was, also, an important factor in determining the quantity of mangrove 

litter consumed. Consumption of mangrove litter increased during the wet season. 

This trend may have been related to the population structure of crabs and to the 

availability of propagules during the wet season. 

Variability in environmental conditions, among sites of similar mangrove 

assemblages, was less important in determining consumption rates of mangrove 

litter, than mangrove assemblage itself. Specific attributes of certain sites, which 
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were unsuitable for crabs to live in, however, could have in some cases decreased 

consumption rates remarkably. 
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