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Abstract 
 

Mangrove crabs consume up to 70-80% of the annual production of leaf 
litter, green leaves and propagules. However, a comprehensive 
understanding on the importance of crab species identity, plant species 
identity, different substrate identities (leaf litter, green leaf and 
propagules) and their interactions on substrate consumption in 
mangrove ecosystems is lacking. Our aim was to evaluate which factor 
drives substrate consumption rates in disturbed and undisturbed 
mangrove ecosystems. We performed a 48-hours laboratory feeding 
experiment in a full factorial design with green leaves, leaf litter and 
propagules of five plant species and seven crab species. Species were 
chosen to represent dominant species of disturbed and undisturbed 
sites in the Segara Anakan mangrove areas in Cilacap, Java, 
Indonesia. Three out of seven mangrove crab species did not feed on 
either mangrove leaves or propagules at all. The other four mangrove 
crab species consumed 0.05-0.25 g d.w. g

-1
 crab day

-1
. When we 

analyzed the consumption rates of the four crabs feeding on leaves and 
propagules, we found that plant species identity was the dominant 
driver for the overall consumption rates. Further analysis revealed that 
species-specific interactions drove propagule predation while plant 
species identity drove the consumption rates on leaf litter and green 
leaves. The species-specific feeding preferences observed here 
coincide with field co-occurrences, which stress the importance of crab 
herbivory in this mangrove ecosystem. Moreover, the consumption 
rates of mangrove crabs predominantly occurring in undisturbed areas 
were higher compared to those dominant in disturbed areas, suggesting 
an even stronger control of crab herbivory in undisturbed mangrove 
ecosystems.We conclude that due to the strong impacts of substrate 
species identity and the selective feeding on propagules, plant species 
that increase in abundance upon disturbance will be favored even 
further driving these ecosystems away from their original undisturbed 
state. 
 
Keywords: full factorial feeding experiment, species-specific 

interactions, substrate quality, disturbed mangrove system  
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1. Introduction 

Mangrove is a nutrient poor ecosystem (McKee 2001) in which most of the primary 

production is retained within the system because of mangrove fauna-vegetation links 

(McIvor and Smith 1995, Twilley et al. 1997, Nordhaus and Wolff 2007, Thongtham et al. 

2008). Crabs play a key role in this system particularly through their feeding on both 

propagules and mangrove leaves (Olafsson et al. 2002, Imgraben and Dittmann 2008). 

Studies on the feeding of mangrove crab traditionally focused on the consumption of 

mangrove leaf litter and its positive effects on mangrove productivity by enhanced 

mangrove litter decomposition (e.g. Robertson and Daniel 1989). These studies showed 

that Sesarmid crabs were able to remove and to consume up to 80% of the annual 

mangrove litter fall. Other studies, however, emphasized that also propagules predation 

(constraining new establishment) and green leaves herbivory (constituting a loss of 

productivity) may occur (Farnsworth and Aaron 1991, Erickson et al. 2008). Full 

quantitative understanding is, however, lacking. It is thus of critical importance to better 

understand feeding preferences and consumption rates of plant material in mangrove 

ecosystems. 

Most of the previous studies have examined chemical and physical properties of 

mangrove substrates in trying to explain crab consumption rates on mangrove 

propagules and leaves. A lower C/N ratio and lower concentrations of chemical 

deterents such as tannins resulted in higher consumption rates of mangrove substrates 

(Neilson et al. 1986, Chen and Ye 2008, Nordhaus et al. 2011). Other studies showed 

that physical characteristic such as leaf-thoughness and bigger propagules size reduced 

consumption rates (Lacerda et al. 1986, Dahdouh-Guebas et al. 2011). In contrast, other 

studies also showed idiosyncratic and conflicting results in relation to the impacts of C/N 

ratio and the presence of tannin or propagules size on crab feeding preferences (Micheli 

1993, Erickson et al. 2004). For instance, some crabs in fact preferred certain mangrove 

propagules or leaves despite higher tannins and higher C/N ratio (Skov and Hartnoll 

2002, Nordhaus and Wolff 2007). Other crabs displayed unclear patterns (Micheli 1993). 

All together these results indicate that crab species identity, plant species identity and 

the type of substrate (leaf litter, green leaves and propagules) each may play a unique 

role with possible species-specific interactions. A comprehensive understanding on the 

importance of these three different factors on substrate consumption and on the species-

specific nature thereof in mangrove ecosystems is absent as most studies either focused 
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on one or two crab species only or on one or two mangrove plants species or did not 

include all plant parts (Table 1). 

Table 3.1. Previous studies on mangrove crab feeding on different substrates (plant parts) of 
different mangrove species. 
 

Mangrove 
crabs 

Mangrove species Plant parts Results Articles 

Family 
Grapsidae 

Avicennia marina 
Bruguiera exaristata  
Ceriops tagal 
Bruguiera 
gymnorrhiza 
Rhizophora stylosa. 

Propagules Nutritive quality is 
more important than 
propagules sizes 

(Smith III 
1987) 

Sesarma 
messa 
Sesarma 
smithi 

Avicennia marina 
Bruguiera exaristata 
Ceriops tagal 
Rhizophora stylosa 

Leaves (newly 
fallen and 
decayed) 

Crabs display no 
clear pattern of 
preference 

(Micheli 
1993) 

Neosarmatium 
meinerti 
Sesarma 
guttatum 

Avicenia marina Leaf (ageing in 
the burrow) 

Leaf ageing 
hypothesis was not 
supported 

(Skov and 
Hartnoll 
2002) 

Crabs 
community 

Rhizophora 
mucronata, Ceriops 
tagal and Bruguiera 
gymnorrhiza 

Propagules 
(planted and 
stranded) 

Stranded propagules 
were preyed more 
than planted 
propagules.  

(Bosire et al. 
2005) 

Sesarma 
plicata 

Kandeliacandel,  
Bruguiera 
gymnorrhiza 
Aegiceras 
corniculatum 

Leaves 
(mature, 
senescent, 
decomposed) 

Leaf characteristics 
associated with 
preference change 
with plant species 

(Chen and Ye 
2008) 

Perisesarma 
eumolpe 
Perisesarma 
indiarum 

Avicennia alba 
Avicennia officinalis 
Avicennia rhumpiana 
Rhizophora apiculata 

Leaves of 
differing ages 

Both crabs prefer 
Avicennia alba but 
no significant 
preference for leaves 
of differeing ages 
and no difference in 
daily consumption 
rates 

(Boon Pei et 
al. 2008) 

Ucides 
cordatus 

Avicennia 
schaueriana 
Laguncularia 
racemosa 
 
Rhizophora mangle 

Leaves at 4 
different ages 

Food selection 
changes through 
times in fasted 
animal 

(Christofoletti 
et al. 2013) 

 

In addition to these intrinsic factors, also disturbance may play a role. Mangrove 

ecosystems are increasingly disturbed (Dye 2006, Granek and Ruttenberg 2008, Barr et 

al. 2012, Aung et al. 2013). The anthrophogenic disturbances of mangrove ecosystems 

may generate severe negative impacts such as decreasing plant diversity, decreasing 

plant productivity, and a possible decline in ecosystem functioning (Alongi and de 
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Carvalho 2008, Geist et al. 2012, Olagoke et al. 2013). Severe mangrove disturbances 

are often followed by a shift in plant species composition and faunal assembly including 

mangrove crabs (Diele et al. 2013). Given that certain mangrove crab species may 

exhibit a preference for specific tissues of specific plant species (Micheli 1993, Boon Pei 

et al. 2008), a change in species assembly may decrease or increase propagules 

predation or litter and  green leaf consumption rates. In turn, this may affect plant 

species establishment after disturbance and may potentially change mangrove primary 

productivity. So far, however, no study has been done to examine the impacts of shifts in 

the composition of mangrove vegetation, especially as a result of disturbances, on 

mangrove crab feeding ecology and vice versa. 

The aims of this study therefore are to examine (1) the relative roles of crab species, 

plant species, and substrate identity (propagules, leaf litter and green leaves) on the 

crab consumption rates of mangrove plant material, (2) whether the consumption rates 

of mangrove crabs on propagules, leaf litter and green leaves of dominant plant species 

of disturbed areas are lower compared to those dominant in undisturbed areas, (3) 

whether the feeding ecology of the crab community links to their occurrences in 

disturbed areas and undisturbed areas, respectively, and (4) whether crab feeding 

preferences are species and tissue specific.  

We hypothesized that (1) species-specific interactions between crab and plant species 

will play a major role in determining the consumption rates of mangrove propagules and 

leaves, (2)  consumption rates of the mangrove crabs on propagules will be higher than 

on leaves given the presumed higher substrate quality of propagules, and (3) the 

species-specific interactions of crab consumption rates on the propagules and leaves will 

also be expressed as a preference for plant species from disturbed areas, due to its 

higher palatability, particularly of crab species prevailing in disturbed areas.  

 To test these hypotheses we fed in the laboratory setting two Sesarmid crabs 

(Perisesarma semperi and Episesarma singaporense), one grapsid crab (Metaplax 

elegans) and one ocypodid crabs (Uca coarctata) present dominantly in disturbed 

mangrove areas and two conspecific Sesarmid crabs (Perisesarma indiarum and 

Episesarma versicolor) and one Ocypodid crab (Paracleistostoma laciniatum) present 

dominantly in the undisturbed mangroves with green leaves, leaf litter and propagules of 

the dominant plant species of the disturbed mangrove areas including Derris trifoliata 

and Acanthus ilicifolius and dominant plant species of the undisturbed areas including 
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Rhizophora apiculata and Bruguiera parviflora. We also fed the crabs with Avicennia 

alba, a sub-dominant species occurring in both disturbed and undisturbed areas. 

 

2. Methods 

2.1. Collection of mangrove leaves and propagules  

During the first week of November 2011 leaf litter, green leaves and mangrove 

propagules were collected from the Segara Anakan mangrove forest in Java, Indonesia. 

We collected fresh leaf litter (defined as yellow leaves that were still present but easily 

abscised from the trees to ensure similar senescence conditions (Giddins et al. 1986)), 

mature green leaves and propagules of Bruguiera parviflora, Rhizophora apiculata from 

the undisturbed mangrove areas and of Derris trifoliata and Acanthus ilicifolius from the 

disturbed mangrove areas and leaves and propagules of Avicennia alba from either the 

undisturbed or the disturbed areas of Segara Anakan mangrove forest. As for green 

leaves, we only collected the 5
th

 or 6
th
 leaf from the mangrove shoots, to assume similar 

maturity. Similarly, we collected only mature propagules directly from mangrove trees 

based on the size and color of the respective mangrove species.  

2.2. Collection of mangrove crabs 

We collected 75 adult male and female crabs of 7 species, and selected individuals 

based on their fresh body weight (FBW) including Episesarma singaporense (FBW > 5 

g), Episesarma versicolor (FBW > 5 g), Perisesarma indiarum (FBW > 1.5 g), 

Perisesarma semperi (FBW > 1.5 g), Metaplax elegans (FBW > 3 g), Paracleistostoma 

laciniatum (FBW > 0.2 g) and Uca coarctata (FBW > 2 g) from the Segara Anakan 

mangrove forest. Each mangrove species was collected in different collection boxes and 

transferred alive to the laboratory for further treatment. 

2.3. Feeding design 

In the laboratory, we fed each crab species with each substrate in a non-choice 

experiment, i.e. each individual crab got one substrate only. Five replicates were applied 

for each combination of crab species, plant species and plant tissue, so we had 7 x 5 x 3 

x 5 = 525 experimental units in total. 
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We weighted each individual crab, sorted their sex and distributed them equally among 

the different substrates offered, thus to avoid bias by crab size and sex. We kept each 

individual crab in an aquarium bucket of 25 cm in diameter and 30 cm height. 100 ml of 

filtered saline water was added to each aquarium to keep the aquarium moist. We 

starved the crabs for 24 hours before feeding after which we expected that each crab 

had emptied its stomach.  

Five yellow leaves and 5 green leaves of each mangrove species were prepared for the 

feeding experiments. We measured the thickness of each leaf using Vernier Caliper. 

Each leaf was cut through the mid nerf. Both halves were weighed to the nearest 0.001 

g. Before feeding, we cleaned the aquariums from all fecal pellets being ejected during 

starvation and emptied the saline water. We then added 100 ml newly filtered saline 

water to each aquarium and fed the crab with one half of the leaf, while the other half 

was put in separate bowl, containing only seawater, as a control.   

A similar procedure to cut them in halves was applied to the propagules, except that for 

propagules of Bruguiera parviflora and Rhizophora apiculata we cut around one fifth of 

the each propagule (in the proximal part of the shoot and in the middle or in the distal 

part of the propagules). As for Avicennia alba, Derris trifoliata and Acanthus illicifolius, 

we offered half of the seeds and kept the other half as control. Since the seeds of 

Acanthus ilicifolius were tiny, we offered 5 seeds to each crab.  

We monitored the feeding after 12, 24 and 48 hours, measuring the remaining weight of 

the substrate offered and collecting fecal pellets to prevent the crabs from eating its fecal 

pellet. When an individual crab finished the offered leaf or propagule before 48 hours, we 

noted the time to determine its consumption rate. The feeding experiment was 

terminated at 48 hours. We then collected all remnant plant material from each aquarium 

and collected its respective control and kept them in separate envelopes, oven-dried at 

60 
o
C for 7 days, and weighed. Dry weight/fresh weight ratios were calculated for the 

control leaves and the control propagules and were used to convert fresh weights of the 

leaves and propagules consumed by the crabs to dry weights. Consumption rates were 

expressed as g dry weight of leaf or propagules/ g dry weight of crab/24 hours. We then 

measured the chemical properties of the control leaf litter, green leaves and propagules 

including Carbon and Nitrogen content, the total tannin content and the total phenolic 

content. 
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2.4. Statistical analysis 

All data of mangrove crab consumption rates were log-transformed prior to analysis as to 

approach normality and homogeneity of variance as indicated by visual inspection of 

histograms, percentile and residual plots. To evaluate the consumption rates of crab 

species interacting with different plant species and consuming different plant parts, we 

first performed a three-way ANOVA, and for comparison, a full three-way Generalized 

Linear Squares analysis, with plant part, plant species and crab species as fixed factors 

on all seven species. Due to the high number of zero values (given that three out of the 

seven crab species did not consume any plant material) neither of these analyses is 

likely to provide robust estimates of the effect sizes. Therefore, all subsequent analyses 

were run on the consumption rates of the four mangrove crab species which fed on 

mangrove substrates.  

We employed a three-way ANOVA with plant part, plant species and crab species as 

fixed factors followed by TukeyHSD post-hoc test. To subsequently further analyze the 

nature of the interaction terms, a series of two-way ANOVAs for the different plant 

species involved was performed to examine whether there are any species-specific 

interactions between crab species identity and the different substrates offered to them. 

Finally, one way ANOVAs were performed to examine whether there are significant 

differences in the consumption rates between different mangrove crabs species run 

separately for the different plant species-tissue combinations. 

The Generalized Eta-Squared (GES) values were calculated to compare the effect size 

of each factor as reflected by the proportion of variance explained by each factor 

(Bakeman 2005). The relationships between consumption rates and substrate chemical 

properties as affected by plant part were analysed with an ANCOVA. All these statistical 

analysis were performed in R with libraries (gls), (ez) and (lm).  

  

3. Results 

All the sesarmid crabs Episesarma versicolor, Episesarma singaporense, Perisesarma 

indiarum and Perisesarma semperi consumed mangrove leaves and propagules of 

Rhizophora apiculata, Bruguiera parviflora, Avicennia alba, Derris trifoliata and Acanthus 

ilicifolius. On the other hand, the grapsid crab Metaplax elegans and ocypodid crabs Uca 
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coarctata and Paracleistostoma laciniatum did not consume either mangrove leaves or 

mangrove propagules at all. 

3.1. Species-specific links drive propagules consumption while substrate quality 

drives mangrove leaves consumption  

The averages consumption rates of propagules varied from 0 to 1.213 g d.w. g
-1

 crab 

day
-1

, for leaf litter from 0 to 0.235 g d.w. g
-1

 crab day
-1 

and for mangrove green leaf from 

0 to 0.115 g d.w. g
-1

 crab day
-1

 (Table 2). A three-way ANOVA for all seven crab species 

(for which not all assumptions had been fulfilled, but for which effect sizes of individual 

components could be calculated using generalized eta squares) as feeding on three 

different substrates of five different mangrove plant species showed very similar results 

to a more robust Generalized Linear Squares Analysis (but which did not allow 

determining the effect sizes of individual components). Both indicated that the interaction 

between substrates and plant species (P < 0.0001) and between crab, substrates and 

plant species (P < 0.0001) explained most variance (Supplementary Table S1).  

For further analysis of the drivers of crab consumption rates, we only analyzed the four 

crab species that actually fed on the mangrove substrates (to avoid bias in the results). 

This three-way ANOVA showed that plant species identity had the strongest impact on 

the consumption rates (GES = 41%), while the main effect of crab species identity 

remained relatively small (GES = 3%) (Figure 3.1). Significant differences were found in 

all the interactions between crabs, plants and substrates (Figure 3.1) with the highest 

Generalized Eta-Squared value for the crab species-substrate interaction (GES = 20%). 

These significant differences and significant interactions suggest that each crab species, 

each substrate and each plant species plays an important and unique role and indicate 

species-specific links between them despite the major role of plant species identity on 

the overall consumption rates of mangrove leaves and propagules. 

Also the subsequent two-way ANOVAs, run to hierarchically decompose the interactions, 

for combinations of crab species, substrate and plant species again showed significant 

interactions with the strongest interaction between crab species and substrate as 

reflected in the high Generalized Eta Squared value. The two-way ANOVA between 

crabs and different mangrove substrates (Figure 3.2) generated significant interactions 

with the highest GES (47%) for the interaction between crab species and plant species 

identity, suggesting strong species-specific links for propagules. In contrast, the 
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interactions between crab species and plant species for leaf litter and green leaves 

showed much lower GES (13% and 15%) for these interaction terms and much higher 

GES (52% and 48%) for both main effects of plant species identity (Figure 3.2). This 

suggests that substrate quality is the main driver for the consumption rates of leaves. 

Table 3.2. The average consumption rates and its standard deviations (mg d.w. g
-1
 crab day

-1
) of 7 

mangrove crab species on propagules, leaf litter and green leaves of 5 different mangrove plant 
species. 

 
 
Substrate 

 
Crab Species 

Plant Species 

Dominant in the 
undisturbed areas 

Codominant Dominant in the 
disturbed areas 

Rhizopora 
apiculata 

Bruguiera 
parviflora 

Avicennia 
alba 

Acanthus 
ilicifolius 

Derris 
trifoliata 

Propagules Episesarma 
versicolor 

142 + 29 61 + 26 45 + 17 45 + 20 62 + 33 

Perisesarma 
indiarum 

1213+ 
601 

148 + 51 37 + 50 43 + 20 18 + 19 

Paracleistostoma 
laciniatum 

0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Episesarma 
singaporense 

848 + 412 87 + 49 51 + 19 33 + 28 66 + 23 

Perisesarma 
semperi 

0 + 0 79 + 94 45 + 59 19 + 22 26 + 9 

Metaplax elegans 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Uca coarctata 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Leaf litter Episesarma 
versicolor 

32 + 27 74 + 36 168 + 85 186 + 98 6 + 3 

Perisesarma 
indiarum 

33 + 31 235 + 
158 

197+171 119 + 42 13 + 9 

Paracleistostoma 
laciniatum 

0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Episesarma 
singaporense 

81 + 69 92 + 44 49 + 37 56 + 25 10 + 7 

Perisesarma 
semperi 

70 + 51 116 + 38 136 + 33 101 + 47 36 + 17 

Metaplax elegans 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Uca coarctata 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Green 
leaves 

Episesarma 
versicolor 

34 + 5 88 + 28 28 + 5 20 + 13 2 + 1 

Perisesarma 
indiarum 

33 + 36 66 + 59 58 + 36 99 + 59 3 + 3 

Paracleistostoma 
laciniatum 

0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Episesarma 
singaporense 

73 + 40 115 + 59 90 + 42 28 + 23 10 + 5 

Perisesarma 
semperi 

66 + 22 103 + 43 106 + 43 31 + 20 37 + 26 

Metaplax elegans 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 

Uca coarctata 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 
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Figure 3.1. Results of the three-way ANOVA on the consumption rates of the four different 
mangrove crab species fed on mangrove propagules, leaf litter and green leaves of five different 
mangrove plant species (n = 5) with Generalized Eta Squared values resembling the proportion of 
explained variance. 
 
 
 

 
Figure 3.2. Results of two-way ANOVAs on the consumption rates of different substrates 
(propagules (A), leaf litter (B) and green leaf (C)) as affected by crab species and plant species 
identity (n = 5) with Generalized Eta Squared values resembling the proportion of explained 
variance. 
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3.2. Consumption rates on propagules and leaves are lower for dominant 

mangrove plant species of the disturbed areas 

Mangrove crab consumption rates across all plant tissues of the dominant mangrove 

plant species of the disturbed areas, Derris trifoliata and Acanthus ilicifolius, were 

significantly lower compared to the consumption rates on the dominant mangrove plant 

species of the undisturbed areas (Bruguiera parviflora and Rhizophora apiculata) (Figure 

3.3). The consumption rates on the substrates of Avicennia alba the co-dominant 

mangrove in both disturbed and undisturbed areas was precisely intermediate. Overall, 

the consumption of propagules was the highest, of the green leaves the lowest and the 

yellow leaves in between, all of them being significantly different from each other. 

Despite these differences in mean consumption rates, the pattern of lower consumption 

rates for plant species dominant in disturbed areas compared those dominant in the 

undisturbed areas remained consistent when analyzing propagules, leaf litter and green 

leaves separately (Figures 3.3B-D) and were particularly pronounced for propagules. 

In contrast, the consumption patterns between disturbed and undisturbed ecosystems 

were less consistent when approaching this issue from the crab species point of view. 

The crab species Episesarma versicolor and Perisesarma indiarum, dominantly present 

in the undisturbed areas, and Episesarma singaporense and Perisesarma semperi, 

dominantly present the disturbed areas, all showed unique feeding patterns (Figure 

3.4A). On average, across all substrates, Episesarma versicolor consumed significantly 

lower plant material compared to Episesarma singaporense, while within the other genus 

pair Perisesarma indiarum consumed significantly more plant material compared to 

Perisesarma semperi. Crab species present dominant in the undisturbed areas 

consumed higher amounts of leaf litter and propagules, but lower amounts of green 

leaves compared to their sympatric dominantly present in the disturbed areas (Figures 

3.4B-D). These patterns again suggest possible strong species-specific feeding 

preferences of crab species, partly depending on substrates, as related to mangrove 

disturbance. 

3.3. Substrate edibility and major driver of each mangrove plant species for 

mangrove crabs 

Our chemical analysis on the three different mangrove substrates indicated that the N to 

C ratios, the total tannin contents and the total phenolic contents of mangrove green 
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leaves was always higher than that of leaf litter, while mangrove propagules showed the 

largest range of values compared to the green leaves and leaf litter (Figures 3.5A-C). 

The relationship between substrate quality, as defined by the chemical compounds 

measured, and consumption rates did not depend on crab species (Figures 3.5A-C) and 

was highly significant (Figures 3.5D-F) but opposite to expectation as more substrate 

was consumed at lower %N and at higher %C (P = 0.007). Overall, the relationships 

between consumption rates and tannins and phenolic contents, respectively, were 

insignificant (P > 0.05) with the exception of the relationship between the total tannin 

content of leaf litter vs. crab consumption rates which was positive (as exemplified by the 

significant interaction term between substrate type and tannin concentrations; P < 

0.001).  

Despite the strong differences in general edibility of leaves of different plant species and 

the low GES values for the interaction term between crab species and plant species 

identity for leaf litter and green leaves, leaf litter and green leaves of the five different 

plant species were not equally edible for all crabs examined in this study. Significant 

differences of the one-way ANOVAs on the consumption rates of each crab species on 

each substrate of each mangrove plant species indicates differences on the edibility of 

specific substrate for different crabs (Figure 3.6). While the interaction between crab 

species and plant species identity was stronger for propagules (Figure 3.2), this did not 

lead to stronger crab feeding preferences for propagules of particular plant species 

(Figure 3.6).  

All crab species showed significant consumption preferences for a specific plant species 

for each substrate (Tables 3.2 and 3.3). For Episesarma versicolor the differences were 

stronger for leaves than for propagules and in contrast differences for Perisesarma 

semperi were driven by propagules instead of leaves. Likewise, each substrate of each 

plant species was also significantly differently consumed by different crab species (Table 

3.3; Figure 3.6). In general, the variance in consumption rates explained by crab species 

identity was very high, again emphasizing the species-specific crab-plant interactions on 

top of the impacts of differences in substrate quality among plant species. GES values 

were especially high for the green leaves of Avicenia alba and Derris trifoliata, leaf litter 

of Bruguiera parviflora and Acanthus ilicifolius and propagules of Rhizophora apiculata 

which suggested strong differences in the feeding preferences of the various crab 

species for these respective plant materials (Figure 3.6).  



Species Identity of Leaves and Propagules of Mangrove Ecosystems Has More Impact on Its 
Consumption by Crabs Than Crab Identity 

49 

Table 3.3. Results of the one-way ANOVA on the consumption rates of mangrove crabs on 
propagules, leaf litter and green leaf of five different mangrove species (n=5) with Generalized Eta 
Squared values (GES) showing the effect size of plant species identity on consumption by the 
identified crab species.  
 

Crab Species Propagules Leaf litter Green leaves 

P GES P GES P GES 

Episesarma versicolor 0.006 0.83 < 0.001 0.96 < 0.001 0.97 

Perisesarma indiarum < 0.001 0.94 0.001 0.92 0.01 0.89 

Episesarma singaporense < 0.001 0.96 0.004 0.83 0.001 0.90 

Perisesarma semperi < 0.001 0.89 0.01 0.81 0.06 0.82 

 

 
Figure 3.3. Consumption rates of mangrove crabs (mg substrate Dw) (g crab Dw)

-1
 d

-1
  on the 

overall substrate average (A), on propagules of different plant species (B), on leaf litter of different 
plant species (C) and on green leaves of different plant species (D). Five replicates were applied for 
each substrate of different plantspecies offered to four different crab species. Ra= Rhizophora 
apiculata, Bp= Bruguiera parviflora, Aa= Avicennia alba, Ai= Acanthus ilicifolius, Dt = Derris 
trifoliata. Error bars= standar error of the means; a,b,c and d indicate significant differences. 
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Figure 3.4. Consumption rates of different mangrove crabs Episesarma versicolor (Ev), 
Perisesarma indiarum (Pi), Episesarma singaporense (Es) and Perisesarma semperi (Ps) on overall  
substrate averages (A), on propagules (B), leaf litter (C) and green leaves (D). Error bars= standard 
error of the means; a, b and c indicate significant differences. 
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Figure 3.5. The relationship between log consumption rates (mg d.w. g
-1
 crab day

-1
) and chemical 

properties reflecting the N to C ratio, total tannin content (%), and total phenolics content (%) of 
propagules, green leaves and leaf litter. 
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Figure 3.6. Relative consumption rates (%) of each crab species of two dominant crab species of 
the undisturbed areas Episesarma versicolor (Ev) and Perisesarma indiarum (Pi) and  two dominant 
crab species of the disturbed areas Episesarma singaporense (Es) and Perisesarma semperi (Ps) 
on the overall propagules, leaf litter and green leaves  of two dominant plant species of the 
undisturbed areas Rhizophora apiculata (Ra) and Bruguiera parviflora (Bp) and two dominant plant 
species  of the disturbed areas Acanthus ilicifolius (Ai) and Derris trifoliata (Dt) and the sub-
dominant plant species Avicennia alba (Aa) being consumed during the 48 hours treatment. P 
values indicating differences in feeding preferences for different crabs (n=5) and Generalized Eta 
Squared (GES) values showing the effect size of crab species resembling the proportion of 
explained variance.  
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4. Discussion 

The design of this study allows us for the first time to properly examine and to 

comprehensively disentangle the critical drivers and the interactions among those drivers 

on the consumption rates of plant material from propagules, leaf litter and green litter of 

different mangrove plant species by different crab species. Our analysis including the 

three crab species that did not feed on mangrove substrate suggested an important role 

of crab species although the precise impact could not be quantified given that the 

assumptions of a linear model had not been fulfilled (see supplement Table S1).  The 

data do, however, suggest that the impacts of crab species identity on the consumption 

rate of mangrove plant material are primarily through their overall feeding strategy 

(presence/absence of consumption). 

For those cases where plant material was consumed, mangrove plant species identity 

had the biggest impact on the amount of substrate being consumed. Moreover, our 

results show strong species-specific interactions between crab species and plant 

species identity for all substrate types (Figure 3.2), while those interactions are most 

strongly expressed for the propagule predation (in comparison to leaf litter and green 

leaves). Given that plant species from undisturbed areas are consistently more 

consumed that those from disturbed areas (Figure 3.3), the combined evidence related 

to these two drivers suggests a potentially crucial impact by crab feeding for disturbed 

mangrove ecosystem, driving it away from its initially undisturbed status in terms of 

vegetation structure and carbon economy. 

4.1. Mangrove plant species identity is a major driver compared to crab species 

identity 

Many previous studies implicitly -as reflected in their methods- assumed substrate 

quality (Erickson et al. 2004, Nordhaus et al. 2011, Christofoletti et al. 2013)  and  crab 

species identity (Nordhaus et al. 2006, Imgraben and Dittmann 2008) as the main drivers 

in mangrove crab feeding. Likewise, previous studies claimed mangrove crabs as the 

main driving force (Beever 1979) in the structuring and functioning of mangrove 

ecosystems through their consumption of mangrove leaf litter and propagule predation. 

However, up to now, there was no study to comprehensively examine or to properly 

evaluate such a claim. Our design enabled to disentangle the different drivers 

determining crab consumption on different mangrove substrates. Our analysis shows 

that mangrove plant species identity has a significantly greater (GES = 41%) impact on 
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the overall consumption rates of different mangrove substrates compared to crab 

species identity (GES = 3%) (Figure 3.1). Plant species identity was particularly 

important for determining the consumption rates of leaf litter and green leaves and 

species ranking (in terms of consumption) was similar for both leaf types. This analysis 

suggests that substrate quality indeed plays a major role in the overall consumption of 

mangrove leaves by different mangrove crabs with minor impact of their species-specific 

interactions (Figure 3.2). For propagules, however, propagules of specific plant species 

were preferred by particular crab species, pointing to unique species-specific interactions 

and lesser importance of substrate quality in general in determining propagule predation.  

The overall differences in crab feeding intensities depending on plant species 

composition in combination with strong species-specific feeding preferences for 

propagules have a major impact on the functioning and structuring of mangrove 

ecosystems. Mangrove crabs feeding on leaf litter has a profound influence of nutrient 

recycling in mangrove ecosystems, while green leaf consumption presents a direct loss 

of plant biomass and plant productivity. On the other hand, propagule predation affects 

the establishment possibilities of different plant species and has thus direct implications 

for vegetation structure and vegetation dynamics. Our findings indicate that these 

important ecosystem processes are driven by different drivers. In the subsequent 

sections, we will evaluate the impacts thereof on the functioning of mangrove 

ecosystems in general with special reference to its interactions with disturbance in light 

of the increasing global impact of disturbances on this important ecosystem. 

4.2. Species specific propagule predation favors the plant species of the disturbed 

areas 

Previous studies implicitly assumed substrate quality and propagule availability (Smith III 

1987, Smith III et al. 1989, Lindquist and Carroll 2004) as the main drivers of propagule 

predation by mangrove crabs. Many idiosyncratic and conflicting results on mangrove 

propagule predation disclaimed the predation exclusion model. Our analysis shows that 

species-specific interactions between mangrove crabs and plant species identity, and 

not substrate chemical or physical quality of different propagules per se (Figure 3.5), 

significantly drive mangrove propagule predation. In contrast to previous studies 

(Dahdouh-Guebas et al. 2011), our results show that propagule size for example is not 

the main driver of consumption rates as most consumption occurred on the largest 

propagules (those of Rhizophora apiculata) while much less consumption occurred on 
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the tiny propagules of Bruguiera parviflora (Figure 3.3B). Size did not explain the 

species-specific interactions either: there were significant differences in the consumption 

rates between Perisesarma indiarum and Perisesarma semperi on the propagules of 

Rhizophora apiculata and on the other propagules used in this study despite the equal 

body size of these two sympatric crabs. Likewise our chemical analysis showed (Figure 

3.6A) that higher propagules consumption occurred at lower N to C ratios. Although the 

N content of the propagules of Derris trifoliata (3.5 %) was higher than that of 

Rhizophora apiculata (0.9 %), crabs consumed significantly less of Derris trifoliata’s 

propagules (Figure 3.3B). Moreover, the relationship between tannin contents and 

phenolic contents and propagule consumption was insignificant (Figure 3.6B).  

Our results indicate higher consumption rates on propagules of the dominant plant 

species of the undisturbed areas and significantly lower predation of propagules of plant 

species dominant in the disturbed areas (Figure 3.3B). High consumption rate by 

Perisesarma indiarum, dominant in the undisturbed areas, on propagules of the two 

plant species dominant in its original undisturbed areas will significantly reduce the 

number of propagules to be able to recruit in situ and to be dispersed further into the 

adjacent disturbed areas. In addition, high propagules consumption rate by Episesarma 

singaporense, dominant in the disturbed areas, will further decrease the possibility of 

these two plant species to naturally recruit in the disturbed areas. Similar predation 

pressures seem to apply to Bruguiera parviflora, since Perisesarma semperi in disturbed 

areas is also eagerly feeding on its propagules. These results seem to translate to the 

actual condition of the disturbed mangrove forest of Segara Anakan from which the 

samples were collected and where the recruitment of both Rhizophora apiculata and 

Bruguiera parviflora is almost nil in the disturbed areas (Personal observation). In 

contrast, the low consumption rates by the mangrove crab community on the propagules 

of Derris trifoliata and Acanthus ilicifolius seems to have amplified the chance of these 

understory species to dominate the disturbed areas. Thus, mangrove crabs contribute by 

selective feeding on plant propagules to the strong changes in mangrove vegetation 

composition upon disturbance.  

4.3. Crab feeding on mangrove leaves potentially affects undisturbed and 

disturbed systems differently  

The consumption rates of mangrove leaves were also higher for plant species dominant 

in the undisturbed areas (Figures 3.3C and  3.3D). Higher consumption rate on leaf litter 
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implies a higher contribution in the decomposition and the turnover process of mangrove 

primary production within the system and higher nutrient retention (Nordhaus et al. 

2006). This result suggests that the substrate quality of mangrove leaves of the 

dominant mangroves of the undisturbed areas potentially benefits the mangrove 

ecosystem through nutrient preservation within the system with the help of the mangrove 

crab community. This comes at a cost though, as also green leaves are eaten more 

profoundly, causing a direct loss of carbon and nutrient resources. How the balance 

between those processes will affect the competitive ability and productivity of mangrove 

plant species is currently unknown.  

On the other hand, the lower consumption rate on mangrove leaves of Derris trifoliata 

(Figure 3.3C and 3.3D), the dominant mangrove of the disturbed areas, reduces the 

prospect for mangrove leaves of this species to be processed and to be returned back to 

the system. Interestingly, this lower consumption rate coincides with the predominant 

presence of Derris trifoliata in the disturbed areas. This implies that the more Derris 

trifoliata occupies the disturbed areas the less the proportion of its primary production 

being returned back to the system. Derris trifoliata and Acanthus ilicifolius were known 

as the most common mangrove understory in the undisturbed tropical mangrove system. 

Their patchy presences in the undisturbed mangrove system may explain why they have 

not yet been studied extensively. Therefore, their possibly important roles in the whole 

mangrove ecosystem -especially in the increasingly disturbed mangrove ecosystems- 

were so far not properly recognized. Yet, whenever and wherever mangrove has been 

disturbed naturally or through anthropogenic disturbances such as selective mangrove 

trees cutting that provide sufficient canopy gaps, these two understory species and 

especially Derris trifoliata will prevail and will soon occupy the canopy gaps (Snedaker 

and Lahmann 1988, Hinrichs et al. 2009; personal observation) and become the 

dominant species (which may relate to the lower consumptions rates of Derris 

propagules). The lower consumption rates on leaf litter and green leaves of Derris 

trifoliata potentially decrease the amount of mangrove primary production being 

processed within the system and increases carbon and other nutrient losses due to tidal 

currents. This would imply decreasing nutrient availability for this already nutrient poor 

system. However, this condition may probably again benefit Derris trifoliata since this 

species is a legume with the capability of N-fixing activities, whereas other plant species 

are probably more restrained by the lower nutrient availability. 
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4.4. Impacts of mangrove crab feeding ecology for the future restoration of the 

disturbed mangrove system 

The crab Perisesarma indiarum, dominantly present in the undisturbed areas feeds on 

all leaf litter types of this study except for the leaves of Derris trifoliata, which are mostly 

consumed by Perisesarma semperi. In contrast, Perisesarma semperi and Episesarma 

singaporense both present dominantly in the disturbed mangrove areas feed equally 

extensively on leaf litter and green leaves, except for the green leaves of Acanthus 

ilicifolius, which are mostly consumed by Perisesarma indiarum. This suggests that the 

mangrove crabs have a unique feeding strategy related to their occurrence frequencies 

in undisturbed and disturbed mangrove ecosystems, respectively. It is likely that 

Perisesarma indiarum generates a positive feed-back in undisturbed mangrove 

ecosystems through the consumption and the turnover of leaf litter. In contrast, the 

grazing and decomposing activities of Perisesarma semperi and Episesarma 

singaporense is likely to generate both negative and positive feed-backs to the system. 

Both grazing (through the production of faecal pellets) and decomposing activities may 

provide essential nutrients to disturbed mangrove ecosystems suffering from the lower 

rates of nutrient recycling as a result of the lower consumption rates of leaf litter of Derris 

trifoliata. 

The various species-specific feeding patterns on mangrove propagules and mangrove 

leaves favor the dominance of Derris trifoliata and Acanthus ilicifolius once they have 

been established in disturbed mangrove ecosystems and are likely to drive these 

ecosystems away from their original undisturbed state. Any effort of mangrove 

restoration therefore needs to consider the nature of species-specific links of mangrove 

crab feeding ecology. Based on these interactions and the distribution of crab species 

among disturbed and undisturbed mangrove ecosystems, it is unlikely that removal of 

the disturbance pressures alone will be sufficient to allow the ecosystem to recover. 

Instead, planting the dominant mangrove trees belonging to undisturbed conditions into 

the disturbed areas may be a better initial step. By planting these species, concomitant 

crab-vegetation feeding links may be established which may aid to bring the disturbed 

areas back to its original undisturbed state. 
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5. Conclusions 

Plant species identity had a much stronger impact on crab consumption rates on 

mangrove propagules and leaves than crab species identity. Crab feeding ecology links 

to mangrove vegetation are additionally strongly species specific, not only with respect to 

preferences in terms of plant species but also in relation to the plant parts they are 

feeding on, with potentially unique relationships for undisturbed and disturbed mangrove 

ecosystem alike. Those preferences lead to higher consumption rates of leaf litter and 

green leaves in undisturbed ecosystem and therefore benefiting nutrient recycling in 

these ecosystems and vice versa. On the other hand, species specific mangrove crab-

propagule interactions benefit species prevailing in disturbed ecosystems. Together, 

these crab-plant species interactions within the crab feeding ecology strongly determine 

the functioning and dynamics in mangrove ecosystems. 
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Supplement Table S1. The results of the three-way ANOVA analysis on the consumption rates of 
seven mangrove crab species on three different substrates of five different mangrove plant species 
(n = 5). Note: not all conditions for a linear model had been fulfilled due to the fact that three crab 
species did not consume any plant material. 
 

Sources Sum Sq Df F value P value 

(Intercept) 0.160 1 6.245 0.012 * 

Crab species 0.241 6 1.564 0.156 

Substrates 0.021 2 0.411 0.663 

Plant species 0.150 4 1.465 0.212 

Crab species : Substrates 0.432 12 1.405 0.160 

Crab species: Plant species 0.274 24 0.446 0.990 

Subtrates: Plant species 6.371 8 31.055 <2e-16 *** 

Crab species: Subtrates: Plant 
species 

16.328 48 13.266 <2e-16 *** 

Residual 10.769 420   

 
Supplement Table S2. The result of the Generalized least squares (GLS) analysis on the 
consumption rates of seven mangrove crab species on three different substrates of five different 
mangrove plant species (n=5). Note: not all conditions for a linear model had been fulfilled due to 
the fact that three crab species did not consume any plant material. 
 

Sources Df F value P value 

(Intercept) 1 4.996 0.026 * 

Crab species 6 1.250 0.279 

Substrates 2 0.328 0.720 

Plant species 4 1.172 0.322 

Crab species : Substrates 12 1.123 0.338 

Crab species: Plant species 24 0.356 0.998 

Subtrates: Plant species 8 24.844 < 0.001 *** 

Crab species: Subtrates: Plant species 48 10.612 < 0.001 *** 

Denomination  420   
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Supplement Table S3. Chemical properties (% N, % C, total tannin content (%), total phenolic 
content (%)) of propagules, leaf litter and green leaf of five mangrove plant species used in the 
feeding experiments.  
 

Substrate Plant species Chemical properties 

%N %C %Tannin %Phenolic 

Propagules Rhizophora apiculata 0.87 53.71 0.41 0.10 

Bruguiera parviflora 1.70 54.57 1.44 0.16 

Avicennia alba 2.26 51.38 1.66 1.04 

Acanthus ilicifolius 2.20 64.39 1.69 0.81 

Derris trifoliata 3.48 49.26 1.15 0.22 

Leaf litter Rhizophora apiculata 0.67 57.14 1.14 0.26 

Bruguiera parviflora 0.58 62.31 1.36 0.19 

Avicennia alba 1.48 57.33 1.45 0.23 

Acanthus ilicifolius 1.11 57.23 1.05 0.13 

Derris trifoliata 1.45 50.89 0.83 0.18 

Green leaf Rhizophora apiculata 1.63 56.96 1.31 0.69 

Bruguiera parviflora 1.62 59.59 1.39 0.33 

Avicennia alba 2.33 57.02 1.14 0.20 

Acanthus ilicifolius 1.64 53.77 1.66 0.58 

Derris trifoliata 2.36 53.27 1.47 0.45 

All standard deviation was bellow + 0.01 

 
 


