Wetlands Ecol Manage (2015) 23:909-920
DOI 10.1007/s11273-015-9428-0

@ CrossMark

ORIGINAL PAPER

Factors affecting distribution of fish within a tidally drained
mangrove forest in the Andaman and Nicobar Islands, India

Bhanu Sridharan - Naveen Namboothri

Received: 29 December 2014/ Accepted: 5 May 2015 /Published online: 13 May 2015

© Springer Science+Business Media Dordrecht 2015

Abstract Mangrove forests in meso-tidal areas are
completely drained during low tides, forming only
temporary habitats for fish. We hypothesised that in such
temporary habitats, where stranding risks are high,
distance from tidal creeks that provided access to
inundated areas during receding tides would be the
primary determinant of fish distribution. Factors such as
depth, root density and shade were hypothesised to have
secondary effects. We tested these hypotheses in a tidally
drained mangrove patch in the Andaman Islands, India.
Using stake nets, we measured fish abundance and
species richness relative to distance from creeks, root
density/m?, shade, water depth and size (total length) of
fish. We also predicted that larger fish (including
potential predators) would be closer to creeks, as they
faced a greater chance of mortality if stranded. Thus we
conducted tethering trials to examine if predation would
be greater close to the creeks. Generalised linear mixed
effects models showed that fish abundance was negative-
ly influenced by increasing creek distance interacting
with fish size and positively influenced by depth.
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Quantile regression analysis showed that species rich-
ness was limited by increasing creek distance. Proportion
of predation was greatest close to the creeks (0-25 m)
and declined with increasing distance. Abundance was
also low very close to the creeks, suggesting that close to
the creeks predation pressure may be an important
determinant of fish abundance. The overall pattern
however indicates that access to permanently inundated
areas, may be an important determinant of fish distribu-
tion in tidally drained mangrove forests.

Keywords Mangrove - Fish - Nursery - Tide -
Creeks - Andaman Islands

Introduction

Shallow water ecosystems such as mangrove forests
and sea grass meadows are widely considered to be
nurseries for juvenile fish, several of whose adults
inhabit different habitats (Beck et al. 2001; Kathiresan
and Bingham 2001; Nagelkerken et al. 2008). Studies
propose two hypotheses, abundant food resources and
availability of shelter from predators, to explain the
value of these ecosystems to juvenile fish (Adams
et al. 2006; Nagelkerken 2009a). While the two are not
mutually exclusive (Manson et al. 2005; Nagelkerken
2009b) there has traditionally been greater focus on
the shelter value of these habitats. Shelter in mangrove
forests is thought to come mainly from the structural
complexity of the system (Manson et al. 2005). The
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extensive root systems of mangrove plants such as
prop roots, stilt roots and pneumatophores as well as
fallen debris are reported to offer refuge for juveniles
and hinder movement of large adult piscivores
(Laegdsgaard and Johnson 2001; Verweij et al.
2006; Nagelkerken and Faunce 2008). Shade and
shallow depth typical of mangrove forests are also
considered to provide increased cover and deter larger
predatory fishes from entering these habitats, leading
to increased juvenile fish abundance (Cocheret de la
Moriniere et al. 2004; Ellis and Bell 2004; Verweij
et al. 2006).

However, most studies that have found a relation-
ship between fish abundance and species richness,
with structural complexity, shade and depth come
from mangrove forests in micro-tidal environments
(tidal range <1 m), such as the Caribbean (Verweij
et al. 2006; Nagelkerken 2007; Nagelkerken and
Faunce 2008; Kimirei et al. 2011). For instance, in the
Curacao Island, which has a mean tidal range of 0.3 m,
presence of root structure was found to have a positive
relationship with fish abundance (Verweij et al. 2006;
Nagelkerken and Faunce 2008). Similarly shade
relative to depth was found to positively correlate
with fish abundance in Tampa Bay, Florida, which has
a mean tidal range of 0.7 m (Ellis and Bell 2004). In
such systems, there is little fluctuation in water levels
through a tide period, resulting in mangrove forests
that can serve as permanently inundated habitats.

However in several regions of the world, such as the
Indo-Pacific. mangrove forests also occur in meso-
tidal and macro tidal environments and experience
tidal variations between two and nine metres (Sheaves
2005; Nagelkerken 2007). In many such areas man-
grove forests are often inundated during high tides and
completely drained during low tides. Such mangroves
form only temporary habitats for fish which have to
return to permanently inundated areas, such as main
channels or reefs during low tides (Vance et al. 1996;
Sheaves 2005). Sampling efforts are often concentrat-
ed in those parts of the system that are inundated
throughout the tide period, such as the estuary
channels (Robertson and Duke 1987; Chong et al.
1990; Blaber et al. 1995). Studies focussing on
vegetated parts of tidally drained mangrove systems,
have found less evidence of root structure, shade or
depth positively correlating with fish abundance or
species richness (Mullin 1995; Wang et al. 2009). In
fact, Wang et al. compared three habitat types—
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creeks, mudflats and vegetated areas—within the
Dongzhaigang Bay mangrove estuary in China, and
found lower fish abundances in vegetated areas (Wang
et al. 2009).

Factors such as structure and shade may become
important determinants of fish distribution due to
biotic pressures such as predation (Laegdsgaard and
Johnson 2001; Nagelkerken and Faunce 2007;
Nagelkerken and Faunce 2008). However the risk of
predation is limited to a few species of fish, i.e.,
potential prey species. On the other hand, all fish
entering temporary habitats such as tidally drained
mangrove forests face the risk of being stranded
during low tides, unless they have special morpho-
logical adaptations that help them survive (e.g.,
mudskippers).

Thus, we hypothesised that, within tidally drained
mangrove forests, ease of access to permanently
inundated areas would determine fish distribution
(i.e., abundance and species richness). We tested this
hypothesis in a tidally drained mangrove patch in the
Andaman and Nicobar Islands of India, for day time
hours during the dry season. As tidal creeks within the
mangrove patch were the first to be inundated during
the high tides and last to be drained during the low
tides, we assumed that the creeks were the main access
routes for fish to travel in and out of the mangrove
patch. Tidal creeks were similarly found to be the main
entry and exit points for fish entering the (Meynecke
et al. 2008) Burram River estuary, Australia, a
mangrove forest with a similar tidal range (1-3 m).
We thus chose distance from two creeks within the
mangrove patch (that connected this habitat to the
adjacent sea), as a proxy for access to permanently
inundated areas.

We further investigated the effect of three other
factors (considered important in micro-tidal mangrove
systems), (1) complexity of root structures (measured
as density of roots/mz), (2) shade from tree canopy and
(3) water depth on fish abundance and species richness
in this tidally drained mangrove patch. Following
published hypotheses (Laegdsgaard and Johnson
2001; Manson et al. 2005; Nagelkerken et al. 2008),
we expected increase in root density and shade to
positively correlate with abundance and species rich-
ness. We expected increase in water depth to
negatively correlate with abundance and richness as
past studies suggest that increasing water levels lead to
greater predation (Ellis and Bell 2004). Of note here is
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that water depth in the study site was not correlated
with increasing distance to the creeks, because of the
topography of the landscape. For instance some areas
close to the creeks were shallow because of the
increased height of the ground (due to sediment
deposit).

Although our predictions were built on the premise
that access to permanently inundated areas would be
the most important factor for fish entering tidally
drained mangroves, predation pressure could not be
ignored. Predation in such shallow water ecosystems
may arise from both adults as well as piscivorous
juveniles (Baker and Sheaves 2005). Piscivorous
juveniles could also be a major determinant of fish
distribution in mangrove forests (Baker and Sheaves
2005; Baker and Sheaves 2009; Dorenbosch et al.
2009). It is thus important to understand how predation
may interact with need for access in shaping fish
distribution across a tidally drained mangrove forest.

Our preliminary field observations indicated that
with an increase in size (total length), fish faced a
greater chance of mortality if stranded during low
tides. Smaller fish could survive in tide pools until the
next high tide. Thus we expected proportion of
predation to be higher close to the creeks (where
larger predators may be found) and decline with
increasing distance from the creeks.

Materials and methods
Study area

This study was conducted during the dry season, from
February 2012 to April 2012, in the Andaman and
Nicobar archipelago, situated in the Bay of Bengal
(60—14°N and 91 0—94°E). The study was conducted in a
riverine mangrove forest of approximately 36 ha in
the Lohabarak Crocodile Sanctuary, South Andaman
Island. Littoral forests adjoin the mangroves on the
landward side, while coral reefs form adjacent habitats
on the seaward side (Fig. 1).

Water movement within the patch is a consequence
of semi diurnal tides, ranging from 2 to 3 m. Water
enters the forest patch through two creeks (400-500 m
length), which are inundated during the high tide and
are completely dry during low tide.

Salinity in the study site ranged from 30 to 35 ppt
during the study period. Plant composition in the

mangrove patch is dominated by Rhizophora apicu-
lata, along with patchy distribution of Avicennia
officinalis, Bruguiera gymnorrhiza and Lumnitzera
racemosa. Sampling was restricted to daylight hours,
between 0530 and 1730 h. Using the geo-referencing
software Google Earth we divided the study area into
500 circular plots measuring 7 m in diameter. Sam-
pling was done in a subset of these 500 plots
(N = 110), covering 22 % of the study area. As we
had no prior information about the range of depths,
root density or canopy cover occurring within the
study area, the plots were chosen randomly using the
statistical software R ver. 3.0.1. Plots lying at the creek
mouths were eliminated, due to reported presence of
saltwater crocodiles in the area, and plots (very close
to the landward edge) which were only inundated
during spring tides.

Within each plot we measured the distance from the
centre of the plot to the nearest creek using Google
Earth, water depth at high tide using a calibrated rod,
and percentage canopy cover (as a proxy for shade)
using a canopy densiometer. To estimate root density
per plot, we photographed seven randomly placed
non-overlapping 1 m quadrats within each plot from a
fixed height of 1.5 m and counted the total number of
individual roots in each of these photographs. This was
averaged across the total plot to arrive at density of

roots per m*

Fish sampling

We sampled fish communities in each plot, with
passive stake nets (of 1 mm mesh size) modified from
Mullin (1995) and calculated abundance, species
richness and recorded composition of fish later. The
nets were set during low tide covering a circular plot of
38.5 m? area. Two opposing sides, 2 m in width, were
left open facing the direction of the incoming tide,
such that fish could enter and exit the area during the
rising tide. During the slack period (just before the
beginning of the ebb tide), when water levels were
highest and the tide ceased to rise, nets were closed to
trap the fish within the plot. We chose the slack period
to trap fish based on pilot studies—visual observation of
fish movement near creeks and previous literature. For
instance Meynecke et al. (2008), using PIT tags and
underwater videos found that while different species
of fish entered the mangrove patch at different times
during the rising tide, most left at the beginning of the
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Fig. 1 Map of the study site showing, the study site, the
Lohabarak Crocodile Sanctuary in reference to Andaman
Islands and India. Study site is circled in the South Andaman
Island. On the right the study site in detail with a permanently
inundated areas or the sea, b and ¢ show mangrove forest area of

ebb tide. Thus by capturing fish at the slack period we
may have a better reflection of where fish occur before
they exit the mangroves.

To prevent the nets from rising up with water, the
bottom was held down with fishing weights and fixed to
the ground with iron pegs. During the subsequent low
tide, we counted the stranded fish, measured their total
lengths and photographed them for identification before
releasing them. Although we did not sample at high tides
in the night, fish stranded were always counted in the
subsequent low tide, regardless of whether it was day or
night. This was done in order to avoid underestimating
abundance due to scavengers like hermit crabs.

Fishidentification was done using published literature
and the online database FishBase and photographs taken
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the Lohabarak sanctuary, with ¢ showing sampled areas and
d indicating the tidal creeks. Littoral forests and human
habitation form the white portions of the Lohabarak map. Map
was digitized from a Google Earth layer using graphic design
software Adobe Photoshop

at the time of sampling. We identified adults and
juveniles by comparing the total length of all individuals
trapped with length at maturity and maximum length
reported on FishBase. Fish catch was classified into
small (<=2 cm) and large (>2 cm) post hoc based on
total length and distinct distribution patterns (mentioned
in the results section) of these size classes.

Predation

We estimated the proportion of predation at different
distances from the creeks, by tethering a cardinal fish
species Apogon amboinenesis. The fish were tethered
using 1 m long transparent monofilament line inserted
through the bone above the nostrils; the other end of
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the string was attached to a lead fishing weight. All
tethered fish measured 3—4 cm and were caught from
creeks outside the protected area.

Each assay was conducted in five transects, set at six
at distance classes of 0, 25, 50, 75, 100 and 150 m from
the creek. The distance classes were chosen after
examining initial scatterplots of fish abundance which
showed that most fish seemed to occur within 150 m of
the creeks. As fish abundance beyond this distance class
appeared to be minimal we did not set up any transects
beyond this distance class. At each transect, five
tethered fish were placed 25 m apart. Each transect
was repeated five times. In order to isolate the effects of
creek distance we controlled for other factors, by
choosing areas with constant levels of root density
(3540 roots/sq m), depth (50-60 cm) and canopy
cover (90-100 %). Each assay (comprising one tran-
sect) lasted 30 min. We conducted 30 such assays and
tethered 150 fish. After each assay, lines with no
tethered fish were considered predation events. Fish that
had survived were released at the point of catch.

Before the actual trials, we conducted pilot studies
to identify if the tethered fish were susceptible to
opportunistic predators such as mud crabs (Scyla
serrata). No such predation event was observed during
the pilot studies. This was potentially because tethered
fish were observed to be highly mobile and even
feeding during the trials. Scavengers such as hermit
crabs fed on only dead fish that were placed on the
ground, with feeding times consistently longer than
30 min and only part of the fish being eaten. No birds
were observed feeding on tethered fish, potentially
because all transects were conducted within dense
canopy areas. We observed that all predation attempts
by fish such as mangrove snappers resulted in the
entire tethered fish being taken. Thus it can be safely
assumed that predation events during the final ex-
periment were by piscivorous fish and no other fauna.

All field work was done with permits provided by
the Andaman and Nicobar Forest Department No.
CWLW/WL/134/378.

Analyses

Fish abundance

To identify the factors influencing fish abundance, we
used generalised linear mixed effects models (GLMM)

with a Poisson distribution using the R package Ime4.
Distance from the creeks, root density, shade, depth and
size (total length) were considered fixed effects for fish
abundance. Random effects were individual plots
(sampled on different days leading to variation in tidal
fluctuation) and species identity (as biology of each
species may cause some variation). We also examined
the possibility of each plot having a random effect
nested within each species. Several candidate models
were removed by comparing Akaike Information Cri-
terion (AIC) values (difference of 3 points considered
significant) and significance values (o = 0.05) of
estimated parameters. The best model was chosen from
the top models by running Likelihood Ratio Tests, and
comparing the p values. In order to ascertain which of
the predictor variables had the greatest effect on
abundance, we standardised the effect sizes. We did
this by calculating the mean, median and maximum
values of each predictor. We also plotted histograms of
the random effects and the residuals of the best model, in
order to see if the model met the assumption of
normality of residuals imposed by GLMM. We then
compared the influence of the predictor variables of the
best model, by standardising the effect sizes.

Species richness

Models for species richness did not adhere to the
assumption of normality. Preliminary scatterplots
however indicated that species richness might be
limited by some factors. We therefore used regression
quantiles to look at the limits imposed by the distance
from the creeks, depth, root density and canopy cover
on species richness (Cade and Noon 2003).

Predation

We used a non-linear least squares (NLS) model to
examine the relationship between distance from creek
and predation. All analyses were done with the
statistical software R 3.0.1.

Results

Fish abundance and species composition

We recorded 1108 individuals and 29 species of fish
from 110 plots. Nine were reef or reef associated species,

@ Springer



914

Wetlands Ecol Manage (2015) 23:909-920

while the rest were mangrove or brackish water species.
Juveniles constituted 61 % of the total fish sampled. All
reef species and 14 of 20 mangrove species were
represented by immature fish. Small fish (<=2 cm)
were most abundant comprising 97 % of total abun-
dance. The Malabar rice fish Oryzias setmai and an
unidentified juvenile Apogonidae species were the most
abundant species (Table 1). Large fish (>2 cm) formed
approximately 3 % of the total abundance. Distance
from the sampled plots to the creeks, varied from 2 m to
362 m (mean = 90.4 m; SD =+ 82), depth varied from
6 cmtol110 cm (mean = 46.4 cm; SD + 21.9) and root
density varied from 0 to 82 per m* (mean = 28.3 roots/
m?; SD + 18). Percentage canopy cover varied from 0
to 100 %, (mean = 81.5 %; SD =+ 25.9).

Factors affecting fish abundance

The final model chosen based on AIC values, significant
p values (<0.05) of estimated parameters and Likeli-
hood Ratio Tests, showed that (1) distance from the
creeks interacting with log size (of the fish) and (2) depth
affected abundance. Plot identity nested within species
identity (as a random effect) explained much of the
variation in the intercept (Table 2). While distance from
the creeks and log fish size had a negative effect on
abundance, depth showed a positive effect (Table 2).
Standardised effect sizes showed that log (size) ap-
peared to have the greatest effect on fish abundance
followed by distance from the creeks and depth had the
least effect (Table 3). Models which also included root
density and canopy cover did not appear to accurately
estimate slopes of all the fixed effects. Likelihood ratio
tests also showed that these models were insignificant.

Species richness

Species richness only showed a relationship with distance
from the creek. Quantile regression analysis showed that
maximum species richness (tau = 0.95) per plot was
limited strongly by increasing distance from the creeks
(Intercept p = 0.000; slope p = 0.001) (Fig. 2).

Predation across a gradient of increasing distance
from the creeks

There was strong inverse relationship between preda-

tion and distance from the creeks (Fig. 3). Proportion
of predation was greatest within 25 m of the creek and
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decreased as distance from the creek increased. The
model using a logistic equation was the best fit, with
predation tending to O as distance from the creek
increased (Table 3). Scatterplots of fish abundance
within 150 m of the creeks showed that fish abundance
was low between 0 and 25 m and increased beyond
this distance class (Fig. 3).

Discussion
Importance of size of the fish

Our results show that fish abundance was influenced
by distance from creeks interacting with log size, and
depth. The final model explaining abundance shows
that a small increase in fish size leads to a sharp decline
in fish abundance. This is confirmed by our fish catch
data, which shows that small fish (<=2 cm) formed
98 % of total abundance, while large fish (>2 cm)
comprised only 2 %. Thus a small increase in fish size
would lead to a steep drop in fish abundance. Although
fish size was not considered in our original hypothesis
these results show that size of the fish could play an
important role in shaping fish population structure in
mangrove forests. This is particularly interesting as
most of the fish catch comprised small fish (<2 cm).
Comparing these results to studies in other areas
(Blaber and Milton 1990; Chong et al. 1990; Mey-
necke et al. 2008)indicates that mangrove forests in
different regions may be dominated by fish commu-
nities of different sizes and habitat associations. The
relationship between abundance and size also indi-
cates that temporary mangrove habitats may not be
suitable for fish beyond a certain size. Such an
inference however is made with caution and can only
be confirmed after studying more sites and under-
standing why fish use temporary mangrove habitats. A
rigorous analysis with size as a response variable was
however not possible with this dataset, due to the
heavy bias towards numbers of small sized fish.

Access to permanently inundated areas
and predation

According to the final model, increase in distance from
the creeks also resulted in a decrease in fish abun-
dance. Creeks within the study site formed the main
routes for water to enter and the last areas from where
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Table 1 Shows species wise information on abundance, size, age group and habitat compiled from existing databases. (Antony et al.

2005; Froese and Pauly 2014)

Species Catch  Mean length (cm) Max. length (cm)  Average distance (m) Age Adult habitat
Siganus vermiculatus 2 2144 45 5.19 Juvenile Reef
Plectorhinchus gibbosus 1 20.98 75 18.29 Juvenile Reef
Lutjanus argentimaculatus 2 2092 150 54.64 Juvenile Reef
Eleotris fusca 6 1828 26 56.39 Adult Mangrove
Arothron hispidus 1 15 50 35.65 Juvenile Reef
Scatophagus argus 1 15 38 139.58 Adult Mangrove
Lutjanus fulvifiamma 1 13.36 35 18.29 Juvenile Reef
Siganus lineatus 2 10.96 43 87.69 Juvenile Reef
Zenarchopterus dispar 13 10.62 19 92.46 Adult Mangrove
Apogon hylasoma 8 9.7 17 104.34 Juvenile Mangrove
Orange fish (Unidentified) 1 9.68 Unknown 111.66 Unknown  Unknown
Liza macrolepis 4 9.3 60 253.18 Juvenile Mangrove
Caranx sexfasciatus 2 9.05 120 58.57 Juvenile Reef
Butis butis 12 8.2 15 74.9 Juvenile Mangrove
Strongylura leiura 7 8.11 100 165.72 Juvenile Mangrove
Bostrychus sinensis 3 7.66 22 75.42 Juvenile Mangrove
Gerres limbatus 2 6.33 15 139.58 Juvenile Mangrove
Glossogobius® 14 6.22 Unknown 49.33 Unknown Mangrove
Apogon amboinensis 5 5.91 7 75.82 Adult Mangrove
Halicampus grayi 2 5.89 20 94.41 Juvenile Mangrove
Toxotes jaculatrix 4 5.67 30 96.82 Juvenile Mangrove
Sphaeramia orbicularis 1 4.98 10 91.58 Juvenile Reef
Chanos chanos 70 4.28 100 99.57 Juvenile Mangrove
Tetraodontidae® 1 3.8 Unknown 25.56 Juvenile Reef
Acentrogobius caninus 10 2.06 13 75.31 Juvenile Mangrove
Apogonidae sp.b 469 1.98 Unknown 111.85 Juvenile Mangrove
Oryzias setnai 420 1.96 3 79.4 Adult Mangrove
Acentrogobius sp.* 40 1.69 Unknown 72.42 Juvenile Mangrove
Gobiidae® 2 1 Unknown 120.94 Unknown Mangrove

Total 1108

# Identified to genus level

® Identified to family level

water receded. Easy access to these creeks would
therefore be very important for fish while entering and
exiting mangroves. Seen in combination with the log
size, the model indicates that there is a greater decline
in the abundance of larger fish with a marginal
increase in distance from the creeks. Similar size-
based distribution patterns were reported by Vance
et al. (1996), where the authors found fish with the
largest mean lengths in sites closest to the creeks. The

mean length of fish caught, declined in sites further
away from the creeks.

As large fish were likely to include piscivores, we
argued that predation pressure may be greater close to
the creeks and may decline with increasing distance
from the creeks. Our predation assays confirmed this.
At a constant depth of 50-60 cm and constant root
density, predation was highest close to the creeks
(0-25 m) and declined sharply with increasing

@ Springer
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Table 2 The best fit Generalised Linear Mixed Effects model shows that fish abundance is affected by depth and distance from the

creek interacting with log (size)

Model Fixed Estimate (SE) p value  Standardized Random SD
effects (<0.05) effect size effects
Min Median Max
Log(abundance) ~ depth +  Intercept 1.584 (£0.447)  0.00040 1.58 1.58 1.58 Plot: +0.577
distance from the creeks: species
log (size) + (llspecies/plot)  pepehy 0.009 (£0.004)  0.02460  0.057  0.46 1.04  Species
Family = Poisson Distance from —0.005 (£0.002)  0.00207 -—0.015 -0.5 —1.97
creeks
Log (size) —0.884 (+£0.214)  3.7e-05 0 —1.2 —2.77
Distance from 0.004 (£0.0015) 0.00356 0 0.48 4.68

creeks: log (size)

Standardized effect sizes (calculated using the minimum, median and maximum values of each predictor) show that log (size) has the
most effect on fish abundance, followed by distance from the creeks. Depth has the lowest effect on fish abundance

Table 3 Parameter estimates for the best fitting Nonlinear Least Squares model

Model (method: NLS) Parameter Estimate (SE) p value (< 0.05)
Formula: y ~ e’“‘/(l + e"("“)) a —0.018 (£0.0005) 2.99e-06
y = proportion of predation b —0.663 (£0.08) 0.0012
x = distance from creek
The equation is that of a logistic regression where values asymptotically go to zero
5- .
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Fig. 2 Maximum species richness per plot was found to be species per plot as distance from the creeks increases. This line
limited with increasing distance from the creeks. The line was fitted using a quantile regression with tau = 0.95

y = 3.73-0.008 x (p < 0.05), shows the maximum number of
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Fig. 3 Proportion of predation was greatest right next to the
creek, and dropped with decreasing slope as distance from the
creek increased beyond 25 m. The model was fitted by using a
nonlinear least squares (NLS) method. The points were best
fitted by the logistic equation y = 8’0'0'8"/(1 + 0.52e’0'6°“)
which tends to zero when distances from the creek become very

distance from the creek. Thus the risk of predation
may be greatest close to the creeks leading to smaller
fish being more abundant further away from creeks.
Similar results were reported by Hammerschlag et al.
(2010) in a seagrass-mangrove eco-tone in Biscayne
Bay, Florida. The authors found using tethering trials
that proportion of predation was highest closest to the
mangrove-seagrass eco-tone, the transition zone from
mangroves to seagrass meadows (Hammerschlag et al.
2010). Creeks within our study site, which showed the
greatest proportion of predation, may be considered
similar transition zones between mangrove forests and
other habitats such as coral reefs.

The predation model showed a slight increase in
proportion of predation between the O and 25 m
transects. This may further indicate that areas close to
the creeks, but within the actual mangrove forest could
serve as active hunting zones for predators. It is
possible then that large predators may only be using
this small area close to the transition zone as hunting
grounds. This leads to the question of how effects of
predation on abundance may be separated from that of

large. Error bars are 95 % binomial confidence intervals. The
figure has been superimposed with raw fish abundance data
(solid black dots) for the same creek distances. This shows that
proportion of abundance is very low within 25 m of the creeks
and rise between 25 and 50 m and declines beyond 50 m. The
y-axis is proportion of predation and fish abundance

increasing distance from the creeks. A look at Fig. 3
indicates that predation pressure was greatest between
0 and 25 m from the creek while the corresponding
graph for fish abundance indicates that overall abun-
dance was very low between 0 and 25 m, and tending
to zero at the distance corresponding to the peak in
predation predicted by the NLS model. However,
abundance rose beyond 25 m and peaks close to 50 m
from the creek declining again at 150 m from the creek
where we found predation to be the least. This pattern
indicates that potential prey species have to make an
effective trade-off between predation and stranding
and thereby may be avoiding areas very close to the
creeks where predation pressure might be highest,
without venturing too far out into the mangrove forests
where stranding risks are much higher. The decline in
proportion of predation at 50, 75, 100 and 150 m
indicates that these areas could serve as relatively ‘safe
zones’ for smaller potential prey species. Interestingly
however transects with the least amount of predation
(100 and 150 m) also had very low abundance. This
indicates that although predation may be an important
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biotic pressure shaping fish distribution close to the
creek, the overall pattern of fish abundance was
determined by access to permanently inundated areas.
It might be important to further investigate the
dynamics between predation risk and stranding risk
in the future.

Comparison of effects of depth, fish size
and distance from the creeks

Contrary to our hypothesis increase in depth led to an
increase in abundance. Shallow depths are considered
to be important for small sized fish to escape larger
predators (Ellis and Bell 2004; Meynecke et al. 2008;
Nagelkerken and Faunce 2008). In the absence of
predation (in much of the mangrove patch), most fish
regardless of their size may prefer relatively deeper
areas in the mangrove patch. However, a comparison
of the effects of all three factors (Table 2) shows that
rise in depth had the least effect, resulting in a slight
increase in fish abundance. While maximum increase
in log size resulted in the greatest reduction in fish
abundance, a minimum increase in size did not affect
fish abundance. This may have been due to the
dominance of small fish (<2 cm) in the mangrove
patch. However even a minimum increase in distance
from the creeks affected abundance (negatively)
pointing to the larger overall impact of this factor on
fish abundance.

Finally, species richness was only affected by
distance from the creeks. Increasing distance from the
creeks limited the maximum number of species that
occurred in each plot lending further credence to our
hypothesis that access to permanently inundated areas
may be the primary determinant of fish distribution.
Quantile regression analysis indicates that species
richness while limited by distance from the creeks
may be affected by other unmeasured factors. For
most species, staying close to the creeks may allow
fish to minimise time spent travelling during receding
tides and maximise on time spent in activities such as
feeding (Sheaves 2005). Moving further away from
the creeks could increase the risk of mortality for most
species. There may be considerable variation between
different species and functional groups with regard to
the effects of creek distance (Table 1). However the
low abundance of most species caught, precludes any
formal statistical analysis on the effects of distance
from the creeks or other factors on individual species

@ Springer

or functional groups, which have provided valuable
information in the past (Johnston and Sheaves 2008).

Role of root structure and shade

Root density and canopy cover did not affect fish
abundance and species richness. Structure in man-
grove forests (such as prop roots or stilt roots) are
reported to be important in several studies in micro-
tidal areas (Verweij et al. 2006; Nagelkerken et al.
2008) particularly as predation refuges (Laegdsgaard
and Johnson 2001; Johnson 2006). In contrast, our
results were similar to studies in mangrove forests in
meso-tidal regimes, where no effect of root structure
was reported (Mullin 1995; Wang et al. 2009), except
in Meynecke et al. (2008). These results indicate that
the importance of structure and shade as predation
refuge may be a significant determinant of fish
distribution only in permanently inundated mangrove
systems.

Conclusion

In conclusion, access to permanently inundated areas
may be an important determinant of fish distribution in
temporary habitats such as tidally drained mangrove
forests. Other factors such as size of the fish and
predation risk (for certain species) also affect the
distribution of fish in the study site however, such
effects seem to be secondary. The findings of the study
are limited by the fact that it is restricted to a single site
and does not factor in the effects of climate, diel
cycling and within site tidal variation. Thus these
results need to be treated with caution while general-
ising; although they provide valuable insight into the
various factors that could affect fish distribution in
tidally drained mangrove ecosystems. Studies from
more sites across the world which incorporate more
spatial and temporal variation, will lead to a more
complete understanding of fish distribution in tidally
drained mangrove forests and add to the nursery
paradigm.
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