Environ Monit Assess (2014) 186:293-305
DOI 10.1007/310661-013-3374-1

Interaction of free-living marine nematodes in the artificial
mangrove environment (southeast coast of India)

K. G. Mohamed Thameemul Ansari - S. Manokaran -

S. Raja - P. S. Lyla - S. Ajmal Khan

Received: 31 January 2013 /Accepted: 29 July 2013 /Published online: 9 August 2013

© Springer Science+Business Media Dordrecht 2013

Abstract Free-living marine nematode diversity was an-
alyzed between Avicennia marina and Rhizophora
mucronata mangrove covers of the Vellar Estuary (south-
east coast of India). A total of 4,976 specimens of free-
living marine nematodes were collected in 56 species.
Comparatively, a higher species richness was obtained
for A. marina (52 species) than for R. mucronata (44
species), whereas 40 species commonly existed in both
mangrove covers. A higher density of nematodes was
found in sediments of sandy nature, whereas there was
lower total organic carbon compared to silt/clay composi-
tion; epigrowth feeders were dominant over the other
feeding groups based on organic enrichment in surface
sediments. Principal component analysis clearly explained
the relationship between the environmental parameters of
various months. Higher R values of analysis of similarities
revealed significant differences in nematode assemblages
between months, and it was quite evident by non-metric
multidimensional scaling. Diversity indices showed higher
values in the dry months. RELATE analysis explained
serial changes in nematode species composition between
months, and a relationship between biotic and abiotic
variables was clarified using the BIO-ENV procedure.
Viscosia spp., Metachromadora spp., Theristus spp., and
Sphaerolaimus spp. were candidate species of A. marina
leaf interaction by observation.
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Introduction

Mangroves are one of the most productive ecosystems in
the world, an important ecological asset, and economic
resource of the coastal environment (Kathiresan et al.
1996). They protect coasts from erosion and provide food
and shelter for a large number of commercially valuable
fin and shellfishes (Kathiresan and Bingham 2001). They
not only help in the production of detritus/organic matter
and recycling of nutrients thereby enriching the coastal
waters to support the benthic production of the environ-
ment (Krishnamurthy and Jayaseelan 1983), but man-
grove sediments also generally support higher densities
of benthic organisms than other non-vegetated sediments
of the estuarine environment (Edgar 1990; Sasekumar
and Chong 1998; Kathiresan and Bingham 2001).
Through several studies on macrofauna, meiofauna
especially of the free-living marine nematode assem-
blage of the mangrove environment has been studied in
different parts of the world (e.g., Alongi 1990; Nicholas
et al. 1991; Vanhove et al. 1992; Olafsson 1992, 1995;
Somerfield et al. 1998; Olafsson et al. 2000); in India, it
has also been carried out (Krishnamurthy et al. 1984;
Rao 1986; Kondalarao and Ramanamurthy 1988; Ansari
and Parulekar 1993; Sarma and Welsanand 1994; Goldin
et al. 1996; Sulthan Ali et al. 1998; Chinnadurai and
Fernando 2007; Anila Kumary 2008). The present study
area is an artificially developed mangrove environment
established in 1991 by Prof. Kathiresan (Samiduari et al.
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2012), and investigations on meiofauna especially on
free-living marine nematodes were scarce (Chinnadurai
and Fernando 2007), but meiofauna was comparatively
well studied near the Pichavaram mangrove forest
(Krishnamurthy et al. 1984; Kondalarao and Ramanamurthy
1988; Sulthan Ali et al. 1998).

They remain poorly understood despite the fact that
they are extremely abundant and diverse, often number-
ing in millions per square meter of sediments, and exist
in more habitats than any other metazoan group (e.g.,
Platt and Warwick 1980; Heip et al. 1985). As a result,
nematodes have been better studied than any other
members of the mangrove meiofauna (Olafsson 1995).
Free-living marine nematodes are usually the most
abundant metazoans inhabiting marine benthic ecosys-
tems, often representing more than 60-90 % of the
benthic meiofauna (Sajan et al. 2010). Their signifi-
cance in terms of energy flexes in the food chain through
ways of degradation and mineralization of organic mat-
ter is high. No information is available to date regarding
the distribution and diversity of free-living marine nem-
atodes from an artificially developed mangrove ecosys-
tem especially in different plant covers.

The main objective of this quantitative study was to
investigate (1) the distribution and diversity of free-
living marine nematode assemblage in the artificially
developed mangrove ecosystem, (2) the interaction be-
tween free-living nematode species and mangrove
covers, and (3) which physicochemical variables deter-
mine the distribution and diversity of free-living marine
nematode assemblages in the artificially developed man-
grove ecosystem.

Materials and methods
Study area

In the present investigation, free-living marine nema-
todes were collected throughout the year 2010 from
two different mangrove covers (Avicennia marina and
Rhizophora mucronata) in an artificially developed man-
grove environment located in the Vellar Estuary (Fig. 1),
southeast coast of India (latitude, 11°29'N; longitude,
79°46'E). Nearly 1.5 km upstream from the mouth at
the tidal zone and the northern bank of the Vellar Estuary,
an artificial mangrove plantation covering an area of
10 ha was established in 1991 (Ajmal Khan et al. 2005;
Samiduari et al. 2012).
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Sampling strategy

Nematode samples were collected using a PVC corer
(with an internal diameter of 2.5 cm and a length of
15 cm) in the artificially developed mangrove environ-
ment (Vincx 1996) each month (January to December
2010). Each mangrove covers a total of five stations that
were fixed, and triple corer sediment samples were col-
lected in each station every month to reduce sampling
variation. At each corer, the upper 5 cm of samples was
analyzed for nematodes. These samples were fixed in
buffered formalin at a concentration of 4 %. The replicate
core samples were processed separately for downstream
analyses. Observations were made on the physicochem-
ical characteristics of the estuarine bottom water (temper-
ature by centigrade thermometer, dissolved oxygen by
Winkler's method following Strickland and Parsons
(1972), salinity by refractometer, and pH by Elico pH
meter). Sediment granulometry was done using the pi-
pette method as proposed by Krumbein and Pettijohn
(1938). Total organic carbon content was estimated using
chromic acid oxidation method followed by titration with
ammonium ferrous sulfate (Walkley—Black method) as
modified by Gaudette et al. (1974).

Nematode extraction

In the laboratory, sediment samples were washed through
a set of 0.5- and 0.053-mm sieves. The sediment retained
in the 0.053-mm sieve was decanted to extract meiofauna
following the methods of Pfannkuche and Thiel (1988).
Sorting of meiofauna from the sediment was based on
flotation technique which has an efficiency of around
95 % (Armenteros et al. 2008). The meiofaunal organ-
isms were stained with Rose Bengal prior to extraction
and sorting. All of the nematodes enumerated under a
stereomicroscope (Meiji, Japan) were mounted in glass
slides using the formalin—ethanol—glycerol technique of
Seinhorst (1959) and were subsequently identified to the
highest taxonomic level under a compound microscope
(Olympus CX 41) based on standard pictorial keys (e.g.,
Platt and Warwick 1983, 1988; Warwick et al. 1998) and
the NeMys Database (Steyaert et al. 2005).

Feeding types
Each nematode species was assigned to one of the four

functional feeding groups as per Wieser (1953) classifi-
cation based on buccal cavity morphology:
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Fig. 1 Geographic location of the study area (4 the A. marina cover, R the R. mucronata cover)

1. Selective deposit feeders (1A). They are species with-
out a buccal cavity or with only a narrow tubular
buccal cavity.

2. Non-selective deposit feeders (1B). They are spe-
cies with a large buccal cavity that is not armed with
teeth.

3. Epigrowth feeders (2A4). They are species having a
buccal cavity armed with small or moderate-sized
teeth.

4. Predators or omnivores (2B). They are species with
large teeth or jaws.

Although various authors have later revised and mod-
ified this classification (e.g., Romeyn and Bouwman
1983; Jensen 1987; Moens and Vincx 1997; Moens
etal. 2004), in this study, nematode genera were assigned
to feeding guilds of Wieser (1953) since this is the only
classification which takes into consideration feeding
habits of free-living marine nematodes from a variety
of habitats.

Statistical analysis

Univariate and multivariate analyses of the nematode
community structure were conducted using the PRIMER
v6.0.2 software package (Clarke and Gorley 2006).
Univariate methods (Shannon—Wiener diversity A’ log e,
Margalef's species richness d, Pielou's evenness J’,
Simpson's dominance index Lambda’, taxonomic diversi-
ty Delta, and total phylogenetic diversity index sPhi+) and
multivariate analysis data were fourth-root-transformed
prior to construction of the Bray—Curtis similarity matrix
(Clarke et al. 20006), and two-dimensional ordinations of
assemblages were subsequently created using non-metric
multidimensional scaling (nMDS). The significance of
differences in community structure across the scales of
investigation was assessed using a series of one-way
analysis of similarities (ANOSIM). The contribution of
individual species to the differences observed was calcu-
lated using similarity percentages (SIMPER) routine.
Relationships between multivariate biotic patterns and
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environmental variables were assessed by calculating the
Spearman rank correlation (p) between a similarity matrix
derived from biotic data and metrics derived from envi-
ronmental data (BIO-ENV procedure). Relationships be-
tween nematode density and environmental parameters
were assessed using principal component analysis (PCA).
They were also assessed based on environmental param-
eters (sediment temperature, salinity, pH, dissolved oxy-
gen, sand, silt, clay, and TOM) and nematode species
distribution. Other simple statistics (correlation, descrip-
tive statistics, and two-way ANOVA) were made using
MS Excel.

Results
Hydrography

Hydrographical parameters like surface sediment temper-
ature, salinity, dissolved oxygen concentration, and pH
were observed at their maximum during the month of
May and minimum during the months of December (tem-
perature and salinity) and November (dissolved oxygen
and pH) in both mangrove covers. Surface sediment
waters were characterized by high values for temperature
(22.42-31.32 °C at the 4. marina cover and 22.68—
31.20 °C at the R. mucronata cover) and salinity (21.98—
30.32 practical salinity units (psu) at the A. marina cover
and 22.49-32.02 psu at the R. mucronata cover).
Dissolved oxygen concentration in normoxic levels was
observed (6.64—7.62 ml/l at the A. marina cover and 6.96—
7.88 ml/l at the R. mucronata cover), and acidic pH values
varied (6.86—7.50 at the A. marina cover and 6.92—7.63 at
the R. mucronata cover). Hydrographical parameters be-
tween the mangrove covers were compared, temperature
was at its maximum at the A. marina cover, and other

parameters were high at the R. mucronata cover (Table 1).

Sedimentology

Sediments of sandy nature were mostly observed in both
mangrove covers than sediments of silt/clay composi-
tion. Sand content varied from 51.97 to 60.19 % at the 4.
marina cover and 55.17 to 61.23 % at the R. mucronata
cover, whereas silt/clay composition ranged between
39.81 and 48.03 % at the A. marina cover and between
38.77 and 44.83 % at the R. mucronata cover. The lowest
concentration of total organic carbon was recorded in the
months of July (12.03 mg/g at the 4. marina cover) and
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Table 1 Physicochemical variables recorded in the artificial mangrove environment

September October November December

June July August

May

February March April

Mangrove covers January

Environmental parameters

22.42
22.68

26.54 24.61

28.42
28.12

29.11

29.68
30.96

30.20
29.77

30.92
31.18
30.67

3091

31.32
31.20

30.32
32.02

28.88 30.76
30.88

25.92
25.64

24.82

23.24
23.16

Avicennia marina

Temperature (°C)

24.40
2243
23.50

26.21

29.32

28.72
26.90
27.79

Rhizophora mucronata

21.98
22.49

24.18

27.67

29.82

28.34
30.28

22.87

A. marina

Salinity (psu)

24.52

26.54

28.12

26.32

23.26

R. mucronata

6.92
7.10
6.88
6.96
55.12

6.64
6.96
6.86
6.92
51.97
55.32
48.03
44.68

6.88
6.98
6.92
7.20
54.48
56.12

6.94
7.09
7.12
7.23

59.41

7.11

7.18
7.54
7.21
7.35

60.19

7.38
7.68
7.42
7.51
59.76

60.28

7.62
7.88
7.50
7.63
57.87
59.38
42.13

7.48
7.62
7.26
7.48

57.41

7.26
7.44
7.11

7.32
7.19
7.06
7.21
55.19

7.14
7.01
6.94
6.82
56.68
57.32
4332

A. marina

DO (ml/l)

7.29
7.00
7.11
59.67

60.82

R. mucronata

A. marina

pH

7.34
54.75

R. mucronata

A. marina

Sand (%)

55.17

60.24
40.59

61.23
39.81

56.82
42.59

55.12

55.97
44.81

R. mucronata

45.52 44.38

40.33

40.24
39.72
12.16
12.45

4525
44.88

A. marina

Silt/clay (%)

44.83

43.88

39.76
12.98
13.21

39.18

38.77

40.62

43.18

44.03

42.68

R. mucronata

14.82
15.02

15.38
15.34

14.32
14.76

11.98
12.24

12.03

12.2

12.88
11.83

12.67
12.86

12.98
13.22

13.54
13.65

14.16

A. marina

TOC (mg/g)

14.22

R. mucronata

DO Dissolved oxygen, TOC Total organic carbon
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May (11.83+0.38 mg/g at the R. mucronata cover),
whereas the highest concentration was recorded in the
months of November (15.38 mg/g at the 4. marina
cover) and October (14.76 mg/g at the R. mucronata
cover) (Table 1). Interrelationship between environmen-
tal parameters was assessed using PCA; the first axis
represented 59.6 %, and the second axis explained
27.7 % with the total of 87.3 % in variability. The first
axis clearly separated all the months sampled. It evident-
ly demonstrated higher values of total organic carbon
with silt/clay composition in the months of the monsoon
season (October, November, and December), whereas
there was more sand content in the pre-monsoon season
(July, August, and September); other hydrographical
parameters were at their maximum in the months of the
summer season (April, May, and June) (Fig. 2).

Taxonomic composition of nematodes

In the artificial mangrove environment in the southeast
coast of India, a total of 4,976 free-living marine nem-
atode specimens were examined, and 56 species be-
longing to 27 genera and 18 families were identified
based on taxonomic characters. Among these, 2,564
specimens were examined and 52 species belonging to
27 genera were identified at the 4. marina cover and
2,412 specimens and 44 species belonging to 25 genera
were identified at the R. mucronata cover. Among
these, 40 species of free-living marine nematodes were

Fig. 2 Projection of the var-

associated with both mangrove covers. Overall, the R.
mucronata cover had the lowest number of nematode
abundances (198.83+95.72), whereas the A. marina
cover (211.33+£109.7) had the most number of nema-
tode abundances. An ANOSIM revealed significant
differences in the nematode assemblages between months
(R=0.858, p=0.001 at the A. marina cover; R=0.824,
p=0.001 at the R. mucronata cover), which was also
confirmed by nMDS. Four main groups were highlighted
by the nMDS analysis in both mangrove covers: the first
group was composed of the monsoon season (October,
November, and December), the second group was com-
posed of the post-monsoon season (January, February,
and March), the third group was composed of the pre-
monsoon season (July, August, and September) and
the forth group was composed of the summer season
(April, May, and June). Nematode assemblage and spe-
cies composition clearly explain the seasonal variations,
and they were confirmed by nMDS analysis (Fig. 3a, b).

Feeding types

As far as the trophic groups were concerned, there was
dominance of the epistrate feeders (2A), followed by the
non-selective deposit feeders (1B), then the selective de-
posit feeders (1A), and finally the predators (2B). Only the
epigrowth feeders were significantly different from the
comparison of the mangrove covers (ANOVA, p<0.01).
Epigrowth feeders were significantly more abundant in all

Environmetal parameters
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Fig. 3 a nMDS plot of the free-living marine nematode assem-
blages (square root transformed) at the A. marina cover. The
sampling grouping was based on Bray—Curtis clustering. b nMDS

of the seasons except in the monsoon season where
there was contributed dominance of non-selective deposit
feeders (Tukey's test p<0.05) in both mangrove covers.
Diversity

Diversity indices clearly explained the significant changes in
nematode assemblages between seasons in both mangrove
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plot of the free-living marine nematode assemblages (square root
transformed) at the R. mucronata cover. The sampling grouping
was based on Bray—Curtis clustering

covers. Shannon—Wiener index (H' log e) ranged from 3.52
to 2.89 (A. marina) and from 3.42 to 2.72 (R. mucronata),
while Pielou's evenness index (J') ranged from 0.95 to 0.92
(4. marina) and from 0.96 to 0.92 (R. mucronata).
Shannon—Wiener diversity values were significantly lower
in the months of the monsoon season (ANOVA, p<0.05;
Tukey's test p<0.05). Margalef's richness () values were in
the range 6.68-4.28 (4. marina) and 6.48-4.12 (R.
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mucronata), while Simpson's dominance indices (Lambda’)
were in the range 0.06-0.03 (4. marina) and 0.07-0.04 (R.
mucronata). Calculating the taxonomic diversity (Delta) and
total phylogenetic diversity index (sPhi+) did not vary as
much in both mangrove covers. In the A. marina cover,
Delta values varied from 55.57 to 56.31, while in the R.
mucronata cover, Delta values varied from 55.47 to 56.15.
Total phylogenetic diversity values ranged between 1,450
and 883.3 in the 4. marina cover, while it ranged between
1,350 and 850 in the R. mucronata cover (Table 2).

Discussion

The integration of our results provided a quantitative
description of the distribution and diversity of free-living
marine nematodes in different mangrove covers of artifi-
cially developed mangrove ecosystems in the southeast
coast of India.

Mangrove forests are among the world's most pro-
ductive ecosystems (Kathiresan et al. 1996). They en-
rich coastal waters, yield commercial forest products,
protect coastlines, and support coastal fisheries. However,
mangroves exist under conditions of high salinity, extreme
tides, strong winds, high temperatures, and muddy, anaer-
obic soils (Kathiresan and Bingham 2001). In general,
information on the physicochemical parameter studies
is essential for nematode ecological studies (Armenteros
et al. 2009). In the present investigation, the hydrographical
parameters, namely temperature, salinity, pH, and dissolved
oxygen, showed a significant positive correlation (p<0.001)
with nematode abundance. In seasonal variations, all of
the physicochemical parameters were at their maximum
during the summer season (April, May, and June) and
were at their minimum during the monsoon season
(October, November, and December). Similar findings
were observed in Cochin backwater mangroves by
Anila Kumary (2008). Dissolved oxygen is an index to
investigate the productivity of an environment. It mainly
depends on the nature and abundance of the planktonic
organism, monsoonal downpour, salinity, etc. (Ansari
et al. 1980). Carpenter (1996) noticed that the solubility
of oxygen in water is a function of temperature and
salinity. This present investigation noted the same trend:
dissolved oxygen positively correlated with temperature
and salinity (p<0.01).

Studies on sediment composition are of paramount
importance in benthic ecology. Sediment grain size is
one factor that determines the distribution and composition

of nematode assemblages (Wieser 1960; Ferris and Ferris
1979; Heip et al. 1985; Ansari and Parulekar 1998).
Sediment interstitial space determines the density and di-
versity of free-living marine nematodes (Heip et al. 1985;
Armenteros et al. 2009). In the present investigation, the
sandy nature of sediments was dominant throughout the
period of investigation, and the abundance of nematodes
was also on the higher side. Sand content showed a
significant positive correlation (p<0.05) with nematode
density in both mangrove covers, while silt content nega-
tively correlated (p<0.05) with nematode density in both
mangrove covers. Silt/clay content did not show any cor-
relation with nematode density. Similar findings were not-
ed by various authors in mangrove environments (Rao
1986; Alongi 1987; Sarma and Welsanand 1994;
Nicholas et al. 1991; Anila Kumary 2008). An important
feature of nematode populations is the presence of a large
number of species present in a single habitat (Ingole and
Singh 2010). Differences in food availability both quanti-
tative and qualitative appear to be an important factor in
controlling the total abundance of free-living marine nem-
atodes at the taxonomic level (Vincx et al. 1994; Soltwedel
1997; Ingole and Singh 2010; Sajan et al. 2010).
Physicochemical factors and competition, both among
individuals within a species as well as among the species,
can also play a major role in limiting nematode abundance
and distribution (Soltwedel 2000; Sajan and Damodaran
2007).

Mangrove ecosystems are known to be highly pro-
ductive ecosystems, with a net primary productivity esti-
mated at 149 mol C m 2 year ' (Bouillon et al. 2008). In
addition, they can store large amounts of organic carbon
in their substrate up to several meters in depth (Lallier-
Verges et al. 1998). Quantitatively, the most important
source of organic carbon in the mangrove environment is
litter from mangrove trees deposited at the sediment
surface and subsurface (Alongi 1998). Sediments of arti-
ficially developed mangrove environment in the south-
east coast of India are highly enriched in total organic
carbon compared to the open or non-vegetated sedi-
ments, with maximum values of up to 15.38+0.20 mg/g
at the A. marina cover and 14.76+0.32 mg/g at the R.
mucronata cover compared to the open environmental
sediments of 2.05 mg/g at 5 m in depth (e.g., Mondal
et al. 2010). The highest values of total organic carbon
were obtained at the A. marina cover over the R.
mucronata cover. This result agreed with the investiga-
tion of Alongi et al. (1998) on Malaysian mangroves.
This can be the result of a more developed root system of
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R. mucronata (e.g., Hesse 1961) compared to the radial
cable root system of A. marina that developed only in the
subsurface (e.g., deGranville 1974). In the present study,
total organic carbon values significantly and positively
correlated with nematode assemblages in both mangrove
covers (p<0.05 A. marina; p<0.01 R. mucronata). The
dominance of epigrowth and deposit feeders also signif-
icantly correlated with organic enrichment in both man-
grove covers (Tukey's test p<0.01).

The density of free-living marine nematodes has a
direct relationship with various environmental parameters
such as temperature, salinity, sediment texture, and organ-
ic matter content in the sediment (Ansari et al. 1980;
Grove et al. 2006; Armenteros et al. 2009; Ajmal Khan
et al. 2012). In the present investigation, the abundance of
free-living marine nematodes was found to be in the range
of 106+1.58 number of individuals (no. of ind.) (October)
to 463.4+2.41 no. of ind. (May) in the A. marina cover
and 99.8+1.14 no. of ind. (October) to 400.6£1.14 no. of
ind. (May) in the R. mucronata cover. This is comparable
with the observations made by Sulthan Ali et al. (1983);
Kondalarao and Ramanamurthy (1988); Goldin et al.
(1996); Chinnadurai and Fernando (2006), and Anila
Kumary (2008) in Indian mangroves. The range observed
presently also agrees with those of numerous authors from
the Australian mangroves (Hodda and Nicholas 1986;
Alongi 1987, 1990; Nicholas et al. 1991), African man-
groves (Dye 1983; Vanhove et al. 1992; Olafsson 1995;
Olafsson et al. 2000), and Malaysian mangroves (Somerfield
et al. 1998). In the present investigation, artificial man-
groves showed that nematode abundance and species
composition are more or less similar in both mangrove
covers. In the natural mangrove environment, generally
A. marina showed maximum abundance over other
mangroves (Nicholas et al. 1991; Goldin et al. 1996;
Somerfield et al. 1998; Olafsson et al. 2000).

In the present investigation, as many as 56 species of
free-living nematodes belonging to 27 genera were
recorded from the artificial mangrove environment. So
far, around 225 species of free-living marine nematodes
have been reported in various regions, including estuaries,
backwaters, lagoons, mangroves, and coastal environ-
ments of Indian waters (Timm 1961, 1967a, b; Gerlach
1962; Rao and Ganapati 1968; Sulthan Ali et al. 1998;
Chinnadurai and Fernando 2003, 2006, 2007; Nanajkar
and Ingole 2007; Sajan and Damodaran 2007; Sajan et al.
2010; Ansari et al. 2012a, b, ¢).

The differences between the structures of the nematode
assemblages found in these artificial mangrove covers

were clearly shown in the nMDS plot (Fig. 3a, b). Here,
the sampling months were grouped into four separate
clusters within the seasons based on the species composi-
tion. Therefore, serial changes in nematode species com-
position were calculated using RELATE analysis (Clarke
and Warwick 2001). The serial changes in species com-
position with different mangrove covers were clearly
explained. The Spearman rank correlation (Rho) values
obtained were 0.416 (4. marina) and 0.72 (R. mucronata)
having the sample statistic of 0.4 and 0.1 %, respectively,
indicating significant changes in species composition with
different mangrove covers. Interrelations between the bi-
otic and abiotic variables were derived by calculating the
correlation matrix using BEST-BIOENV procedure, and it
gave a higher Spearman rank correlation value of 0.728 at
the A. marina cover with the combination of temperature,
salinity, dissolved oxygen, silt/clay composition, and total
organic carbon, whereas a correlation value of 0.721 was
exposed at the R. mucronata cover with the combination
of temperature, salinity, dissolved oxygen, sand content,
and total organic carbon.

Multiple k-dominance plots (Clarke and Warwick 2001)
facilitated the discrimination of nematodes according to
the species' relative contribution to standard stock. When
the k-dominance was plotted in both mangrove covers
(Fig. 4), it did not show much variation (40 species in
both mangrove covers); however, the curve for the 4.
marina cover was low, indicating the highest diversity
(52 species), whereas the curve for the R. mucronata,
which showed the lowest diversity (44 species), was high.
This index has been defined as the opposite to equitabil-
ity, and whenever dominance index is maximum, the
evenness index is the least and vice versa. The dominance
index is a useful tool to finding out the influential species
within the habitats (Pearson and Rosenberg 1978). In the
present study, it is clearly explained that the highest diversity
in the 4. marina cover is influenced by species such as
Viscosia abyssorum (Allgén, 1933), Viscosia glabra
(Bastian, 1865), Metachromadora remanei Gerlach, 1951,
Metachromadora sp.1, Metachromadora sp.2, Theristus
flevensis Stekhoven, 1935, Theristus longus Platt, 1973,
Sphaerolaimus gracilis De Man, 1884, and Sphaerolaimus
islandicus Ditlevsen, 1926. These species were also
obtained by SIMPER analysis.

Similarly, in the present study, the confirmation of
species richness in the mangrove covers to find out the
sufficiency of the sample size was calculated using the
rarefaction method (expected number of individuals). The
rarefaction curves clearly explained that the number of
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Fig. 4 Dominance curves at
the artificial mangrove
environment
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samples collected from the mangrove covers is quite
sufficient to record all of the 56 species. For the compar-
ison of sample size, it required the recording of all species
from the A. marina cover (2,620 individuals) and the
recording of all species from the R. mucronata cover
(2,475 individuals) (Fig. 5). The rarefaction results were
quite evident in the collected samples of the entire study
(A. marina 2,564 individuals; R. mucronata 2,412
individuals).

Based on feeding types, in general, epistrate feeders
are present more commonly in sediments of sandy nature,
while deposit feeders (selective and non-selective) are
predominant in finer sediments; predators could be the
main representatives in medium and fine sediments (Heip
et al. 1985; Sinha and Choudhury 1987). In the present
investigation, throughout the study period, sediments had
a sandy substrate and comparatively silt/clay composi-
tion. However, the nematode assemblages were distinct
in relation to mangrove covers. Both mangrove covers
were dominated by epistrate feeders, closely followed by

Fig. 5 Sample rarefaction
curves at the artificial man- 60
grove environment

50

40+

30+

Taxa (95% confidence)

10+

10 100
Species rank

deposit feeders, and then predators. Similar findings were
observed by various authors in the mangrove environment
(Dye 1983; Sulthan Ali et al. 1983; Alongi 1987, 1990;
Alongi and Christofferen 1992; Vanhove et al. 1992;
Ansari and Parulekar 1993; Olafsson 1995; Goldin et al.
1996; Chinnadurai and Fernando 2006).

Species diversity is a simple and useful measure of a
biological system (Redding and Cory 1975). In the present
investigation, diversity indices were maximum in the sum-
mer and minimum in the monsoon. Similar findings were
made by Hodda and Nicholas (1986), Nicholas et al.
(1991); Ansari and Parulekar (1993); Somerfield et al.
(1998); Olafsson et al. (2000), and Anila Kumary (2008).
Species richness of the meiofauna varies much among
different habitats. However, they are postulated to play
an important role in litter degradation in high detritus
systems (Tietjen 1980; Reiper-Kirchner 1989). Anila
Kumary (2008) reported higher diversity and richness
values in sandy substratum. The present study is in agree-
ment with the above study.

Rarefaction Plot
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[ R.mucronata
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Conclusion

Mangrove forests are extremely important coastal re-
sources, which are vital to our socioeconomic develop-
ment. Generally, mangrove sediments support higher
densities of nematode assemblages than those of other
estuarine communities (Sasekumar and Chong 1998;
Kathiresan and Bingham 2001). The studied artificially
developed mangrove environment was differently ex-
posed to the different species of mangroves, and conse-
quently, they were subject to similar hydrodynamic con-
ditions as confirmed by the hydrographic and sedimentol-
ogy analyses. Higher number of species and density of
free-living marine nematodes at the A. marina cover may
be due to organic enrichment and more silt/clay compo-
sition than the R. mucronata cover. Organic enrichment
may be due to the degradation of leaf litter which is higher
at the A. marina cover than at the R. mucronata cover. In
particular, nematode species like V. abyssorum, V. glabra,
M. remanei, Metachromadora sp.1, Metachromadora
sp.2, T flevensis, T. longus, S. gracilis, and S. islandicus
were found only at the A. marina cover. These species
make the A. marina leaf a better candidate for interaction
than the R. mucronata leaf. In this consequence, further
studies such as nutrient and other biochemical composi-
tions of mangrove leaves will be useful to detect the
indicator nematode species from the mangrove environ-
ments particularly organic enrichment.
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