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Abstract: Aim: The present study investigated the influence of environmental variables on
macrobenthic fauna in the Achenkovil River, Southern Western Ghats, Kerala. The knowledge of
aquatic ecosystems in many remote areas is very scanty and no one has yet made an attempt to
study the macrobenthic fauna of Achenkovil river. Since, macrobenthos play an important role in
the benthic community structure a better knowledge of their ecology and distributional patterns in
remote freshwater ecosystems would be of great interest for a better understanding of their functioning.
Methods: A bimonthly sampling was conducted from February 2019 to January 2020. Water samples for
physicochemical analysis were carried to the laboratory in clean polyethylene bottles. The macrobenthic
fauna was collected using Van Veen grab (0.025m?). Multivariate statistical technique such as Principal
Component Analysis was used to monitor the variation in environmental parameters. The diversity of
macrobenthic fauna was studied using Simpson_1-D, Shannon_H, Evenness_eAH/S, and Margalef’s
indices. We analyzed the relationship between environmental variables and macrobenthic fauna,
using Canonical Correlation Analysis and Pearson correlation. Results: A total of 3563 individuals
belonging to 9 orders, 32 families, 32 genera, and 32 species were identified. The most dominant order
was Ephemeroptera followed by Coleoptera and Trichoptera and the least dominant was Zygoptera.
The maximum number of macrobenthic fauna was observed in station 1(S1), (1461 Ind/m2) and the
least in station 9 (S9), (37 Ind/m?). Station 1 (S1) is a pristine forest area, so this area is considered the
reference site. The macrobenthic fauna in the pristine headwater forests (S1) was much more diverse
than in the river mouth (§9) which is a highly impacted region. This region is facing various kinds
of anthropogenic stress resulting in pollution and deterioration of water quality. The macrobenthic
community structure in the Achenkovil River was significantly associated to the variations in water
quality due to various natural as well as anthropogenic stresses. Conclusions: It can be concluded that
Ephemeroptera, Coleoptera, and Trichoptera were the most dominant groups in the undisturbed habitats
in the river during the study period. The predominance of Chironomidae species, especially from the
Chironomus genus in the midstream and downstream segments of the river is possibly due to their
ability to adapt to various environmental conditions or habitats and their tolerance to the low oxygen
content in anoxic conditions of the bottom sediment. The lowest abundance of macrobenthos at all
the studied stations was observed at station 9 (S9) during dry seasons. S9 is a highly impacted region,
characterized by high temperature, turbidity, TDS, pH, conductivity, nitrate, and phosphate values.
For this reason, anthropogenic stress and changing environmental conditions are the main factors affecting
the distribution of the macrobenthic fauna of the Achenkovil River basin, Kerala.
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Resumo: Objetivo: O presente estudo investigou a influéncia de varidveis ambientais na fauna
macrobéntica no rio Achenkovil, Southern Western Ghats, Kerala. O conhecimento dos ecossistemas
aqudticos em muitas dreas remotas é muito escasso e ninguém ainda fez uma tentativa de estudar a
fauna macrobenténica do rio Achenkovil. Uma vez que os macrobenthos desempenham um papel
importante na estrutura da comunidade bent6nica, um melhor conhecimento de sua ecologia e padrdes
de distribui¢do em ecossistemas remotos de dgua doce seria de grande interesse para uma melhor
compreensio de seu funcionamento. Métodos: Foram realizadas coletas bimensais de fevereiro de
2019 ajaneiro de 2020. As amostras de 4gua para andlises fisico-quimicas foram levadas ao laboratério
em frascos de polietileno limpos. A fauna macrobentonica foi coletada usando garrafa de Van Veen
(0,025m2). A técnica estatistica multivariada, como a Andlise de Componentes Principais, foi
utilizada para monitorar a variacdo dos parimetros ambientais. A diversidade da fauna macrobéntica
foi estudada usando os indices Simpson_1-D, Shannon_H, Evenness_eAH/S e Margalef. Analisou-se
a relagdo entre as varidveis ambientais e a fauna macrobéntica, utilizando a Andlise de Correlagio
Candnica e a Correlagio de Pearson. Resultados: Foram identificados 3.563 individuos pertencentes
a 9 ordens, 32 familias, 32 géneros e 32 espécies. A ordem mais dominante foi Ephemeroptera
seguida por Coleoptera e Trichoptera e a menos dominante foi Zygoptera. O niimero méximo de
fauna macrobentonica foi observado na estacao 1(S1), (1461 Ind/m2) e o menor na estagio 9 (S9),
(37 Ind/m2). A Estagdo 1 (S1) é uma 4rea de floresta intocada, portanto esta drea é considerada o local
de referéncia. A fauna macrobenténica nas florestas virgens da cabeceira (S1) foi muito mais diversa
do que na foz do rio (§9), que ¢ uma regido altamente impactada. Esta regido enfrenta vrios tipos
de estresse antropogénico, resultando em poluicdo e deterioragio da qualidade da dgua. A estrutura
da comunidade macrobenténica no rio Achenkovil foi significativamente associada s variagoes
na qualidade da dgua devido a vdrios estresses naturais e antrépicos Conclusdes: Pode-se concluir
que Ephemeroptera, Coleoptera e Trichoptera foram os grupos mais dominantes nos habitats nio
perturbados no rio durante o periodo de estudo. A predominincia de espécies de Chironomidae,
principalmente do género Chironomus nos segmentos médio e jusante do rio, possivelmente se deve
A sua capacidade de adaptacao a diversas condicoes ambientais ou habitats e sua tolerdncia ao baixo
teor de oxigénio em condi¢des andxicas do sedimento de fundo. A menor abundancia de macrobentos
em todas as estacoes estudadas foi observada na estacio 9 (S9) durante as estagdes secas. S9 é uma
regido altamente impactada, caracterizada por alta temperatura, turbidez, TDS, pH, condutividade,
nitratos e valores de fosfato. Por esta razio, o estresse antropogénico e a mudanga das condigoes
ambientais s3o os principais fatores que afetam a distribuicio da fauna macrobent6nica da bacia do
rio Achenkovil, Kerala.

Palavras-chave: indices de biodiversidade; indicadores bioldgicos; ecossistemas de dgua doce;
ephemeroptera; andlise multivariada.

1. Introduction

Rivers are highly dynamic ecosystems. The
hydrology, connectivity, and geomorphology create
heterogenous environments in rivers resulting in
different microhabitats that influence the migration
and dispersion of aquatic organisms (Poff &
Allan, 1995; Picapedra et al., 2022). The ability of
macrobenthic invertebrates to respond to different
ecological conditions varies from species to species
and therefore can be used as bioindicators for water
quality assessments in highly disturbed ecosystems
(Sharmaetal., 2006). Macrobenthos plays a key role
in the functioning of an ecosystem and is considered
a potent bioturbator (Chakraborty etal., 2022). The
multiple roles played by these ecosystem engineers
through bioturbation facilitate the freshwater
as a self-sustaining and self—stabilizing system
(Chakraborty et al., 2022).

The omnipresence and sedentary nature of
the macrobenthic fauna helps to monitor spatial
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analysis of pollutants in the water body or they are
differentially sensitive to many biotic and abiotic
factors in their environment (Yorulmaz & Ertas,
2021). The community structure of macrobenthic
fauna is significantly influenced by the variations
in water quality due to various natural as well as
anthropogenic stresses. Therefore, the community
structure has commonly been used as an indicator
of the condition of an aquatic system (Yorulmaz &
Ertas, 2021).

An increase in population growth rate,
industrialization, urbanization, inappropriate use
of fertilizers for agricultural purposes, etc. fastens
habitat degradation that finally results in the global
decline of biodiversity and ecological functionality
of freshwater ecosystems (Deborde et al. 2016).
Nowadays water quality monitoring programs
are implemented to assess the biological status
of freshwater ecosystems and to sustain the
human and ecological needs of freshwater.
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Traditional methods for assessing water quality are
based on physicochemical parameters alone, and that
is insufficient in providing better results. Therefore,
combining physicochemical parameters with
biological monitoring can provide a comprehensive
evaluation of the overall condition of freshwater
ecosystems (Heatherly IT et al., 2007).

To conserve the biodiversity of freshwater
ecosystems it is important to determine how the
macrobenthic fauna are influenced by abiotic and
biotic factors, Medupin (2020). This study attempts
to determine the effect of environmental parameters
such as water temperature (WT), Dissolved
Oxygen (DO), Biological Oxygen Demand
(BOD), turbidity, TDS, conductivity, pH, nitrate,
phosphate, and silicate on macrobenthic fauna in
the Achenkovil River basin, Kerala. Since there are
no published data on the macrobenthic fauna of
the Achenkovil River, this study serves as an initial
baseline data for the development of a biotic index
for freshwater rivers.

Macrobenthic invertebrates are employed for
ecological river assessment studies in different parts
of the world. But the use of macrobenthic fauna in
India is still in its infancy. In Kerala the knowledge
of riverine biodiversity is scanty, and biomonitoring
and conservation of rivers are not well developed.

However, the assessment methods based on
Macrobenthic invertebrates serve as efficient tools
for water quality monitoring programs (Korte et al.,
2010), due to the increase in pollution and
anthropogenic impacts in waterbodies, which are
well reflected by the benthic communities.

2. Materials and Methods
2.1. Study area

The Achenkovil River originates in the Southern
tip of the peninsula by the confluence of the
Rishimala, Pasukidamettu, and Ramakkalteri rivers
from Devarmalai of Western Ghats (9°19°0” N
76°28°0” E), Kerala, India (Figure 1). The length
of this river is 120 km, the basin size is 1,484 km?
and the average water flow is 2287 million cubic
meters. Based on the Strahler method of stream
ordering, Strahler (1957) the Achenkovil River
is considered as a seventh-order stream with two
sixth order tributaries, 10 fifth order tributaries
and 41 fourth order tributaries, Dhanya (2014).
The river drains through highly varied geological
formulations and covers the highland, midland,
and lowland physiographic provinces of the
state. About 60% of the highland is occupied by
dense forest, 5% by degraded forest and 10% is
agricultural land (Prasad & Ramanathan, 2005).
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Figure 1. Map showing the study sites in the Achenkovil river basin, Kerala.
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Forty percent of the Midland region is under
double-crop paddy cultivation. The lowland
region is a narrow strip of land along the West
Coast and is occupied by 80% agricultural land
(mixed agricultural/horticultural plantation) and
10% under double crop paddy cultivation. The
rest of the area was occupied by water bodies. The
study area experiences a semiarid tropical climate.
The area is influenced by the Southwest Monsoon
(June — September) and Northwest Monsoon
(October — December), with an annual rainfall of
2000-5000 mm (Prasad & Ramanathan, 2005).

2.2. Sampling methods and biological dara

Samples were collected bimonthly, and early in
the morning hours (06.00 - 11.30 h) throughout
the study period (2019-2020). The entire river body
is divided into three segments- upstream stations
(81, 82, 83) with 9°07°39.53’N and 77°07°58.56'E
with an elevation of 870 fta.m.s.l, midstream stations
(84, S5, S6)- 9°13°59.37’N and 76°40°’38.4’E with
an elevation of 66 fra.m.s.l, and downstream stations
(87, 88, S9) with 9°19°29.07°N and 76°26’ 54.31'E
with an elevation of 6 ft a.m.s. - with three stations in
each segment of the river (Figure 1), (total 9 sampling
sites along the entire stretch of the river).

Station 1 (S1), located in the deepest part of
the Western Ghats, the river is flanked by a reserve
forest with thick vegetation. As it is a pristine forest
region with no anthropogenic impacts it is considered
the reference site. The mean depth of this site was
recorded as 0.9m. Station 2 (S2), a major stream that
flows into the Achenkovil originates here with a mean
depth of 1.32m. A sizeable portion of this remote
village falls within Konni Reserve Forest. Stations
3t0 9 (583 to S9), are severely under anthropogenic
impacts. The mean depth of these stations was
2.43m (S3), 3.49m (S4), 4.11m (S5), 3.19m (S6),
3.85m (S7), 3.15m (S8), 2.08m (S9). During the
pre-monsoon season, the water level decreases and
the water flow gets obstructed (the flow velocity
decreases or the water remains flowless) in this river.
Stations S8 and S9 face saline intrusion from the
nearby Kayamkulam Lake during this period.

Macrobenthic fauna was collected using Van
Veen grab in triplicates (0.025m?). The grab samples
collected were sieved through a series of mesh sieves-
3000pum (3mmy), 2000 um (2mm), 1000 pm (Imm),
and 500pm (0.5mm) mesh, and the sediments
retained in the 0.5mm sieve was washed, and the
samples were carefully transferred to a white plastic tray
and sorted out. All the collected macrobenthic fauna
were preserved in 80% ethanol for subsequent analysis.
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In the laboratory, the preserved sample was
examined using a stereomicroscope (Magnus
MSZ- BI LED) and identified up to genus as
well as to species level using standard taxonomic
literature (Covich et al., 1999; Dudgeon, 1999;
Yule & Sen, 2004; Thorp & Rogers, 2015;
Selvakumar et al., 2019)

2.3. Environmental variables

The temperature was recorded immediately
after collection at the field itself with a mercury
thermometer (with + 0.1°C accuracies). The samples
for Dissolved Oxygen (DO) and Biological Oxygen
Demand (BOD) were fixed with alkaline potassium
iodide and manganous sulphate at the site itself. The
water samples were then carried immediately to the
laboratory for further analysis. The DO (mg/l) and
BOD (mg/]) were analyzed using Winkler’s method,
pH (pH meter), turbiditcy (NTU) by Nephelometric
method, conductivity (uS/cm) using Systronics
water analyzer 371, TDS (mg/l) by gravimetric
method, nitrate (mg/l), phosphate (mg/l), and
silicate were carried out using spectrophotometric
method, APHA (2017).

2.4. Statistical analysis

The variation of environmental parameters
and the relationship of environmental variables
with the macrobenthic fauna was analyzed using
the multivariate statistical techniques, Principal
Component Analysis (PCA), and Canonical
Correlation Analysis (CCA), respectively. Pearson’s
correlation was also conducted to quantify the
association between the studied physicochemical
parameters and the macrobenthic fauna. Principal
Component Analysis was conducted using SPSS
(version 22). Canonical Correlation Analysis
(CCA) and Pearson’s Correlation, diversity indices
such as Simpson, Shannon-Weiner, Evenness, and
Margalef’s indices were calculated using PAST
(version 4.06 b).

3. Results
A total of 3563 individuals belonging to 9 orders,

32 families, 32 genera, and 32 species were identified
(Table 1). The order Ephemeroptera accounted
for 24.06% of the total macrobenthic fauna and
was the most dominant, diverse, and abundant
group studied. This order was represented by
8 families- Leptophlebiidae (19.88%), Caenidae
(19.65%), Baetidae (17.79%), Heptageniidae (10.93%),
Teloganodidae (10.11%), Tricorythidae (8.60%),
Ephemerellidae (7.55%) and Ephemeridae (5.46%).
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The second largest group was Coleoptera with
7 families- Dytiscidae (7.24%), Psephenidae (32.33%),
Elmidae (28.26), Scarabacidae (3.53%), Hydraenidae
(20.82%), Hydrophilidae (21.20%), and Noteridae
(4.59%). The order Odonata was represented by
two sub orders- Anisoptera and Zygoptera. The
sub-order Anisoptera was represented by three
families- Gomphidae (45.72%), Aeshnidae (28.64)
and Libellulidae (25.62) while the sub-order Zygoptera

was represented by a single family Euphacidae

The order Diptera was represented by Chironomidae
(58.13%), Athericidae (26.42%), Tipulidae (7.18%),
and Tabanidae (8.24%). The order Hemiptera was also
represented by 4 families- Belostomatidae (31.28%),
Vellidae (28.07%), Notonectidae (24.87%), and
Nepidae (15.78%). The order Trichoptera was
represented by 3 families - Hydropsychidae (43.89%),
Philopotamidae (30.97%), and Ecnomidae (25.13%).
The orders Plecoptera and Megaloptera were
represented by Pearlidae and Corydalidae respectively.

Table 1. Taxonomic composition and seasonal occurrence (PreM = Premonson, Mons = Monsoon and
PosM = Post-monsoon seasons) of the studied macrobenthic fauna in the Achenkovil river basin, Kerala.

(‘+ sign indicates presence and ‘- ‘sign indicates absence).

Order/Family

Genus and species

PreM Mons PosM

Ephemeroptera
Leptophlebiidae Notophlebia jobi Sivaramakrishnan & Peters, 1984 + + +
Caenidae Caenis sp. Stephens, 1836 + + +
Ephemerellidae Torleya nepalica Allen and Edmunds, 1963 + + +
Teloganodidae Dudgeodes sp. Sartori & Peters & Hubbard, 2008 + + +
Tricorythidae Sparsorythus gracilis Sroka & Soldan, 2008 + + +
Ephemeridae Ephemera (Aethephemera) nadinae McCafferty and Edmunds, 1973 + - +
Heptageniidae = Afronurus kumbakkaraiensis VVenkataraman & Sivaramakrishnan, 1989 + + +
Baetidae Baetis sp. Leach, 1815 + +
Plecoptera
Perlidae Neoperla Needham, 1905 + + +
Diptera
Chironomidae Chironomous sp. Meigen, 1803 + + +
Athericidae Atherix sp. Meigen, 1803 + + +
Tipulidae Tipula sp. Linnaeus, 1758 + + +
Tabanidae Tabanus sp. Linnaeus, 1758 + + +
Hemiptera
Notonectidae Micronecta sp. Kirkaldy, 1897 + + +
Vellidae Microvelia douglasi Scott, 1874 + + +
Belostomatidae Lethocerus indicus Lepeletier and Serville, 1825 + + +
Nepidae Nepa sp. Linnaeus, 1758 + + +
Zygoptera
Euphaeidae Euphaea sp. Selys, 1840 + + +
Anisoptera
Gomphidae Stylogomphus sp. Fraser, 1922
Aeshnidae Anax sp. Leach, 1815
Libellulidae Crocothemis servilia Drury, 1773
Megaloptera
Corydalidae Corydalus sp. Latreille, 1802 + + +
Coleoptera
Dytiscidae Agabus sp. Leach, 1817 + +
Psephenidae Eubrinax sp. Lacordaire, 1857 + +
Elmidae Cylloepus sp. Erichson, 1847 + +
Scarabaeida Rhyssemus sp. Mulsant, 1842 + - +
Hydraenidae Hydrena sp. Kugelann, 1794 + - +
Hydrophilidae Hydrophilus sp. Geoffroy, 1762 + +
Noteridae Hydrocanthus sp. Say, 1823 + +
Trichoptera
Ecnomidae Ecnomous sp. Ulmer, 1903
Philopotamidae Chimarra sp. Stephens, 1829
Hydropsychidae Hydropsyche sp. Pictet, 1834
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Figure 2. Percentage composition of the studied macrobenthic groups in Achenkovil river basin, Kerala.

The maximum number of individuals were
present in station 1 (§1), (1461Ind/m? & 32 taxa),
and the minimum number of individuals were
present in station 9 (S9), (37 Ind/m? & 4 taxa)
(Figure 2). The highest values for Simpson_1-D
(0.95), and Shannon_H (3.23) were reported
from station 1(S1), Evenness_e” H/S (0.86), and
Margalef’s (5.17) in station 3 (S3), and the lowest
values for Simpson_1-D (0.34), Shannon_H
(0.73) and Margalef index (0.83) were reported
from station 9 (S9) and Evenness_e"H/S (0.44)
in station 8 (S8) (Figure 3). The most dominant
order in station 1 (S1) was Ephemeroptera
followed by Trichoptera and Coleoptera and the
least dominant was Zygoptera. In the downstream
stretches of the river, the pollution-sensitive
species were absent or few, and chironomids
dominated in stations - S5, S6, S7, S8 & S9. The
orders such as Megaloptera, Hemiptera, Zygoptera
and Plecoptera were not at all present in S8 and
S9 during the entire sampling period. The seasonal
analysis reveals that the maximum number of
individuals were present during the post-monson
season (1794 Ind/m? & 32 taxa), and the minimum
number of individuals were present during
the monsoon season (474 Ind/m? & 29 taxa).
The highest value for for Simpson_1-D (0.95),
Shannon_H (3.23) and Evenness_e H/S (0.79)
were reported during the post-monsoon season,
while for Margalef index (4.54) was during the
monsoon season. Similarly, the lowest value for
Simpson_1-D (0.93), Shannon_H (3.01) and
Evenness_e*H/S (0.70) were reported during the
monsoon season while for Margalef index (4.13)
was during the post-monsoon season. The most
dominant order during the post-monsoon season
was Ephemeroptera followed by Coleoptera.
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Figure 3. Spatial variations of biological indices (Simpson,

Shannon, Evenness and Margalef) in the different studied

stations of the Achenkovil river basin, Kerala.

Trichoptera dominated during the premonsoon
secason while Diptera dominated during the
monsoon season.

The mean spatial variation of the studied
physicochemical parameters was given in
(Tables 2 and 3). The variation in the environmental
parameters was analyzed using Principal Component
Analysis, which explained 71.69% of the total
variance (Table 4). Principal Component 1 explained
28.33% of the total variance and had a strong positive
correlation with water temperature, and Biological
Oxygen Demand (BOD), a strong negative
correlation with silicate with a loading value of >0.75,
and a moderate negative correlation with Dissolved
Oxygen (DO), (>0.50-0.75). Principal Component
2 accounted for 21.72% of the total variance and
has a strong positive correlation with conductivity,
pH, and a moderate positive correlation with TDS.
Principal Component 3 accounted for 21.62% of the
total variance and had a strong positive correlation
with nitrate, and phosphate and a moderate positive
correlation with turbidity.
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Based on CCA (Canonical Correlation Analysis),
the first canonical axis of the ordination plot
explained over 46.01% (Eigenvalue, 0.124) and the
second 31.36% (Eigenvalue, 0.084) of the variation
in the macrobenthic fauna data set. The Monte
Carlo permutation test performed on the first two
axes showed no significant differences (p>0.05).
The CCA reveals that water quality parameters
such as water temperature, BOD, turbidity, TDS,
conductivity, pH, nitrate, and phosphate show a
positive correlation with macrobenthic groups such as
Diptera and Anisoptera. The DO and silicate show a
negative correlation with Ephemeroptera, Plecoptera,
Hemiptera, Zygoptera, Megaloptera, Coleoptera, and

Trichoptera. The studied physicochemical parameters
have a strong influence on the community structure
of macrobenthic fauna. From the CCA ordination
plot, the macrobenthos shows spatial variations
concerning their environmental requirements
(Figure 4). The Pearson’s correlation matrix also
showed similarity with the Canonical Correlation
Analysis results. The major macrobenthic groups
are negatively correlated with water temperature,
Biological Oxygen Demand (BOD), Total Dissolved
Solids (TDS), turbidity, and conductivity. The CCA
and the correlation matrix (Table 5) revealed, how
the environmental variables influence the variation
of macrobenthic fauna in the Achenkovil River basin.

Table 2. Mean + SD of the studied physicochemical parameters in the Achenkovil river, Kerala.

Stations = Water temperature (°C) DO (mgl/L) BOD (mgl/L) Turbidity (NTU) TDS (mg/L)
S1 24.33+1.92 6.98 + 1.14 1.34+0.73 517 £5.13 102.0 £ 22.5
S2 25.60 + 1.54 6.62+1.13 1.68 £ 0.81 490+2.74 117.8 + 35.86
S3 26.05+ 1.23 6.59 + 1.02 217 +£0.74 5.08 + 1.92 110.5 + 40.47
S4 27.06 £ 0.89 6.84 £ 0.96 2.23+0.64 5.79 £ 3.06 111.9+33.8
S5 27.70+1.18 6.84 + 0.96 3.17 £1.95 6.73+1.76 113.4 £32.9
S6 27.75+0.96 6.37 £ 0.95 2.90 + 1.66 717 £2.39 152.6 + 46.80
Ss7 28.10 £ 0.87 6.15+ 1.04 2.60+0.79 7.60 £2.39 142.0 £ 37.11
S8 29.10+ 1.02 5.86 + 1.02 2.97 £ 0.56 8.80+3.13 320.2+120.9
S9 29.52 + 1.02 5.57 + 1.03 2.92 +0.64 8.64 +2.38 338.1 +122.0

Table 3. Mean + SD of the studied physicochemical parameters in the Achenkovil river, Kerala.

Stations Conductivity (uS/cm) pH Nitrate (mg/L) Phosphate (mg/L) Silicate (mg/L)
S1 74.53 £ 15.46 6.90 £ 0.31 0.70+0.16 0.52+0.11 3.50 £ 0.57
S2 62.86 + 14.49 6.77 £0.23 0.89 +0.15 0.47 £0.16 2.70 £ 0.54
S3 60.30 + 12.90 6.78 £0.13 0.88 +£0.20 0.53+0.16 2.86 £ 0.60
sS4 67.27 £ 15.33 6.79 £ 0.20 0.79£0.21 0.64 £0.15 3.08 £0.75
S5 76.04 £22.10 6.85+0.21 0.99 +0.21 0.53+0.18 3.02 £0.65
S6 75.70 £ 18.56 6.79+£0.24 1.03+£0.25 0.59 £ 0.20 2.0+0.53
S7 81.6+12.21 6.76 £ 0.28 0.91+0.24 0.52+0.18 24+0.34
S8 170.0+161.4 6.91+£0.33 0.95+0.15 0.78 £ 0.26 2.07 £ 0.66
S9 182.87 £ 173.3 7.10 +0.22 0.95+0.13 0.92 £ 0.21 2.05+0.43

Table 4. shows the variation in the environmental parameters analyzed using Principal Component Analysis.

Component
Parameters 1 2 3

Water temperature (°C) 802 248 187
DO (mg/L) -683 -321 379
BOD (mg/L) 805 -074 -193
Turbidity (NTU) -029 455 674
TDS (mg/L) 507 630 330
Conductivity (uS/cm) 356 840 012
pH 012 805 -036

Nitrate (mg/L) -118 -117 829
Phosphate (mg/L) -006 034 833
Silicate (mg/L) -822 -178 031
Eigenvalues 2.83 217 2.16
% of variance 28.33 21.72 21.62
Cumulative % 28.33 50.06 71.69
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Table 5. Correlation between the studied physicochemical parameters and the macrobenthic fauna dataset.

eDiptera

(]
5 ©
g > Z g 2 s s s g g ¢
8§ 023 0o § 8 £ % 22 5 £ 2 2 3% %
E 3 9 8 O 53 35 £ 9 £ © o B = & o o ¢
Q 1] -~ = T > o = £ o .= £ oD 9 o <
5 = 5 £ 2 22° 2R %8¢
K o S
5 w
Water temperature 1
DO -082 1
BOD 0.89 -057 1
Turbidity 093 -0.86 0.80 1
TDS 0.78 -091 053 085 1
Conductivity 0.74 -0.86 0.50 0.84 0.99 1
pH 0.42 -0.56 0.24 0.53 0.76 0.83 1
Nitrate 0.70 -0.53 0.84 0.59 0.38 0.30 0.03 1
Phosphate 0.74 -0.79 049 0.76 0.92 0.93 083 023 1
Silicate -0.80 0.88 -0.66 -0.79 -0.73 -0.63 -0.26 -0.77 -0.58 1
Ephemeroptera -0.88 0.71 -0.93 -0.78 -0.59 -0.52 -0.20 -0.92 -047 0.82 1
Plecoptera -0.68 0.55 -0.71 -0.45 -0.37 -0.26 0.08 -0.86 -0.25 0.71 0.86 1
Diptera -0.50 0.73 -0.30 -0.41 -0.46 -0.33 0.04 -0.54 -0.30 0.82 0.58 0.72 1
Hemiptera -0.80 0.55 -0.77 -0.55 -0.39 -0.30 0.07 -0.76 -0.37 0.70 0.83 092 0.65 1
Zygoptera -0.69 0.48 -0.70 -0.42 -0.30 -0.20 0.15 -0.78 -0.25 0.65 0.81 0.97 0.67 098 1
Anisoptera -0.77 0.81 -0.74 -0.84 -0.68 -0.66 -0.39 -0.66 -0.51 0.74 0.83 0.51 0.51 0.46 042 1
Coleoptera -0.78 0.71 -0.74 -0.64 -0.52 -0.43 -0.06 -0.89 -0.34 0.83 0.89 0.94 0.76 0.86 0.88 0.67 1
Trichoptera -0.78 0.62 -0.76 -0.55 -0.46 -0.37 -0.01 -0.80 -0.39 0.73 0.88 0.98 0.71 0.96 098 0.57 091 1
stations 1 to 9 (S1 to S9) during different sampling
opers o o occasions. The higher taxon richness at S1 indicate
e - “,m:j“:: a site with good ecological status, Medupin (2020).
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Figure 4. CCA plot showing the spatial variation in
environmental variables and the studied macrobenthic
fauna of Achenkovil River basin.

4. Discussion

The community assemblages of macrobenthic
fauna are structured according to physicochemical as
well as biological parameters (Abdelsalam & Tanida,
2013). The macrobenthic fauna of the Achenkovil
River was not investigated by any other study so far.
In the present study, the most representative group in
the undisturbed habitat was Ephemeroptera (8 taxa)
followed by Coleoptera and the disturbed habitat was
dominated by Diptera (4 taxa). The spatial as well
as temporal variation was clear between the studied
stations and seasons, especially for the number of
individuals and diversity indices. These findings agree
with the low value of faunal diversity as we move from
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Hence these sites can be considered reference sites to
compare with other segments of the river.

The present study also showed that the Achenkovil
River basin is also influenced by seasonal variations
mostly brought in by the monsoons and anthropogenic
activities: however high amount of organic load
accumulated in the sediments leads to the survival
and proliferation of indicator macrobenhtic species.
There is a difference in the species abundance and
diversity in accordance to the seasonal changes with
higher abundance during the post-monsoon season
and least abundance during the monsoon season.
The lifecycle of a tropical macrobenthic organism
integrates with the monsoon and this results in
seasonal differences in occurence and abundance of
such organisms (Noyel & Desai, 2020). The least
abundance during the monsoon season may be
due to the high disturbance such as the sediment
agitation caused by the monsoon arrival is not equally
tolerated by all macrofauna. As a result, when the
monsoon progtess the abundance of sensitive species
declines and replaced by more tolerant species in
greater numbers, consequently overall abundance
starts to increase and diversity starts to decline.
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With the end of the monsoon season and the
environment starts to progress towards stability
the abundance of tolerant species declines due
to the competition for food and space which
results in increased eveness with other species and
subsequently high diversity and stable benthic
environment during post-monsoonal conditions
(Pandey & Thiruchitrambalam, 2019).

Most species of Ephemeroptera are sensitive to
environmental stress and their presence marked a
positive condition (Merritt & Cummins, 1996).
The order Plecoptera is extremely sensitive to
environmental degradation (Hershey et al., 2010).
The presence of Plecoptera in the upstream as
well as the midstream segments of the river is
an indication of larger microhabitat diversity
and their decline/absence in thedownstream
segments (S8 & S9) is a piece of clear evidence for
deteriorating habitat and water quality (Masese et al.
2009). High richness in protected habitats and low
richness in disturbed habitats is the foundation of
biomonitoring programs using macroinvetebrates
(Hepp et al., 2010). A study on the biodiversity
indices revealed that the sampling station with
the highest dissolved oxygen level, station 1(S1)
had the highest Simpson and Shannon - Weiner
diversity index. Higher values of these indices
indicate less stress, higher abundance, and more
even distribution of species in the ecosystem
(Bagalwa et al., 2019). The maximum DO value
observed in S1 may be the result of low water
temperature, increased turbulence, and oxygenation
as a result of the rugged topography of the river
basin (Alam et al., 2007).

Higher sub-catchment areas and urban covers
were the features of stations 3 to 9 (S3 to S9), and
these sites will be impacted by other factors such
as silted banks and modified river channels. These
factors impede the ability of the river to maintain
its biodiversity, Brown (2007). The number of
species was not very high in station 3 (S3), and the
number of individuals was low when compared to
other stations and this is the reason for the highest
values for Eveness_ eAH/S and Margalef index in
station 3 (S3), Gamito (2010).

Low rainfall, low water flow, elevated temperature,
and anthropogenic stress, may be a reason for
the high BOD value in S5 (Girija et al., 2007).
Chironomus sp. is the most dominant group
in S5 and is an indicator of poor water quality
(Copatti et al., 2013). The famous Ayappa Temple
and Pandalam Palace are located at the bank of
station 5 (S5). Being a place of pilgrimage large number
of devotes visit the place during Mandalakalam.
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The devotees and the locals use the waterbodies for
various purposes like bathing, washing, garbage
disposal, and religious activities. This hampers the
biological diversity and results in the dominance
of some tolerant taxa like chironomids. When
water quality deteriorates the more sensitive
species disappear and tolerant species dominate,
thus reducing species richness and diversity
(Copatti et al., 2013).

Based on Principal component analysis, an
absolute loading value >0.75 is of strong significance
and these parameters can be used to monitor
the variations in water quality (Liu et al., 2003).
The mean values of the studied physicochemical
variables like temperature, turbidity, TDS, pH,
conductivity, nitrate, and phosphate were maximum
in station 9 (S9) followed by station 8 (S8). These
sites are bare lands without canopy cover and highly
under anthropogenic stress. Higher instream and
near stream activities such as laundry washing,
bathing, cattle cleaning, agricultural activities, vehicle
cleaning, and dumping of poultry waste are common
in the downstream stretches of the river. These
activities deteriorate the water quality and disturb
the benthic fauna, as has been found in similar
studies (Malmqyvist & Rundle, 2002; Masese et al.,
2009). Most members of the macrobenthic insect
groups such as some species of Ephemeroptera,
Plecoptera, Trichoptera were not common in regions
with increasing pH and conductivity (Abdelsalam &
Tanida, 2013) as is evident in this study.

Moreover, the areas with less vegetation usually
experience a temperature rise. When atmospheric
temperature increases a corresponding increase
in water temperature also occurs (Li et al., 2014).
A decrease in the value of DO at station 8 (S8) and
station 9 (89) can be attributed to lower oxygen
saturation at higher temperatures and an increase in
organic decomposition (Kannan & Joseph, 2022).
When the water flow impedes during the dry month,
stations S8 & S9 are facing saltwater intrusion from
Kayamkulam Lake. The highest values noted for pH,
conductivity, and TDS in stations 9 and 8 (S9 and S8)
might be due to low-intensity rainfall and the intrusion
of salt water into the river (Chithra et al., 2022).
Besides this addition of organic matter, solid waste,
a higher concentration of nutrients in the water may
causes an increase in turbidity, pH, conductivity,
and TDS (Qureshimatva et al., 2015). A higher
concentration of phosphate in station 9 (S9) is an
indication of ‘poor’ chemical status (James etal., 2012).
All these factors contribute to a decline in the number
of individuals and taxa in stations 8 and 9 (S8 and S9)
during the premonsoon season.
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The smaller number of other benthic fauna in
stations 8 and 9 (S8 and S9) may be due to some
ecological imbalance of certain factors that govern the
abundance and distribution of macrobenthic faunal
communities. Anthropogenic activities influence the
number, diversity, and abundance of macrobenthic
fauna noted in the study. The obvious change is due
to fluctuation in water bodies. The fluctuation was
due to the seasonality of rainfall and dilution factors
as well as anthropogenic activities. Besides these,
natural environmental conditions play a significant
role in the diversity of benthic organisms (Yap etal.,
2003). The distribution pattern of benthic organisms
frequently changes in response to pollution stress
in predictable ways (Silveira et al., 2006). The
presence of organic wastes increases the species
number and relative abundance of tolerant taxa
(Masese et al., 2009). The effect of physicochemical
factors on the abundance of macrobenthic fauna
based on Canonical Correspondence Analysis
and Pearson’s coefficient of correlation revealed
that the abundance of macrobenthic fauna is high
when DO increases and water temperature, BOD,
turbidity, TDS, conductivity, nitrate, phosphate
were negatively correlated to macrobenthic
abundance. Macrobenthic invertebrates usually
prefer microhabitats with high DO levels
(Bagalwa et al., 2019. The downstream stations
mainly S8 and S9 with high temperature, turbidity,
TDS, pH, conductivity, nitrate, and phosphate
colonized with pollution-tolerant taxa such as
Chironomidae but the site upstream with high DO
and low temperature was colonized with pollution-
sensitive taxa. The upstream site S1 is unimpacted
by human activities and is situated at high altitudes.
From this study, it is clear that the abundance
of macrobenthic fauna in a site depends on a
combination of many physicochemical parameters
and not a single factor.

5. Conclusion

It can be concluded that Ephemeroptera,
Coleoptera, and Trichoptera were the most
dominant groups in the undisturbed habitats in the
river during the study period. The predominance
of Chironomids especially chironomous species in
the midstream and downstream segments of the
river is possibly due to their ability to adapt to
various environmental conditions or habitats and
their tolerance to the low oxygen content in anoxic
conditions of the bottom sediment. The lowest
abundance of macrobenthos at all the studied
stations was observed at S9 during dry seasons.
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Station 9 and 8 (S9 and S8) are highly impacted
regions, characterized by high temperature, turbidity,
TDS, pH, conductivity, nitrate, and phosphate
values. For this reason, anthropogenic stress and
changing environmental conditions are the main
factors affecting the distribution of the macrobenthic
fauna of the Achenkovil River basin, Kerala.

Macrobenthic diversity and abundance is an
efficient tool in the monitoring of the spatial and
seasonal variations in the Achenkovil River basin,
showing its deteriorating condition mainly in the
premonsoon season and towards the downstream
segments of the river. Macrobenthos could be a viable
tool for long-term and community-based monitoring
of freshwater ecosystems. Macrobenthic fauna was
abundant in undisturbed habitats. Physicochemical
parameters play a major role in the distribution of
macrobenthic fauna. Some species of macrobenthic
fauna are pollution sensitive and some are pollution
tolerant. So, their presence or absence can be used
to predict water quality. To conclude, Macrobenthic
fauna has the potential to act as biological indicators of
pollution status. Thus, keeping in mind the importance
of the study, steps should be taken for the maintenance
and conservation of freshwater ecosystems.
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