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Assessing vulnerability and adopting alternative climate
resilient strategies for livelihood security and sustainable
management of aquatic biodiversity of Vembanad lake

in India

Thankam Theresa Paul, Preetha Panikker, U. K. Sarkar, S. Manoharan,
G. Kuberan, K. R. Sreenath, P. U. Zachariah and B. K. Das

ABSTRACT

The present study was carried out at the Thycattussery area in Vembanad lake and assessed the ichthyo-
diversity, variability in climatic variables, the exploited status of predominant small-scale sector fisheries
(SSFs) and impact of climatic variables upon an existing SSF. Fish, as well as clam specimens collected
from the study area, were identified. Diversity indices and dominance curves helped to identify monsoon
(June-September) as the diverse season in the wetland. SIMPER (similarity percentage) analysis indicated
that Villorita cyprinoides (clam) was the predominant species in the wetland with a mean relative
abundance of 16.1%. Canonical correspondence analysis (CCA) of variables with clam production
identified calcium hardness and rainfall with axis loadings of -0.56 and 0.50 respectively as the variables
predominantly contributing to clam production. Stepwise regression indicated that temperature and
rainfall were the determinants of clam production. A decrease in rainfall and an increase in temperature
at an annual rate of 0.02 and 0.8%, respectively, decreased the clam production by 5.37%/year in the
study area. Further, the generalized linear model (GLM) indicated stagnancy in clam production until
2035 below 400,000 kg per year. The study introduced diversification of livelihood systems using clam
culture in climate resilient pen structures (CRPS) as an adaptation strategy.
Key words | adaptation, clam fisheries, climate change, climate resilient pen structures, livelihood,
vulnerability

HIGHLIGHTS

® The study identified climate change as the major stressor affecting small scale fishers in
Thycattussery region of Vembanad lake (wetland).

® The study exposed a huge decline in the production of a predominant single species (Villorita
cyprinoides) fishery to the tune of 5.37% per year and attributed the decline to climatic variables
such as temperature and rainfall.

® The study predicted that the clam production will have a stagnant phase till 2035 below 400
tonnes per year in the study area, which in turn will have an unanticipated loss in catch per unit
effort of the fishers.

® The study proposes suitable fishing technology with lesser investments (Climate Resilient Pen
Structures) as the appropriate adaptation strategy for restoring the declining fishery in the region.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Licence (CC BY 4.0), which permits copying,
adaptation and redistribution, provided the original work is properly cited
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® This strategy brought about by Central Inland Fisheries Research Institute helps the small-scale

fishers through diversification of livelihood systems, wherein farmers switch between farming in

CRPS (Climate Resilient pen Structures) and fishing in response to seasonal and inter-annual

variation in black clam fisheries.
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INTRODUCTION

Inland fisheries are declining rapidly due to the increase in
anthropogenic pressures which include climate change
and overexploitation (Sarkar et al. 2019a, 2019b). Anthropo-
logical attributes such as growth and development have
significantly impacted fisheries and the various assets the
system brought in to the communities (FAO 2018). The
FAO (2017) revealed that nearly 90% of inland fisheries of
the growing economies was contributed by small-scale fish-
ers. Small-scale sector fisheries (SSFs) help in the
generation of derived foreign exchange and in greater contri-
butions to the gross domestic product (via income multiplier
effects and taxes). They therefore have enabled a stable and
growing economy, food and nutrition security, and buffer
against extreme poverty and vulnerability (FAO 2017) in
emergent nations. The opportunistic nature of SSF has sup-
ported the livelihood of the associated local communities
during various catastrophic events (Sarkar & Borah 2018).
Despite being adept in the fisheries environment, stressors
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such as competition for resources, over-harvesting, pol-
lution, environmental degradation and rapid development
caused the decline in small-scale fisheries (FAO 2017).
Apart from these stressors, climate change was identified
by Salagrama (2012) as an additional layer in a complex
web of factors affecting fisheries and fishing communities.
Some of the principal climatic factors affecting fisheries
are sea-level rise, sea level salinity, seasons and seasonality
patterns, wind processes, rainfall, tidal amplitude, etc. Fre-
quent incidences of juveniles in the catch, spatiotemporal
alteration of inland fishery resources, negative impacts on
postharvest and trade arrangements (Salagrama 2012),
destruction of traditional breeding grounds, the proliferation
of dead fishing zones and pollution sinks (FAO 2017) rep-
resent the effects of climate change on the livelihood of
SSFs. These vulnerable small-scale fishers required an
appropriate adaptation strategy in the form of shifting of
fishing operations, using better fishing gear and technologies
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with lesser investments in capital and operating costs.
Understanding the response of small-scale fishers to this
unprecedented challenge is critical for developing more effi-
cient management strategies and alternative options in
regional socio-ecological systems.

With this background, the present study assessed the
ichthyo-diversity, the variability in hydrological and climatic
variables, the exploited status of black clam fisheries and the
impact of climatic variables upon the fisheries of a tropical
inland wetland in India. The study provided a better adap-
tation strategy to improve the resilience and productivity
of small-scale fisheries of Villorita cyprinoides (black clam)
associated with Vembanad Lake.

Vembanad, the largest tropical wetland system which is
spread over 2,033 km?, is bordered by the Alappuzha, Kot-
tayam and Ernakulam districts of Kerala (Kurup et al.
1990). The geographical location of the wetland is explained
by its extent (latitude 9.51°N-10.19°N and longitude
76.16°E-76.43°E). Vembanad Lake was designated as a wet-
land of international importance under the Ramsar
Convention in 2002 (GOI 2008) and a critically vulnerable
coastal area (Singh 2016) after recognizing its ecological

e Sampling station at Thycattussery \

Thy ey

Figure 1 | Sampling station at Thycattussery in Vembanad lake in Kerala, India.
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significance as an indispensable ecosystem service provider
and an essential habitat. The Thanneermukkom saltwater
barrier, a man-made barrier, divided the lake into two sec-
tors based on the salinity of the water as a brackish water
zone (towards the north of the lake) and a freshwater zone
(towards the south of the lake). The area is noted for two
fishery resources (Kurup et al. 1990), namely black clam
(Villorita cyprinoides) and Pearl spot (Etroplus suratensis).

MATERIALS AND METHODS

Sampling area

The sampling area (Figure 1) is geographically located at
latitude 9.77°N and longitude 76.34°E and is situated at Thy-
cattussery Panchayat in the Alappuzha district of Kerala,
India. The sampling period extended over two years
(2016-2018) across six seasons, encompassing two cycles
of pre-monsoon (February—-May), monsoon (June-September)
and post-monsoon (October-January) seasons to establish

a relevant relationship between the ichthyo-diversity,

Kerala
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black clam fisheries and associated variables at the sampling
site.

METHODOLOGY

Data acquisition

The physical and chemical variables of water were
measured monthly during the period 2016-2018. The
sampled monthly data were pooled into yearly data for
better analysis and interpretation to obtain a more precise
estimate of the mean value of each variable (annexure).
The time-series data of climatic variables such as tempera-
ture and rainfall (in the yearly interval) procured from the
Indian Meteorological Department (IMD) during the
period 1987-2018 were used in the study taking into con-
sideration its relevance in a tropical monsoon country.
The month-wise data of the various fish and clam species
collected from the sampling station were pooled together
into yearly data to obtain a more precise estimate of the
mean value of each variable (Table 1).

The hydrological variables such as temperature, pH and
conductivity were measured in-situ using a Eu-tech multi-
parameter probe and transparency was measured using
Secchi-Disc Depth. The chemical characteristics of water,
such as alkalinity, dissolved oxygen (DO) and hardness,
were measured using a titrimetric method (APHA 2012).
Fish specimens were procured at Thycattussery by

Table 1 | Hydro-climatic variables at Thycattussery

Hydro-climatic variables Max Min Mean = SD
Specific conductivity (uS)  79,300.0 241.0  2,6975.5 + 3022
pH 7.8 6.8 7.1+0.3
Carbon dioxide (ppm) 4.3 0.0 1.8+1.3
Alkalinity (ppm) 120.0 16.0 36.3 +12.0
Calcium hardness (ppm) 7.0 0.0 34+28

DO (ppm) 10.4 2.1 48+23
Temperature (°C) 32.8 27.0 28.8+1.7
Rainfall (mm) 213.3 55 84.3+71.5
Clam (numbers) 594 273 380.3 +111.7
Fish (numbers) 324 112 256 £53
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experimental fishing using gillnets (based on the number
of hours of operation) and from market surveys monthly.
The specimens were then brought to the laboratory for tax-
onomical identification (Talwar & Jhingran 1991). The
black clam was procured by raking (based on the number
of hours of operation).

Software used

Plymouth Routines In Multivariate Ecological Research
(PRIMER) is a statistical package used for analyzing species
sampling data for studies pertaining to community ecology
and the environment in the scientific community (Clarke
& Gorley 2015). R is a programming language and free soft-
ware environment widely used among statisticians and data
miners for statistical computing and graphics (R Core Team
2013). The pooled year-wise data of all the collected variables
in the study (hydrological and climatic variables and abun-
dance data of fish and clam species) were analyzed using
various packages in softwares such as Primer 7.0 (Clarke
& Gorley 2015) and R (R Core Team 2013).

Data analysis

Data transformation and biodiversity indices

The study describes fish and clam abundance data as a
measure of the number of fish or clam in a given area
(McLachlan & Brown 2006). The fish and clam abundance
data were normalized using log (x+ 1) transformation to
moderate the influence of extreme values of fish assemblage
(such as zero) on temporal scales and to estimate various
indices which assess the status of fish assemblage in the
area of study. Four major biodiversity indices, namely dom-
inance index, Pielou’s evenness index, Margalef’s richness
index and Shannon-Weiner’s diversity index, were used to
estimate the discrepancy of fish communities or populations
in this system.

The dominance index is a uniformity index which indi-
cates a high dominance of a species against other species
(Harper 1999). The minimum index value is 1. The higher
value indicates higher dominance of the species. This
index helps to identify the dominant fish species in the
selected area of study. It is calculated by the following
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equation (Harper 1999):

p-n-$(2) g

where n; is the number of individuals of taxon i and # is the
total number of individuals in the sample.

Margalef’s species richness is a measure of the number
of species found in a sample or community and its value
ranges between 0 and 1. This index provides details about
the species richness of the fish species in the study area
selected. It is calculated using the following equation
(Margalef 1968):

(@) = (S-1)/In (N) @

where N is the total number of individuals; In is the natural
logarithm; S is the number of taxa; e is the natural logarithm
equal to 2.718.

Pielou’s evenness index is a measure of biodiversity
which indicates homogeneity of species in a sample or com-
munity (Ulfah et al. 2019). The value of the index ranges
between 0 and 1. An evenness value of one indicates all
species are equally abundant. It is calculated as (Pielou
1966):

() =H'/In S 3)

where H' is Shannon diversity index and S is the number of
taxa.

The Shannon diversity index (H’) is a measure of species
abundance and richness to quantify the diversity of the
species. The index ranges from 1.5 to 3.5 in most ecological
studies (Ulfah et al. 2019). It is calculated as (Shannon &
Wiener 1963):

(H) = zn: Pi log, P; (4)

where P; is the proportion within the sample of the number
of the individuals of ith species, #; is the number of individ-
uals in ith species and N is the total number of individuals.
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Data processing

A dominance curve was plotted for the study area employing
the transformed data. The dominance curve remains an
effective tool for measuring abundance trends in commu-
nities over time. The curves are obtained by plotting the
cumulative ranked abundance against a log species rank
(Jennings et al. 2001). The dominance curves across three
seasons (monsoon, pre-monsoon and post-monsoon) were
plotted to determine the rate of instability of the system
during various seasons. The steepest and most elevated
curve shows the lowest diversity and the most perturbed
system state.

Further, similarity percentage (SIMPER) analysis was
carried out using Primer 7.0 to identify (Sandhya et al.
2019) the species that was contributing predominantly to
the fishery at Thycattussery. SIMPER analysis is a descrip-
tive method which helps in identifying the taxa that are
primarily responsible for an observed difference between
two or more sample groups (Clarke & Gorley 2015). The
SIMPER analysis helped in identifying the predominant
fish and clam species that was contributing to the ichthyo-
diversity of the study region.

On identifying the predominant species in the study
area, a vulnerability assessment was conducted using a
structured schedule to ascertain the level of vulnerability
faced by the species despite assuring food security of the
associated local population. Trend analysis of the pro-
duction of species from 1987 to 2017 was evaluated to
substantiate that the species was vulnerable. Canonical cor-
respondence analysis (CCA) was carried out to establish the
relationship of the prominent fishery with hydrological and
climatic variables (TerBraak & Smilauer 2002) and to ident-
ify the variables which impacted the species abundance in
the study area (Wei ef al. 2017).

Stepwise regression was further used to ascertain the
level of influence of each hydrological and climatic variable
on the species abundance and to identify the predominant
variable affecting the predominant fishery in the study
area. The stepwise regression excludes one variable at a
time, especially one with the lowest F-to-remove statistic
during each iteration to find the most influential variable.
The variable with the highest regression coefficient usually
was considered the most predominant variable among all
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the variables represented in the model (Schneider et al.
2010). Based on CCA and stepwise regression, the predomi-
nant variables were segregated and used for further
mathematical analyses.

Trend analysis of the predominant variables was carried
out subsequently to predict the future variations in these
variables based on recently observed trend data (Radhak-
rishnan ef al. 2017). The moving average method was used
for the trend analysis. The mathematical model or equations
thus retrieved from trend analysis of predominant variables
were used for predicting the status of the fishery of the study
area. Further, generalized linear modeling (GLM) was car-
ried out to predict the state of the fishery in the event of
predicted variations in the chosen predominant variables
by fitting the best model.

RESULTS AND DISCUSSION

The ichthyo-diversity at Thycattussery was assessed and it
was found that 39 species belonging to 35 genera, 24
families and ten orders were present in the study area. Var-
ious biodiversity indices estimates indicated that monsoon
season (June-August) was the diverse season, though all
the fish and clam species were evenly distributed across all
seasons. However, diversity represented on a dominance
curve indicated predominance of a single species in all sea-
sons. The analysis using (Similarity Percentage) SIMPER
indicated that Villorita cyprinoides (black clam) was the
major contributor to the species abundance at Thycattussery
(16.1%). Further, the vulnerability assessment specified that
Villorita cyprinoides, despite being a good supplier of provi-
sioning services, was declining in production at
Thycattussery by 5.4% per year during the period 1987-
2018. Canonical correspondence analysis (CCA) indicated
that calcium hardness and rainfall had a predominant role
in clam production. The stepwise regression analysis indi-
cated that specific conductivity, pH, carbon dioxide and
temperature were the variables influencing clam production.
The best fit formula derived from stepwise regression
showed the predominance of temperature on clam pro-
duction (as indicated by the highest regression coefficient
of the variable in the model). Thus, this study identified
temperature and rainfall as the predictor variables based
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on the analysis (stepwise regression and CCA) carried out
on hydrological and climatic variables. Taking the predomi-
nant inputs from CCA and stepwise regression, i.e. rainfall
and temperature, the prediction model was fitted using the
generalized linear model in order to identify the future
status of clam production. The prediction model indicated
that with the combined effect of temperature (increasing at
an annual rate of 0.02%) and rainfall (decreasing at an
annual rate of 0.8%), the clam production will have a stag-
nant phase in production till 2035 below 400,000 kg per
year. The vulnerability of the species towards climatic vari-
ables resulted in stagnancy of the production, which
would cause an unanticipated loss in catch per unit effort
of the fishers. It was found that small scale sector fisheries
(SSFs) based on black clam fisheries exhibited regular fluc-
tuations. The Central Inland Fisheries Research Institute
(CIFRI) has come up with an adaptation strategy to cope
with climate change by diversification of livelihood systems,
wherein farmers switch between farming in CRPS (climate
resilient pen structures) and fishing in response to seasonal
and inter-annual variation in black clam fisheries.

Icthyo-diversity

The ichthyo-diversity at Thycattussery was represented by 39
species belonging to 35 genera, 24 families and ten orders.
Similar studies were carried out by Narayanan et al.
(2005), Mogalekar et al. (2015) and Ansar et al. (2017) at
Aymanam, Kumarakom and Panangad-Kumbalam regions
of Vembanad lake, respectively. Narayanan et al. (2005)
reported 37 fish species belonging to 18 families and nine
orders from Aymanam panchayath, in the Vembanad wet-
land. Mogalekar et al. (2015) recorded 39 species of fin
fishes belonging to 27 families, 11 orders and 31 genera
from the Panangad region of Vembanad lake. Ansar et al.
(20o17) recorded 52 fin fish species from the Kumarakom
region. A comparative assessment of the studies on the
ichthyo-diversity conducted at various areas of Vembanad
lake pointed out that diversity was more towards the fresh-
water side of the wetland represented by the Kumarakom
region compared to the brackish water side of the lake rep-
resented by Panangad and Kumbalam regions. Saswata et al.
(2018) examined the diversity status during the periods 1987-
88 and 2012-2013 and identified changes in species
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richness in Vembanad lake consequent to a top-down
trophic cascade effect.

The seasonal variation of the species diversity across
two years was represented by a presence or absence table
(Table 2) which indicated that diversity in terms of species
abundance was more during monsoon. The Shannon diver-
sity index of 2.90 during monsoon followed by post-
monsoon (2.30) and pre-monsoon (1.91) indicated that the
system was highly diverse during the monsoon season fol-
lowed by other seasons. This variation in the diversity
index (Table 3) may be attributed to the availability of pre-
ferred food brought in by the feeding river systems during
the monsoon season for the fish and shellfish. This is in
accordance with the study by Miranda (2001), which stated
that an increase in water levels during monsoon temporarily
floods vegetation, increases food and shelter supply and
thereby increases the number of species. Similar results
were evidenced by Ansar et al. (2017) in Vembanad lake
and Gbaguidi et al. (2016) in Southern Benin, West Africa.
Diversity (2.90) and evenness (0.88) indices during monsoon
season in the study area indicated a habitat which was
characterized by the equitable distribution of individuals in
the community among the wide variety of species
(Magurran 1988). Gbaguidi et al. (2016) had similar findings
in a study in the man-made Bewacodji lake in southern
Benin in West Africa. Mogalekar ef al. (2015) studied the
diversity indices in Vembanad lake and concluded that Shan-
non Wiener diversity (H’) ranged from 2.9 to 3.4, similar to
the findings of the present study. The study pointed out that
the proximity of Pielou’s evenness index to unity indicated
a stable environment with species evenly distributed across
the study area irrespective of the seasons. Gbaguidi ef al.
(2016) reported similar results in Pielou’s evenness index in
the studies conducted at Bewacodji lake in West Africa.

Further, the dominance curve was plotted (Figure 2) to
identify the most stable environment based on the season
dependent diversity of fish and shellfish in the study area.
The dominance curve indicated an unstable ecosystem rep-
resented by steep slopes across the seasons. Figure 2
indirectly showed the predominance of a single species to
the tune of 94% and above in all the seasons.

SIMPER analysis in Primer 7.0 (Clarke & Gorley 2015)
was used to identify the single dominant species contribut-
ing to the local fishery in the study area. The mean relative
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abundance of distinguishing species in the study area was
then compared and species with percentage contributions
>10% were identified as major contributors to local fishers
(Wakefield et al. 2013). Thus, the SIMPER analysis
(Table 4) indicated that Villorita cyprinoides was the major
contributor to the species abundance at Thycattussery
(16.1%) followed by Etroplus suratensis (13.8%) and
Gerres limbatus (12.3%). The study thus proved the exist-
ence of a local fishery of Villorita cyprinoides and Etroplus
suratensis in the study area.

Vulnerability assessment

In order to assess the importance of black clam as a critical
food source and a key element in determining the food
security and nutrition strategies of the local population, a
vulnerability assessment was conducted using a structured
schedule. The assessment indicated that Villorita cypri-
noides (black clam) was a good supplier of provisioning
services which was one the ecosystem services exhibited
by the species. All the fishers claimed a considerable decline
in clam production at Thycattussery. The trend analysis of
black clam production data (Figure 3) obtained from the
Thycattussery Black Clam Co-operative societies substan-
tiated the assessment and indicated a declining trend of
5.4% per year during the period 1987-2018. The first deca-
dal analysis (1987-2008) of clam production indicated a
huge decline to the tune of 8.8% per year compared to the
last decade (2009-2018), which exhibited a gradual decrease
to the tune of 0.9% per year.

Influence of hydro-climatic variables on clam
production

Canonical correspondence analysis (CCA) was used to
identify the predominant hydro-climatic variables influen-
cing the clam production at Thycattussery. Axis 1 of CCA
(Table 5) with an eigenvalue of 0.035 explained 66.91% of
the variations among the various components compared to
axis 2 (23.48%) with an eigenvalue of 0.012. Eigenvalue
determines variance in the data in a particular direction.
The component or axis with the highest eigenvalue is there-
fore considered the major component or axis which should
be considered for interpretation.
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order Family Species Post-monsoon Pre-monsoon Monsoon
Perciformes Pristolepidae Pristolepis rubripinnis X v X
Leiognathidae Leiognathus dussumeiri v X v
Ambassidae Ambassis ambassis Vv v X
Parambassis sp. X X v
Gerridae Gerres limbatus \/ \/ \/
Percidae Etroplus maculatus Vv v v
E. suratensis Vv v v
Carangidae Caranx ignobilis X v X
Glossogobidae Glossogobius giuris v X v
Lethrinidae Lethrinus sp. X Vv b'e
Lutjanidae Lutjanus argentimaculatus be v Vv
Scatophagidae Scatophagus argus X v v
Sillaginidae Sillago sihama X v X
Sciaenidae Johnius dussumieri X v X
Clupeiformes Clupeidae Thryssa malabarica X X v
Stolephorus indicus X X v
Anadontostoma chacunda X v X
Nematalosa nasus X v X
Anabantiformes Anabantidae Anabas testudineus Vv X X
Channidae Channa striatus v X v
Channa marulius v X v
Heteropneustidae Heteropneustes fossilis X X v
Siluriformes Mystidae Mystus malabaricus X X v
Ariidae Arius maculates X v X
Siluridae Ompok malabaricus X v b'e
Bagridae Horabagrus brachysoma X v v
Beloniformes Hyporhamphidae Hyporhamphus limbatus X v v
Belonidae Xenentodon cancila X Vv v
Pleuronectiformes Cynoglossidae Cynoglossus macrostomus v v X
Euroglossa orientalis v X v
Mugiliformes Mugilidae Mugil cephalus X v b'e
Liza tade v v v
Cypriniformes Cyprinidae Dawkensia filamentosa X v v
Gibelion catla X v X
Puntius sarana v v v
Puntius mahecola X v v
Elopiformes Megalopidae Megalopa cyprinoides Vv v v
Venerida Cyrenidae Villorita cyprinoides v v

+/ Monsoon: June-September; Post-monsoon: October—January; Pre-monsoon: February-May. Absence represented by x and presence represented by +/.
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Table 3 | Season-wise diversity indices at Thycattussery

D (dominance index) J (Peilou’s evenness index) shannon diversity

Seasons N (number of species) S (number of specimens)
Pre-monsoon 15 551
Monsoon 27 610
Post monsoon 25 837

222 0.71 1.91
4.05 0.88 2.90
3.57 0.72 2.30

Monsoon: June-September; Post-monsoon: October-January; Pre-monsoon: February-May.
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Figure 2 | Dominance curve at Thycattussery.

Since the eigenvalues of axes 1 and 2 were higher com-
pared to other axes, they were chosen for explaining the
variations in the study. Table 5 further indicates that axis 1
alone could explain the variations among various com-
ponents in the study area (Thycattussery) with clam

Table 4 | SIMPER analysis at Thycattussery

% contribution to

Species Mean abundance fish abundance
Villorita cyprinoides 4.9 16.1

Etroplus suratensis 4.4 13.8

Gerres limbatus 3.7 12.3
Megalopa cyprinoides 2.6 7.9

Liza tade 25 7.7
Ambassis ambassis 2.8 5.0
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production. However, a bi-plot diagram (Figure 4) utilizes
two axes, mainly those with higher eigenvalues (axis 1 and
axis 2) for representation of the findings. The variables of
axis 1 and axis 2 in CCA with their respective scores are
represented in Table 6.

The CCA showed that clam production was positively
influenced by calcium hardness with axis loadings of —0.56
and negatively influenced by rainfall which has an axis load-
ing of 0.50 (Table 6). The study thus indicated that calcium
hardness and rainfall had a predominant role in clam pro-
duction. Robert (2000) found similar results wherein mean
abundance (number of clams/sq.m) of Pisidium casertanum
was found to be positively related to calcium hardness of the
water. Similar findings were also reported in land molluscs
by Wireborn (1969). The present study was insufficient to
estimate the level of influence of hydrological and climatic
variables on clam production. So, a stepwise regression
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Figure 3 | Black clam production data at Thycattussery (trend analysis).

Table 5 | Eigenvalues of CCA of Thycattussery

AXxis Eigenvalue Percentage of variation explained
1 0.035 66.91
2 0.012 23.48
3 0.004 6.851
4 0.001 2.383

was used to identify the level of influence of hydrological
and climatic variables on clam production and to identify
the predominant variable affecting the black clam fishery
in the study area.

The stepwise regression between the dependent vari-
able,
indicated that a combination of physicochemical variables,

clam abundance and hydro-climatic variables

such as specific conductivity, pH, carbon dioxide and temp-
erature, impacted clam abundance and the relation was
represented with this model:

C =-0.881-0.122S + 0.409P + 1.313CO + 2.216T 5)

where C is clam abundance in thousand kgs, S is specific
conductivity in uS, P is pH of the waterbody, CO is carbon
dioxide in ppm and T is the temperature (°C).
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Figure 4 | Canonical correspondence analysis of hydro-climatic variables on clam production.
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Table 6 | Components of CCA and their scores

Component scores

Hydro-climatic variables at Thycattussery Axis 1 Axis 2
Specific conductivity -0.02 -0.11
pH 0.01 0.06
Co2 -0.10 -0.08
Alkalinity 0.04 -0.09
Calcium hardness -0.56 0.29
DO -0.13 -0.14
Temperature 0.02 0.06
Rainfall 0.50 0.15
Clam -0.01 0.06

The stepwise regression carried out in the study
(Table 7) indicated that variables with the highest F statistic,
such as specific conductivity, pH, carbon dioxide and temp-
erature, could influence the clam abundance as implied by
the AIC (Akaike Information Criterion) value of -61.33.
This model, which is the best fit formula, indicated the

Table 7 | Stepwise regression in R between hydro-climatic variables and clam production

Step: AIC=—61.33.

C~S+P+CO+T

Residual
Degree of Sum of sum of Akaike
freedom squares squares information
(Df) (ss) (RSS) criterion (AIC)
none 0.129 -61.33
+ CH 1 0.010 0.117 -60.71
+DO 1 0.002 0.126 -59.66
-S 1 0.039 0.168 -59.39
+AL 1 9.8x107°  0.129 -59.34
+R 1 9x10°  0.129 -59.33
-T 1 0.040 0.169 -59.30
-p 1 0.064 0.193 -57.3
-CO 1 0.086 0.215 -55.66
Call: Im(formula=C ~ S + PH + CO + T, data = A)
Coefficients:
(Intercept) S pH CcO T
-0.881 -0.122 0.409 1.313 2.216
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predominance of temperature on clam production (as indi-
cated by the higher regression coefficient of the variable in
the model) as evidenced by Kamal et al. (2012). Similar find-
ings depicting the predominant role of temperature in
seasonal abundance and other attributes of bivalvia was
reported by Mark & Brown (2015). Research findings by
Garg et al. (2009) and Singh (2017) substantiated the role
of specific conductivity in the abundance of black clam.
Soucek et al. (2001) and Garg et al. (2009) found clam abun-
dance was positively influenced by water column pH,
similar to the findings in the present study. Further, studies
carried out by Garg et al. (2009) supported the findings
that the clam abundance was positively influenced by
carbon dioxide concentration which may be attributed to
an increase in the temperature.

Normally, the variable with the highest regression co-
efficient is the most determining independent variable in a
study (Schneider et al. 2010) and temperature was that inde-
pendent variable in this study. In India, being a monsoon
based tropical country, there always existed an inverse
relation between rainfall and temperature (Kamal et al.
2012). Since the results from CCA indicated that rainfall
was also a determining factor for clam abundance, the
study has taken rainfall as a predictor to estimate the level
of influence of variation in rainfall on clam production in
a climate-changing context along with temperature. Thus
the study identified temperature and rainfall as the predictor
variables based on the analysis (stepwise regression and
CCA) carried out on hydrological and climatic variables.

Changes in seasonal patterns of climatic variables will
alter the hydrologic characteristics of aquatic systems, affect-
ing species composition and ecosystem productivity (Poff
et al. 2002). In India, being a tropical monsoon fed country,
the climatic variables have predominant roles in determin-
ing the production from aquatic systems (Saud ef al. 2012).
Trend analysis of climatic variables such as temperature
and rainfall was also carried out to predict the future vari-
ations in these variables based on recently observed trend
data (Radhakrishnan et al. 2017). The moving average
method was used for the trend analysis. The mathematical
model or equations thus retrieved from trend analysis were
used for the predictions. The study thus investigated the
trend in temperature and found an increase in the tempera-
ture at an annual rate of 0.02% during 1987-2018, as
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represented in Figure 5. Further, the trend of clam pro-
duction (Clam Prod) was related to the temperature and it
was found that for every 0.02% increase in temperature,
the clam production decreased by 5.37% (Figure 6).

The trend in rainfall was also investigated and is rep-
resented in Figure 7 which clearly shows that rainfall (RF)
decreased at the rate of 0.8%/year during 1987-2018.
Further, the clam production in relation to rainfall is rep-
resented in Figure 8 which indicates that for every 0.8%
decrease in rainfall, the clam production decreased by
5.37%.

Relevance of clam culture at Thycattussery

The Thycattussery area had a clam bed of 28 ha area with an
estimated production of 296.9 kg/ha in 1988-1989 and this
further reduced to 17 kg/ha (Kurup et al. 1990). So the clam
culture was carried out at the Thycattussery area as a part of
the stock replenishment programme. The trophic status of
Thycattussery, which was estimated at 48.5, indicated an
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Figure 5 | Trend in temperature during 1987-2017.
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Figure 6 | Time series analysis of clam production and temperature.

Downloaded from http://iwa.silverchair.com/jwcc/article-pdf/12/4/1310/896397/jwc0121310.pdf

oligo-mesotrophic condition (CIFRI 2018) further suggesting
that the production from this ecosystem may be enhanced
using pens or cages by utilizing the multi-trophic levels in
the aquatic ecosystem.

Prediction models for clam production

Taking the predominant inputs from CCA and stepwise
regression (i.e. rainfall and temperature), the prediction
model was fitted using the generalized linear model to ident-
ify the future status of clam production.

The prediction model (Equation (6)) for clam pro-
duction at Thycattussery is as follows:

C =-0.99480-0.04951R + 1.36961T (6)

where R is rainfall measured in mm (annual) and T is temp-
erature (°C).

The prediction model (Figure 9) indicated that with the
combined effect of temperature (increasing at an annual rate
of 0.02%) and rainfall (decreasing at an annual rate of 0.8%),
the clam production would have a stagnant phase in pro-
duction till 2035, below 400,000kg per year. The
vulnerability of the species towards climatic variables
resulted in stagnancy of the production, which would
cause an unanticipated loss in catch per unit effort of the
fishers. The production is anticipated to decrease, further
hampering the livelihood of the fishers.

The climate change-induced vulnerabilities should be
combated by developing climate resilient strategies that
would accelerate the development of the associated and
affected community and by implementing various adap-
tation strategies in the vulnerable ecosystem (FAO 2017;
Sarkar et al. 2018, 2019a, 2019b). A crucial part of increas-
ing the resilience of these individuals and communities
must be to eradicate poverty and provide food security
for them by adopting adaptation strategies based on
smart culture-based fisheries to climate change which
may be multidimensional and multi-sectoral (FAO 2018).
Similar to many fishing communities in tropical countries,
it was found that small-scale sector fisheries (SSFs) based
on black clam fishery exhibited regular fluctuations
(Easterling et al. 2007). The Central Inland Fisheries
Research Institute (CIFRI) has devised an adaptation
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strategy to cope with climate change by diversification of
livelihood systems, wherein farmers switch between farm-
ing in CRPS and fishing in response to seasonal and inter-
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annual variation in black clam fisheries (Allison & Ellis
2001). The technical design of CRPS is represented in
Figure 10.
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Figure 10 | Technical design of pen at Thycattussery.

The CRPS at Thycattussery was made of bamboo which
is a locally available low-cost material. The bamboo was
erected at 1 m gaps to withstand the current and wind
action in the wetland. This also helped to disperse the
wind borne floating weeds such as Eichornia sp. out of the
culture system. Net walls made of HDPE were used to encir-
cle the bamboo structure to delineate the culture area from
the surroundings. The pen height was kept to 1.8-2.5 m to
counter the flooded condition of the wetland during peak
monsoon. The height of the pen wall is decided based on
the highest depth encountered during peak monsoon
(July-August). CRPS reduced the fisher’s effort in harvesting
of clams from the wild and further helped in targeted
harvesting.

Particulars of adaptation strategy

In this study, 650 kg of baby clams of mean size of 3 g in
total weight and 3 mm in total length were stocked at the
rate of 5,000 nos/m? in the Central Inland Fisheries
Research Institute (CIFRI) fabricated CRPS for one year
of culture. The annual growth rate of clams was assessed
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in terms of length and weight as 14.2 mm/year and
48 g/year. The average production obtained from the
pen was 2,000kg. The culture earned a revenue of
$383.43 from sales of clam meat and clam shell. The
meat and the shell was separated, washed and sold at
$1.46/kg, whereas the shell was sold at $51.03/1,000 kg.
Thus, in a very short payback period of one year, a benefit
cost ratio (BCR) of 1.26 was obtained, thereby substantiat-
ing the feasibility of the project. The BCR will act as a
stimuli for other small scale sector fishers to use the tech-
nology and for researchers to improvise the system by
utilizing the column niche.

This culture activity assimilated 915kg of carbon
wherein the carbon cost was estimated at $ 0.58/1,000 kg.
The advantages of the system included protection from
adverse climatic events, resilience to fluctuating water
levels in wetlands on account of tides and rainfall, better bio-
security compared to normal pen enclosures, tapping of
natural productivity (food), environmentally viable, low
maintenance cost and high shelf life, intensive utilization
of space, ease of harvest and greater production in a limited
space.
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CONCLUSIONS

Improvisation of existing CRPS into integrated multi-trophic
pen culture structures by ensuring an ecosystem approach to
fisheries and aqua-culture would increase the resilience of
the small scale sector fisheries (SSF) and the associated
communities in the coming years. Diversification of species
in these CRPS would ensure conservation as well as
enhancement of the vulnerable category of fishery resources
by introducing various fish species in the column niche.
Such culture-based fisheries fitted within an ecosystem man-
agement perspective can be a sustainable and successful
food production strategy with stake-holders’ participation.

This study identified this as a location specific suitable
technology to support better livelihoods for the associated
fisher communities and female family members in the
inland aquatic system wherein double income from fish as
well as black clams would be ensured. This green technology
would not only provide a better livelihood but also act as a
carbon sink which would help in reducing the carbon emis-
sions from wetlands so as to curb global climate change.
We recommended the application of a participatory
approach to relegate the adverse impacts of climate change
and the introduction of this new adaptive strategy can with-
stand the current climatic situation. This clam culture in
CRPS in inland waters may be recommended as a context
specific and community-based adaptation strategy for sustain-
able tropical fisheries in India. The study also emphasizes a
bottom-up approach wherein the importance of proactive
planning at primary stakeholders level is ensured.
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