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Abstract

The aim of this study was to understand the ecohydrological interactions of periphyton assemblages in a canal (Bishalakhi)
located in the Indian Sundarban. Sixteen environmental variables and periphyton (scrapped from a known area of submerged
natural substrates) were collected seasonally (pre-monsoon, monsoon, and post-monsoon) from three sampling stations between
July 2017 and September 2018. Data was analyzed to determine periphyton diversity, abundance, spatiotemporal dynamics, and
their relationship with environmental variables using R-software. Eleven environmental variables (water temperature, water
depth, water velocity, specific conductivity, total alkalinity, salinity, Mg2+, PO4—P, TP, SiO4—Si, and transparency) showed
significant difference (p<0.05) across seasons. In total, 74 taxa of periphyton under 42 genera and 6 taxonomic groups were
recorded. Diatom dominated the periphyton community in terms of diversity and abundance. All the recorded periphytic groups
positively correlated with PO4—P and transparency and negatively correlated with water velocity and water depth. Cyanophyceae
and Chlorophyceae showed a negative correlation with specific conductivity. Canonical correspondence analysis between five
environmental variables (specific conductivity, water velocity, Ca>*, total nitrogen, and dissolved oxygen) that explained 94.70%
of the variation and species abundance resulted in three constrained canonical axes in order of CCA1 (0.99) > CCA2 (0.93) >
CCA3 (0.93). The majority of the diatom (36 species) had a strong affinity with dissolved oxygen and total nitrogen. The water
velocity and specific conductivity were found to influence the distribution of species (Phormidium sp., Ankistrodesmus falcatus,
Diploneis sp., Synedra sp., Eunotia sp., and Nitzschia recta) in the canal environment. The results of this study advance the
current understanding of the relationship between periphyton and its environment and may aid for better planning of periphyton-
based aquaculture in the semilotic canals of Indian Sundarbans.
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Introduction

Periphyton is a complex community of microorganisms that
include algae and Cyanobacteria along with bacteria, fungi,
5 Pranab Gogoi protozoa, and microcrustaceans; it is attached to any natural or

pranabgogoi@ gmail.com artificial and living or dead substrate and, consequently, pro-
vides food source (rich in proteins, vitamins, and minerals) to
trophic food chains (Silva and Felisberto 2015). The photoau-
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by filamentous green algae and Cyanobacteria(Peterson and
Grimm 1992). Their colonization depends on several factors,
such as substrate types (Algarte et al. 2017), light intensity
(Tuji 2000), grazing pressure (Das et al. 2014; Munoz et al.
2000), nutrient availability (Dunck et al. 2013), intensity and
duration of water level (Biggs and Thomsen 1995), and tem-
perature (Francoeur et al. 1999). Larned (2010) has provided a
broader concept to understand the periphytic population and
their interaction to environmental variation. Several factors,
such as disturbances, stressors, resources, hydraulic condi-
tions, and biotic interactions, govern the heterogeneity of as-
semblage pattern and growth of periphyton. In eutrophic wa-
ters, the surplus production of periphyton is frequently asso-
ciated with the assemblages commonly dominated either by
filamentous green algae or cyanophytes (Davis et al. 1990).
This excessive periphyton growth can be harmful to the aquat-
ic ecosystem which may lower dissolved oxygen concentra-
tions (Horne and Goldman 1994). Moreover, excessive nutri-
ents can change periphyton assemblage structure wholly,
leading to the dominance of Cyanobacteria(Peterson and
Grimm 1992).

Studies on periphyton dynamics in freshwater especially on
the succession, colonization pattern, impact of light and
photoperiodicity, nutrient limitation, nutrient relationship, and
meta-analysis have been conducted worldwide (Larmed 2010).
According to Dunck et al. (2013), the distribution pattern and
structural dynamics of periphytic algae depend on the variation in
environmental parameters some of which are regulated by hu-
man activities. Moreover, the implications of environmental dis-
turbances and hazards such as flow velocity (Murdock et al.
2004), physical processes (Effendi et al. 2016), and the use of
agrochemicals and pesticides (Dalton et al. 2015) on the streams
have been extensively studied.

Canals (with a length of 1,26,334 km) are the second most
(26%) important source of irrigation in India (Agricultural
Census 2010—2011), providing an omnipotent resource for fish
production. These canals are seasonal as well as perennial in
nature with hard-scaped and earthen banks, primarily used for
irrigation. In origin, the Sundarban canals are natural tidal canal
connected to the various distributaries/creeks existed in the delta.
The natural forms of these resources in Sundarbans were exca-
vated by the State Government for freshwater resource by
erecting/setting up of sluice gates in the connecting channel of
the parent river. The present study was carried out in the earthen
canals with muddy substrates. The majority of these canals are
still underutilized in terms of sustainable fisheries. These canals
could be promoted for periphyton-based aquaculture, which is an
eco-friendly approach and has a positive effect in the production
of the cultivable fish species, as well as, in improving water
quality (Ranjeet and Hameed 2015). A periphyton-based system
is the production of naturally available heterogenous group of
organisms attached to substrates, which provides a natural food
base to the resident fishes. Since, the climatic variability has
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adversely impacted on the biological diversity coupled with irre-
versible global warming, thus it creates an anarchic pathway, and
disrupts the sustainability of ecosystem functioning. Indian
Sundarban delta is also frequently experienced with varying nat-
ural catastrophes including several cyclonic storms in the region
(Biswas et al. 2014). The bamboo-based periphyton patches are a
cheap alternative to combat climatic adversities in the Sundarban
waters, can provide a sustainable source for income generation
and thus, and enhance livelihood security (Ghosh et al. 2019).

The coastal ecosystems are facing anthropogenic stress mainly
due to the increasing human population density; accelerating the
high degree of spatiotemporal variability in environmental param-
eters (Bosak et al. 2012). Tiny microalgae (including periphytic)
are the foremost living forms to respond to changes in the envi-
ronment due to their rapid growth rate (Resh 2008). The frequent
alteration of these water variables not only resulted in the domi-
nance of particular group of algae within the periphytic commu-
nities but also has hampered the functional properties of the tidal
semilotic ecosystem. The assessment of the periphyton commu-
nity structure has mostly been restricted to rivers, lakes, and res-
ervoirs of Indian waters (Dutta et al. 2018; Pandit et al. 2014; Das
et al. 1994). In fact, the biological quality assessment using peri-
phytic organisms as a model and their associations with hydro-
logical determinants have been thoroughly studied in freshwater
ecosystems (Moresco et al. 2015; Dela-Cruz et al. 2006; Kelly
et al. 1998) but rarely studied in subtropical tidal canals (Hameed
2003; Iwaniec et al. 2006). Being bestowed with distinct wetland
ecotypes—creeks, canals, backwaters, and bheries—the
Sundarban eco-region remains unexplored in terms of biological
assessment of the periphytic community. Till now, studies are
mostly confined to tidal creek and estuarine waters (Basu et al.
2021; Chaudhuri et al. 2012; Sarkar and Bhattacharya 2010), with
canal ecosystems as unexplored experimental unit. Moreover, the
current literature survey is more inclined towards phytoplankton
community; no such focus is paid for attached algal composition.
Thus, establishing the biological significance of these model peri-
phytic community in Sundarban water stands unique and would
frame a strong baseline for periphyton assemblage database from
Sundarbans. Hence, this study aimed at evaluating the structural
variations of periphyton community assemblage in relation to
hydrological parameters across seasons in the Bishalakhi canal,
Sagar Island, Sundarbans. The study hypothesized that the differ-
ent environmental parameters found along the canal influence the
structure and composition of the periphytic community over a
seasonal period.

Materials and methods
Study area

The Indian Sundarbans is an important mangrove area of the
world and an extremely fragile ecosystem. Sagar Island is a
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tide-dominated island in the Indian Sundarbans, only 6.5 m
above the mean sea level (Mukharjee 1983). The island has
some mangrove patches and is surrounded by two major rivers
namely Hooghly and Mooriganga. The present study was car-
ried out in the Bishalakhi canal (21°46'47.3" N; 88°05'30.6"
E) in Sagar Island, which is a tidal canal connected to the river
Mooriganga. Human settlements are densely located on both
the banks of the canal. The canal provides freshwater supply
for agriculture, livestock rearing, and household activities in-
cluding fishing for the locality year-round. Generally, the ca-
nal remains 2.4—3.0 m deep during peak monsoon and 1.0
—1.6 m during winter. The study area was considered as
semilotic about 1.5 km long and ~27.0 m wide and located
in the vicinity of the river having very little natural base flow
(velocity 0.14 to 0.40 m/sec) depending on the riverine tidal
influx into the canal. Both the banks of the canal are covered
by herbaceous and shrubby vegetations. The establishment of
culvert fitted with sluice gate near the canal mouth has created
a hydrologic control point. The sluice gate is frequently oper-
ated during the rainy season to reduce the inundated water that
spreading over agricultural field. The map (prepared by using
QGIS 2.18) of the study area is shown in Fig. 1.

Sampling procedure

Three sampling stations were selected for the collection of
samples which reasonably represented the determinants of
key sites in the canal. Station 1 (S1) was chosen at the mouth
of' the canal near the sluice gate, S2 in the midst of the canal in
terms of distance, and S3 at the place, where the canal takes a

turn (Fig. 1). Sampling across the seasons (three samples in
each season) was performed from July 2017 to September
2018. In Indian Sundarbans, the monsoon season lasts from
July to October and experiences the maximum rainfall during
this period. The post-monsoon (November—February) period
is characterized by negligible rainfall, and the pre-monsoon
(March—June) is a dry period with the occasional rains and
thunderstorms (Chaudhuri et al. 2012). In the canal, water
temperature (WT) was measured in situ using the degree cen-
tigrade thermometer (P-601466), pH with a digital pH meter
(HANNA instruments), and specific conductivity (Sp. Con.)
by digital conductivity meter (Multiline P4-82362). The salin-
ity, dissolved oxygen (DO), and total alkalinity (TA) were
measured by following standard methods (APHA 2012), and
transparency (Tran.) was measured by employing Secchi disc
(Strickland and Parsons 1972). Subsurface water samples (0.5
m depth) were collected at all selected locations by using the
standard water sampler based on the design of “Ruttner water
sampler” (Das Sarkar et al. 2019), and those were immediately
transferred to pre-rinsed polyethylene bottles (1L). Water
samples were then brought to the laboratory in cold condition
and analyzed for nutrients, viz., NO;—N, total nitrogen (TN),
PO,—P, total phosphorous (TP), SiO4—Si, Ca**, and Mg**
following recommendations and methods described in
APHA (2012). Flow velocity was measured using the portable
digital flowmeter (JDC Electronic SA, Switzerland), and
depth was measured by a portable depth sounder (Hondex
Bx—7, Japan).

For periphyton community structure study, seasonal sam-
ples were collected from the submerged natural substrates
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Fig. 1 Map of the study area and sampling locations in Bishalakhi canal Sundarbans
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(wooden logs/stones) from the respective stations. Periphyton
mass was scrapped out using a clean flat blade “scalpel” from
aknown area (4x4 cm in each spot) at three spots of the natural
substrates (Brown and Austin 1971) and then combined into a
single composite sample. The scrapped area was measured by
using a digital caliper (Mitutoyo: CD—6"ASX). Each sample
was handled carefully to minimize the loss of attached organ-
isms. The concentrated samples were transferred to small
polyethylene vials and preserved in 4% buffered formalin
for analyzing their diversity and abundance. The scrapped
mass (periphyton) was shaken by using electrical vortex
shakers (Spinix Vortex Shakers—3020) for 5 min to achieved
maximum numbers of single individuals from the periphyton
matrices. The Sedgwick—Rafter counting cell (S—R Cell) was
used for enumeration of periphyton by employing a trinocular
light microscope at 400x magnifications (Axioster plus—Carl
Zeiss, Nikon Eclipse) and identified up to genus or species
level based on the standard taxonomic identification keys
(Prescott 1962; Ward and Whipple 1992; Thomas 1997;
Cox 1996; Belinger and Sigee 2010). The recognized peri-
phytic algal taxonomic names were further confirmed with
AlgaeBase (Guiry and Guiry 2020). Invertebrates were count-
ed and classified at a broad taxonomic group (Nematoda)
under a trinocular microscope. Nematode were transferred to
glycerol solution and mounted on a slide following Seinhorst
(1959) and identified up to genus/species level wherever pos-
sible following taxonomic keys (Eyualem-Abebe et al. 2006).
The abundance of periphytic organisms was expressed in the
“number of individuals per unit area” (ind. cm’z).

Data analysis

The aim was to determine the association between periphyton
and environmental variables. However, some exploratory
analyses were carried out, which provided insight into the
periphyton structure as well as environmental variables.
Season and spatial pattern of environmental variables as well
as periphyton were investigated, applying two-way ANOVA.
Further, post hoc Duncan’s test identified pair-wise season-
specific or station-specific differences for those variables. The
Pearson’s correlation was used to diagnose the pair-wise as-
sociation between water quality parameters and periphyton
groups.

Two aspects of periphyton community structure were inves-
tigated: diversity and differential abundance. Diversity indices
comprising Shannon diversity (Shannon and Weinner 1949),
Simpson’s index of diversity (Simpson 1949), richness
(Margalef 1958), evenness index (Pielou 1977), and Menhinick
index (Whittaker 1977) were computed to investigate overall
periphyton diversity. All the diversity indices were then subject-
ed to one-way ANOVA, examining seasonal differences in di-
versity. Additionally, the graphical representation of k-domi-
nance curve was used to investigate the dominance pattern across
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the seasons (Warwick et al. 2008). Differential abundances anal-
ysis relied on widely used “Bray-Curtis” dissimilarity measure
suitable for community structure data. Hierarchical cluster anal-
ysis and nonmetric multidimensional scaling (NMDS) tool were
applied to examine the similarity of community composition and
differential abundance pattern among samples, and analysis of
similarity (ANOSIM) further examined their statistical signifi-
cance. Canonical correspondence analysis (CCA) was carried
out to examine the empirical relationship between environmental
factors and periphyton species. There was a total of sixteen pos-
sibly interrelated variables recorded for nine samples, which in-
dicated a multicolinearity problem in CCA. Thus, weight or con-
tribution of the environmental variables on the species scores
could get affected by multicollinearity. Moreover, the number
of measured environment variables (=16) exceeded the number
of samples (= 9), which would result in an unexplainable inflated
species—environment association. Thus, CCA was applied after
eliminating the multicolinearity problem. First, the test of signif-
icance of pair-wise Pearson’s correlation diagnosed the
multicolinearity. Then, two-step strategies were followed to elim-
inate those problems. Firstly, partial least square technique (PLS)
(Mevik et al. 2019) was applied to select environmental vari-
ables, which maximized the species-environment correlation,
and then CCA was applied by using those selected variables.
All the diversity analyses were carried out by using
vegan(Oksanen et al. 2019) library under R-software (R Core
Team 2019).

Results
Physical and chemical factors

The variation in water quality variables of the Bishalakhi canal
in different seasons (pre-monsoon, monsoon, and post-mon-
soon) are presented in Table 1. Out of sixteen environment
variables, eleven variables (WT, depth, water velocity, Sp.
Con., TA, Salinity, Mg**, PO,~P, TP, SiO4—Si, and Tran.)
were significantly different among seasons (Fig. 2), and only
four variables (depth, water velocity, PO4,—P, SiO4—Si) dif-
fered significantly among stations. Specific conductivity and
total alkalinity decreased from the pre-monsoon to post-mon-
soon. The canal water remained alkaline throughout the study
period. No significant variation was observed in the magni-
tude of DO across the seasons; however, only a small fluctu-
ation of DO was observed over space and time. Analysis of
Pearson’s correlation coefficient showed positive correlations
of water temperature with pH (»=0.515), Sp. Con. (r=0.918;
p<0.01), TA (r=0.754; p<0.05), and negative correlation with
water velocity (»=—0.253), DO (r= 0.078) Ca® (r= 0.504),
and Mg®* (r = 0.650). Similarly, TA also had a significant
positive correlation with salinity (» = 0.732; p<0.05). Strong
correlations were observed between salinity and nutrient
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Table 1 Variations of water quality parameters of Bishalakhi canal
Sundarbans

Parameter/season  Pre- Monsoon Post- p value

monsoon monsoon
WT (°C) 323+02°  304+03°  28.0+0.3° 0.001
pH 7.5+0.1% 75+0.1°  7.4+0.1° 0.623
Depth (feet) 4.140.86°  8.740.75°  5.840.55¢ 0.001
Flow (m/sec) 0.16£0.02°  0.36£0.04° 0.23+0.35°  0.001
DO (mgl™) 6.2+0.1% 6.1£0.1°  630.1* 0.232
Sp. Con. (mS/em) 30.3+1.1*  1.1x0.1°  27.6+0.8° 0.001
TA (mg 1) 130+12.2*  100.0+3.1°  93.7+0.3° 0.026
Salinity (ppt) 132£1.6°  03£0.03°  6.2+1.5° 0.001
Ca®* (mg ™" 29.4+1.5° 32.1£8.0°  36.5+2.1° 0.608
Mg (mg I 20.1423°  27.543.5°  41.1+2.4° 0.027
NO;—N (mg ") 0.04£0.01°  0.06+0.008" 0.05£0.006*  0.152
TN (mg 1) 0.08+0.004*  0.09+0.011* 0.08+0.02*  0.602
PO4P (mgI")  0.06£0.006* 0.02 0.07+0.006*  0.001
£0.002°
TP (mgl™) 0.09+0.005*  0.04 0.10+0.005*  0.001
+0.002°

SiO,~Si (mgl™")  4.5+0.3° 6.9+04%  42+0.1° 0.001
Tran. (cm) 46.5+03"  30.1£1.1°  36.9+0.6° 0.001

Note: Values are means + SD means followed by the same letter are not
significantly different at 5% probability level

variables, viz., PO4—P (r = 0.707; p<0.05), TP (r = 0.694;
p<0.5), NO5—N (r = 0.810; p<0.01), and TN (» = 0.535).
Water velocity had strong positive correlation with depth (»
= 0.987; p<0.01) and significant negative correlation with
PO4—P (r = - 0.833; p<0.01), TP (» = — 0.819; p<0.01) and
Tran. (r=—0.875; p<0.01). Depth was significantly positively
correlated with SiO4—Si (r = 0.893; p<0.01) and negatively
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Fig. 2 Test of significance of environmental variables and periphyton
groups. The gray dotted line denotes the threshold 5% level of
significance (p value = 0.05). Green and red color denoted for
significant (p value <0.05) and insignificant (p value > = 0.05),
respectively

correlated with PO4—P (r = — 0.832; p<0.01) and Tran. (r = —
0.891; p<0.01) (Table 2).

Periphyton abundance and compositions

The periphyton community was represented by 74 taxa distribut-
ed among 42 genera and 6 taxonomic groups from the Bishalakhi
canal. Diatoms invariably constituted the bulk of the population
across seasons (Fig. 3). Bacillariophyceae dominated in terms of
abundance (5835 x 10° + 36.32 x 10 ind. cm™) and diversity
across the stations. A total of 49 species of diatoms were recorded,
in which pennate diatoms dominated throughout the year. The
most common diatoms belonging to the Orders Bacillariales and
Naviculales. Maximum species diversity was recorded from the
genus Nitzschia Hassall, 1845 (16 species), followed by Navicula
Bory, 1822 (10 species). Apart from those two, some other gen-
era, viz., Fragilaria Lyngbye, 1819; Pinnularia Ehrenberg, 1843;
Amphora Ehrenberg ex Kiitzing, 1844; Gomphonema Ehrenberg,
1832; Amphipleura Kiitzing, 1844, Gyrosigma Hassall, 1845 and
species, viz., Bacillaria paxillifera (J. F. Gmelin) Linnaeus, 1791;
Cymbella lanceolata (C. Agardh) Kirchner, 1878; Synedra
ulna(Nitzsch) Ehrenberg, 1832; S. acus Kiitzing, 1844; and
Cylindrotheca closterium(Ehrenberg) W. Smith, 1853, were also
contributed substantially to the total diatom assemblages. The
abundance of Cyanophyceae showed an increasing trend from
the monsoon to the post-monsoon season. The mean seasonal
abundance of periphyton was maximum during post-monsoon
(1.11x10°£56.47x10 ind. cm™) and minimum during monsoon
(43.15x10°+25.75 x 10% ind. cm™). On the whole, the quantitative
abundance of periphyton ranged from 15.25 x 10° to 15.9 x 10*
ind. cm™ across the sampling stations. Cyanophyceae was dom-
inated by four genera, viz., Dolichospermum Bory ex Bornet and
Flahault, 1886; Anabaenopsis Miller, 1923; Lyngbya C. Agardh
ex Gomont, 1892; and Cylidrospermum Kiitzing ex E. Boret
and C. Flahault, 1886, irrespective of seasons. The algal group
Chlorophyceae was represented mostly by Ankistrodesmus
Corda, 1838; Monoraphidium Koméarkova-Legnerova, 1969;
Schroederia Lemmermann, 1898; Scenedesmus Meyen, 1829;
and Selenastrum Reinsch, 1867, while Zygnematophyceae
(Conjugatophyceae) was represented by only one genus
Spirogyra Link, 1820, across the seasons. Chromadorina sp.
was recorded in scarce forms with low abundance belonging to
the nematode group during the study period. The results of two-
way ANOVA showed that Cyanophyceae group differed signif-
icantly (p<0.05) over the season as well as stations (Fig. 2). The
spatiotemporal variation in other periphytic groups was not found
to be statistically significant (p>0.05). The seasonal mean percent-
age abundance of periphyton in the Bishalakhi canal is shown in
Table 3.

The Shannon—Wiener diversity (H'), Margalefs species
richness (d) and Pielou’s evenness index (J') in the
Bishalakhi canal ranged from 2.55 to 3.23, 1.78 to 3.51, and
0.74 to 0.88, respectively (Fig. 4). The H' was the highest at
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station S1 during pre-monsoon and lowest at station S2 during
monsoon. The d values also showed a similar trend with the
maximum at S1 during pre-monsoon and the lowest at station
S2 during post-monsoon. The evenness index indicated uni-
form pattern of periphytic associations across the stations. The
value of Menhinick diversity index (D) was found to be in a
range between 0.062 and 0.258, which appeared to be uniform
distributions of periphyton across the stations except at station
S1 during monsoon. In the present study, the canal exhibited
moderate periphyton diversity in the system, which was evi-
dent from the values of d and A’ index. The indices also varied
slightly across the stations, reflecting a more stable system.
The results of ANOVA (one-way) showed no significant var-
iations of diversity indices across seasons in the canal.
Cumulative dominance (k-dominance) curves were plotted
(Fig. 5)season-wise to comprehend the ranked abundances of
periphyton, expressed as cumulative abundance (in percent-
age of total abundance) against the species rank in decreasing
order of relative abundance (Warwick et al. 2008). It reflected
that the species abundance was unambiguously more diverse
during the pre-monsoon than the other seasons since the curve
did not overlap. More accurately, only 12 species dominated
the community during monsoon and post-monsoon which
contributed 80% of the total abundance, while 22 species con-
tributed 80% cumulative abundance during pre-monsoon. The
curves in respect of monsoon and post-monsoon indicated
similar dominance patterns in the periphyton abundance.

Species similarity

Cluster analysis and NMDS were applied to find out the de-
gree of similarity of the species compositions among samples
(season station) of the Bishalakhi canal. The group average
similarity attained the maximum (74.95%) between the mon-
soon and post-monsoon seasons at station S3, indicating very
low variability in the periphyton composition during monsoon
and post-monsoon seasons at station S3. Similarly, low level
of similarity (47.71%) was observed in the pre-monsoon

Xanthophyceae Nematoda

1.5% 0.5% Cyanophyceae

Chlorophyceae

Bacillariophyce

Zygnematophy
ceae
1.5%

Fig. 3 Compositions of periphytic groups in Bishalakhi canal
Sundarbans

between stations S1 and S2 and S3. NMDS with two ordinates
resulted in the stress value of 0.038 which is a reasonably
good value for the sample grouping. Further, NMDS plot also
revealed similar species compositional pattern among sam-
ples, as observed in the cluster analysis. The 2nd NMDS axis
distinctly separated the pre-monsoon assemblages from those
of post-monsoon and monsoon, with regard to the periphyton
species composition (Fig. 6). ANOSIM reaffirmed the signif-
icant (R = 0.531; significance: 0.025) difference of periphyton
species composition among seasons.

Influence of physicochemical parameters on
periphyton distribution

Table 2 shows that Bacillariophyceae was correlated positive-
ly with TP (» = 0.693; p<0.05) and SiO4—Si (r = 0.62), while
significantly negatively correlated with water velocity (» = —
732; p<0.05). Cyanophyceae was correlated negatively with
Sp. Con. (r = 0.71; p<0.05). Chlorophyceae exhibited a pos-
itive correlation with TP and a negligible correlation with WT
and Sp. Con. All the recorded algal groups had a positive
correlation with PO,—P and TP. Nematoda showed significant
positive correlation with WT (» = 0.762; p<0.05), TA (r =
0.747; p<0.05), salinity ( = 0.794; p<0.05) and Tran. (r =
0.834; p<0.01), and negatively correlated with water velocity
(r=—0.677; p<0.05) and depth (» = — 0.709; p<0.05). All the
periphytic groups showed a negative correlation with the wa-
ter velocity and depth resulted from the correlation matrix
(Table 2).

The results of PLS revealed that five components explained
94.70% of the variation in environmental variables, and the
variation explained in species abundance ranged from 50 to
99%. The variables with the highest loading were selected to
represent each component of environmental variables,
resulting in five filtered variables, namely Sp. Con., water
velocity, Ca2+, TN, and DO (Table 4). CCA analysis with
those selected environmental variables resulted in 70% of spe-
cies—environment variability by the three constrained canoni-
cal axes (in terms of Inertia). Species environment correlation
of three axes were in order of CCA1 (0.99) > CCA2 (0.93) >
CCA3 (0.93). CCAL distinctively separated the periphyton
community structure of pre-monsoon season from that of
post-monsoon and monsoon season. The variables which
were relatively more associated with CCAl, including Sp.
Con. (=0.99) > water velocity ( 0.34), and TN (— 0.31) in
order of magnitude than DO and Ca**. Similarly, TN exhibit-
ed the highest positive association (0.8 1) with CCA2 axis,
followed by DO (0.30). CCA1 scores of 47 species (BAC =
36; CHL=6; CON=1; CYA=2; NEM=1, XAN=1) were posi-
tive and had an affinity towards salinity, DO, and Ca**. The
same scores of 28 species (BAC = 18; CHL =2, CON = 1;
CYA =5; NEM = 1; XAN = 1) are being showed negative;
thereby, they had an affinity towards Sp. Con. (Figs. 7 and 8).
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Table 3  Seasonal mean (average across stations) percentage abundance of periphyton in Bishalakhi canal

Groups Sl no. Genera/species PRM MON POM
Cyanophyceae L. Dolichospermum sp. 3.49 9.68 9.70
2. Anabaenopsis sp. 0.22 0.33 0.32
3. Lyngbya sp. 1.27 13.91 12.90
4. Phormidium sp. 0 0.77 1.42
S. Cylindrospermum sp. 0.11 1.72 0.89
6. Oscillatoria prolifica Gomont, 1892 0.82 0 0
7. O. princeps Vaucher ex Gomont, 1892 7.34 0 0
Total 13.25 26.41 25.23
Chlorophyceae 8. Scenedesmus sp. 0.22 0.50 0.49
9. Ankistrodesmus fulcatus(Corda) Ralfs, 1848 0.11 3.40 441
10. Monoraphidium sp. 0.96 1.51 1.60
11. Selenastrum sp. 0.22 0.02 0.03
12. Schroederia indica Philipose, 1967 0.56 0.05 0.07
13. Chlorella sp. 0.86 0 0
14. Oedogonium sp. 0.22 0 0
Total 3.15 5.48 6.60
Zygnematophyceae 15. Spirogyra sp. 1.47 1.21 1.24
(Conjugatophyceae) 16. Desmidium sp. 0 0.16 0.16
17. Gonatozygon sp. 0.11 0 0
Total 1.58 1.37 1.40
Bacillariophyceae 18. Fragilaria sp. 1.10 333 1.31
19. Cymbella sp. 2.26 0 0
20. Cymbella lanceolata (C. Agardh) Kirchner, 1878 1.87 8.10 8.49
21. C. cymbiformis C. Agardh, 1830 0.93 0 0
22. Pinnularia sp. 2.11 0.15 0.22
23. Amphora sp. 041 0.08 0.21
24. Amphora ovalis (Kiitzing) Kiitzing, 1844 0.66 0 0
25. Frustulia rhomboides(Ehrenberg) De Toni, 1891 1.47 0 0
26. Hantzschia sp. 0.28 0 0
27. Rhopalodia sp. 0.13 0 0
28. Diploneis sp. 0 0.02 0.01
29. Bacillaria paxillifera (J.F.Gmelin) Linnaeus, 1791 3.08 2.75 2.71
30. Synedra sp. 0 3.29 332
31. Synedra ulna(Nitzsch) Ehrenberg, 1832 17.69 1.54 1.61
32. S. acus Kiitzing, 1844 9.90 0.07 0.11
33. Gomphonema sp. 0.26 2.78 2.56
34. G. truncatum Ehrenberg 1832 3.60 0 0
35. Amphipleura sp. 0.13 0.05 0.07
36. Brachysira sp. 1.20 0.50 0.49
37. Stauroneis sp. 0 0.33 0.32
38. Navicula sp. 2.62 10.18 10.34
39. N. veneta Kiitzing, 1844 0.26 0 0
40. Navicula radiosa Kiitzing ,1844 0.26 0.07 0.11
41. N. cryptocephala Kiitzing, 1844 0.53 0 0
42. N. angusta Grunow, 1860 0 1.27 1.30
43. N. gregaria Donkin, 1861 2.20 0.05 0.07
44. N. digitoradiata (W .Gregory) Ralfs, 1861 0.53 0 0
45. N. rhynchocephala Kiitzing, 1844 1.86 0.02 0.03
46. N. subrhynchocephala Hustedt, 1935 0.80 0 0
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Table 3 (continued)

Groups Sl no. Genera/species PRM MON POM
47. N. pelliculosa (Kiitzing) Hilse, 1863 0 0.16 0.16
48. N. protractoides Hustedt, 1957 0.39 0 0
49. Eunotia sp. 0 0.05 0.03
50. Gyrosigma sp. 0.93 3.71 3.74
S1. Nitzschia sp. 2.55 12.42 13.05
52. N. dissipata (Kiitzing) Rabenhorst, 1860 0.22 0 0
53. N. dubia W. Smith, 1853 0.94 0 0
54. N. reversa W. Smith, 1853 0.93 0 0
55. N. scalaris(Ehrenberg) W. Smith, 1853 0.26 0 0
56. N. palea (Kiitzing) W. Smith, 1856 5.13 1.19 1.37
57. N. sigmoidea(Nitzsch) W. Smith, 1853 2.00 1.94 1.91
58. N. obtusa(Nitzsch) W. Smith, 1853 0.28 335 3.36
59. N. recta Hantzsch ex Rabenhorst, 1862 0 3.25 3.37
60. N. filiformis (W.Smith) Van Heurck, 1896 0 0.33 0.32
61. N. subacicularis Hustedt, 1922 0 0.16 0.16
62. N. acicularis (Kiitzing) W. Smith, 1853 0 0.16 0.16
63. N. alpina Hustedt, 1943 1.17 0 0
64. N. intermedia(Hantzsch) Grunow, 1880 1.42 0.77 0.78
65. N. fibulafissa Lange-Bertalot, H. 1980 2.50 0 0
66. N. pusilla Grunow, 1862 0.22 0 0
67. Cylindrotheca closterium(Ehrenberg) W. Smith, 1853 1.40 3.81 3.92
68. Stenopterobia sigmatella (W. Gregory) R. Ross, 1986 240 0 0
69. Tetracyclus sp. 1.00 0.02 0.03
70. Campylodiscus sp. 0.26 0 0
71. Surirella sp. 0.28 0 0
Total 80.42 65.90 65.64
Xanthophyceae 72. Centritractus sp. 0.48 0.35 0.36
73. Tribonema sp. 0 0 0.43
Total 0.48 0.35 0.79
Nematoda 74. Chromadorina sp. 0.88 0.27 0.076
Total 0.88 0.27 0.07
PRM, pre-monsoon; MON, monsoon; POM, post-monsoon
Similarly, 29 species (BAC =18; CHL=3; CON=1;CYA =
5; NEM = 1; XAN = 1) had gradient towards the relatively 3.5
higher magnitude of TN. The species, including Oscillatoria 3 | mS1 mS2 mS3
prolifica, Schroederia indica, Spirogyra sp., C. cymbiformis, 05 I =
Amphora sp., Hantzschia sp., N. protractoides, N. alpina, o
Tetracyclus sp., Surirella sp., and Tribonema sp., had relative- “g’; 2
ly more gradient towards TN, as compared to the other spe- €15
cies. The species, including Phormidium sp., Ankistrodesmus 1
falcatus, Diploneis sp., Synedra sp., Eunotia sp. and N. recta, = -
had an affinity towards the higher Sp. Con. and water velocity 051 I[ l
than its average value; and the species, N. dissipata, 0 - =
Cylindrotheca closterium, Chlorella sp., Oedogonium sp., d H' J' 1A D
and Gonatozygon sp., had more gradient towards DO and Diversity indices

negatively correlated with water velocity and Sp. Con.

Fig. 4 Univariate measures of periphyton diversity in Bishalakhi canal
Sundarbans
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Fig. 5 Cumulative k-dominance curve for abundance of periphyton in
relation to seasons. MON, POM, and PRM denoted for monsoon, post-
monsoon and pre-monsoon, respectively

Discussion
Seasonal variations in environmental variables

Water quality is influenced immensely by natural (geological,
hydrological, climatic), as well as anthropological factors
(Bartram and Balancen 1996). The Sundarban eco-region is
one of the ecologically sensitive deltaic tracts which are influ-
enced by extreme climatic anomalies such as tropical cyclones
and storm surges. Seawater inundation also could be the result
of land use changes in addition to climate change. Studies
have revealed that these events have dramatically increased
the level of high-risk factors in terms of geomorphological
variability on this fragile ecosystem (Sahana et al. 2019).
Significant variations of temperature among the seasons dur-
ing the study period may be attributed to the variations in wind
force and freshwater influx coupled with atmospheric
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Fig. 6 Nonmetric MDS map showing seasonal differential abundance
pattern of periphyton. Blue circle denotes species. MON, monsoon;
POM, post-monsoon; PRM, pre-monsoon; filled ellipse denotes standard
deviation band
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Table 4 Contribution of water quality variables to extracted
components from partial least square method (bold values; selected
variables having highest contribution to the component)

Water variables Comp 1 Comp2 Comp3 Comp4 Comp5
WT -0.322  0.308 -0.235  0.031 0.039
pH -0.221  0.044 -0.327 0379 —0.366
Depth —0.188  —0459 0.116 -0.192  —-0.131
Flow velocity -0.193  —0.467  0.109 -0.179  —0.025
DO 0.236 0.213 —0.066  0.108 —0.735
Sp. Con. —0.407  0.191 —0.088  —0.102  0.065
TA -0.134  0.399 -0264 —-0.172  -0.359
Salinity 0.119 0.413 -0.344  -0.161  0.137
Ca®* 0.166 0.076 0.545 —0.046  —0.188
Mg 0.376 -0.209 -0202 —0.007 —0.084
NO;—N -0.210 -0207  0.335 0.452 0.137
TN -0.152  -0.190  0.030 0.664 —0.055
PO,—P 0.354 0.254 -0.187  0.158 0.222
TP 0.370 0.238 -0.198  0.133 0.022
Si04—Si -0.339  -0328  0.015 -0.170  -0.197
Tran. 0.104 0.442 -0.311  —0.002  0.101

temperature (Vajravelu et al. 2018). The canal water remained
alkaline across the seasons, as also evident from previous
report at Jharkhali(Chaudhuri et al. 2012) and Chemaguri
waters (Manna et al. 2010) in the Sundarbans. DO is a major
component which decides the ecological health of an aquatic
ecosystem (Chang 2002). The highest and lowest value of DO
was recorded during the post-monsoon and monsoon season,
respectively. Significant variation in salinity across the sea-
sons was supported by the similar findings of Arumugum
et al. (2016) and Perumal et al. (2009). High values of electri-
cal conductivity were recorded during pre-monsoon and post-
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Fig. 7 CCA triplot (periphyton species and environmental variables)
showing species—environment association along for the
Bacillariophyceae (BAC) group. Number represents the periphyton spe-
cies mentioned in Table 3



Arab J Geosci (2021) 14: 2038

Page 110f 16 2038

CCA2 (14%)

Sp.Con

CCA1 (43%)

Fig. 8 CCA triplot (periphyton species and environment variables)
showing species—environment association along for the periphytic
groups (CYAN, CHL, CON (ZYG), XAN, and NEM). Number
represents the species serial number in Table 3

monsoon, which could be attributed to higher ionic concen-
trations, the addition of domestic wastes, and enriched house-
hold organic matters (Fokmare and Mussaddiq 2000) into the
canal.

The distribution of nutrients in the canal was primarily
based on tidal flow and freshwater flow from the catchment
areas. Nutrients, viz., NO3;—N, PO,—P, and Si0O,4—Si, exhibited
seasonal variations in the present study. A higher magnitude
of NO;—N during monsoon might be caused by the organic
matter being enriched by the monsoonal flow and decompo-
sition of terrestrial runoff from the catchment areas
(Karuppasamy and Perumal 2000). The utilization of
NO;—N by photosynthetic organisms could also be one of
the reasons to lower the NO;—N level during pre-monsoon.
The inverse trend was observed with regard to PO4—P concen-
trations that recorded the maximum during post-monsoon.
Silicate values were relatively higher as compared to the other
nutrients (NO3;—N, PO4—P) and showed a similar trend as
found in the case of NO;—N. Biswas et al. (2004) stated that
the Sundarban eco-regions are highly productive in respect of
nutrient concentrations. On the contrary, Choudhury and
Bhadury (2015) reported “nutrient (nitrogen)-limited condi-
tion” in Sagar Island owing to the seasonal estimates of N/P
ratio, mostly remaining below the Redfield ratio (16:1), fur-
ther conforming the present findings with respect to the
Bishalakhi canal. Gogoi et al. (2019) also surmised a lower
N/P ratio than the Redfield ratio (16:1) across seasons in the
Kailash Khal, a tropical wetland of the Indian Sundarbans
indicating low bioavailability of nitrogen for phytoplankton
productivity.

Periphyton community structure and distribution
The distribution and structural composition of periphyton are

rarely attempted in the tropical coastal waters including Indian
Sundarbans. While profiling the brackish water epiphytic

algae, Naskar et al. (2013) recorded 22 taxa of epiphytic algae
primarily dominated by Cyanophyceae (50%) from Indian
Sundarbans, which is less diverse than the periphyton diver-
sity recorded in the present study. The present study disclosed
the dominance of Bacillariophytes (>70%) across the seasons
which corroborates with the results of Pandit et al. (2014),
Dunck et al. (2013), and Kanavillil and Kurissery (2013). In
the present study, the genus Nitzschia had the highest number
of taxa followed by Navicula in the diatom assemblage. This
is in line of with the findings of Moresco et al. (2015), where
the author reported that the genus Navicula contributed the
highest number of taxa followed by Nitzschia and
Pinnularia in Guaiap6 stream. The expressivity (density and
compositions) of Bacillariophytes varies according to the bio-
availability of silica in the environment. Furthermore, mor-
phological and physiological characteristics also influence
the development of this group, since they have the ability to
secrete mucilage and to forming mucilaginous matrices for
attachment in substrates (Round 1991). High richness of ge-
nus Nitzschia and Navicula during the study period indicated
that the canal has had high organic load and moderate turbid-
ity. The dominance of Cyanophyceae, Chlorophyceae, and
Xanthophyceae in post-monsoon season in the present study
showed conformity with the dominance of these groups from
Sundarbans as reported by Naskar et al. (2013). In their find-
ings, salinity, transparency, and nutrient especially nitrate
were the major factors associated with the distribution of these
epiphytic algae.

The considerable presence of filamentous algae in periph-
yton matrices across the seasons in this study hinted the envi-
ronment with low water flow (Biggs et al. 1998). In addition,
adequate nutrient concentration coupled with a good amount
of light also favors for the growth of these algal groups.
Higher abundance of Cyanophyceae, Chlorophyceae, and
Xanthophyceae in the post-monsoon in our study could be
related to rich nutrient received from land runoff and to light
availability which facilitated the succession of these commu-
nity assemblages. The mean seasonal abundance of periphy-
ton was attained to the peak during post-monsoon and gradu-
ally decreased over the pre-monsoon and monsoon in our
study.

The spatiotemporal dynamics in the periphytic assemblage
pattern is not typically ascribed to water quality but often
coupled with canal hydrology mostly flow rate, water depth,
and hydroperiod. Albeit the periphyton do not possess a prime
role in shaping the ecosystem, but their dynamics actively
sights characteristics of restored hydrology and monitored
ecosystem (Iwaniec et al. 2006). The disturbance-induced
events (such as monsoonal floods) are likely to change the
hydrological regime in floodplain wetlands, and thereby mor-
pho—functional properties of periphytic communities. A direc-
tional pattern of changes in relative abundance of algal species
is evident in a fluvial environment after the flood phases.
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Firstly, the initial attachment of planktonic Cyanobacteria and
unicellular diatoms followed by growth of the filamentous
Chlorophytes, Cladophora, and Oedogonium spp., and finally
the stalk-forming diatoms (Pfeiffer et al. 2013). Pfeiffer et al.
(2015) provided the information that stalk-forming diatoms
like Gomphonema and epiphytic algae (with strong attach-
ment) the have ability to defend against such physical distur-
bances and also regenerate their colonization rapidly. Studies
on impact of monsoon rainfall on epilithic diatom community
in mainstream and tributaries of Hantangang river, Korea,
established the fact that the availability of diatom species co-
incides with the intensity of rainfall and water quality, which
indirectly influenced the assemblage pattern of diatom com-
munities (Cho et al. 2020). The authors suggested that the
abundance of Nitzschia palea had increased following the
intensity of rainfall. In the present study, the total abundance
of diatom was gradually decreased over pre-monsoon to mon-
soon with the major contribution accounted by Fragilaria sp.,
Navicula sp., Cymbella sp., and Nitzschia sp. during monsoon
in the canal. Thus, it indicated that the nutrient-rich surface
runoff from catchment areas during monsoon coupled with
water velocity partially influenced the succession pattern of
diatoms in the canal environment. In addition, rainfall altered
the water quality conditions in the canal environment, which
in turn influenced the composition of epilithic diatoms.
However, some of the filamentous algae (Dolichospermum
sp., Lyngbya sp., Cylindrospermum sp., and Spirogyra sp.)
did not influence by the water velocity and gradually in-
creased their abundance from pre-monsoon to monsoon and
post-monsoon. It also highlighted the broad tolerance of mon-
soonal perturbations by these algal species. Cordeiroa et al.
(2017) reported that hydrological periods (rainy season) al-
tered the dynamics of periphytic algal community, mostly
the diatoms and Cyanobacteria. However, the overall peri-
phytic algal community composition did not influence in re-
sponse to the changes in the hydrological periods in their
study.

Periphyton consumes a significant fraction of nutrients
such as available carbon, nitrogen, and phosphorus during
their growth, resulting in a positive periphyton—nutrient cor-
relation in the present study. Some periphytic groups had a
close affinity with the certain environmental variables as
shown in the multivariate analysis. A majority of the diatoms
(BAC—-36) had an affinity (positive) towards DO, TN, and
Ca®* hardness in the present study. This result somewhat
conformed with the observations made by Nayar et al.
(2005) that the distribution and the abundance of diatoms
were influenced by the WT, pH, and DO. Sarker et al.
(2020) opined that water temperature, salinity, silicate, nitrate,
and phosphate were the explanatory variables on the distribu-
tion of diatoms in their study in subtropical coastal waters of
Bangladesh. The periphyton species such as Cymbella
cymbiformis, Amphora sp., Hantzschia sp., Navicula

@ Springer

protractoides, N. alpina, Tetracyclus sp., Surirella sp.,
Oscillatoria prolifica, Schroederia indica, Spirogyra sp.,
Tribonema sp. had a positive association with total nitrogen
in the canal environment. Furthermore, species, viz., Nitzschia
dissipata, Cylindrotheca closterium, Chlorella sp.,
Oedogonium sp., and Gonatozygon sp., were found to be neg-
atively correlated with water velocity and Sp. Con., but all
those species were marked a positive correlation with dis-
solved oxygen. No significant spatiotemporal variations of
Bacillariophyceae in the present study corroborated with the
findings of Chintapenta et al. (2018). The authors speculated
that water variables such as DO, salinity, and pH of water
influenced moderately, but it reflected a statistically
insignificant impacts on the diatom community, in their
observations from Delaware tidal wetland. Rodrigues and
Rodrigues dos and Ferragut (2013) explained that two vari-
ables, total phosphate and water temperature, were the princi-
pal determinants for the structural differences of periphytic
algal community on seasonal scale. Similarly, the shift in the
number of periphytic genera was principally related to the
variation in total phosphate and DO concentrations
(Kanavillil and Kurissery 2013). In the present study, water
variables such as DO, Sp. Con., TN, and Ca’** were the
influencing variables for the distribution of periphyton in the
canal environment. A study also evidence that Cyanobacteria
prefer calcium carbonate (calcite)-rich substrates for their
growth (Stal 2000), which supports to the present findings that
Cyanophyceae had close affinity (positive) towards Ca®*. The
increase in flow velocity favored species with an effective
mechanism of attachment to the substrates. It was observed
that species Ankistrodesmus falcatus, Diploneis sp., Synedra
sp., Eunotia sp., and N. recta, which were more inclined to-
wards water velocity and Sp. Con. in the canal environment.
Some of the attached/filamentous algae (Dolichospermum,
Lyngbya, Oscillatoria, etc.) takes full advantage in the lotic
environment by dispersing their reproductive units in a higher
percentage as compared to other species (Palmer 1980).
However, species Oedogonium and Gonatozygon were nega-
tively influenced by water velocity in this study. Further, the
stock-forming diatoms such as Cymbella, Gomphonema, and
Diploneis can quickly spread to the additional substrates, and
those species have ability to protect against the water flow
(Pfeiffer et al. 2015). There was a marked tendency of higher
abundance of Synedra, Fragilaria, Gomphonema, Nitzschia
recta, N. obtusa, Gyrosigma, and C. lanceolata during mon-
soon indicated their tolerance against the monsoonal pertur-
bations and broad thermal range. The absence of floating and
submerged macrophyte in the canal hinted their abundance
and distribution were not influenced by macrophytes richness
that in contrast with the findings of Algarte et al. (2017). The
author speculated that the species richness of aquatic macro-
phytes was the main predictor of periphyton species in the
wetland environment. The considerable presence of nematode
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in the periphyton matrices across seasons indicated the role of
grazing on periphyton species besides other abiotic factors for
their distribution in the canal environment. In this study, no
significant spatiotemporal heterogeneity of periphytic groups
(except Cyanophyceae both spatially and temporally) was
found, indicating unvarying community compositions under
base flow in the canal environment.

The Margalefs species richness (d) and Shannon—Wiener di-
versity (H') exceeding 2.50 indicates a healthy environment of an
aquatic ecosystem (Magurran 1988). In the present investigation,
the calculated mean values of d and H' were found to be greater
than 2.60 in the Bishalakhi canal indicating healthy periphyton
diversity in the system. The maximum value of H' during pre-
monsoon could be related to the benign environmental condi-
tions which in turn supports the settling of periphyton in the
canal. The prevalent turbid condition in the canal water during
monsoon was one of the effective factors that can be correlated to
low H'. Furthermore, the monsoon flood pulses were somewhat
perturbed the bottom environment. The continuous flood pulses
also do not allow to stabilize/colonize the periphyton species due
to the bottom scouring effect resulting in low periphyton diver-
sity during monsoon. The value of J' was 0.82+0.04 across sea-
sons which implied evenly distribution of periphyton and thus
undisturbed environmental conditions during the study period. A
similar study by Gurumayum and Goswami (2013) reported the
value of J' within the range 0.77 to 0.94 from the Imphal waters.
However, a higher range of H' (3.40—4.30) was reported by
Sharma et al. (2008) in a pre-impoundment study of the Tehri
Dam on Bhagirathi River. Menhinick index (D) is a good indi-
cator of biodiversity since it takes into account the abundance of
species (Buzancic et al. 2016). The D value in this study reflected
a uniform distribution of periphyton in the system. The moderate
range of H' value (2.8140.19) and higher periphyton abundance,
coupled with the dominance of Bacillariophyceae all the year-
round, indicated that the canal was inclined towards the oligotro-
phic conditions. The presence of lower abundance of
Cyanophyceae, Chlorophyceae, Zygnematophyceae, and
Xanthophyceae in this study also supports its general notion that
the dominance of periphytic algal composition represented as
Bacillariophyceae > Chlorophyceae > Cyanophyceae(Hynes
1970).

Conclusion

The present communication insights the periphytic assem-
blage pattern along with various eco-hydrological regimes
across seasons in the canal ecosystem of the Sundarban
eco-region. A study accounted for 74 taxa of periphyton
under six groups with Bacillariophyceae (diatoms) as the
apex contributor in the Bishalakhi canal. Biotic—abiotic
relationship observed in this study indicates the species-
specific preference of environmental conditions. It has

been quantitatively established that species Oscillatoria
prolifica, Schroederia indica, Spirogyra sp. Cymbella
cymbiformis, Amphora sp., Hantzschia sp., Navicula
protractoides, Nitzschia alpina, Tetracyclus sp., Surirella
sp. and Tribonema sp. have close affinity towards TN. In
addition, water variables such as Sp. Con. and water ve-
locity are the effective factors for the species Phormidium
sp., Ankistrodesmus falcatus, Diploneis sp., Synedra sp.,
Eunotia sp., and N. recta. As such, the water parameters,
viz., DO, Sp. Con., water velocity, TN, and Ca®" are the
effective variables which have influenced on the abun-
dance and distribution of periphyton in the canal system.
Albeit the water variables influenced their distribution in
the canal environment overall, but it reflected statistically
insignificant impacts on the periphyton community in the
semilotic canal environment. Lesser variation in diversity
indices across the stations also suggests that periphyton
accumulation is not influenced by the natural base flow,
and this implies unvarying community composition sea-
sonally. The biomass and biovolume of periphyton in the
canal ecosystem have not been attempted in this study;
hence, the instant investigation suggests that future studies
may be made to focus on the assessment of periphyton
assemblage in general and plankton—periphyton interac-
tions in particular in the canal ecosystems of the
Sundarbans.
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