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Abstract: The paper focuses on the ecology, diversity, and community structure of periphyton in the Datpul Gad
stream during the period of 2019-2020. The stream is a significant spring-fed tributary of the River Nayar, situated
in the Agroda village of Pauri district, Uttarakhnad state. Several physico-chemical parameters were examined from
October 2019 to September 2020 to assess the periphyton growth conditions. These parameters included water
temperature, current velocity, dissolved oxygen, pH, total alkalinity, and total hardness. The results indicated that all
these physico-chemical parameters were favorable for periphyton growth during the winter season. The periphyton
community in the stream comprised 12 genera, including Diatoma, Navicula, Cymbella, Fragillaria, Synedra,
Gomphonema, Nitzschia, and Tabellaria from the Bacillariophyceae, Ulothrix, Stigeoclonium, and Spirogyra from
the Chlorophyceae and Phormidium from the Myxophyceae. The density of periphyton was found to be highest
during the winter season and lowest during the monsoon season. To assess the diversity of the periphyton
community, the Shannon-Wiener diversity index and Margalef index were calculated. The researchers employed
multivariate cluster analysis and the Simper test to determine the similarity and average dissimilarity of periphyton
composition among different seasons. Canonical correspondence analysis (CCA) was performed to investigate the
influence of abiotic factors on periphyton abundance. Additionally, multivariate Principal Component Analysis
(PCA) was conducted to depict the abundance of periphyton during different seasons.Overall, the study provides
insights into the periphyton community dynamics, diversity, and response to abiotic factors in the Datpul Gad
stream throughout the 2019-2020 period.
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(Bahuguna et al 2020, Negi et al 2021),

Introduction macrozoobenthos  (Dobriyal  etal 1992,
Periphyton is the crucial component of aquatic Bahuguna and Dobriyal 2018, Mamgain et al
ecosystem and it is found attached to various 2021) and fish diversity (Bahuguna, 2020, 2021)
submerged objects found in water viz. stones, and checklist of benthic macroinvertebrate
pebbles, wood etc. Being an important part of (Koshal et at 2017). Optimal levels of all the
aquatic food chain, it also provides shelter and physico-chemicals factors are crucial for the
food to benthic macroinvertebrates (Dobriyal et proper sustainment of aquatic life and any abrupt
al 2011, Bahuguna and Negi 2018). In hill change in these can have negative consequences.
streams the periphyton forms an important algal In  aquatic ecosystems, the periphyton
component of the ecological setup as plankton development are greatly influenced by various
are minimum in their density due to fast flowing physico-chemical and biological factors such as
nature of water (Kumar etal. 2006). There are light availability (Warren et al 2017), current
several  physico-chemical ~parameters which velocity of water (Townsend et al 2012), various
influence the periphyton distribution and density nutrient concentrations (Myrstener et al 2018),

and can have huge impact on aquatic mites
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grazing by consumers (Jones and Sayer 2003,
Garcia et al 2015), temperature (DeNicola 1996,
Baluni et al 2017, 2018; Baluni 2020), substrate
type (Murdock and Dodds 2007), competition
(Stevenson et al 1991). In benthic food webs, the
periphyton even acts as a basal resource for
invertebrates as well as vertebrates consumers
(Mufioz et al 2001).

Periphytic organisms also act as excellent source
of pollution indicator because of their sensitive
nature to slight changes in aquatic bodies. For
the biomonitoring of aquatic pollution,
periphyton have been widely used by several
researchers (Leland & Carter 1985, Newman et
al 1985; Cosgrovea et al 2004).

In India, hydrobiological studies has been
carried out by several researchers ((Singh et al
1982; Dobriyal 1985, Dobriyal and Singh 1989,
Dobriyal and Kotnala 1993, Dobriyal and
Kotnala 2005, Sagir and Dobriyal 2020 and

Baluni et al 2021, Tariq et al 2020a, b, 2021,
2022a).

The present hypothesis was proposed to explore
the periphytic distribution and community
structure and their relationship with various
physico-chemical parameters in the Datpul Gad
stream of Uttarakhand.

Materials and Methods

Study Area

The present study was carried out at Datpul Gad
stream which is an important tributary of River
Nayar in Agroda village of Pauri district and is
18km from the main market of Pauri district of
Uttarakhand state. The site is represented by
riparian vegetation of coniferous forest and
some mixed vegetation and some human
settlement is also found along the side of the
stream. The Datpul Gad stream is important
source of water to the local population of the
region. (Fig. 1).

Analysis of Physico-chemical Parameters
All the physico-chemical parameters i.e.,
dissolved oxygen (DO), current velocity of

Fig. 1: Map showing study area of Datpul Gad.

water (CV), pH, total hardness (TH), total
alkalinity (TA), Turbidity were analyzed as per
standard methods suggested by Welch (1948),
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APHA (2012). Surface temperature of the water
was analyses by using the centigrade
thermometer. The current velocity of the water
was analyzed with the help of float method, in
this method a light weight float which attached
to a rope of known length is allowed to flow
with the current of water and time is noted down
when it is released and finally velocity is
measured in (m/sec.). A portable digital pH
meter was used record the pH of the stream by
directly dipping it into the water on the spot.
Dissolved oxygen content of the water was
determined by modified Winkler’s method.
Total hardness and total alkalinity was
calculated as per standard methods suggested by
Welch (1948). A digital turbidity meter was
used to analyze the turbidity of water sample
nephlometeric turbidity units (NTU). Sampling
of periphyton was done simultaneously with
physico-chemical parameters.

Periphyton Sampling and analysis

Periphyton was collected from 1 inch square of
various submerged objects in water especially
from stones and pebbles. The 1-inch square was
measured with the help of scale having inch
division. The collected sample was then
preserved in 4% formalin and then carried to the
departmental laboratory of zoology department
at BGR Campus Pauri for further analysis. The
counting of periphyton was done by following
formula:

n=(a x 1000) x b

Where: n = number of units of Periphyton in
selected area, a = average number of periphyton
in a cubic millimeter capacity. b = Concentration
prepared in ml.

The qualitative analysis of periphyton was made
with the help of micro processing imaging
system (MIPS), stranded keys (Prescott, 1939a,
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b; Ward and Whipple, 1992) and the keys
available online.

Statistical Analysis

The various statistical methods and multivariate
analysis was done with help of Microsoft excel
and Past 4.0 software.

Results and discussion

The seasonal variation in the physico-chemical
parameters of Datpul Gad stream during the year
Oct. 2019 to Sep. 2020 is presented in the table
1. The water temperature of the stream was
maximum (21.50+0.71) in monsoon season
whereas, minimum (10.0+1.0) water temperature
of the stream was recorded in winter. Similar
finding of low water temperature during winter
and high during summer and monsoon season
was reported by Kumar and Nautiyal (2019) in
the Bhagira-thi River, Tariq et al., (2022b) in the
Balkhila stream. The current velocity (m/sec.) of
water was found maximum (0.64+0.06) in
monsoon season and minimum (0.40+0.06) in
winter. The high current velocity during
monsoon season was also reported by Bisht et
al., (2019) in the Pinder River, Tarig et al.,
(2021, 2022b) in the Balkhila stream. The pH of
the stream was recorded maximum (7.88+0.16)
in winter whereas, least (7.32+0.15) in monsoon
season. The pH is high during winter season due
to algal growth (Dobriyal and Singh, 1988;
Bahuguna and Dobriyal, 2018). The dissolved
oxygen content of the water was calculated high
(10.53+0.52) in winter and low (9.05+£0.07) in
monsoon season which corroborates the finding
of Matta et al., (2020), Tariq et al., (2022b). The
total alkalinity of stream was found maximum
(63.33+£8.02) in winter season and minimum
(42.0£0.00) in monsoon season. The total
hardness of the stream Datpul Gad stream was
found high (68.83+4.75) during winter and low
(53.0£1.41) in monsoon season.
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Table 1: Seasonal variations in the physico-chemical parameters of Datpul Gad stream during the

year Oct. 2019 to Sep. 2020

SEASONS WT (°C) CV (m/sec.) pH DO (mg/l) TA (mg/l) TH (mg/l)
AUTUMN 15+1.41 0.43+0.03 7.76£0.11 | 10.05+0.02 62.50+2.12 65.25+0.35
WINTER 10.00+1.00 0.40+0.06 7.88+£0.16 | 10.53+0.52 63.3318.02 68.83+4.75
SPRING 13.50+2.12 0.52+0.01 7.55+0.07 | 9.80+0.14 49.00+1.41 59.00+1.41
SUMMER 21.00+4.24 0.50+0.00 7.40+0.14 | 9.30+0.14 45.50+0.71 57.00+1.41
MONSOON 21.50+0.71 0.64+0.06 7.32+0.15 | 9.05+0.07 42.00£0.00 53.00+1.41

The seasonal variation in the periphyton density
of Datpul Gad stream during the year Oct. 2019
to Sep. 2020 is presented in Table 2. The stream
Datpul Gad was represented by 12 periphytic
genera  belonging to 3 classes viz.
Bacillariophyceae (Diatoma, Navicula,
Cymbella, Fragillaria, Synedra, Gomphonema,
Nitzschia and Tabellaria), Chlorophyceae
(Ulothrix, Stigeoclonium and Spirogyra) and
Myxophyceae (Phormidium). The maximum
(2046.3+£105.9) (Units.10%.inch) density of the
periphyton was found in winter season and

minimum (332.7£226.0) in monsoon. The class
bacillariophyceae was found most diverse and
dominant than chlorophyceae and myxophyceae
in the stream Datpul Gad which corroborates the
finding of Daimari (2003), Liang and Li (2008),
Singh and Das (2009), Baluni et al 2017, 2018
and Baluni (2020). The Sorenson similarity
Index of periphyton of Datpul Gad stream
during the year Oct. 2019 to Sep. 2020 is
presented in the table 3.

Table 2: Seasonal variations in the periphyton density of Datpul Gad stream during the year Oct.

2019 to Sep. 2020 (Units. 10%. Inch?)

Periphyton Class Genus Autumn Winter Spring Summer Monsoon

Bacillariophyceae Diatoma 477+222.0 751.3+107.4 381+100.4 217+77.8 110.0£54.4
Navicula 34+48.1 604.7£76.2 562+56.6 297+12.7 120.7£22.0
Cymbella 52+14.1 182.0+143.4 190490.5 60+39.6 67.3£104.7
Fragillaria 53+75.0 166.7£33.2 184+62.2 24+17.0 16.0£27.7
Synedra 8+11.3 0+0.0 151+86.3 0+0.0 18.7+32.3
Gomphonema 50£11.3 109.0+48.4 58+62.2 0+0.0 0+0.0
Nitzschia 52+53.7 27.3433.0 120+33.3 13+4.2 0+0.0
Tabellaria 17+24.0 94.0+26.2 0+0.0 5+7.1 0+0.0

Total 743+213.5 1935.0+131.2 1646+492.1 616+158.4 332.7+226.0

Chlorophyceae Ulothrix 0+0.0 44.0+38.3 91+58.0 0+0.0 0+0.0
Stigeoclonium 0+0.0 7.3+12.7 0+0.0 0+0.0 0+0.0
Spirogyra 0+0.0 30.0£17.3 0+0.0 0+0.0 0+0.0

Total 0+0.0 81.3+62.2 91+58.0 0+0.0 0+0.0

Myxophyceae Phormidium 81+55.2 30.0+27.5 6+8.5 0+0.0 0+0.0

Total 81+55.2 30.0£27.5 6+8.5 0+0.0 0+0.0

Grand total 824+158.4 2046.3+105.9 1743+541.6 616+158.4 332.7+226
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Table 3: Sorenson similarity Index of periphyton of Datpul Gad stream during the year Oct. 2019

to Sep. 2020.

N D J F M A M J J A S
o 0.714 0.5 0.75| 0.706 | 0.667 0.75 | 0.615 0.5 04| 0222 0.5
N 0.625 | 0.875 | 0.824 08| 0875 0.769 | 0.833 06| 0444| 0.667
D 0.778 | 0.842( 0.706 | 0.667 | 0.667 | 0.571 05| 0364 0.571
J 0.947 | 0.706 | 0.778 08| 0714 05| 0364 0571
F 0.778 | 0.842 0.75| 0.667| 0.462| 0.333| 0.533
M 0941 | 0.714| 0.769 | 0.545 041 0.769
A 0.667 | 0.714 05| 0364 0714
M 0.909 | 0.667 05| 0.727
J 0.75| 0571 0.8
J 0.8 0.75
A 0.571
S

The maximum similarity of periphyton genera
was found in winter months whereas, the months
of the monsoon season differ greatly. The index
values was high (0.947) during winter in the
month of February and minimum (0.222) in
monsoon in the month of August. Similar results
were found by Dobriyal et al (2011) in Nayar
River of the Garhwal Himalaya. The average
dissimilarity in the periphyton density of Datpul
Gad stream during the year Oct. 2019 to Sep.
2020 is presented in the table 4. The simpler test
indicates that overall average dissimilarity in the
periphyton during different season was found to
be 51.64%. This is due to the variation in the
physico-chemical parameters during different
seasons. Simpler test was also performed by
Tariq et al (2022b) to show the dissimilarity of
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periphyton. The cluster analysis plot showing
similarity of periphyton during different seasons
of Datpul Gad during the year Oct. 2019 to Sep.
2020 is presented in the figure 2. The
dendrogram thus formed suggested that summer
and monsoon were similar groups joined by
autumn which were later joined by other similar
groups of winter and spring season. The values
of  Shannon-Wiener diversity index and
Margalef index of periphyton of Datpul Gad
stream during the year Oct. 2019 to Sep. 2020 id
presented in the Figure 3 and 4. The Shannon-
Wiener index value was high (1.91) in the month
of march and low (0.633) in the month of
August whereas, the value of Margalef index
was high (1.17) in the month of February and
low (0.20) in the month of August.
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Table 4: average dissimilarity in the periphyton density of Datpul Gad stream during the year Oct.

2019 to Sep. 2020.

Taxon Av. Contrib. | Cumulativ | Abundanc | Abundanc | Abundanc | Abundanc ?bundanc
dissim % e % e Autumn | e Winter e Spring e Summer Monsoon
Diatoma 15.12 29.27 29.27 477 751 381 217 110
Navicula 15.03 29.11 58.38 34 605 562 297 121
Fragillaria 4.215 8.162 66.54 53 167 184 24 16
Cymbella 3.359 6.505 73.05 52 182 190 60 67.3
Synedra 2.685 5.199 78.25 8 0 151 0 18.7
Nitzschia 2.653 5.138 83.38 52 27.3 120 13 0
Gomphonema 2.544 4.926 88.31 50 109 58 0 0
Phormidium 2.089 4.045 92.36 81 30 6 0 0
Ulothrix 1.806 3.498 95.85 0 44 91 0 0
Tabellaria 1.616 3.13 98.98 17 94 0 5 0
Spirogyra 0.4225 0.8181 99.8 0 30 0 0 0
Stigeoclonium 0.1028 0.1991 100 0 7.3 0 0 0
O_ve_ral_l average 5164%
dissimilarity
: 2 = 5 =
£ G = = =
7= = < = 7]
150+
2251
23004
3754
4504
3251
6004
6751

Fig. 2: Cluster analysis (CA) plot showing similarity of periphyton during different seasons of
Datpul Gad stream during the year Oct. 2019 to Sep. 2020.
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Fig. 3: Values of Shannon-Wiener diversity Index of periphyton of Datpul Gad stream during the

year Oct. 2019 to Sep. 2020.

The canonical correspondence analysis (CCA)
plot showing the effect of Physico-chemical
parameters on periphyton during different
seasons of Datpul Gad stream during the year
Oct. 2019 to Sep. 2020 is presented in the figure
5. The axis 1,2,3 and 4 represents 56.64%,
29.73%, 10.55% and 3.083% of the variance
with an eigenvalues of 0.156, 0.082, 0.0291,
0.008.the winter and autumn season was
represented by genera Diatoma, Tabellaria,
Spirogyra, Stigeoclonium, Gomphonema and

Phormidium and governed by factors total
alkalinity, total hardness, pH and dissolved
oxygen. The spring season was associated with
genera Nitzschia, Synedra, Ulothrix and
Fragillaria. The monsoon and summer season
was represented by Cymbella and Navicula and
governed by water temperature and current
velocity. The CCA was also performed by
Kumar and Nautiyal (2019), Sagir and Dobriyal
(2020), and Tariq et al (2022b) to study the
relationship between different abiotic factors
benthic communities in an aquatic ecosystem.

1.4 4
1.2 4

0.8 1
0.6
0.4 4
0.2

VALUES OF MARGALEF
INDEX

——Margalef

O NDJ FMA
MONTHS

M J J A S

Fig. 4: Values of Margalef Index of periphyton of Datpul Gad stream during the year Oct. 2019 to

Sep. 2020.
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Fig. 5: Canonical correspondence analysis (CCA) plot showing the effect of physico-chemical
parameters on periphyton during different seasons of Datpul Gad stream during the year Oct. 2019
to Sep. 2020.

The principal component analysis (PCA) plot
showing the abundance of periphyton during
different seasons of Datpul Gad during the year
Oct. 2019 to Sep. 2020 is presented in the figure
6. The PC1, 2, 3 and 4 represents 56.6%, 30.2%,
12.42% and 0.70% of the variance with an
eigenvalues of 6.80, 3.6, 1.49 and 0.084. The
winter  season  represented by  genera
Gomphonema, Diatoma, Spirogyra, Tabellaria,
Phormidium and Stigeoclonium. The spring
season was associated with genera Synedra,
Nitzschia, Ulothrix, Cymbella, Navicula and

Fragillaraia. The most of the genera were
dominant in winter and spring season whereas,
all genera of periphyton were least in autumn,
summer and monsoon season. From the above
discussion it has been concluded that the Datpul
Gad represents maximum density of periphyton
in winter because all the ecological parameters
were in optimum level but on the onset of
monsoon season the density of periphyton
decreases due to perturbed ecological
conditions.
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Fig. 6: (A) Principal Component analysis (PCA) plot showing abundance of periphyton during
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