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Chapter 3
Use of Multivariate Techniques for Quick
Assessment of Hydropower Impacts
on the Producer Community in Himalayan
Rivers with a Note on Required Sample Size

Prakash Nautiyal and Tanuja Bartwal

Abstract Multivariate techniques have been often used to compare and classify
sampling sites. Here, it was used to make a quick assessment of the impact caused by
flow modifications for Vishnuprayag and Srinagar hydroelectric projects on the
producer communities constituting first trophic level of the Alaknanda River in
Himalaya. For this study, the diatom communities were sampled during October,
November, and February from flowing sections at three stations in each HEP; one u/s
of dam, other two d/s of dam and powerhouse (PH). Species count was generated for
each station. Both nonmetric multidimensional scaling (NMDS) and cluster analysis
revealed two and three groups of locations, respectively, for 3- and 12-month data
set. In case of the former, free-flowing S3 and deep column S5 were forming a
subcluster, but no reasons were evident, as these were diametrically opposite
locations, making it difficult to interpret. In case of the latter, the grouping was
more reasonable as S2–S3 exhibit higher similarity, while S5 is distinct and S1
remained as an outlier. The study suggest that there is rapid change in diatom
community structure disrupting River Continuum Concept (RCC), possibly due to
modified hydrological regimes in longitudinally placed locations of the river
resulting in separate subgroups. Analysis with large and small (data deficient)
sample size shows differences in NMDS and cluster groupings, which appear to
be irrelevant, demonstrating poor efficacy. Larger sample size was found to make the
analysis more robust.
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3.1 Introduction

Univariate, bivariate, and multivariate statistical techniques are generally used to
study biotic communities. Of these, NMDS, PCA, CCA, and RDA are commonly
used ordination techniques (Anderson et al. 2006; Nautiyal & Mishra 2013; White
et al. 2016; Zhao et al. 2019; Ko et al. 2020).These techniques have been used to
study drivers of diatom community structure in unimpacted (Soininen et al. 2004;
Virtanen & Soininen 2012; Verma et al. 2016) and human impacted regions
(Hlubikova et al. 2014; Nautiyal et al. 2015; Quevedo et al. 2018; Mutinova et al.
2020).

River Alaknanda is impacted by a series of two hydroelectric projects within a
distance of ~140 km, as dam and power house modify the river flow in this stretch
and disrupt the continuum. We presume that the community will be impacted in
contrast to expected gradual change in community (RCC; Vannote et al. 1980). The
purpose of this study is quick assessment (Chessman et al. 1999) of the river
ecosystem using multivariate techniques. Nonmetric multidimensional scaling and
cluster analysis are used to capture the changes in diatom community in a river
serially impacted by hydroelectric projects. NMDS is used to compare the sampling
sites in a two-dimensional plot in which sites with similar community structure are
located close together compared to those far apart. Cluster analysis was used to
classify sampling sites based on similar or dissimilar species abundance. This study
can be useful in the management of river ecosystem health. In order to know the
robustness of the statistical analysis, a 12-month data set for all other stations except
S1 and S2 was subjected to NMDS and cluster analysis.

3.2 Study Area

Alaknanda is one of the major tributaries of the river Ganges. The river is impacted
by two hydroelectric projects: one in headwaters, Vishnuprayag hydroelectric pro-
ject (VHEP), and another in lower stretch, Srinagar hydroelectric projects (SHEP).
The following six sampling locations were selected for this study: S1, 1 km u/s from
the VHEP with steep slope; S2, d/s of the VHEP flow-deficient section; S3, 53 km
d/s of VHEP power house (PH); S4, 30 km d/s from S3, considered as free-flowing
section; S5, 1.5 u/s from the tail of SHEP impoundment; and S8, the station below
the PH carrying regulated discharge from the SHEP.
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3.3 Methods

Two types of samples were obtained: 3-month (small) and 12-month (large) data set.
These sets differ in containing 3-month data from S1 to S8 compared with
3/4 months for S1 and S2 (not accessible) and 12 months for S3 to S8. Diatoms
samples were collected by scraping 3 × 3 cm2 area of cobbles from the sampling
sites. Two replicates of samples were collected in sampling vials. Acid-peroxide
treatment was used to clean the diatom frustule. Permanent slides were prepared
using Naphrax (RI 1.74) and observed under BX 40 Trinocular Olympus micro-
scope. Diatom count data was generated for NMDS and cluster analysis using CAP
ver. 4.0. Ward’s method (Bray-Curtis measure) was used to record distances and
classify the stations. In order to detect robustness of results, small and large data sets
were compared.

3.4 Results and Discussion

Multivariate and ordination techniques have been used to study composition of
diatom flora, diversity, macroinvertebrate assemblages (Mishra & Nautiyal 2017),
and fish fauna (Nautiyal et al. 2014) in the Ganga river from source in the Himalaya
to Upper Gangetic Plains and in the Bundelkhand Plateau rivers. This study moves a
step forward to make quick assessment of rivers modified by hydroelectric projects,
using such statistical techniques. Nonmetric multidimensional scaling and cluster
analysis of small data set creates two clusters (Figs. 3.1a and 3.2a). Since results are
similar, the interpretation is described for cluster analysis. Of the two major clusters,
one comprised of S1, S2, S3, and S5 and the other of S4 and S8. Within the first
cluster, S1 and S2 are distant from each other and from S3 and S5 as well. The
second cluster comprising of S4 and S8 are far distant. The continuum is breaking
after S3 as it is more similar to S5 rather than S4. However, there is no reason for
similarity as S3 is below the PH and S5 is u/s of the dam beyond impoundment.
Apparently, there seems to be no similarity in physiochemical conditions at S3 and
S5 in general and flow. Higher flows at S3 facilitate flushing of sediments compared
to S5, where flushing is compromised due the tail of impoundment (a deep-water
column created for SHEP). Substratum also differs, coarse hard at S3 compared to
soft smaller sediments at S5. In a separate study, van Dam ecological values indicate
different ecological categories: polyoxybiontic O2, mesotrophic, and neutrophilic at
S3 compared to moderate O2, eutrophic, and alkaliphilic at S5.

The stations S4 and S8 are more similar as they are free-flowing stretches even
though they are located in a considerable distance from the PH, respectively. Further,
they are below PH, and both experience perturbed flow regimes due to peaking
requirements of VHEP and SHEP. While flow regimes were responsible for the
similarity between S4 and S8, the same does not appear to be the case among S3 and
S5 (Figs. 3.1b and 3.2b). This suggests that there is ambiguity in the results as cluster
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Fig. 3.1 (a) Nonmetric multidimensional scaling (MDS) plots for similarity/dissimilarity of diatom
community between sampling sites based on small sample size (stress: 0.03). (b) Nonmetric
multidimensional scaling (MDS) plots for similarity/dissimilarity of diatom community between
sampling sites based on large sample size (stress: 0.004)
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Fig. 3.2 (a) Cluster analysis for similarity/dissimilarity of diatom community between sampling
sites based on small size. (b) Cluster analysis for similarity/dissimilarity of diatom community
between sampling sites based on large sample size



analysis is showing the similarity between S3 and S5 despite the abovesaid differ-
ences between the stations. Fore et al. (1996) also reported that the PCA did not
detect clear difference between most and least disturbed site.
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However, there is difference in clusters when larger-sample size was analyzed.
Both NMDS and cluster analysis techniques revealed three groups of locations: first
S1 totally distinct from the rest as an outlier (possibly due to scanty data—3 months),
second S2–S3–S5, and third S4–S8. The second cluster has two subgroups one
comprising S2–S3 exhibiting higher similarity, while S5 is distinct but distantly
similar to S2–S3. These groups and subgroups instead of one group with similar
subgroups occurring in a longitudinal fashion clearly demonstrate disruption of the
RCC. Analysis with large and small sample size shows differences in NMDS and
cluster groupings, which appear to be irrelevant, demonstrating poor efficacy.
Larger-sample size was found to make the analysis and result more robust.

3.5 Conclusion

The study suggests a rapid change in diatom community composition (disruption of
RCC), attributable to modified horological regimes. Thus, the producer community
is seriously affected by hydropower development. This study also shows poor
efficacy of small data sets for present study. Large data set was more efficient.
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