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Abstract

This paper describes a stream biomonitoring program that builds capacity in undergraduate college
students in the field of freshwater ecology and conservation. The program involves sampling of aquatic
macroinvertebrates and hydrological parameters in streams of the state of Meghalaya, India. Several
colleges from Shillong initiated short-term, one-year and long-term biomonitoring of streams in East Khasi
Hills and Ri-Bhoi districts. Nine stream locations sampled over October-December in 2014 provided a
snapshot of physical and biotic conditions, thus enabling the examination of spatial trends in water quality
parameters and aquatic biota. A year-long sampling study from 2014-2015 provided a seasonal view of
stream parameters at Lwai (clean) and Umkaliar (moderately polluted) streams. Results from both sampling
sets suggest that turbidity negatively affected the richness of pollution sensitive taxa. Dissolved Oxygen
values were lower in polluted streams and were non-significantly lower in summer than in winter. After
an initial training in the field, the sampling was conducted by college students under supervision from their
lecturers. Data obtained on macroinvertebrates adds to the sparse information available on stream
ecosystems in the biodiversity-rich northeast Indian region. We hope the paper provides a template for
monitoring of vital ecosystems in this and similar regions.
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Introduction

Northeastern India is a region blessed with plenti-
ful rainfall, streams and rivers, and is also part of the
Eastern Himalayan biodiversity hotspot (Allen et al
2010). However, changing land use, growing water
demands and pollution are rapidly altering water
quality and quantity, and in the process destroying
the diversity of life in the streams, rivers, lakes and
wetlands in the Indian Northeast and tropical Asia in
general (Dudgeon 2011, Massar and Saha 2016). There
is very little information on freshwater aquatic ecosys-
tem communities in the Northeast, or how these eco-
systems are linked/maintained with water flow,
quality, stream bank vegetation and watershed land
use. Furthermore, there is very little public awareness
of precisely how healthy aquatic ecosystems help
maintain water quality in streams. As an initial means
of addressing the lack of information, biomonitoring

programs were developed in 2014 in several colleges
in Shillong, Meghalaya in order to survey and monitor
aquatic fauna, specifically macroinvertebrates of
Meghalayan streams along with hydrological data.
The programs were also conceived as a way to de-
velop capacity of college students in the field of
freshwater ecology and conservation. This article pre-
sents biomonitoring data from sampling conducted by
undergraduate students and their supervising faculty
from colleges of Shillong.

The role of aquatic macroinvertebrates in maintaining
ecosystems

Aquatic macroinvertebrate assemblages comprise
primarily of insect larvae that have terrestrial adult
life forms, insects whose adult life-history stages such
as beetles and true bugs are also aquatic, and include
arthropods such as crustaceans, and organisms from
other phyla such as mollusks (gastropods, bivalves),
and annelids (Oligochaete, Hirudinea; Allan 1995,
Meritt et al. 2008). Benthic macroinvertebrates are an
important part of the food chain, especially for fish
and other predators. Macroinvertebrates occupy dif-
ferent trophic levels in a food chain due to diverse
feeding habits; many feed on algae and bacteria, some
eat leaves and other organic matter, some are filter-
feeders and quite a few are predatory on other insect
larvae, crustaceans and small fish. Because of their
abundance and intermediate position in the aquatic
food chain, benthic macroinvertebrates play a critical
role in the natural flow of energy and nutrients (Resh
et al. 1995), including assisting in breakdown of leaf
litter and organic matter decomposition.
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Macroinvertebrates: links with water quality

Macroinvertebrate assemblages show a strong cor-
relation with variables of water quality and stream
geomorphology (Resh et al. 1995, Lamouroux et al.
2004). In particular, the larvae of mayflies
(Ephemeroptera), stoneflies (Plecoptera) and caddisflies
(Tricoptera), or EPT taxa as they are collectively
known, are globally associated with clear swift-flow-
ing streams where they shelter underneath stones on
the streambed, the sedimentation of which can
thereby remove their habitat. Clear headwater
streams are typically cool and highly oxygenated,
especially in riffle sections. The EPT taxa larvae are
more susceptible to the physical or chemical changes
associated with pollution and siltation in a stream
than other organisms. Thus, the presence of EPT
insect larvae indicates the maintenance of the natural
flow and water quality regimes, that in turn indicates
a healthy catchment with regulated hydrology and
lack of significant soil erosion and other forms of
anthropogenic pollution. Pollution sensitive organ-
isms act as indicators of the absence of pollutants.
Pollution-tolerant organisms such as midges and
worms are less susceptible to changes in physical and
chemical parameters in a stream and their presence is
an indirect measure of pollution. When a stream
becomes polluted, pollution-sensitive organisms de-
crease in number or disappear; pollution-tolerant or-
ganisms increase in variety and number. Thus the
maintenance of macroinvertebrate biodiversity is a
critical test of whether the water use regime is sustain-
able (Dudgeon et al. 2004).

Biomonitoring of aquatic ecosystems — a holistic
assessment of watershed ecosystem condition

Biological measures provide an integrative mea-
sure of stream health over space and time, as opposed
to snapshots of stream conditions as obtained by
physicochemical parameters (Karr 1999). The lack of
effective soil conservation in farming, mining and
roadbuilding all accelerate soil erosion with sediment
being washed off into streams and rivers. The result-
ing siltation of streambeds covers rocks and thereby
removes habitat for the aquatic larvae sheltering un-
derneath rocks from the swift flowing currents (Feio
et al. 2015). Alterations in the streamflow regime can
also affect both the breeding and dispersal of inverte-
brates, as well as alter water quality, in particular,
lower dissolved oxygen below the levels that swift-
flowing stream fauna are used to (Williams 1996,
Mesa 2012).

Biomonitoring of freshwater ecosystems using
aquatic macroinvertebrate abundance and diversity is
thus a widely used tool to assess the health of aquatic
ecosystems and to determine policy intervention with
regards to developing and enforcing regulation for
water quality (Bonada et al. 2006, Kennedy et al. 2009).
Biological stream monitoring is based on the fact that
different species react to pollution in different ways.
Biomonitoring also adds the possibility of encounter-
ing new species that are not known to science and can
enhance the understanding of life history traits of
macroinvertebrates. As a consequence of all these
benefits, biomonitoring is being mainstreamed into
policy regulations for managing water quality in
streams and rivers.

Biomonitoring as a tool for building capacity in society

Documentation of stream and river conditions us-
ing aquatic macroinvertebrates is an appropriate tool
to develop capacity in the field of freshwater ecosys-
tem science and conservation (Goulden 2009), espe-
cially in region rich in springs, streams, and aquatic
biodiversity such as Meghalaya. However, it has
never been put in practice before in this region. This
pioneering hands-on experience brings students in
close contact with the ecosystem. Periodic monitoring
develops an appreciation for the links between a
diverse ecosystem and the physico-chemical param-
eters of water quality and flow that maintain life.
Biomonitoring of streams and rivers enables students
to relate river parameters such as water depth and
discharge to the daily availability of water as well as
with extreme events such as floods and droughts. By
correlating the diversity and abundance of freshwater
taxa with water quality and quantity, baseline
ecohydrology information on streams and rivers can
be obtained; rivers harboring healthy and diverse
ecosystems would be considered reference sites as
benchmark for restoration. Thus biomonitoring en-
hances the understanding of rivers as living parts of
the landscape, which needs ecologically-guided main-
tenance and protection, and not just as a natural
resource to be harvested. In this article we summarize
results from biomonitoring projects that have been
undertaken since 2014 by different colleges in
Meghalaya.

Study Site and Methods

Creating a capacity building network

This study was conducted by the members of a
biomonitoring network which was established in 2014
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as a part of capacity building program in Meghalaya
to develop baseline data on hydrological parameters
and macroinvertebrate diversity in streams and rivers
with the help of undergraduate college students and
their advisors. In a 10-day workshop held in July 2014,
students were introduced to the tools of scientific
method and research in the field of freshwater ecology
and conservation. Field trips were organized where
students learned the methods of biomonitoring and
measuring water quality and hydrological parameters
with the experts in the field. We had a total of 70
students participating with eighteen faculty members.
The entire group was divided into subgroups super-
vised by 1 or 2 faculty members. Each subgroup
learned and independently conducted measurements
of different parameters. A total of six colleges from
Shillong were part of the network, with each college
with the team of 10-15 students and two faculty
members. Each participating college chose a stream to
monitor based on convenience of access and selected a
sampling regime that was contingent on funds and
time at the team’s disposal. Table 1 lists the streams,
sampling regime, site location, and parameters mea-
sured while Figure 1 shows the locations in
Meghalaya where stream biomonitoring was con-
ducted by students representing six colleges of
Shillong.

Meghalaya is a state in Northeast India with annual
rainfall averaging to 1150 cm; it is an extremely wet
place, with the world’s highest rainfall occurring at
Cherrapunjee-Mawsynram (Basumatary et al. 2013),
but with increasing water shortages in the dry season.
Topographically Meghalaya is a plateau peaking at
the altitude of 1964 m. The catchment divide is ori-
ented in an east-west direction bisecting the state so
that the north facing slopes drain into the
Brahmaputra river, while the sharply incised southern
slopes rapidly drain into Bangladesh to join the Barak-
Meghna river system. Sites were chosen on both
northern and southern sides of the topographic divide
in Meghalaya (Table 1, Figure 1) across a variety of
land use patterns in the catchment resulting in vary-
ing degrees of habitat impairment and pollution. Both
temporally intensive (year-long study) and spatially
extensive (spot sampling) regimes of sampling were
conducted.

The temporally intensive study consisted of a year-
long monthly sampling of two streams - Umkaliar (in
Shillong, polluted) and Lwai (22 km from Shillong,
unpolluted). This study was conducted by Shillong
College from October 2014 to September 2015.
Umbkaliar, stream drains the Shillong urban area and

thus is subject to pollution from domestic and munici-
pal greywater discharge, solid waste, construction site
debris, car washing, small industrial pollution and
stormwater runoff carrying oils and grease from
roads. Lwai on the other hand is much less polluted,
as the catchment is largely a mix of terraced agricul-
ture and forests, although increasing farming has the
potential for sedimentation and agrochemicals.

The spatially extensive study consisted of a one-
time or bi-annual spot sampling of Lawjynriew,
Malki, Mawshubuitin, Umshyrpi and Wahdienglieng
streams located in and around Shillong urban area
(25°32710” N to 25°36'20” N latitude and 91°51'30” to
91°51’30” E longitude) during the monsoonal rains
(May to September in Meghalaya) and in the winter
(December-February). In addition, two sites on the
northern side of the divide were on streams of the
Umran river draining the foothills in Ri Bhoi district
near Umsning Village (25°44'1.2” N latitude and
91°51'35” E longitude) amidst mixed agriculture and
forest. Three sites were on the southern flanks of the
topographic divide near Lapalang village on the
Rymben river in East Khasi Hills District, about 60 km
southeast of Shillong. The Rymben is a fast flowing
river with pools and riffles draining the southern
flanks of the East Khasi Hills very close to the border
with Bangladesh. The catchment is dominated by
mixed agriculture in valley bottoms, cultivation of
broomgrass and betelnut, with native evergreen for-
ests remaining on steep slopes. Spot sampling was
conducted by colleges that had limited resources and
time to dedicate for fieldwork. Spot sampling enabled
observing the spatial variation in water quality, hy-
drology, and biotic index, even though this was done
once or twice. Multiple sections separated by at least 2
km and belonging to different stream orders of
Umshyrpi and Umran river network were sampled.
Table 2 lists the dominant riparian vegetation present
along each of the stream courses (although it was
beyond the scope of the study to assess percent cover
of riparian vegetation).

Biomonitoring using benthic macroinvertebrates

Macroinvertebrates were collected from shallow
riffle habitats in streams that students could access.
Three stream reaches 50 m apart were chosen for
sampling per stream site. Macroinvertebrates were
collected by flushing organisms from under the rocks,
floor of the channel and debris and were collected in a
net held just below or downstream of the sample area.
Wood, stones and debris collected from the net was
sorted for macroinvertebrates and the samples pre-
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Table 1: Stream biomonitoring conducted by students from different colleges in Meghalaya.
*For these streams two distinct lower order streams from their catchment network were chosen for sampling.

DO (Dissolved Oxygen).

Stream/river Location Sampling | Sampling Parameters Hydrological
regime performed sampled variables

Lwai 25°27’59.1"N 91°56’04.5"E | Monthly | Sep 2014-2015 |Macroinvertebrates |None
DO, turbidity,
nitrates, TDS

Lawjynriew 25°33’30.1"N 91°54’08.2"E ~ |One-time | Oct 2014 Macroinvertebrates | Discharge
DO, turbidity

Malki 25°33'21.3"N 91°53'27 4"E One-time | Oct 2014 Macroinvertebrates | Discharge
DO, turbidity

Mawshubuit 25°33'21.8"N 91°53"27 4"E One-time | Oct 2014 Macroinvertebrates | Discharge
DO, turbidity

Rymben 25°11'34.8"N 91°57'29"E One-time | Nov 2015 Macroinvertebrates, |Discharge
DO, turbidity

Umran® 25°33'21.8"N 91°53'27"E One-time | August 2014 |Macroinvertebrates | Discharge

(2~ and 4™ DO, turbidity

order streams)

Umbkaliar 25°34'444"N 91°54'244"E |Monthly | Sep 2014-2015 |Macroinvertebrates |None
DO, turbidity,
nitrates, TDS

Umshyrpi*, 25°33'11.9"N 91°52’09.8"E Bi-yearly | Oct-Dec 2014 |Macroinvertebrates, |Discharge

1% order 25°33'07.9"N 91°51'42.6"E DO, turbidity, pH

3 order

streams

Wahdienglieng |25°33'34.4"N 91°53'42.2"E  |One-time | Oct 2014 Macroinvertebrates | None

Jan 2015 DO, turbidity, pH

served (in 70% ethyl alcohol). Pools are the other main
type of physical stream habitat but do not contain the
abundance and diversity of macroinvertebrate fauna
found in riffles (however, being deeper and having
calmer water, pools constitute the preferred habitat
for the larger stream fish such as trout and mahseer).
This collection contains aquatic invertebrates in pro-
portion to their relative abundance within the riffle
sample areas. Samples were identified up to the order
level and in some cases up to the family level.

To assess the stream conditions, a scoring process

2016

was used to derive metric value that relies on
macroinvertebrate abundance and diversity data
(Sharpe et al. 2002). Grossly polluted streams have
scores ranging from 0-2, moderately polluted streams
range from 3-9, and clean streams have value of 10.
The index value is obtained by allocating a higher
score to the species richness of pollution sensitive taxa
belonging to the insect orders Ephemeroptera (may-
flies),  Plecoptera  (stoneflies) and  Trichoptera
(caddisflies, excluding the net spinning caddisfly), a
lower score to richness of taxa belonging to insect
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Table 2. Description of riparian vegetation bordering the sampled streams.

Stream Vegetation

Lwai Riparian vegetation included understorey tree of Litsea spp., and shrubs belonging to genera
Ardisia, Psychotria, Pittosporum, and tree fern Cyathea gigantea

Lawjynriew Riparian zone was dominated by shrubs-Mahonia pycnophylla, Daphne papyraceae, Polygala
arillata, Camellia caduca, Rubus spp., and herbs belonging to families Balsaminaceae and
Asteraceae

Malki Riparian plants were shrubs- Mahonia pycnophylla, Daphne papyraceae, Polygala arillata,
Camellia caduca, Rubus spp., and herbs belonging to families Balsaminaceae and Asteraceae

Mawshubuit Mahonia pycnophylla, Daphne papyraceae, Polygala arillata, Camellia caduca, Rubus spp., and
herbs belonging to families Balsaminaceae and Asteraceae

Rymben The riparian vegetation consists of steep slopes lining the perennial river which has
mid-sized trees of Syzygium spp., Tetrameles nudiflora and shrubs such as Dracaena elliptica,
Leea edgeworthia, while plantations of Areca catechu mixed with species of Artocarpus,
Cinnamomum and Bauhinia occur on gentle slopes.

Umran* In the first order stream the riparian vegetation consisted of Ardisia spp., Dracaena elliptica,

(2nd and 4th
order streams)

Leea edgeworthia, Phlogacanthus sp., and other species belonging to the family Acanthaceae,
Rubiaceae, Balsaminaceae and Asteraceae. The third order stream dominated by dense grassy
vegetation including broom grass Thysanolaena maxima and woody taxa such as Syzygium
and Leea.

Umbkaliar Trees belonging to Litsea spp., and shrubs belonging to genera Ardisia, Psychotria, Pittosporum
and tree fern Cyatheae

Umshyrpi*, 1st order stream had the shrubs Lasianthus hookerii, Ardisia sp. and herbs such as Costus sp.

1st order and | The bank of 3rd order stream was impacted by human activities. It had trees of Syzygium sp.

3rd order and Melocanna bamboo clumps and other grass taxa.

streams

Wahdienglieng| Trees of Syzygium sp., Litsea sp. Ficus sp., grass taxa and human settlements

orders Odonata, Megaloptera, some Coleopterans, and
crustacean orders, Isoptera and Amphipoda, while the
pollution tolerant taxa are not scored at all. Pollution
tolerant taxa are Dipteran (true flies) larvae, adult
aquatic Coleopterans (beetles), Mollusca order Gas-
tropoda (snails) and aquatic earthworms, Oligochaeta,
Hemipterans and surface film insects.

Biotic Index was calculated as

Biotic Index = 2(n Class I) + (n Class II)

where n = number of taxa (species richness per
category of taxa)

Pollution sensitive taxa belong to Class I while

14 JourNAL OF EcorOGICAL SOCIETY

moderately sensitive taxa belong to Class II. Pollution
tolerant taxa belonging to Class III are not considered
in the calculation of Biotic Index. Samples were iden-
tified using a pictorial field guide (Subramaniam and
Sivaramakrishnan 2007) to key taxa up to the family
level when possible.

Hydrological, physical and chemical parameters

Concurrent measurement of river discharge, dis-
solved oxygen, pH, temperature and turbidity were
made. To measure stream discharge, stream velocity
was obtained using the classic float method (tennis

2016
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Figure 1 : Study site groups (Umran, Shillong and Rymben) represented by orange dots in Ri Bhoi and East Khasi Hills
Districts in Meghalaya. Shillong urban boundary is delineated by the orange line. Map generated by drainage network
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Figure 2 : Students measuring discharge and collecting macroinvertebrates in the 2nd and 4th order streams of
Umran river near Umsning village, Ri Bhoi District, Meghalaya.
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ball) or mechanical current meter (General Oceanics
2030R, Miami, USA) and multiplied by stream cross
sectional area (average channel depth*channel width).
Dissolved oxygen (DO) was measured using a hand
held portable dissolved oxygen meter (Milwaukee
MW600, Milwaukee Instruments, North Carolina,
USA).

Turbidity measurements were made with a turbid-
ity tube (Meyer and Shawn 2006). The turbidity tube
uses the correlation between visibility and turbidity to
approximate a turbidity level. A marker is placed at
the bottom of the turbidity tube until it can no longer
be seen from above due to the murkiness of the water.
This height from which the marker can no longer be
seen correlates to a known turbidity value which is
reported in Nephelometric Turbidity Units (NTU).
Cloudier the water, higher is the turbidity value.

Results

Biomonitoring Network: A capacity building initiative

The biomonitoring network consisting of institu-
tions from Shillong conducted stream surveys and

monitoring of hydrological and water quality param-
eters. The colleges that participated in the network
and sampled selected streams (stream names in pa-
rentheses) were: Lady Keane College (Umran),
Shillong College (Lwai, Umkaliar, Umran streams),
Sankardev College (Umshyrpi river), St. Anthony’s
College (Wahdienglieng), St. Mary’s College (Umran),
Synod College (Umran), and Umshyrpi College
(Umshyrpi). Besides academic institutions three inde-
pendent researchers from Shillong with Master’s de-
gree in Ecology also participated and shared their
data (Lawjynriew, Malki, Mawshubuit). Equipment
were provided to the network participants and in
some cases the colleges purchased the equipment for
sampling. This is the first time such a data set is being
presented and analyzed to understand emerging
trends in the region.

Year-long study: Trends from Umbkaliar and Lwai
streams

Water Quality

Data taken monthly from Umkaliar and Lwai

Table 3 : Summary table showing mean values of the measured water quality and hydrology parameters

collected from year-long and spot sampling.

Stream/river Mean DO Mean Turbidity Mean Biotic Mean Discharge
mg L NTU Index m’/s

Lwai 7.5 155 14.6 Not collected

Lawjynriew 7.3 5 18 0.001

Malki 8.6 45 10 0.025

Mawshubuit 125 4 18 0.008

Rymben 8.7 4 12 2.53

Umran* (2nd and 12.2 4 16 0.030

4th order streams) 12 7 9 2.83

Umbkaliar 5.7 22.6 8 Not collected

Umshyrpi*, 12 15 14.5 0.025

1st order 6.8 90 8 0.62

3rd order streams

Wahdienglieng 8.4 40 12 0.028
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Figure 3 : Pictures of Umkaliar and Lwai streams followed by data graphs.
a : Temperature variation across months, Lwai stream was marginally warmer than Umkaliar stream. b : Trend in
dissolved oxygen at Lwai and Umkaliar streams over a sampling period of one year, DO at Lwai was significantly higher
than Umbkaliar. The trend in relation to temperature is sharper for the polluted stream compared to clean Lwai stream.
c: Turbidity was significantly higher in Umbkaliar than Lwai stream. d : Biotic index scores based on sampling of
macroinvertebrates from the riffle sections of the streams. Biotic index values obtained at
Lwai, indicate that the stream is fairly clean.
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Figure 4 : Left panel shows a non-significant decline in DO in relation to stream temperature in moderately polluted
stream, while in Lwai stream DO stayed stable across the year. Right panel also depicts that turbidity explains a
significant trend in DO values in moderately polluted stream, while in Lwai stream the pattern is non-significant.

streams showed seasonal trends in temperature and
dissolved oxygen (DO). DO values increased with
decrease in water temperature accompanying the on-
set of winter. Seasonal difference in DO was greater in
the polluted Umkaliar stream (average of 5.7 + 0.92
mg L-1 Figure 3 upper panel) as compared to Lwai,
because summer DO values in the Umkaliar dropped
much lower.

A set of paired t-tests were used to compare the
differences in monthly DO, temperature and turbidity
between the two streams. Temperature in Lwai stream
was marginally higher than Umkaliar stream across
the entire year (t = 2.1, df = 11, P = 0.05, with mean of
16.8 0C at Lwai and 154 0C at Umbkaliar; Figure 3a).
The temperature difference could be due to the higher
altitude and temperate climate of Umkaliar stream as
compared to Lwai stream that is in sub-tropical habi-
tat. Dissolved oxygen at each monthly sampling event
was significantly higher in Lwai compared to
Umkaliar stream (t = 4.46, df = 11, P < 0.001, with
mean of 7.6 mg L-1 at Lwai and 5.7 mg L- at Umkaliar;
Figure 3b). Turbidity values were significantly higher
in Umkaliar stream than Lwai strean (t = 4.89, df = 11,
P < 0.001, with mean values of 22.6 NTU at Umkaliar
and 15.5 NTU at Lwai and; Figure 3c). Turbidity did
not show a specific seasonal pattern. Since biotic index
is a derived variable we did not perform a paired t-
test. Results of water quality parameters are summa-
rized in Table 3 for both Lwai and Umbkaliar streams.

Variations in dissolved oxygen and turbidity were
not explained by temperature (Figure 4 upper panel).
Turbidity however had a marginally significant effect
on dissolved oxygen and explained variation in DO
values (P = 0.05, R2 = 0.37; Figure 4 lower panel).

Biotic index

Lwai stream had a higher biotic index with an
average of 14.6 + 0.8 (mean + SE; Figure 3d) which is
an indication of clean streams, as compared to
Umbkaliar stream where the average biotic index score
was 8 + 1.4 indicating a moderately polluted stream.
Lwai harbored a higher diversity of pollution sensi-
tive taxa - caddisflies, stoneflies, mayflies, adult water
beetles, water scorpions and snails were commonly
found (Table 2). On the other hand, leeches, mosquito
larvae, midge larvae, snails, and mayflies were fre-
quently encountered in the Umkaliar stream. No sea-
sonal trends in biotic index were observed in Lwai or
Umbkaliar streams. The only high index value was
observed for May 2015 at Lwai stream. No significant
effect of seasonality were found on biotic index score
for both the Lwai and Umkaliar streams.

Spot sampling in 8 streams: spatial inferences

The dataset from 8 streams sampled (Table 1) were
pooled to examine if there was spatial variation in
biotic index, turbidity, temperature and discharge in
the region. Table 3 provides a summary of results
from all streams included to represent spot sampling
regime.

Stream discharge:

Seasonal discharge varied among sites as a factor of
channel width and stream morphology. Most 1st and
2nd order streams showed lower and comparable
discharge values while the larger 3rd and 4th order
streams showed higher discharge values owing to
larger channel widths.
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Figure 5 : Spatial variation in relationship between DO and the variables- temperature, turbidity, and discharge. Upper
left panel depicts a DO against temperature across the entire spectrum of streams sampled in Shillong; Upper right panel
shows that discharge can be categorized as low values within 1st and 2nd order streams, intermediate value for 3rd order

stream and highest for 4th order stream. Lower panel depicts the values of DO across a range of turbidity among the
sampled streams.
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Figure 6 : Plot of biotic index against turbidity in spot sampling of 8 streams in Meghalaya. Increase in turbidity
resulted in a significant decline of biotic index which is an indicator of macroinvertebrate diversity and abundance among
pollution sensitive taxa.

No significant relationship was observed between

Water quality discharge and dissolved oxygen concentration (Figure

Dissolved oxygen values showed a non-significant 5 middle panel) possibly because these were all fast-
decline with increase in water temperature (Figure 5 flowing streams that differed in discharge owing to
upper panel). Cooler waters have greater capacity to channel width and not flow velocity. While higher DO
hold dissolved oxygen as compared to warmer wa- values result from higher flow velocities on account of
ters, but the results were not significant. oxygenation of water from air entrapment, all streams
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Figure 7 : Some specimens of macroinvertebrate larvae encountered in Meghalaya streams :

Top row, left to right : Water scorpion of Ranatra sp. (Family Nepidae, Order- Hemiptera), Mayfly larva of Family
Heptageniidae, (Order- Ephemeroptera), damsel fly larva of Family Coenagrionidae (Order Odonata).

2nd row from top, left to right : Caddisfly larvae of Family Polycentropodidae (Order Trichoptera), Rove beetle of Family
Staphylinidae (Order Coleoptera) -- not strictly aquatic but hunt along margins of water bodies), Caddisfly larva of
Family Rhyacophilidae (Order Trichoptera), Amphipod (Order Amphipoda, Subphylum Crustacea), Caddisfly larva of
Family Stenopsychidae, (Order Trichoptera),

3rd row from top, left to right : Dragonfly larva of Family Corduliidae (Order Odonata), Stonefly larva of Order
Plecoptera and Crab (Crustacea) of Genus Liotelphusa, family Gecarcinucidae.
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Table 4 : Common macroinvertebrates sampled from the riffle sections of streams in Meghalaya

Stream/river Location Sampling Macroinvertebrates
regime

Lwai East Khasi Hills Monthly, Caddisflies, stoneflies, mayflies, adult water
Sep 2014-2015 beetles, water scorpion, mosquito larvae, snails

Lawjynriew East Khasi Hills One-time, Caddisflies, stoneflies, mayflies, hellgrammite,
Oct-2014 dragonfly, water scorpion, midge larvae

Malki East Khasi Hills One-time, Caddisflies, stoneflies, mayflies, dragonfly, adult
Oct-2014 water beetles, water scorpion

Mawshubuit East Khasi Hills One-time, Caddisflies, stoneflies, mayflies, midge larvae,
Oct-2014 mosquito larvae

Umran 2nd order Ri-Bhoi One-time, Caddisflies, stoneflies, mayflies, dragonfly, adult
July-14, Jan-14 water beetles, water scorpion, crabs

Umran 4th order Ri-Bhoi One-time, Caddisflies, mayflies, adult water beetles, aquatia

July-14, Jan-14

earthworms

Umkaliar

East Khasi Hills

Monthly,
Sep 2014-2015

Leech, mosquito larvae, midge larvae, snails,
mayflies

Umshyrpi 1st order |East Khasi Hills Once Oct-14 Caddisflies, stoneflies, mayflies, amphipod, adult
water beetles, aquatic earthworms, snails

Umshyrpi 3rd order |East Khasi Hills |Once Oct-14 Adult water beetles, blackfly and midge larvae,
aquatic worms, snails

Wahdienglieng East Khasi Hills Bi-yearly, Blackflies, caddisflies, mayflies, midge larvae

Oct-14, Jan-15

had high flows with possibly maximum oxygenation.
Biochemical Oxygen Demand (BOD) also affects DO;
however measuring BOD of different streams was
beyond the scope of the study.

Turbidity did not influence dissolved oxygen con-
centration (Figure 5 lower panel). Oxygenation of
streams from turbulent flow can alleviate the negative
impact of high turbidity on DO.

Macroinvertebrates

Biotic Index value across sites was negatively influ-
enced by turbidity indicating that streams with lesser
richness and lesser abundance of pollution sensitive
taxa tend to have murky waters (P < 0.001, 12 = 0.38;

2016

Figure 6). Neither the index values nor the turbidity
were influenced by temperature, thus the seasonality
did not have confounding effects on the underlying
pattern. Clearwater streams were found to have a
higher Biotic Index, as determined by the occurrence
of pollution-sensitive EPT taxa (mayfly, stonefly and
caddisfly larvae). Interestingly, our limited sampling
shows that the Biotic Index values are not influenced
by dissolved oxygen in Meghalayan hill streams. A
likely reason is that majority of streams are fast run-
ning owing to the high rainfall and steep topographic
gradients, which increases oxygenation and can po-
tentially offset the high BOD resulting from dumping
of organic waste especially within the streams flowing
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through Shillong. Figure 7 shows some of the inverte-
brates encountered in sampling. Table 4 summarizes
the taxonomic groups (insect orders) observed at dif-
ferent stream locations. Studies in Meghalayan
streams have reported 17 Ephemeropteran taxa across
a diversity of stream habitats and land use (Gupta and
Michael 1992). It is also known that macro-
invertebrates are aseasonal in their activity. While
several important ecosystem services are provided by
streams and rivers, the ecology and life-history traits
of Ephemeropterans and aquatic macroinvertebrates
in the tropics in general are poorly studied (Gupta
1993, Dudgeon 1999, Hamid et al. 2016).

Discussion

The biomonitoring initiative in Meghalaya was set
up with a dual aim :

1. to infuse curiosity, to introduce students to the
scientific method of asking and answering ques-
tions in stream ecology, and to establish in their
minds the links between healthy aquatic ecosys-
tems, water availability and quality;

2. to begin the process of documenting
macroinvertebrate diversity in conjunction with
hydrological and physico-chemical parameters of
streams, so that eventually a metric for streams in
Meghalaya can be established, which could be
used state-wide.

While stream  biomonitoring with  benthic
macroinvertebrates is a tool for guiding policy on
setting effluent limits and water quality standards
(Kennedy et al. 2009), capacity building in freshwater
ecology is a novel application of biomonitoring. Sev-
eral colleges from Shillong, Meghalaya, participated
in designing the studies, collecting and analyzing
data, the results of which were presented in interna-
tional conferences (Saha 2016) and college seminars.
While several studies have looked at diversity and
abundance of macroinvertebrates as a biomonitoring
tool in Indian streams and rivers (for example, Martin
et al. 2000, Shah and Shah 2013), few studies exist in
the Indian Northeast. Figures 3-7 provide a glance at
some results from our work.

Comparing aquatic invertebrate assemblages in streams
with contrasting water quality

The summer water temperature values were almost
four times higher than mid-day winter water tempera-
ture. Dissolved oxygen showed a non-significant de-
cline in summer months especially in the polluted
Umbkaliar stream while showing stable values in Lwai

stream. Cooler water temperatures support greater
DO levels than warmer temperatures (Michaud 1991,
Wetzel 2001). We observed some low DO values in
Umbkaliar stream during summer season, when DO
values were around 3 mg L-1.

Dissolved oxygen is the most important abiotic
parameter that influences the health and composition
of aquatic communities, macroinvertebrates and fish
require a certain amount of dissolved oxygen to sur-
vive (Flint and Pearson 2015). Dissolved oxygen in the
summer months, especially early summer after the
rains set in is reported to be very low in Umkaliar
because of flushing of raw sewage and organic waste
from the surrounding and upstream areas leading to
increasing biological oxygen demand and lowering in
DO levels (Mnaya et al. 2006). The watershed land use
of Umkaliar stream is influenced by a much higher
level of anthropogenic activities as compared to the
rural watershed of Lwai stream. Also the abundance
of chironomidae midge larvae seemed to be excep-
tionally high during the early to mid-summer season
in Umkaliar stream, which may have lowered DO
concentration. The relationship between temperature
and DO was not significant in Lwai stream as well
perhaps because discharge (not measured here) is
very high in summer monsoonal months, compensat-
ing for the effect of temperature.

Significant differences in turbidity and dissolved
oxygen (DO) between the clean Lwai and polluted
Umbkaliar streams were reflected in distinct
macroinvertebrate assemblages observed at each of
the streams respectively. Lwai stream with clear water
and year-round high DO levels supported pollution-
sensitive macroinvertebrates such as stoneflies and
mayflies (sensu Rosenberg and Resh 1993,
Lamoureaux et al. 2004), while pollution tolerant taxa
such as midge larvae and mosquito larvae were com-
mon in Umbkaliar stream. The high turbidity and low
DO concentration in Umkaliar stream was correlated
with biotic index scores associated with moderately
polluted streams (Sharpe et al. 2006, Feio et al. 2015).

Turbidity was significantly higher during all sam-
pling events in polluted Umkaliar stream compared to
Lwai stream. Turbidity is known to limit the ability of
oxygen to freely dissolve in water (Hem 1985, Ander-
son 2005, Bayram et al. 2014, Smith 2015). Lower
turbidity in Lwai compared to Umkaliar stream could
have influenced DO values. It is also likely that Bio-
logical Oxygen Demand (BOD) in Umkaliar stream is
higher than that in Lwai due to greater pollution
(largely domestic wastewater) and intense anthropo-
genic use of Umkaliar stream. High levels of BOD
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depress oxygen availability in waters as the processes
involving decomposition and chemical reactions of
organic matter tend to consume oxygen (Wetzel 2001).
In Meghalaya, turbidity is generally caused by sedi-
mentation resulting from deforestation and farming in
steep slopes, eroding soil from the entire hilly areas
especially in and around the city where hills are
cleared for construction , practices such as washing of
cars and trucks in the streams, and from dumping of
sewage and solid wastes in the rivers which increases
the murkiness and lowers the visibility in the streams.

Our data did not exhibit a strong seasonal variation
in macroinvertebrate abundances; however patterns
in adult emergence and life-history traits are known to
influence the abundances of macroinvertebrates in
monsoonal streams (Mesa 2012). An expansion of
seasonal sampling across many other streams can give
a better idea as to whether there are any seasonal
differences in macroinvertebrate abundance and di-
versity in this part of Northeastern India.

Scaling up to the regional level

Our dataset on spatial variation in stream param-
eters on both sides of the topographic divide across
central Meghalaya (spot sampling) allowed us to as-
sess the range of water quality across sites and deter-
mine the effects of turbidity and DO on
macroinvertebrate assemblages, even though these
observations are from one or two points in time.
Turbidity had a strong negative effect on
macroinvertebrate assemblages as exhibited by de-
cline in the biotic index score value with increase in
turbidity. In an experimental study conducted in up-
land and lowland tropical Australian streams
(Connolly et al. 2004), pollution sensitive
macroinvertebrates show a depressed emergence rate
in 25-30% saturation concentration of DO (4 mg L-1)
while the larval abundances showed decline at 8%
saturation concentration (around 2 mg L-1). Studies
across taxa show that crustaceans and Chironomidae
tolerate as low as 1 mg L-1 DO (Sprague 1968), while
pollutions sensitive taxa need more than 5 mg L-1 to
avoid lethal consequences (Nebeker 1972). Most of the
Meghalayan streams sampled here had relatively high
DO values, with the exception of the Umkaliar stream
draining urban Shillong where the DO values were as
low as 3 mg L-1 during the peak rainy season. The
ability of fish to survive in low oxygen environments
depends upon the extent of exposure, the level and
constancy of dissolved oxygen and other environmen-
tal conditions, as well as on the species, its health, and
life stage (Birtwell1989), which we do not have data

on yet, but are working towards making our datasets
stronger and comprehensive.

Biomonitoring as a way for capacity building: successes
and challenges

While the studies have amassed interesting
datasets in a short time on biotic and abiotic param-
eters of Meghalayan streams, our project was con-
fronted by multiple challenges. A rapid turnover of
students in an undergraduate college allowed us to
train several groups of students over three years, but
posed a logistical challenge to maintaining long-term
studies. Similar to volunteer monitoring organizations
that lack adequate technical support due to shortage
of quality equipment (funding related) or inability of
ground staff to troubleshoot technical problems
(dearth of time, funding and experience), that hinder
their ability to defend and interpret data on the qual-
ity of streams and lakes they monitor (Latimore and
Steen 2014), our biomonitoring efforts face similar
issues. Data collection efforts were interrupted due to
equipment breakdown, lack of time among students
and their supervising lecturers, and due to other
higher priority activities such as semester and term
exams. Yet, amidst these challenges, the colleges in
Meghalaya have come forward and recognize that
capacity building in the field of freshwater ecology
opens up several novel horizons for college students
and increases the ability of students and college staff
to work for improving water quality in the region.
Training in use of open source software and monitor-
ing equipment, introduction to GIS, and data collec-
tion and analysis are some tools that are acquired by
students working on biomonitoring projects. These
tools increase employability of students in other sec-
tors as well. Meghalaya’s biomonitoring program now
enters it’s 3rd year of sampling with the hope that
some of the older studies will be revived as newer
studies are established.

Future directions

Apart from the benefits of biomonitoring programs
in imparting a hands-on experience that creates a
conservation mindset in the next generation, develops
skills and adds baseline data on local ecosystems, such
programs can be expanded to include examining the
relationships between catchment land cover, riparian
buffers or gallery forests and stream ecosystems. The
role of riparian buffers in providing nutrient inputs
and acting as filters that trap sediment from water-
shed runoff before entering streams is well known
globally. It would be important to study that on a
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watershed scale, so as to understand how to restore
and manage riparian buffers to maintain water quality
and aquatic ecosystems.

The hilly topography and abundant rainfall of
Meghalaya leads to swift flowing rivers that are inher-
ently well oxygenated, especially in the rainy season.
However, large volume discharges of sewage and
other high BOD wastes from urban areas can seriously
lower DO levels in water. This DO reduction can be
especially harmful in the dry season when flows are
low. Apart from pollution via domestic and municipal
sewage discharge, sedimentation from runoff from
farming, road building, mining and deforestation can
also wipe out sensitive invertebrates, with cascading
effects upon other aquatic communities, thereby low-
ering ecosystem integrity and the services a healthy
ecosystem provides in terms of clean water and fish
resources. Hence, it is imperative to collect more data
statewide on aquatic macroinvertebrates together
with flow and water quality data from the same
streams, and relate that to catchment land use. This
data set can then be used to form a biomonitoring
metric for Meghalaya, and extend to other hilly north-
eastern regions, as additional monitoring tools to ex-
isting physico-chemical monitoring, but one that gives
an integrated picture over catchment and time.

Conclusion

Ultimately, clean adequate water and aquatic re-
sources (such as fisheries) are necessary for all. Given
the increasingly negative human impacts on aquatic
ecosystems and their catchments, it is important for
society to have a better understanding of the links
between ecosystems and water resources, as well as to
know how to monitor their local streams, thereby
acting as sentinels for noticing adverse changes. The
periodic monitoring of aquatic macroinvertebrates in
streams indicates the health of the aquatic ecosystem
as well as the surrounding catchment, and with that,
the status of natural maintenance of water flow and
quality. Monitoring, knowing what is the current sta-
tus is the first step towards management of ecosys-
tems and water resources that necessitates
cooperation between all stakeholders involved, from
local communities to the government, organizations
and educational institutions. With that in mind, giv-
ing the current generation the tools and the perspec-
tives is a way to foster a collective conservation
mindset. The protection and wise management of
natural resources requires our united effort, more than
ever in recent history given the ongoing degradation
and the looming uncertainty of climate change upon

water resources.
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The theme of this issue of the Journal is man-wildlife interface. Man, has always been fascinated by
the wildlife around him. Here are some snapshots over the centuries...

Varahamihir (505-587 CE) was a pioneering astronomer, mathematician and scientist from Ujjain,
India. In his encyclopaedic work Brihat-Samhita, he documents many natural phenomena, including
plants and animals. In one such observation, he mentions,

AT SINZ A TREHETINT | JhAFopLITeaTATNcATTEaT: ||
QAT EToreaTagrEaT=agser | ggfaeAfy fasmen: ara: e |

(The horse, man, snake, camel, lion, bear, monitor lizard, wolf, mongoose,
antelope, dog, goat, cow, tiger, swan, spotted deer, jackal, porcupine,
cuckoo, cat, sarus crane, and the pig, are all diurnal as well as nocturnal
animals)

Ida Pfeiffer (1797 — 1858) was one of the earliest woman explorers who travelled around the world.
She was a member of geographical socﬁeties of both Berlin and Paris. During 1846-48 she travelled to
South America, Tahiti, China, India, the Middle East, and Greece.

...Oone of the most interesting excursions of my whole journey was to the ruins
of the town of Fattipoor-Sikri....On our way, we passed at times over extended
heaths, on one of which we saw a small herd of antelopes. The antelope is a
kind of deer, but smaller in size. It is extremely delicate and prettily
formed, and is distinguished by narrow dark-brown stripes along the back.
The herd crossed the road before us without much timidity, passing over
ditches and bushes, and leaping more than twenty feet at a time, with such
graceful movements that they seemed as if dancing through the air. I was not
less delighted by the sight of two wild peacocks. It afforded me peculiar
pleasure to see these animals in a state of freedom, which we Europeans are
accustomed to keep as rarities like exotic plants...These birds are considered
by the Indians almost as sacred as the cow. They appear to fully understand
this kindness, for they are seen, like house-birds, walking about in the
villages, or quietly resting upon the roofs.

Eine Frau fahrt um die Welt (3 vols., Vienna, 1850; English translation: A Woman's Journey round
the World, London, 1850).

Durga Bhagwat (1910-2002) was an anthropologist, researcher, socialist, and acclaimed Marathi

writer. Among her many interesting works is 3¥del (The Bear), a well-researched Marathi book
dedicated to everything about the Indian species of bear.

AT 3ES! @ F1T A@aATET Shar ety v 3mg? gofenssa e aeer aX careaEy o,
TUT ATAITETAS AT=aTR RfRTITaR® F17 3Mg? AT JAFT ded. Fead & Faadr aua
T AAIATE HEATHF A0, T AAE HAT TE HA...... TG IRTANM ¢3¢ =T FARH TH
feaw A Rfes Aamé=ar dureaEe ssearar o fiftew o qar Foor qFaF aifge.
TAE HETAA WAfSABI0 ASEY Udelal AV AT Gifgen 0T AEAS HEES T A T=AT
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