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ABSTRACT

Combined evaluation of river water quality and qtign habitat heterogeneity, ecological

conditions by assessing biodiversity as well adimood options provided by a river can be used
as measuring tool for assessment of river healtra adnow fed tropical river. Seasonally
changing natural flow regime is the key controleend wealthy status of biodiversity with

threatened species is the foremost index of thihyeeondition.
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INTRODUCTION

Rivers possesses a delicate ecology that dependsegular cycle of disturbance within certain
tolerances .The concept of river health origindtesn river ecosystem health, but it is not
confined to river ecosystem health [1]. Becauserriwas both, natural and social attributes.
Ecosystem health is important composition of rivealth because it is formed by the interaction
between river biota and their hydro-geochemicaliremment. Generally, a healthy river is the
river that can satisfy the sustaining need of hunader maintaining health of river ecological
environment [2].River health is a term used tosiiate the ecological condition of a river.
Health is more than just the plants and animalsliyain a river or the quality of the water in it

It depends on the diversity of habitats, plant antinal species, the effectiveness of linkages and
the maintenance of ecological processes [1].

432
Scholars Research Library



Debojit Baruah et al Annals of Biological Research, 2011, 2 (5):432-443

PAKISTAN

North
Eastern
India

Fig. 1: Location map of the study area
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River Subansiri, the largest tributary of the migtgrahmaputra is also a Himalayan river
originates from western part of Mount Pararu (50p8@mTibetan Himalaya. It is sustained by
snowmelt run off, the ablation of glaciers and nwaws rainfall. After flowing for 190 km in
Tibet, it enters India, continues it journey thraufe Himalaya of India for 200 km, and enters
the plains of Assam near Gerukamukh of DhemajiridistTotal downstream length (from
Gerukamukh to its confluence with mighty Brahmagaudt Jamuguri) is approximately 130 km.
Here, we assessed the river health of the Subavifiricertain basic variables and try to find out
the different variables responsible for maintainiivgr health in the plains (considered as down
stream) and to identifying a meaningful way foressing the status of river health with some
basic principles.

MATERIALS AND METHODS

Study Area: For the study down stream of the River Subarsiconsidered from Gerukamukh
(longitude N-2733, latitude E-9415 and altitude 90 meter), where the river is entarshie
plains from upland to its confluence with the Braputra. For a systematic monitoring and
study of each selected parameters, the down streambeen divided into four sectors namely
Chowaldhowa Ghat, Khabolo Ghat, Dhunaguri Ghat dachuguri Ghat (Figures: 1).

Physical Status Certain physical status such as longitude, ld¢itand altitude of each sector
were recorded with GPS (Global Positioning SysteModel no.GPS 12/FC, Serial No-
36874080, GARMIN, Made in Taiwan) at the river jgort

In this study,the tools for data analysis are mainly experimerdahedat defining possible
relationships, trends, or interactiaaresong the measured variables of interest were deresi to
develop a simple way for determination of riverlbigave consider the following parameters.

Water quantity: Water discharge: Monthly water discharges and nsedi influx at
Gerukamukh from 2007-2010 were assessed accomlihg tmethod of [3]

Water quality: Water temperature by using mercury thermometeilewhnd conductivity by
digital conductivity meter, transparency by Seatist, pH by digital pH meter, current flow by
[3], TDS, total hardness, calcium hardness, chéoaehd Dissolved oxygen according to the
method of [4]. Free Gocarbonate and bicarbonate alkalinity by [5], &ilccate by [6]

Habitat diversity : Through survey and visual observation.

Biodiversity assessment to know ecological conditio the methods of [7, 8 and 9] were used

for the assessment of river phyto and zooplanktliversity. Macro invertebrates were assessed
with by adopting the methods of (10, 11, 12, 13)okventional herbarium technique [14] was

employed for assessment of floristic diversity gfarian zones and wetlands and specimens
were identified with the help of standard literasiof [15 and, 16]. Orchids were identified with

the standard literature (17, 18) .The standardalitee 19, 20 for fish and 21 22, 23,24were

employed for river dolphin, birds, butterfly andtte respectively.

People’s Livelihood: Information recorded in this study was through divect observation and
discussion with riverine communities, besides ugsingrepared questionnaire to solicit for data
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on household socioeconomic characteristics anddfiain use patterns in relation to the

influence of river ecology in the selected areas.

Physical data like longitude, latitude, altitudedatistance of each selected sectors of the down
reaches of Subansiri is given in the Table: 1. Watel sediment discharge in the Gerukamukh
are summarized in the Figures: 4 and 5. Water pbyshemical parameters during 2008-2010
are depicted in the Table: 2 and One-Way ANOVA st values of various parameters among

RESULTS

different sampling stations in the Table: 3.

Table: Physical status of the studied locations

Total length LTotarI] I_en_lg_ttr)l Length in India IA_\engthhlnl Length in Total number of
(km) ength in Tibet (km) runacha Assam (km) | feeder stream
(km) Pradesh (km)
530 200 330 200 130 10
Location Gerukamukh | Chowaldhowa Khabolo Dhunaguri Jamuguri
(A (B) (©) (D) (E)
Longitude N-2733 N-27° 26 N-27° 03 N-27° 0d N-26° 50
Latitude E-9415 E-9415 E-9407 E-9407 E-9348
Altitude 99(m) 76(m) 65(m) 64(m) 59(m)
Slope of the river
bed (m/km) (Initial spot) 2.3 0.2 0.03 0.12
between
14000
12939.34
11939.34
12000 -
11197.82
10612.72
10000
8970.12
7824.89
o 8000
[+F]
E
=
O &ooo
4000 -
2000
gl 4430 5% @00 00000 5013 000 464.3
Months/Years —— Maximum Discharge —— Minimum Discharge ‘
Fig.2: Natural flow regime to the down stream (Geukamukh)
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Fig. 3: Natural sediment influx to the down stream(Gerukamukh)

Table 2: Mean values of stream water physico-chematproperties.

Parameters Sector | Sector Il Sector Il Sector IV

M | SE]| SD M | SE| SD M | SE SD M| SE  sO
Air temperature’C) 26.74| 439 127 26.74 439 135 26.09 462 1.326.67 | 4.35 1.26
Water TemperaturéQ) 2223 | 1.34 465 2287 144 499 2205 139 4.821.25| 1.51] 5.23
Current flow(m/s) 2.80 | 1.38] 2.09 | 2.69 | 1.10| 1.90 | 2.75 | 1.31| 1.93 | 2.80 | 1.30| 2.05

(H) L AV | (H) L [ AV) | (H) L AV | (H) L) | (AV)
Transparency (cm) 39.77 598 2073 43172 594 2DBB40| 564 1953 4690 648 2245
pH 725 | 0.06f 021 7.36 010 034 740 009 032 07/40.09] 032
(Dn'%sli')"eoxyge” (D9 865 | 0.24) 085 1064 039 1.36 1062 034 119 9/9a55| 1.91
Free carbon dioxide 533 | 055 1.91| 545 045 157 568 o041 144 4l5538D 1.33
(FC) (mg/L) _
(Trg;"’;:jusr’e”ded solids | 15> 33| 508 1830 16841 540 18172 16616 5.827218167.25 518 17.98
(Tn‘:g’}:_;j'ss""’e‘jso“ds 30.75 | 2.64 9.16| 3041 254 882 3250 357 12.39.8%7 1.63| 5.67
Total solids (mg/L) 193.08 7.78 2698 20066 7|35.3Z| 202.000 7.35 2548 19508 6006 20199
Conductivity m/mho 10940 3.77 13.09 11581 4/93.0a7 118.08] 460 1595 116.96 509 20|75
Alkalinity (mg/L) 103.22| 3.74 1297 97.76 436 1B197.30| 439 1529 01.35 453 1570
Total hardness (mg/L) 69.35 264 015 61p7 466229 60.72| 2.64 916 6492 275 953
Calcium hardness (mg/L) 37.35 1.02 3.66 3565 1.1891 | 35.72| 1.16 4.02 31256 1.82 4.60
Chloride (mg/L) 734| 056 195 633 045 156 64D44| 153| 563| 0.39 1.36
Silicate (mg/L) 7.72| 046 162 730 044 154 470044 155| 6.65| 037 1.28

Key: M=Mean, SE=Standard Error and SD=Standard 2e\in
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Table 2: One-Way ANOVA on test values of various pameters among different sampling stations.

Number of Total Stations Number of samplings
Parameters per station F value P value

Air Temp. {C) 4 12 F=0.01186 p=0.99821*
Water Temp C) 4 12 F=0.21964 p=0.88225*
Transparency (cm) 4 12 F=0.23441 p=0.87191*
pH 4 12 F=0.7153] p=0.54814*
TSS (mg/L) 4 12 F=0.511783 p=0.67629*
TDS (mg/L) 4 12 F=0.2359 p=0.87086*
Total Solids (mg/L) 4 12 F=0.36031 p= 0.78194*
Conductivity m/mho 4 12 F=0.63203 p =0.59828*
Alkalinity (mg/L) 4 12 F=1.28999 p=0.28969*
Total Hardness (mg/L) 4 12 F=22203 p=0.099]13*
Calcium Hardness (mg/L| 4 12 F=4.988 p=0.00459*
Chloride (mg/L) 4 12 F=2.23884 p=0.09708*
Silicate (mg/L) 4 12 F=1.0187 p= 0.3935Q*
Do, (mg/L) 4 12 F=5.44892 p=0.00283*
FCa (mg/L) 4 12 F=1.15841 p=0.33636*

* Not significant
DISCUSSION

In the winter months (lean months), the SubansireRuse to carry between 450 to 550 cumecs
and 11000-12000 cumecs during the peak monthsy(rs@ason) regulates the downstream
ecological balance by nourishing the Subansiri Reved its associated freshwater ecosystem
(wetlands) and terrestrial (riparian zone) ecosyst@as per the seasonal requirements. Natural
flow discharge and cyclic flooding influenced irs ifloodplain in three dimensionst.
Longitudinal — where water, sediments, nutrients, chemicals l@aoth are moved from the
higher areas within the catchments downstreameatnfluence2. Lateral — where the river
links with the riparian and floodplain land maimiaig recharge and discharge of water, nutrients
and biota3.Vertical — where a river links vertically with groundwasgrstems for ground water
recharge as suggested by [25].Heavy downpour neguilt maximum sediment influx to the
down stream in the rainy wet period. Seasonal flupcattern ( Pulse and magnitude) of
Subansiri is a predictable event and its influena@s the river health is significantlyfragile
because flora and fauna in the river has speniomsllof years adapting to the conditions around
them, and floods have become simply an integrat giaa larger cycle of river ecology for them.
Riparian flora, fauna, crops, fishes depend alragslusively upon their streams’ flooding cycles
for their way of life because floods are naturaeme of river, but their influence on river
ecology is not only delicate but also essentialnfiany ecosystems for restoration of ecological
integrity. Flooding always provides a reward in momical new food sources for stream
denizens [26]. Floods flush insects, bugs, and wgotimat used to be on land into the stream,
which become food for fishes. Floods cause theigianle advance and retreat of water onto the
floodplain and organisms as well as ecosystems baglved in response to them and adapted
[27]. The floodplain is regularly wetted and driaghich in term mobilizes and mineralizes
nutrients, increase biological productivity and ntains diversity. Among all, fish assemblages
are adapted to a great deal of year-to-year véitiabi the flood regimes in any particular river
reach [28].
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Statistical observations of all the parameters undesstigation exhibit a narrow variation in all

the studied parameters in the different sectore Values obtained in the water physical-
chemical properties indicate that the Subansibigdogically productive. In maintaining river

health, the water quality and quantity is the mastiable, which includes flow regimes,

physico - chemical properties, sediment transpodt drainage basin runoff. Flow regime is of
central importance in sustaining the ecologicakgnty of flowing water systems. The five

components of the flow regime—magnitude, frequemltyation, timing, and rate of change—
influence integrity both directly and indirectiyyrough their effects on other primary regulators
[29].

Rich biodiversity within river catchments (in thever and its associated ecosystems) of the
Subansiri is a clear indicator of healthy statuthefriver system. High biodiversity is a reatisti
marker of biologically controlled ecosystem [30huE, the biologically controlled ecosystem is
a meaningful indicator of superior ecological caioti. Rich biodiversity always indicates
healthier ecological conditions. The river Subdnkas not only supporting the variety and
variability of species, but also harbor a good nemtf threatened species. Healthy riverine ;
riparian zones and the floodplain wet lands ofSeansiri providing a great variety of services
such as agriculture, fishing, quarrying operatianmimal husbandry, building materials and the
life-giving medicines those contribute to peoplegll-being and poverty alleviation. Healthy
river system certainly provides a wide range of nwdities and services that are important in
supporting the livelihoods of many rural commurstja1].

It is obvious that first circumstance, water quyabkind quantity (physico-chemical properties,
natural flow and sediment discharge , cyclic flo@h&l drainage basin runoff ) regulates the
other two circumstance , habitat heterogeneity thieit ecological conditions along with the
sources of livelihood options. All these attributas interrelated and regulated by water quality
and quantity (Figure: 4). If these attributes atdeproviding biologically controlled habitat
heterogeneity with rich biodiversity as well asmfiald livelihood options for people who have
gained their economic benefits as observed irpthsent investigation, any river can be termed
as healthy. Healthy river is a river whose sociatl amatural functions can be balanced or
compromised in terms of the socio-economic, ecokdgand environmental values associated
with the river. The environmental values of rivgstems should be judged according to the
following criteria: the signal of a healthy rivehaild be associated with favorable riverbed,
acceptable water quality, sustainable river ecesystind compatible runoff [32].

Obviously, there is a correlation between diagreastols for measuring human health and river
health (Figure: 5). Rivers are often portrayedhas'¢cological arteries’ of our landscape (strictly

speaking, they are more like veins in terms ofafiom of flow but this does not quite convey the

same image of vigour and vitality). Symbolicallyjs worth noting that the distinctive dendritic

branching pattern of rivers is similar to that ¢dd vessels which carries essential nutrients for
maintaining human health, therefore there arerdeact links between human health and the
health of rivers [33,34,35and 36] . From this pahtview, an analogy can be drawn between
methods of diagnosing river health and methods contyrapplied to human health assessment
[37]. According to him, a doctor wishing to ass#ss health of a patient may checks several
indicators, such as pulse, breathing, temperatiuegpatient’s reactions and the blood differential
count. The doctor will use a specific measure @heaadication, such pulse rate per minute, or
the oxygen levels, sugar levels and Red Blood G=int of a blood sample, and compare the
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measurements against the expected noamhakalthy values (benchmark). One may also expect
the doctor to diagnose the source of the problehemwcertain indicators are not normal, and
prescribe a course of treatment to improve theepti$ health. Therefore, a proper review to
check on not just one but number of these diagntsbils.

RIVER HEALTH
/ A
WATER QUANTITY HABITAT
ECOLOGICAL AND QUALITY DIVERSITY
CONDITION OF THE | &
RIVER RIVER FLOW | _|
< REGIMES d
5| INSTREAM |«
PHYSICC-
CHEMICAL |,
PROPERTIE! | » »
< > FLOOD PLAIN
BIO DIVERSITY P SEDIMENT 3|  WETLANDS
" <« | TRANSPORT | » »
<3 RIPARIAN
CYCLIC —p ZONES
FLOODS >
< DRAINAGE N
RUNOFF HABITAT
\ 4 A ”
ECOSYSTEMS
A
BIOLOGICALLY PEOPLES LIVELIHOOD PHYSICALLY
CONTROLLED CONTROLLED
ECOSYSTENM ECOSYSTENM
v v
MORE HABITAT & SPECIES DIVERSITY LESS HABITAT & BIODIVERSITY
v v
HEALTHY RIVER SYSTEM NON-HEALTHY RIVER SYSTEM

Fig. 4: River Health Assessment Standard
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The same is true for assessing river health. THeation includes the ecological status, water
quality, hydrology, geomorphology and availabiliof physical habitats and its biological
diversity. To check these indicators of river heatipecific measures must be addressed within
each such as biotic diversity, flow regime or ewicke of channel instability [37]. A multitude of
factors determine the health of a river ecosystédm Its geomorphologic characteristics,
hydrological and hydraulic regimes, chemical anglsptal water quality, and the nature of in-
stream and riparian habitats [38].

The standards for a healthy river should be detezchiaccording to the requirements for
maintaining river's normal natural functions ance textent whether the social and natural
functions could perform in a balanced way, and skendards adopted should be adjusted
according to the change of the given conditiong.[B&er Subansiri with its strong natural flow
regime has able to provide ecologically sound anmalbitats between aquatic and terrestrial
ecosystem in its down stream, with high biologidalersity as well as multiple livelihood
options to the riverine people. The hydro-ecologateracteristics of the Subansiri influences
household use of river and its associated ecos}st@sources either seasonally or throughout
the year and thus provided a safety net for ther pmwmple In the Subansiri river system,
dynamic physico-chemical properties of water antunah behaviour (natural flow regime)
maintaining its own ecological condition, providingcological security to its dependent
ecosystems and organism therein besides offeringy ne@onomical benefits to the living
communities including human beings. Therefore, doedb assessment of multiple factors of
river and their dependent ecosystem as well asisasie economic benefits of a river system is
too essential for assessment of river health.dpi¢al snow-fed River, combined evaluation of
river water quality and quantity, habitat heteragjgn ecological conditions by assessing sum of
biodiversity as well as livelihood options providey a river can be used as measuring tools for
assessment of river health condition.
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Fig 5: Correlation between diagnostic tools for mesuring human health and river health.
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