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The ecosystem of a river is the 
river viewed as a system 
operating in its natural 
environment, and includes biotic 
(living) interactions amongst 
plants, animals and micro-
organisms, as well as abiotic 
(nonliving) physical and chemical 
interactions.

River Ecosystem



What is river health ?

• Webster's dictionaries define health as a 
flourishing condition, well-being, vitality, or 
prosperity.

• An organism is healthy when it performs all its 
vital functions normally and properly, when it is 
able to recover from normal stresses. 

• An environment is healthy when the supply of 
goods and services required by both human and 
nonhuman residents is sustained. Healthy is a 
short-hand for good condition. 

• Health as a word and concept in ecology is useful 
precisely because it is a concept all people are 
familiar with. 



Macroinvertebrates

• Diverse groups of small invertebrates that are 
retained on a 0.5 mm mesh net and can be seen with 
unaided eye.

• Comprised chiefly of insects, annelids, arachnids, 
crustaceans, clams and gastropods.

• Inhabit diverse habitats from flowing to still water.

• Adopt wide ranges of foods depending upon their 
habitat preferences.



Macroinvertebrates -Examples
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Life cycle of Macroinvertebrates

• Aquatic insects spend most 
of their life in water.

• Which stage of insect’s life is 
considered for the 
assessment of river 
ecosystems?



Macroinvertebrates along a river course

• Assembly of instream biotic community in 
a river’s downstream reaches is linked to 
those in the upstream.

• Headwater streams harbor organisms 
known as “shredders” that break coarse 
organic particulate matters, the mid-rivers 
contain algae and diatoms consumers 
called “Grazers” while the lower reaches 
have “Collectors” that consume fine 
organic particulate matters.



Shredders

Macroinvertebrates- Functional Feeding Groups

Scrapers Collector-gatherers Collector-filterers



Shredders

Macroinvertebrates- Functional Feeding Groups

Scrapers

Collector-gatherers Collector-filterers Stream Ecology-Limnology



• Disruption in sediment transports, flow 
regimes, habitats that influence composition 
and structure of biotic community.

Macroinvertebrates along a river course



Bio-assessment

• Biological monitoring and biological endpoints provide the 
most integrative view of river condition, or river health. 

• In many parts of the world, bio-assessment is in its infancy, but 
is increasing rapidly as a scientific foundation to support 
decisions regarding the protection of aquatic resources.



What is a biological indicator?

• Biological or animal species which, 
because of their ecological 
characteristics, react to a 
stressor/habitat degradation by a clear 
and specific modification of their vital 
functions.

• Why benthic macroinvertebrates?
• Cosmopolitan in nature and highly 

diverse.
• Abundantly found in river systems.
• Due to relatively larger body size, easy to 

identify up to family level.
• Less mobile



A prerequisite for the use of bio-indicators and particularly for the 
comparability of results is a high degree of standardisation of the 
methods and assessment and evaluation of effects. 



Macroinvertebrate Sampling



Site Information Sheet



• Site selection strategy
• Spatial and temporal scale

• The selected site must be an appropriate river stretch that sufficiently 
represents the river.

• Number of samples

• Frequency of samples over a year: during baseflow, pre-monsoon and 
post-monsoon of the year 

Macroinvertebrate Sampling



Macroinvertebrate Sampling

Riffle
Run

Rapid

Vegetation

Identify substrate types and coverage

100m



Habitat Assessment

Sand Stone

Boulder

Cobble

Bed rock



Stone/algae

xylal

mesolithal

akal

psammal

step 1step 1: recording of microhabitats

(mineral & organic)

Distribution of Sampling Units



Stone/algae

xylal

mesolithal

akal

psammal

: 55 %

:            5 %

:  25 %

:        15 %

:        < 5 %

step 2

step 2: estimation of microhabitats 

(in intervals of 5 % steps)

step 1: registration of microhabitats 

(mineral & organic)

step 1  /

Distribution of Sampling Units



Stone/algae

xylal

mesolithal

akal

psammal

= 11 sampling units

=   1 sampling units

=   5 sampling units

=   3 sampling units

= no sampling units

step 3

step 2: estimation of microhabitats 

(in intervals of 5 % steps)

step 3: assignment of sampling units

(1 sampling unit per 5 % step)

: 55 %

:            5 %

:  25 %

:        15 %

:        < 5 %

step 1: registration of microhabitats

(mineral & organic)

step 1  / step 2  /

Distribution of Sampling Units



Sample units:

step 2: estimation of microhabitats

(in intervals of 5 % steps)

step 3: assignment of sampling units

(1 sampling unit per 5 % step)

step 4: allocation of sampling units

(see examples above)

Mesolithal

Stone/algae

xylal

mesolithal

akal

psammal

= 11 sampling units

=   1 sampling units

=   5 sampling units

=   3 sampling units

= no sampling units

: 55 %

:            5 %

:  25 %

:        15 %

:        < 5 %

mesolithal: 55 % = 11 sampling units

step 1: registration of microhabitats

(mineral & organic)

step 1  / step 2  / step 3

Distribution of Sampling Units



Stone/algae

xylal

mesolithal

akal

psammal

= 11 sampling units

=   1 sampling units

=   5 sampling units

=   3 sampling units

= no sampling units

Sample units:

step 2: estimation of microhabitats

(in intervals of 5 % steps)

step 3: assignment of sampling units

(1 sampling unit per 5 % step)

step 4: allocation of sampling units

(see examples above)

Akal

: 55 %

:            5 %

:  25 %

:        15 %

:        < 5 %

akal:            5 % =   1 sampling units

step 1: registration of microhabitats

(mineral & organic)

step 1  / step 2  / step 3

Distribution of Sampling Units



Stone/algae

xylal

mesolithal

akal

psammal

= 11 sampling units

=   1 sampling units

=   5 sampling units

=   3 sampling units

= no sampling units

Sample units:

step 2: estimation of microhabitats

(in intervals of 5 % steps)

step 3: assignment of sampling units

(1 sampling unit per 5 % step)

step 4: distribution of sampling units

(see examples above)

Psammal

: 55 %

:            5 %

:  25 %

:        15 %

:        < 5 %

psammal:  25 % =   5 sampling units

step 1: registration of microhabitats

(mineral & organic)

step 1  / step 2  / step 3

Distribution of Sampling Units



algae

xylal

mesolithal

akal

psammal

= 11 sampling units

=   1 sampling units

=   5 sampling units

=   3 sampling units

= no sampling units

Sample units:

step 2: estimation of microhabitats

(in intervals of 5 % steps)

step 3: assignment of sampling units

(1 sampling unit per 5 % step)

step 4: allocation of sampling units

(see examples above)

Algae

: 55 %

:            5 %

:  25 %

:        15 %

:        < 5 %

Stone/algae:15 % =   3 sampling units

step 1: registration of microhabitats

(mineral & organic)

step 1  / step 2  / step 3

Distribution of Sampling Units



Multi-habitat Sampling (MHS)

• Multi-habitat sampling = 
representative sampling of all major 
habitats (mineral and organic)

✓ Sampling is directed against the current

✓ Each sampling unit covers an area of 25 cm x 25 

cm

- whirl up the substrate by foot or hand

- maximum depth: 5 cm

- wash off cobbles or large wood by hand (soft bush)

- empty the hand net into a bucket or tray in time 

(e. g., after sampling 2–4 units) to avoid clogging of 

net



Sampling in non-wadeable rivers

Artificial substrate

River bank 



Macroinvertebrate Sample Processing



Labelling and preservation

• All sample containers, vials, bottles, buckets, etc. must be properly 
labelled with at least:
• Sampling code

• Site name

• Date

• Total no. of containers (if more than one used)

• Only properly labelled samples are then fixed and preserved with 
standard preservative



Preservation

• Standard preservatives are:
• Ethyl alcohol

• Formalin (4 % Formaldehyde)

Samples preserved with Formalin must at least be stored for 
two weeks before being treated further.

After the storage in Formalin, samples should be transferred from fixative (e.g. 
formalin) to preservative (ethanol) if they are kept for more than a few weeks before 
sorting.



Laboratory processing of samples



Taxonomic Identification



• It is a quantitative method, therefore, the number of species 
recorded for a site can be directly employed to statistical 
techniques.

• It is a representative copy for a site.

• It provides abundance of each group in addition to composition 
which can later be analysed in different ways and for purposes. 
E.g., FFGs.

Advantages of multi-habitat sampling



• Does not cover an under represented habitat (< 5% habitat 
coverage in selected river stretch)

• Does not represent all available species for the site.

Cons of multi-habitat sampling

Qualitative sampling approach
➢to provide complete taxa lists!
➢to sample particular species or species groups!



Quality Control



Safety



River status classification

1
High

2
Good

3
Moderate

4
Poor

5
Bad

reference condition
(natural or near to nature)

slight 
deviation

moderate deviation

Major
deviation

Significant
deviation

Indicators of Ecological Quality  | DN Shah



• EPT Index = Total number of E, P and T taxa in a site

Water Quality ratings Excellent Good Good-Fair Fair Poor

EPT >27 21-27 14-20 7-13 0-6

Table: EPT index  and respective water quality class(NCDEHNR. 1997)

EPT Index



Biotic metrics



Biotic metrics



Biotic metrics



Biotic metrics



Functional Feeding Groups-Example

Trishuli River System



Sites Code EPT Rating
Upper Chilime UCH 15Good-Fair
Lower Chilime LCH 13Fair
Sankhu SAK 18Good-Fair
Langtang Khola LAN 18Good-Fair
MailungKhola MAI 24Good
Tadi Khola TAD 21Good
Upper Budi Koshi UBK 18Good-Fair
Below Trushuli Dam BTD 8Fair
Upper Trishuli River UTR 14Good-Fair

Trishuli Dewatered Zone (UDZ) UTZ 12Fair

Lower Trishuli River LTR 11Fair

EPT Index- Example



Determination of RQC



Colour banding of rivers is an easily 
understandable transformation of complex scientific 

information.

Water quality maps visualise the ecological status of 
rivers and thus stimulate politicians, decision makers, 

stake holders, water managers and the interested public 
to start actions.

Indicators of Ecological Quality  | DN 
Shah



River Quality Maps







Available at:

Aquatic Ecology Centre (AEC)

Kathmandu University (KU)

Dhulikhel, Kavre, Nepal



Citizen Scientist




