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Abstract: 

The organisms lacking a spine but are large enough to be seen from the naked eyes are called as Macro invertebrates. A macro 

invertebrate generally lives  in fresh water. Macro invertebrate community consists of adults as well as immature stages of their 

community for example flies, stoneflies, aquatic worms, snails, leeches beetles, dragonflies, mayflies, and many other organisms 

residing in the benthos.  Macro invertebrates, main ly the aquatic group are the one which, represent the biological monitoring 

programs. Therefore Macro invertebrate communit ies residing in an aquatic system are very large enough to describe the chronic 

effects of pollutants, and as well as short enough to respond to relatively acute changes in water quality. As the macro 

invertebrates are less motile, hence they can indicate the pollution in a part icular area and due to this the pollution or so urce of 

pollution can be pinpointed, as compared to more motile organis ms residing in the water bodies. For the changes in different types 

of water chemistry, water quality and physical habitat, the macro invertebrates shows different responses, and their response to 

the environmental conditions produces shifts which are measurable and predictable. The indication of pollution by macro 

invertebrates is classified as clean water, slightly polluted water, moderately polluted water and severely polluted water. 

According to the habitat of the above four types of water bodies different macro invertebrates resides to different habitats thus 

indicating the health of the stream. Macro invertebrates can be captured with the help of simple equipments and following the 

proper protocol. During capturing of the macro  invertebrates all the necessary precautions should be t aken at first so that no errors 

in the interpretation of the water quality can occur. As soon as the macro invertebrates are captured they are identified with the 

help of the identification key. The identification of macro invertebrates helps to find the pollution level of the water which  is 

calculated by the macro invertebrate biotic index calculator.  
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I. INTRODUCTION 

 

The organisms lacking a backbone and are visible to the naked 

eyes are known as the Macro invertebrates . Macro 

invertebrates are the fauna which can be captured from 500 

µm net or sieve.  Macro invertebrates are regarded as benthos 

i.e. organis ms living in, on or near the bottom as they reside 

on, under, around rocks sediments and bottom lakes rivers etc. 

Macro Invertebrates consists  all animals without a backbone 

they include worms, insects, and crustaceans. Apart from 

being used in biological monitoring program the Macro 

invertebrates plays an important role in the food web as they 

become a source of food to many other aquatic organisms . 

Examples of freshwater macro invertebrates include the 

immature and adult stages of many different types of 

invertebrates.  Apparently there are many macro invertebrates 

which are resistant to changes in their environmental 

conditions and are a main component of the food chain due to 

their abundance and diversity. Macro invertebrates are 

sampled and used as indicators  for the health or condition of 

the bodies of water they occupy, because in the study of water 

quality, macro invertebrates are an important indicator of the 

health of an aquatic ecosystem. The health of the aquatic 

system or water bodies can be determined with the help of 

macro invertebrates, as they are important indicator of 

pollution in water. Some of the mac ro invertebrates require a 

large amount of dissolved oxygen (DO) for survival ex. 

Mayflies, Stoneflies etc. They are oxygen loving species and 

can act as “indicator species”, thus providing the knowledge 

of quality of water bodies. Whereas, Snails, Leeches, aquatic 

worms required a less amount of dissolved oxygen (DO) for 

survival, and if their population is more in the water it  is 

indicated that water is polluted. There are some cases, in 

which the number of organisms determines  the health of the 

water bodies. Less is the number of organisms present in the 

water bodies more is the water polluted. This includes 

cumulat ive impacts as well as the fortune of being able to 

identify possible impacts of habitat loss. These are the basic 

principles behind which they are studied though the fact that 

they are also easy to identify makes a major benefit to why 

macro invertebrates are used for studying the water quality. 

 

Ecological importance macro-invertebrates 

 

 The several advantages to sample macro invertebrates are,  

 They are useful indicator of health in water bodies, 

and can respond to many kinds of pollution which 

includes chemical pollution as well as physical 

disturbance around that landscape. 

 

 They are commonly found in many types of wetlands 

in huge numbers and are important in wet land food 

webs for wildlife. 

 

 They are sensitive to many kinds of pollution, and 

therefore they are mostly used in toxicity testing to 

develop water quality standards. 

 

  Invertebrates are more exposed to the various natural 

conditions in the water bodies, as they complete most 

of their life cycles in water. Thus macro invertebrates 

which complete their whole life cycle in water can be 

considered as healthy water body.  
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Taxonomic Accuracy and Precision  

 

As for the correct identification of benthic organisms it is 

important that the description of community structure and 

function should be accurate. Taxonomic misidentification 

results in inadequate stream bio logy characterization. The 

errors in identification of macro invertebrate taxa should be ≤ 

5% of the total taxa in the sample. Re -identificat ion of 

samples is done for 10% of the total number of samples 

collected in each year. Secondary identification is conducted 

by experienced taxonomists in order to maintain confidence in 

the data set. Difficult taxa are sent to museum curators whose 

specialty includes members of part icular taxa.  

 

RIVPACS (River Invertebrate Prediction and 

Classification System)  

 

RIVPACs  is an empirical (statistical) model that predicts the 

macro invertebrate taxa that would be expected to occur at a 

site in the absence of environmental stress. The number of 

observed taxa (O) at a test site is divided by the expected taxa 

(E), yielding a rat io. A ratio of 1 indicates that all expected 

taxa are present. As a site becomes more degraded, fewer 

expected taxa are observed, yielding a s maller ratio.  

 

Macro invertebrates and stream ecosystem assessments  

 

One of the important applications related to ecological 

knowledge of the stream macro invertebrate communit ies is 

the bio-assessment of the stream ecology. Bio-assessment can 

be stated a method to evaluate the aquatic ecosystem by direct 

measurement of the surrounding of water bodies and as well 

as through biological surveys. Bio-assessment protocols are 

based on the respond of biotic communities to changes in 

water quality and the ecosystem and habitat resulting from any 

kind of disturbance and therefore these communit ies  results in 

the detection of pollution in the water ecosystem. Bio logical 

monitoring includes measuring and evaluating the aquatic 

ecosystems over time, so as to detect the changes in the 

aquatic system caused by humans and as well as naturally.  

Bio assessments are the individual assessments for the aquatic 

ecosystem and one of the important component of bio-

monitoring projects. Macro invertebrates are most commonly 

and widely used in bio monitoring programs, as it has an 

advantage among other aquatic organisms like alga or fish, as 

they are not so much efficient as compared to macro 

invertebrates. As compared to other aquatic organisms macro 

invertebrates are less motile thus giving a very reliab le 

assessment of their response to stream ecosystem.The 

occurrence of macro invertebrates in streams and terrestrial 

habitats can get affected by natural features, 

 

These features can be;  

 Food resources and its quality and quantity, 

 

 Habitat quality,   

 

 Frequency and intensity of storm-flow disturbance, 

 

 Water quality,  

 

 Biotic interactions, and 

 

 Condition of the river bank zone  

Macro-invertebrates and the Food Web 

All living beings need food for survival, apart from breathing 

and moving. Therefore, the macro invertebrates in the water 

bodies which are indicating the pollution level in the 

ecosystem should get proper food for survival. Different 

species have different feeding habits and thus, macro 

invertebrates are divided into four feeding groups for 

obtaining and eating food. It also describes the role of macro 

invertebrates in the food web.     

 

Natural hazards to macro invertebrate populations  

 
Seasons: According to the availability of food, the life cycles 

of macro invertebrates takes place. For example, macro 

invertebrates which eat algae are in huge numbers in summer 

as the algal production is on a peak.  

 

Dissolved Oxygen: In order to survive in water the immature 

stages of macro invertebrates breathes the dissolved oxygen in 

the water, therefore a fall in the quantity of dissolved oxygen 

may affect their growth. 

 
Substrate: The type of the bottom of stream affects the type of 

macro invertebrates, for example some needs sandy bottom 

some  needs rocks in their surrounding for resid ing. 

 

Human hazards to macro invertebrate population 

  
Nutrient enrichment: The fertilizers, manures , added a 

nutrient from human sewage fastens the growth of algae and 

other plants. After the plants dies, micro-organisms gather 

there and use up the dissolved oxygen.  

 
pH: Macro invertebrates needs a higher pH to survive. 

Dumping of the factory wastes in the water bodies can result 

in the lowering of the pH, thus killing the macro invertebrates 

by wakening their shells and exoskeletons. 

 

Removal of riparian vegetation: Removal of these results in 

the destruction of breeding places and food sources of macro 

invertebrates. To monitor stream water quality many programs 

are present. But to get the best results it is suggested to 

combine d ifferent monitoring programs to reflect all aspects 

of the stream.  

 

Rapid Bio- assessment Protocols (RBPs) 

 

RBPs use a biological indicator to infer data about stream 

water quality. RBPs were introduced on a national level in the 

mid to late 1980s (Barbour et al. 1999).  

  

There are three main types of RBPs for streams—  

 

 Fish surveys, 

 Periphyton surveys 

 Macro invertebrate surveys. 

 

 Methods for these surveys are outlined in the Environmental 

Protection Agency’s (EPA) . The results of such macro 

invertebrate assessments or surveys are interpreted using some 

indexes. The most common indexes used to evaluate stream 

water quality are Hilsenh off Family Biot ic Index (HFBI) and 

Invertebrate Community Index (ICI).  

 

http://extension.usu.edu/waterquality/whats-in-your-water/do
http://extension.usu.edu/waterquality/whats-in-your-water/nutrients
http://extension.usu.edu/waterquality/whats-in-your-water/ph
http://extension.usu.edu/waterquality/whats-in-your-water/ph
http://extension.usu.edu/waterquality/whats-in-your-water/ph
http://extension.usu.edu/waterquality/watershedinformation/riparian
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Macro invertebrate sampling methods and protocols  

 

 The protocol for sampling of macro invertebrates is as followed; 

 
 

 

↓ 

 

 

↓ 

 

 

↓ 

 

 

↓ 

 

 

↓ 

 

 

↓ 

 
 

 

↓ 
 
 
 

↓ 

 
 

Collection of sample with small plastic spoon by taking the scoop and preserving it in 

formalin in the sample jar.  

 

Thorough inspection of collected rocks, sticks, and other debris into the net and  need to rinse 

before discarding them. 

 

Inspecting the entire inner surface of the net to remove any remaining organisms in the net and 

collecting them in the sample jar.  

 

The net need to be partially immerse in the stream to concentrate the detached organisms at the base 

of the net and/or use forceps to transfer organisms directly into the jar.  

 

The contents of net shall be dump into a 500 um sieve and by rinse with stream water through the 

sieve to clean the sample of fine sediment and need to transfer the sample into the jar.  

 

By submerg ing portions of the sample in a container consisting  some water, the samples shall rinse 

vigorously and swirl the sample in the water to separate the organic and inorganic portions of the sample.  

 

This process shall be repeated several times until the entire organic portion of the sample has 

been removed. 

Enough ETOH (ethyl alcohol) shall be added to submerge the debris in each sample jar to prevent 

damage or loss of some taxa by opportunistic predators. 

 

The inorganic portion shall be transferred to different sample jars and submitted along with the 

organic portions to the analytical laboratory. 
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Macro invertebrates as an ecological indicator  

 

To know and learn more about the water ecosystems, 

researchers often uses large population of macro invertebrates. 

They are used as indicators of aquatic conditions, because they 

are abundant and easy to collect. Some are sensitive and 

cannot survive changes in their environmental condition; 

therefore they are sensitive to even a slight amount of 

introduction of pollution in their ecosystem. Whereas some 

species are so tolerant that they can tolerate large amount of 

pollution and lives in  small areas. The sensitivity and feeding 

groups of macro invertebrate samples indicates that how 

aquatic system is functioning.  

 

Table 2. Macro invertebrates as indicators of water quality  

Sensitive 

species 

Somewhat 

Tolerant 

species 

Tolerant 

species 

Extremely 

tolerant 

species 

Caddisflies  Craneflies Midges Aquatic 

worms 

Mayflies  Aquatic 

Sowbug 

Black Flies Tubifex 

worms 

Alderflies  Crayfish Riffle Beet les Leeches  

Dobsonfly  Clams Boatman Snails  

Stoneflies  Damselflies Backswimmers Chironomid 

larvae 

Snipeflies  Dragonflies Leeches Pulmonate  

Water 

spiders 

Turbellaria  Aquatic 

Worms 

 

Scuds  Mussels  Sow bugs  

 

Macro invertebrates dominant in clean waters  

 

All water bodies have abundant population of macro  

invertebrate fauna, but there are certain regions where the 

diversity of macro invertebrates fauna is very low because of 

the low temperature and low level of nutrients for the 

organisms. Some regions like Headwaters will have one or two 

dominant species. There is a possibility to get all classes of 

invertebrates in headwater streams. 

 
Insecta 

 Stonefly larvae (Plecoptera): stoneflies are found in cold 

water with a bottom of stone or gravel. They require a very  

high level of dissolved oxygen. They belong to the feeding 

group of shredders or predators.  

Dobsonfly larvae (Megaloptera): They can be found in any 

water bodies but they generally prefer mud of lakes  and 

wetlands. Except the wetland species dobsonflies requires high 

amount of dissolved oxygen.  Dobsonflies belong to the 

feeding group of predators and feeds on annelid worms etc.  

 

Snipe fly larvae (Diptera Athericidae): Snipeflies are a clear 

indicator of pollution free water as they only dwell in bottom 

of very clean water.  

 
Water spider (Argyroneta aquatica): Living in  clean water 

they require a great amount of dissolved oxygen thus 

indicating a pollution free water body. 

 
Mayflies (Ephemeroptera): Mayflies are found in cool 

standing water as well as in headwater streams. They require 

moderate amount of dissolved oxygen in the water and prefer 

clean water but sometimes they can also survive in low amount 

of dissolved oxygen also (eg. Callibaetis sp.) Mayfly nymphs 

belong to the feeding group of grazers, and feed on algae or 

other debris and wastes. 

 
 Caddisfly larvae (Trichoptera): Caddisflies are also a good 

indicator of pollution free water as they dwell in clean water 

and are very sensitive to polluted water. They can be found 

across from warm streams to cool streams including lakes, 

ponds and marshes. 

 Crustacea  

 

Scuds (Amphipoda): Freshwater scuds are requires a huge 

amount of dissolved oxygen and they be found in unpolluted 

waters. The species generally lives in cold streams.  

 

Macro invertebrates dominant in moderately polluted 

waters 

Some regions were the flow of water is slow makes the habitat 

of decomposer communities which can tolerate a small amount 

of pollution and requires less dissolved oxygen in the water.  

 

 Insecta  

 
Mayflies (Ephemeroptera): Mayflies are found in cool 

standing water as well as in headwater streams. They require 

moderate amount of dissolved oxygen in the water and prefer 

clean water but sometimes they can also survive in low amount 

of dissolved oxygen also (e.g. Callibaetis spp.) Mayfly nymphs 

belong to the feeding group of grazers, and feed on algae or 

detritus (Peckarsky et al. 1990). 

 

(Coleoptera): Adult Coleopterans tolerate more pollution as 

compared to their larvae which requires moderate amount of 

dissolved oxygen. Larvae are sensitive but both can be found 

in moderately polluted water especially the adults. The two 

major groups of Coleoptera, whose species are found in steady 

streams (e.g. Hydrophilidae), and example of species groups 

found in fast flowing streams is e.g. Elmidae. 

 

Dragonfly and Damselfly (Odonata): Odonata nymphs can 

bear very low amount of dissolved oxygen and therefore are 

found in slow flowing area where  there is a moderate amount 

of pollution. (Peckarsky et al., 1990). They belong to the 

feeding group of predators. 

 

Cranefly (Diptera): Cranefly larvae are found in the standing 

water in the bottom in moss or slits and leaved under the water. 

Water boatman (Hemiptera, Notonectidae): Water boatmen are 

not so tolerant but can tolerate less amount of pollution. They 

live in shallow water and streams with slow flowing water.  

 

 Crustacea 

Crayfish (Decapoda-Astacidea): Crayfish can be found in a 

number of ecosystems whether it is slow flow water or running 

stream. They are somewhat tolerant to pollution, the stream 

species is less tolerant to pollution as well as it is not tolerant 

to change in temperature, pH and dissolved oxygen as 

compared to the other pond species. 

 
Mollusca 

 

Mussels and clams (Bivalvia): Bivalves are filter-feeders and 

cannot tolerate turbidity. As they are filter feeders sediments 

and other organic matters stop them from feeding.  

http://www.state.ky.us/nrepc/water/group1.htm
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Platyhelminthes 

 

Flat worms (Platyhelminthes): Turbellaria are found 

underneath rocks, logs, or dead leaves in springs and in lakes. 

They are sensitive to pollution but some of the species can 

tolerate very low amount of dissolved oxygen in the water. 

They feed on dead invertebrates. 

 

Macro invertebrates dominant in fairly polluted waters  

 

As the pollution in the water increases the turbidity of water 

also increases. The turbidity in the water thus results in the 

disturbance of life cycles of macro invertebrates. The intensity 

of light becomes low in the water due to turbidity and they 

cannot feed properly. Because of the increase in  

sedimentation, the attaching macro invertebrates will be 

replaced by silt-tolerant Oligochaetes, Chironomids etc. 

 
Insecta 

 

Midges (Diptera-Chironomidae): Midges feeds on aquatic 

plants and can be found in any water type including salt water.  

 

Mollusca 

 

Snails (Gastropoda): Snails with gills are sensitive to less 

amount of dissolved oxygen and are sensitive to pollution. But , 

those with lungs (Pulmonate Snails) can live in much polluted 

water as they need very low or no dissolved oxygen.  

 
Annelida 

 

Leeches (Hirudinea): Leeches are pollution tolerant except 

some of their species. They feed on insects, dead organic 

matter and other small invertebrates. Leeches lives in shallow 

water, and cannot tolerate acidic water.  

 

Macro invertebrates that are found in severely polluted 

waters 

In the highest amount of polluted water only some species of 

macro invertebrates are capable to survive as there is very low 

or no amount of oxygen in the water and therefore the diversity 

is lowered in the polluted waters. The species that can be found 

in such waters are Tubificid Oligochaetes. 

 
 Annelida 

 

Aquatic worms (Oligochaeta): They can live in low dissolved 

oxygen levels and feed on algae debris and wastes. They are 

found in sediments were the level of o rganic matter is rich. 

 

Leeches (Hirudinea): Leeches are pollution tolerant except 

some of their species. They feed on insects, dead organic 

matter and other small invertebrates. Leeches lives in shallow 

water, and cannot tolerate acidic water.  

 

Mollusca 

 

Snails (Gastropoda) Snails with lungs (pulmonate, eg. Physa 

sp.) can tolerate water pollution and can survive with little or 

no dissolved oxygen. 

 

II. CONCLUS ION 

 

Macro invertebrates are the indicators of water quality and thus 

indicate pollution level. The prediction about the water quality 

can be easily made with the help of the macro invertebrates, 

which are bound to be found in the water bodies. For example 

some species of insects do not live in polluted water and needs 

clean water for survival. Bugs on the other hand can be found 

in clean water as well as slightly polluted water. Different 

species requires different type of environmental conditions like 

temperature, Ph etc. to indicate the pollution. Apart from being 

indicators of pollution macro invertebrates play a major ro le in  

the food chain. They feed on dead matter and algae and then 

they are eaten by larger animals like the fish, thus maintain ing 

the balance of food chain. Macro invertebrates are a very good 

source of food for fish. In conclusion, rather than identifying 

the habitat itself and studying the environment created, it is 

more important to study that environment. For instance, water 

as the habitat is made a habitat by the organisms that live in it. 

Therefore, to assess the quality of the environment, macro  

invertebrates are of primary importance. 
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