�
Abstract


(Peckarsky et al, 1990; Williams & Feltmate, 1992; Hutchinson, 1993; Kellogg, 1994; Rosenberg et al, 1997; Mackie, 1998)


In freshwater, benthic macroinvertebrates include the insects, hydrachnidia (true water mites), molluscs (clams, snails and mussels), oligochaetes (worms), leeches & bloodsuckers, crustaceans and others. In most freshwater, the larval insects dominate the macroinvertebrate community. These organisms provide an excellent tool for assessment work.





The most common usage of benthic organisms is as indicators of water quality, espe�cially trophic status of lakes, calcium hardness, alkalinity, pH and conductivity.





Benthic macroinvertebrates are common inhabitants of lakes and streams where they are important in moving energy through food webs. The term `benthic’ means `bottom-living’ and indicates that these organisms usually inhabit bottom substrates for at least part of their life cycle; the prefix `macro’ indicates that these organisms are retained by mesh sizes of approx. 200-500 (m (micro-meters). The most diverse group of freshwater benthic macroinvertebrates is the aquatic insects which account for approx. 70% of known species of major groups of aquatic macroinvertebrates in North America. More than 4,000 species of aquatic insects and water mites have been reported from Canada. Thus, benthic macroinvertebrates are a highly diverse group which makes them excel�lent candidates for studies of changes in biodiversity. It is best to sample either just after ice-out in the spring when late-stage larval forms are present but have not yet begun their final maturation or in late fall after most species have mated and the immatures have had a chance to develop throughout the summer in preparation for over-wintering.


Different groups of macroinvertebrates have different tolerances to pollution, which means they can serve as useful indicators of water quality. Biological monitoring pro�vides an effective, easy-to-understand method for determining if a watercourse has been impacted by a pollution source. Macroinvertebrates may live from several weeks to many years and directly depend on adequate habitat and water quality for survival. As a result, macroinvertebrates can indicate pollution impacts from various, cumulative or multiple sources.


(Mackie, 1998)  The benthic macroinvertebrates are used more commonly than zooplankton and fish in water quality assessments because:


they are larger and more easily examined using low power standard microscopy than are most phytoplankton and zooplankton which require higher power and of�ten specialized microscopy;


most of the species that make up the benthic community are more-or-less con�fined to a specific area and exhibit little movement out of the area, in contrast to zooplankton whose distribution is greatly affected by currents and wave action;


fish are able to swim away to avoid a stressor (e.g. a contaminant in an outfall), but macroinvertebrates are obliged to stay;


they are good integrators of water and sediment chemistry such that a level of a toxicant that is considered safe may, be sublethal enough to be detected by ef�fects on growth, reproduction, and/or physiology of sensitive of species in the benthic community; and


the benthos cannot avoid even “slugs” or “spills” of effluent and will respond ac�cordingly to the magnitude of the toxic event, which may be missed by chemists if they do not sample the water during the slug or spill event.


�
Chemical testing can also be very important for understanding stream and lake quality, but it often supplies only limited information, equipment can be very expensive and monitoring may be time intensive (sometimes requiring weekly or even hourly sampling).


Williams & Feltmate (1992) reported on a case history where routine sampling of an urban/non-urban stream did not reveal significant differences in chemical characteristics between urban and non-urban sites, and that it probably was be�cause of the sporadic nature of storm sewer runoff. On the other hand, in the case of aquatic insects, they showed higher diversity and richness in the non-ur�ban portion of the stream as compared with the urban portion of the same stream where the biodi�versity was severely impacted.


The time required for insect assemblages to return to their natural state, follow�ing disturbances such as those of point source industrial pollutants, can be on the order of many years for streams, and decades for lakes.


In addition, biological monitoring can provide insight into the nature of stream distur�bance through an examination of the predominant feeding patterns (functional feeding groups) of macroinvertebrate groups present (also see Merritt and Cummins, 1996). For example, increased proportions of scrapers may indicate nutrient runoff, while increased numbers of collectors may show organic enrichment. This technique divides stream macroinvertebrates into four main feeding groups: shredders, collectors, scrapers, and predators:


Shredders feed on coarse organic material such as leaves, algae and rooted aquatic plants. These organisms play an important role in breaking down leaves or large pieces of organic material to a size that can be used by other macroin�vertebrates. Shredders include certain stonefly and caddisfly larvae, sowbugs, scuds and others.


Collectors feed on fine pieces of organic material such as leaf fragments, bacte�ria, stream bed deposits and waste products from other organisms. Collectors are often further divided into filtering collectors like clams or blackfly larvae and gathering collectors like many mayfly and caddisfly larvae and midges.


Scrapers graze on algae attached to stones and other surfaces. Many of these organisms are flattened to hold onto surfaces while feeding. Scrapers include water pennies, limpets and snails, netwinged midge larvae, certain mayfly larvae and others.


Predators feed directly on other aquatic animals such as fish and invertebrates. Predatory organisms include dobsonfly larvae, fishfly larvae, dragonflies and wa�tersnipe fly larvae.


(Mackie, 1998)  The seasonal and spatial variations in diversity of benthic species correspond closely to Thienemann’s Principles. There are three of them:


The greater the diversity of conditions in a locality, the larger the number of species that make up the community.


The more the conditions deviate from normal, hence from the normal optima of most species, the smaller is the number of species which occur there and the greater the num�ber of individuals of each species which do occur.


The longer a locality has been in the same condition, the richer is its biotic community and the more stable it is.


�
Environmental impact assessment (Williams & Feltmate, 1992)


EIA is defined as, “the process of doing predictive studies on a proposed development, and analysing and evaluating the results of that development”. Although these are admirable goals, EIA, as presently practised, does not make the contribution it might to environmental science.


These problem areas could be addressed by:


(1) placing greater emphasis on long-term, large-scale perturbations of various anthropo�genic stresses on aquatic insects, and


(2) focusing more attention on the development of “early-warning”, species response indi�ces to impending stress.
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