�Biodiversity and Water Quality (Wetzel, 1983; Williams & Feltmate, 1992; Mackie, 1998)

Indicator Organisms (Mackie, 1998)

“Many species of macroinvertebrates are diagnostic of certain kinds of habitats and their water quality. They are known as indicator organisms, that is organisms that be�come numerically dominant only under a specific set of environmental conditions. The most common usage of benthic organisms is as indicators of water quality, especially trophic status of lakes, calcium hardness, alkalinity, pH and conductivity. Stream organ�isms that exhibit adaptations to life in flowing waters are indicators of stream environ�ments. These organisms exhibit clues that they are from erosional substrates in stream envi�ronments. In contrast, organisms that live in depositional substrates (e.g. pools of streams, sediments of lakes) have features characteristic of lentic environments. Some benthic organisms are restricted to temporary ponds and each species has one or more adaptations to survive a period of drought.”

Factors Affecting Changes in Biodiversity (Mackie, 1998)

Several biotic factors, such as genetic diversity, can affect biodiversity. Over the short term, e.g. 1-10 years, biodiversity can fluctuate as different gene pools are randomly selected through short term changes in the environment. But over the long term, e.g. decades to centuries, biodiversity has declined due to both direct and indirect factors, such as habitat loss, habitat fragmentation, over-exploitation, pollution and the introduction of exotic species. The effects of natural factors on biodiversity must first be eked out from the anthropogenic factors.



Species are thought to adopt one of three life history strategies in order to live in stable and un�stable environments: (i) r-selection; (ii) K-selection; or (iii) bet-hedging. Stable environments are those in climates that are relatively constant and/or predictable, as in tropical climates. Un�stable and/or unpredictable environments are characteristic of variable climates, like those in the temperate zone. Stable environments are characterized by species with a K-strategy, while fluc�tuating environments are characterized by species with an r-strategy. Advocates of r- and K- se�lection deal with models in which fecundity and mortality schedules fluctuate. Bet-hedging is ad�vocated when fluctuations in these life history traits occur.



In lotic systems, the variables are variations in stream order and the corresponding changes that occur downstream, as revealed in the river continuum concept. These include substrate types, water velocity, depth and width of streams and sediment loads. All these physical attributes vary in relation to stream order, from coarse sub�strates (boulders, rocks, etc.) in clear, cold, well oxygenated water and narrow widths and shallow waters of lower order streams to fine sediments (e.g. gravel, sand, silt, etc.) in more turbid, warmer, less oxygenated water and wider and deeper waters of higher stream orders.

In lentic systems, temporal variations occur due to natural eutrophication processes. Eutrophication is a natural process but eons are required to change an oligotrophic lake into a eutrophic one. While the ecosystem changes, organisms can slowly adapt to the conditions present. But if the rate of change is suddenly in�creased, only those organisms with life history traits that can accommodate the in�creasing rate of change, or an unstable environment, will prevail. Species that have incorporated life history traits adapted for a stable environment will succumb. Hence, species that have incorporated K-strategy traits will probably perish before those with r-strategy traits.

If the magnitude of changes due to natural factors are known, one should be able to determine the magnitude of effects of habitat loss, habitat fragmentation, pollution and the introduction of exotic species.

Table II-1: Some strategies of r- and K-selection traits (Mackie, 1998)

Traits�K-selection�r-selection��Mortality�Density-dependent; high juvenile mortality�Density-independent; high adult mortality��Population size�Constant in time and equilibrium; recolonization rarely needed; at or near carrying capacity�Variable in time, no equilibrium; recolonization frequently needed; usually below carrying capacity��Competition�Usually keen�Often lax��Selection favours:�1. slow development�2. Competitive�3. Delayed reproduction�4. Low resource threshold�5. Large body size�6. Iteroparity�7. Decreased death rate�1. Rapid development�2. High intrinsic rate of increase�3. Early reproduction�4. High resource thresholds�5. Small body size�6. Semelparity�7. Increased birth rate��Life span�Long, >1 year�Short, <1 year��Leads to:�Efficiency�Productivity��Apportionment of energy to re�production:�1. Mass of young/parent/brood�2. Mass of young/parent/lifetime�3. Size of young�4. Parental care��Relatively small�smaller�Smaller�Larger�More��Relatively large�Larger�Larger�Smaller�Less��Table II-2: Contrasting predictions of r- and K-selection and bet-hedging (Mackie, 1998)

Stable Environments�Fluctuating Environments��Bet-hedging predictions when adult mortality is variable��Slow development, late maturity�Rapid development, early maturity��Iteroparity�Semelparity��Smaller reproductive effort�Larger reproductive effort��Fewer young�More young��Long life span�Short life span��Bet-hedging predictions when juvenile mortality is variable��Early maturity�Late maturity��Iteroparity�Semelparity��Larger reproductive effort�Smaller reproductive effort��Fewer broods but more young per blood�More broods but fewer young per brood��Short life span�Long life span���Species Tolerances and Requirements (Mackie, 1998)

The physiological and ecological tolerances and requirements describe the “hardiness” of a spe�cies. The more hardy a species is, the greater its ability to adapt to quickly changing environ�ments. “Weed” species are not likely to become endangered or extinct. They are widely distrib�uted and if pollution or intentional destruction by humans eradicates them in one part of the country, other populations will perpetuate the species. If humans alter the rate of change in habi�tat quality, pollution (or eutrophic) indicator species have less potential to become extinct than do clean water (or oligotrophic) indicator species.

For example, of the fingernail clams, the arctic-alpine clam, Pisidium conventus, is more likely to become extinct than the ubiquitous pea clam, Pisidium casertanum; or deep water sculpins (Myoxocephalus quadricornis) would have a faster extinction rate than the stream- and lake-dwelling slimy sculpin (Cottus cognatus). Support for this argument can be seen in many, if not most, of the fish species that are listed as en�dangered or threatened, which are cold-water species adapted to oligotrophic or pris�tine conditions.

�Urban and Highway Runoff (Mackie, 1998)

Aquatic communities downstream of many municipalities change due to the effects of urban stormwater runoff and solid waste disposal. Stormwater runoff has similar constituents as high�way runoff, with road salt, tars, oils, gasoline, metals and rubber tire derivatives entering streams as a broth of contaminants. Runoff from asphalt also has a significantly higher water tempera�ture, often resulting in greater than a 10oC increase in stream temperature immediately below the outfall. Silt loads are also high so that the runoff is hot and turbid. Much of the effluent results in increases in sediment concentrations of total hydrocarbons, aromatic hydrocarbons (both in lubricating oils and fuels), and heavy metals (e.g. lead in fuel, copper in brake linings, zinc and cadmium in tires, and chromium and copper in de-icing salts).



The toxicity of this “broth” of contaminants in the water and sediments is complex, with synergis�tic and antagonistic effects. Benthic and fish communities respond accordingly, but over the long term, fish may be eliminated and the benthos are dominated by pollution tolerant forms like tubi�ficid worms and chironomid larvae.



In general, the type and size of the receiving water, the potential for dispersion, the size of the surrounding catchment area, and the biological diversity of the ecosystem are some of the fac�tors determining the importance of runoff effects.



(also cf. Maltby et al, 1995)

Physical disturbances- Urban land development (Williams & Feltmate, 1992)

Two major effects of urbanization on aquatic systems and insects are, (a) increases in sediment loads during construction phases, and (b) post-storm increases in the dis�charge of streams and rivers downstream from developments.

Higher levels of sedimentation can affect aquatic insects by altering bio�chemical condi�tions, food resources, respiratory diffusion gradients, and habi�tat space.

In a laboratory stream, several species of mayfly, stonefly and caddisfly, when given a choice between sedimented and unsedimented regions, all se�lected unsedimented sub�strate.

Avoidance of sedimented regions was due to the loss of interstitial space between stones, and behavioural observations revealed that the insects would not excavate fine particles.

For a 3rd order stream through the city of Edmonton, it was found that al�though the den�sity of insects was higher within the city (e.g. chironomids and tubificid worms), diversity and richness (number of species and individuals) of the fauna was much lower than that were found in the portion of the same stream upstream of the city.

In several other cases elsewhere, reductions in densities of aquatic insects in areas of stream exposed to heavy siltation were related to increases in cata�strophic and behav�ioural drift (Rosenberg and Wiens, 1978).

Motor vehicles- Urban areas (Williams & Feltmate, 1992)

Motor vehicles impose an additional urban-related stress on aquatic insects. Higher val�ues of COD in urban surface waters result due to hydrocarbons leaked from automobiles (i.e. oil and gas). Urban runoff also contains significant quantities of lead related to the proportion of catch�ment area allotted to motor vehicles and to the density of traffic.

Chemical disturbances- Road salt (Williams & Feltmate, 1992; Mackie, 1998)

In many cold weather countries, road salts (NaCl, CaCl2, and KCl) are regularly applied in an attempt to de-ice motorways. The fate of these salts is to enter surface water and groundwater supplies, where they have both a proximal impact on stream- and lake-dwelling insects and a distal impact on those species found in groundwater outflows.

NaCl, ranging from 3,735-10,136 mg/l, and KCl, ranging from 204-6,713 mg/l, resulted in 100% mortality of two species (a caddisfly and a midge) within 48 hours. Despite the fact that these concentrations greatly exceed levels in lakes in general, the physiological im�pact of lower concentrations was still thought to diminish species fitness.

Further, salt concentrations that exceeded 1000 mg Cl/l induce significant in�creases in drift rates of benthic macroinvertebrates, decreases in biomass and diversity of algae, and increases in bacterial counts.

As maximum Cl--- concentrations of 1,770 mg/l had been recorded in the field during the summer in a study, it was concluded that road salt applications do have a debilitating effect on stream insects.

Agriculture (Mackie, 1998)

In some watersheds, runoff from agricultural lands accounts for almost all the discharge into major tributaries.

The direct impact of cattle crossings on survival and diversity of aquatic species is obvious and can account for significant changes observed in benthic and fish community structure.

Indirect effects of agriculture are also apparent.

Direct inputs of manure by cattle results in heavy growths of blue-green surface algae (e.g. Microcystis, Aphanizomenon), attached green algae (e.g. Cladophora) and sub�merged macrophytes (e.g. Myriophyllum). In some cases, plant biomass is so dense that stream flow is reduced to stagnant pools and eddies, containing soft, black mud that emits a strong hydrogen sulfide odour.

Organic enrichment is further enhanced by the spreading of inorganic (e.g. phos�phates) and organic (e.g. manure) nutrients on the fields, some of which ends up in the runoff during heavy precipitation events.

Compounding the problem of organic enrichment is the input of pesticides from agri�cultural runoff. herbicides are applied almost annually, after the crops have begun to grow, and enter the stream indirectly as runoff or directly by going too close and acci�dentally spreading it into the stream.

Chemical disturbances- Pesticides (Williams & Feltmate, 1992)

The ideal pest control agent would:

(1) kill only target species

(2) have no long- or short-term effects on non-target species

(3) break down into harmless chemicals in a short period of time

(4) not select for genetic resistance in the target organisms

(5) not affect predator/prey relationships or competitive interactions

(6) be more economical than not using pest control



Unfortunately, no such pesticide exists. A well known example of a control agent initially thought to be ideal, and later discovered not to be so, is DDT. By means of a circuitous path, aquatic in�sects can link DDT to the death of higher vertebrates. Further there is a marked paucity of stud�ies that have examined how changes in biotic interac�tions (predator/prey, competition, etc.) might affect aquatic insect assemblages following expo�sure to insecticidal sprays.

�Physical disturbances- Forestry practices (Williams & Feltmate, 1992)

The impact of logging on aquatic insects is related primarily to two activities, road construction and tree felling.

To curtail the impact of logging on aquatic insects, it was suggested that a 30 metre wide buffer strip be left along the shorelines. Using several comparisons, no significant differ�ences were detected in macro-invertebrate communities in streams with wide buffers ((30 m), as compared with controlled (unlogged) areas.

Habitat Loss (Mackie, 1998)

Total destruction of many wetlands has resulted in the direct loss of many species of birds and fish, merely by removal of their “homes”. By removing the wetlands, one indirectly affects the quality and, therefore, the diversity of the receiving waters. Only the more resistant of the spe�cies survive, the weak are annihilated.

Habitat Fragmentation (Mackie, 1998)

In some cases, only a part of the wetland or aquatic ecosystem is destroyed, resulting in their fragmentation. One example of habitat fragmentation (in some cases, destruction) is the con�struction of numerous dirt roads and concrete or asphalt highways across rivulets, creeks, streams and rivers within the same watershed.

For example, numerous stream orders can be crossed by the same highway, such as the Grand River in southern Ontario. Scientific studies have shown that the diversity of native mussels (Unionidae) has declined by about 44%, from 32 living species to 18, in the Grand River watershed.

Artificial Impoundments- Dams and reservoirs (Williams & Feltmate, 1992; Mackie, 1998)

Anthropogenic control over the flow of running water, usually by means of dams and res�ervoirs, has influenced nearly all of the world’s major river systems. In several cases, it was found that, following the formation of an impoundment, mayflies, caddisflies and stoneflies disappeared almost immediately but were replaced by high densities of midges. (Williams & Feltmate, 1992)

(Mackie, 1998)  The building of dams imposes a lentic habitat within a lotic system. The aquatic communities must suddenly adjust to the changes in physical, chemical and bio�logical attributes of riverine systems to those of lacustrine systems. Some species are adapted to a lotic existence and perish when a lentic system is imposed upon them. Oth�ers, mostly highly tolerant forms like chironomids and tubificid worms, exploit the new habitat and explode in biomass. In many cases, the dams were built on streams of stream order 3, 4 or 5. In this scenario, species diversity usually (i.e. it depends on depth and size of impoundment) declines, but if it does not, the species assemblage certainly changes from one dominated by shredders and lotic filter feeders, grazers and predators to herbivores and lentic filter feeders and predators, with corresponding changes in the fish community.

�Chemical disturbances- Industrial pollutants (Williams & Feltmate, 1992)

Industrial pollutants are generally point source in origin as they are usually discharged through pipes, ditches and sewers into bodies of water, at specific locations. Upon entering water, the chemical nature and concentration of pollutants will usually change as a result of four natural processes: dilution, biodegradation, biological amplification, and sedimentation. The rates at which these processes occur (particularly dilution and the oxygen-consuming process of biode�gradation) vary directly as a function of the turn-over time of water in a system. When streams or lakes are overloaded with contaminants, and sediments become anaerobic and/or laden with heavy metals, the impact on aquatic insect communities can be severe.

Water bodies that suffer from industrial pollution are generally characterized by high densities of chironomids and an absence of mayflies and stoneflies.

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

Chemical disturbances- Oil spills (Williams & Feltmate, 1992)

Although concerted efforts have been focused on examining the ecological consequences of oil spills in marine systems, only limited consideration has been given to the accidental release of oil in freshwater habitats.

One group of insects, chironomids of the subfamily Orthocladiinae, has been shown to re�spond positively to oiled vs. non-oiled artificial substrates. Apparently the oil stimulates algal growth which attracts these largely algivorous larvae.

Chemical disturbances- Mine waste (Williams & Feltmate, 1992)

The harmful effects of mine waste on aquatic insects vary according to the type of mineral ex�tracted, the size of the operation, the type of mine (surface or subsurface, hard or soft rock), and the local topography and climate. Generally, subsurface mining is less damaging to aquatic sys�tems as, for each unit of mineral extracted, only one-tenth as much land is disturbed as would occur by extracting the equivalent unit from a surface mine. The factors that affect aquatic in�sects most severely are the release of toxic (mostly heavy metals) substances, increased silt loads, and higher levels of acidity.

A comparison of lentic insects between ponds affected by coal strip-mining and a non-af�fected control pond revealed that the diversity of insects was least in spoil ponds, probably due to higher nitrate and sulphate levels. In contrast, the density of insects was highest in the contaminated ponds, which was attributable, again, to high numbers of chi�ronomids.

The recovery of insect populations following cessation of mining activities, even when combined with terrestrial restoration programmes (e.g. planting vegetation), is very slow.

Terrestrial reclamation programmes do not assure aquatic restoration, and it was rec�ommended that water quality criteria be given greater consideration in reclamation procedures for mined lands.

�Chemical disturbances- Acid deposition (Williams & Feltmate, 1992)

In western and central Europe, Scandinavia, the northeastern United States, south-eastern Can�ada, and south-eastern China, acid deposition is a serious problem affecting aquatic and ter�res�trial systems. Although acid deposition is more commonly referred to as acid rain, this is a mis�nomer, as acids and acid forming substances are also deposited in snow, sleet, fog, dew, and as dry particles and gas.



Precipitation has a natural pH value of approximately 5.1 (5.0-5.6, depending on loca�tion), which forms when carbon dioxide, trace amounts of sulphur and nitrogen compounds, and at�mospheric organic acids dissolve in atmospheric water. However, elevated levels of acidity re�sult when the primary air pollutants, sulphur dioxide and nitrous oxide, enter the atmosphere at disproportion�ately high rates (due primarily to the burning of fossil fuels), and react to form sec�ondary air pol�lutants.

If the acid deposition lands in regions that contain limestone or other alkaline (basic) sub�stances, then the effects on the ecosystem are neutralised although this buffering capac�ity does not last ad infinitum.

If, however, the acid deposition lands in regions with little buffering capacity, such as on granite or some types of sandstone, damage to the ecosystem may be significant.

If the region contains bedrock with a high aluminium content the effects are further exacerbated, as the aluminium will dissolve and, in ionic form, cause asphyxiation in fishes through the impairment of gill function.

The effects of acid stress on aquatic life can be extreme in geographical regions charac�terized by spring snow melts.

The potential impact of global warming on the ecology of aquatic insects (Williams & Feltmate, 1992)

Although a few studies have examined whether the microdistribution of aquatic insects within habitats is influenced by temperature, the collective evidence thus far indicates that such habitat selection does occur.

Mechanisms that aid certain species in withstanding the effects of pollu�tion (Williams & Feltmate, 1992)

Mechanisms that aid chironomids in withstanding the effects of pollution include a higher oxygen storage capacity because of the presence of haemoglobin (e.g. in Chironomus an�thracinus and C. plumosus), and an ability to avoid heavy metals by burrowing into the sediment.

Other means of limiting the impact of pollutants include:

(1) body and gill movements to enhance oxygen uptake (as in perlid stoneflies and ephemerellid mayflies),

(2) breathing at the water surface by means of tracheal tubes (various Hemiptera),

(3) adjustment of life-cycle to avoid periods of pollution stress (e.g. as in Ephemerella ignata), and

(4) having generation times short enough to avoid stressful periods (e.g. as in Baetis and Nemoura)

�(Wetzel, 1983)

Benthic community structure in lakes usually consists of a rich fauna with high oxygen demands in the littoral zone above the metalimnion. Heterogeneity of substrata is great in the littoral; ben�thic-animal species diversity is greater in the littoral than in the more homogeneous profundal zone. As lakes become more productive, the number of benthic animals adapted to hypolimnetic conditions of reduced oxygen and increased decompositional end-products declines.

Two maxima in abundance and biomass of benthic animals are often observed; one in the littoral zone, the other in the lower profundal zone.

As lakes become for fertile, submersed macrovegetation can be eliminated as a result of light attenuation. Maximum abundance and biomass of benthic animals may then shift to the profundal zone.

With further eutrophication and intensive organic-matter decomposition in the profundal zone, much of the benthic fauna of the profundal zone can be eliminated.

As lakes become more eutrophic, a shift occurs in the percentage composition of two dominant benthic groups, with a decrease in the dipteran chironomid larvae and an in�crease in the more tolerant oligochaete worms (e.g., tubificids).

The dipteran phantom midge Chaoborus is another major component of the profundal benthic fauna of lakes. Chaoborus larvae migrate into the open water at night and prey heavily on zooplankton. Feeding on limnetic zooplankton by Chaoborus is highly selec�tive.

Table II-3: Comparison of the Relative Composition of the Dominant Benthic Macroinver�tebrates of Several Lakes of Differing Productivity based on other criteria (Wetzel, 1983)

�Percentages��Lake�Chironomidae�Oligochaeta�Sphaeridae�Others��Oligotrophic��    Convict, Calif.�65.3�30.8�0.4�3.5��    Bright Dot, Calif.�77.5�3.1�19.1�0.3��    Dorothy, Calif.�69.5�23.3�3.5�3.7��    Constance, Calif.�56.9�20.5�20.5�2.1��    Cultus, British�	Columbia�65.0�24.0�---�---��    Lake Ontario�1.8�6.4�3.4�88.4��    Lake Erie (1929-�		1930)�10�1�2�87��Eutrophic��    Lake Erie (1958)�27�60�5�8��    Glenora Bay, Lake�		Ontario�42.3�29.4�6.2�22.1��    Washington, Wash.�43�51�3�3��Data are only approximately comparable because of different methods employed

�


