�Freshwater Zoobenthos with indicator value

Only significant taxon groups where reliable literature exists as regards their indicator values are noted below. For biodiversity indices, all (or most) benthic groups have relevance, and the indi�vidual chapters that follow this chapter address some basic aspects.

Superphylum Arthropoda (Williams & Feltmate, 1992; Thorp & Covich, 1991)

The most successful terrestrial phylum and one of the most prominent freshwater taxa is Arthropoda. Its three subphyla with freshwater members- Uniramia (aquatic insects), Chelicerata (water mites and aquatic spiders) and Crustacea (crayfish, fairy shrimp, copepods, etc.)- are all diverse and important components of lakes and streams. Arthropods occupy every heterotrophic niche in benthic and pelagic habitats of most permanent and temporary aquatic systems. These metameric coelomates are characterized by a chitinous exoskeleton and stiff, jointed append�ages modified as legs, mouthparts, and antennae (except in water mites).

Subphylum Uniramia

Class Insecta (Mackie, 1998)

The greatest diversity in form and habit is exhibited by the insects. They occupy every kind of freshwater habitat imaginable, including temporary streams and ponds, the shallowest and deep�est areas of lakes, the most pristine and polluted rivers, roadside ditches, eaves troughs, moss, within and on macrophytes and all ranges of water chemistry, from acidified to alkaline bodies of water. They also represent all the functional feeding groups, including predators, shredders, grazers, (or scrapers), filter feeders, gatherers, piercers and parasites.



Insects can be separated immediately from other arthropod classes by the presence of: 1) one pair of antennae; 2) three pairs of segmented legs in adults and most larvae (only the larvae of true flies lack segmented legs); and 3) one to two pair of wings on the adults.



They are conveniently divided into three taxonomic groups based on the type of wings that de�velop from the larval or nymphal stages and on the type of life stages present

Those without wings are apterous (Greek: a=without; pterous=wings), and they have no change in body form after hatching from the egg. This type of development is called ametabolous (Greek:a=without; metabolous=change) metamorphosis. Only the springtails of the order, Collembola have ametabolous development in aquatic envi�ronments.

The remaining two groups have winged adults. The wings develop externally in the exopterous (Greek: exo=outside; pterous=wings) forms, and internally in the endop�terous (Greek: endo=inside; pterous=wings) forms.

The development stages of the exopterous forms are called nymphs or nai�ads and they closely resemble the adults in appearance. The nymphs un�dergo several molts, or instars, before transforming into an adult. The act of shredding or casting the old skin is called ecdysis and the cast skin is called an exuvium (plural=exuviae), commonly referred to as the “shuck”. The adult is called the imago and it differs from the last instar in having fully developed wings and sexual organs. The entire process, from egg through several nym�phal instars, is called hemimetabolous (Greek: hemi=incomplete or insepa�rable; metabolous=change) development.

Only three orders of insects have hemimetabolous development, the Odonata (dragonflies and damselflies), Ephemeroptera (mayflies) and Plecoptera (stoneflies).

Very similar to the hemimetabolous forms are the paurometabolous (Greek: pauros=little, small; metabolous=change) forms in which wings develop ex�ternally on the nymphs but the nymphs and adults are often difficult to distin�guish and both live in the same habitat and feed similarly. Development is gradual and the changes between instars are subtle and barely noticeable in most instances.

Only one order, the Hemiptera (true bugs) have paurometabolous development. Aquatic Orthoptera (crickets) also have this type of development but they are rare.

The endopterous forms have a holometabolous (Greek: holo=complete, me�tabolous=change) type of development in which the egg develops into a worm-like larva. The larvae have no external evidence of wings. Segmented legs and antennae are usually present but may be missing in a few orders. Once the larva is fully grown, it transforms into a resting stage, called the pupa, during which it metamorphoses into an imago. The wings, legs, anten�nae and compound eyes develop in the pupal stage.

Most species of aquatic insects have holometabolous development, including all the Megaloptera (dobsonflies, alderflies, hellgram�mites), Neuroptera (spongeflies), Lepidoptera (aquatic butterflies), Trichoptera (caddisflies), Coleoptera (beetles) and Diptera (true flies).

Note that “true flies” is two words; only flies of the order Diptera are spelled with two words, for example, crane flies, black flies, midge flies, etc.; all other “false flies” are spelled with one word, e.g. mayflies, caddisflies, etc.



The Ephemeroptera (mayflies), Plecoptera (stoneflies), Trichoptera (caddisflies) and Diptera (true flies) are commonly, or perhaps always, the four orders used in environ�mental impact assessments. For this reason, more emphasis is placed on these orders than on other orders of insects. (Mackie, 1998)

�

�

Order Ephemeroptera (Mayflies)  











(cf. Chapter III):



These insects of inland waters are aquatic only in their juvenile stages. In general, mayfly nymphs tend to live mostly in unpolluted lakes, ponds, streams and rivers where, with densities of up to 10,000/sq.metre, they contribute substantially to secondary production. However, very small amounts of organic pollution can sometimes, initially, increase the numbers and production of certain species while others are exterminated. Species of Baetis (Family Baetidae) seem the most tolerant to pollution and these and others are often used as indicators of water quality.

Burrowing nymphs such as Hexagenia bilineata (Family Ephemeridae) do particularly well in silted impoundments and the problems associated with their mass emergence from the Missis�sippi River are notorious- e.g. accumulation of adult bodies on road bridges create slippery sur�faces for motorists. (Williams & Feltmate, 1992)

Table II-18: Some physiological and ecological tolerances and requirements of common mayfly nymphs. (Mackie, 1998)

Species�General habitat�Feeding�pH�Oxygen %�Trophic level��Baetis vagans�gravel, streams�scraper�(  7�100�Oligo��Epeorus vitreus�gravel, streams�shredder�( 7�100�Oligo��Ephemera simulans�sand, gravel, lakes, streams�predator, gatherer, shredder�(  7�50-100�Meso-Oligo��Ephemerella subvaria�gravel, streams�scraper�( 7�100�Oligo��Ephemerella cornuta�gravel, streams�scraper�( 7�100�Oligo��Heptagenia flavescens�wood, rock, streams�shredder, gatherer�?�50-100�Meso-Eutro��Hexagenia limbata�mud, lakes�predator�( 7�( 100�Meso-Oligo��Hexagenia recurvata�mud, cold streams�predator�(  7�100�Oligo��Isonychia bicolor�swimmer, streams�filter feeder�(  7�100�Oligo��Paraleptophlebia debilis�gravel, rocks, streams�gatherer, shredder�( 7�100�Dyst-Oligo��Rhithrogena undulata�gravel, rocks, streams�gatherer�(  7�100�Oligo��Stenacron interpunctatum�rocks, lakes, streams, ponds�gatherer, scraper�(7 - (7�25-100�all lev�els��Stenonema tripunctatum�rocks, streams�gatherer, scraper�( 7 - (7�50-100�all lev�els��Stenonema femoratum�rocks, streams�gatherer, scraper�( 7�100�Oligo��Tricorythodes minutus�indifferent, streams only�gatherer�( 7�25-100�Meso, Dyst���



Order Plecoptera (Stoneflies)  

�







(cf. Chapter V):



Plecopteran nymphs are restricted to cool, clean streams with high dissolved oxygen content. some species, however, may be found along the wave-swept shores of large oligotrophic lakes. When subjected to low dissolved oxygen concentration, the nymphs of many species exhibit a characteristic “push-up” behaviour that increases the rate of movement past the gills. The gills are variously placed among species on the neck, thorax and abdomen. However, some species have no gills and respiration in these is assumed to be across the cuticle surface.



The high water quality requirements of the nymphs bars all but a very few species from habitats subject to low oxygen levels, siltation, high temperatures and organic en�richment, and this has led to their effective use as biological indicators of environmental degradation. (Williams & Felt�mate, 1992)

Table II-19: Some physiological and ecological tolerances and requirements of common stonefly nymphs. (Mackie, 1998)

Species�General habitat�Feeding�pH�Oxygen %��Acroneuria lycorias�rocks, streams�predator of insects�<7 - >7�( 100��Allocapnia spp.�rocks, streams�shredder�> 7�( 100��Amphinemura delosa�gravel, rocks, streams�gatherer, shredder�<7 - >7�100��Isoperla bilineata�plants, rocks, streams�predator of insects, gatherer�> 7�100��Isoperla clio�plants, streams�predator of insects�> 7�100��Isoperla fulva�plants, rocks, streams�predator of insects, scraper, gatherer�( 7�50-100��Nemoura trispinosa�plants, rocks, streams�shredder�<7 - >7�100��Peltoperla maria�leaf litter, streams�shredder�( 7�( 100��Perlesta placida�rocks, leaves, streams�predator of insects, gatherer�> 7�( 100��Pteronarcys spp.�rocks, logs, leaves, streams�predator, scraper, shredder�( 7�( 100��Taeniopteryx maura�rocks, logs, leaves, streams�gatherer, shredder�<7 - >7�( 100���Order Hemiptera (Water Bugs)  

�



(cf. Chapter VI):



The ecology of the aquatic Hemiptera is much better known, and it is probable that they are lim�nologically more significant than the beetles. (Hutchinson, 1993)



Most hemipterans are either lentic or slow water lotic forms. They are all air breathers and as such are more tolerant of environmental extremes than most other insects. The water boatman, Hesperocorixa,  and the water strider, Gerris, are among the few insects that can tolerate pH values less than 4.5 and are among the last to disappear when lakes and streams acidify.



Of all aquatic organisms, the giant water bug, Belostoma fluminea, is considered by many to be among the most tolerant of extreme conditions, high chloride, high BOD, low oxygen, low pH, etc. However, it like all hemipterans, has little or no indicator value because their life does not depend entirely on water quality. (Mackie, 1998)

�

�Order Trichoptera (Caddisflies)  







(cf. Chapter VII):



Like mayflies and stoneflies, caddisflies probably evolved in cold, fast-flowing streams, since families with more primitive characteristics (e.g., Rhyacophilidae) are restricted to those habitats. It has been hypothesised that the use of silk for case construction enabled the Trichoptera to be�come more diverse ecologically, providing a respiratory mechanism whereby habitats with higher temperatures and lower dissolved oxygen levels could be exploited.



At present, caddisflies inhabit a wide range of habitats from the ancestral cool streams to warm streams, permanent lakes and marshes, and permanent and temporary ponds. One species has been found in tide pools off the coast of New Zealand; the females oviposit through the papillar pores of starfishes.



Although caddisfly larvae are found in a wide range of aquatic habitats, the greatest di�versity occurs in cool running waters. Furthermore, in families represented in both lotic and lentic habi�tats, the genera exhibiting more ancestral characters tend to be found in cool streams whereas those showing more derived characters tend to occur in warm, lentic waters. These two findings point to cool, running waters as the most likely primordial caddisfly habitat, the one in which the ancestors of the Trichoptera first became aquatic and the one in which differentiation into the basic groups (superfamilies) took place (Williams & Feltmate, 1992).



Mass emergences of some species from large rivers are considered a nuisance by resi�dents, since the insects are attracted to outdoor lights; human allergies to the scales on their wings have also been reported. The larvae of some leptocerids are reported to damage the young shoots of rice plants in paddy fields. The larvae of a few species are known to eat fish eggs. On the beneficial side, many hydropsychids prey on black fly larvae.

�Table II-20: Some physiological and ecological tolerances and requirements of common caddisfly larvae. (Mackie, 1998)

Species�General habitat�Feeding�pH�Oxygen

%�Trophic

level��Agapetus spp.�turtle case, streams�scraper�( 7�( 100�Oligo��Agraylea spp.�silk purse, streams, lakes�piercer, gatherer�(7 - (7�( 100�upper Meso��Banksiola spp.�tapered cylinder of leaves in spiral; slow streams, lakes�shredder, piercer (last 2 instars)�(7 - (7�( 50�upper Meso��Brachycentrus americanus�tapered square tube of plant material; on logs & plants in streams�filter feeder, scraper�( 7�( 50�upper Meso��Cheumatopsyche spp.�silk net, warmer streams�filter feeder�(6 - (7�25 - 100�lower Meso��Chimarra spp.�sac-like nets, warmer streams�filter feeder�( 7�( 50�Meso��Frenesia spp.�tube of mineral, wood; cool springs�shredder�( 7�( 100�Oligo��Glossosoma nigrior�turtle case, streams�scraper�( 7�( 100�Oligo��Helicopsyche borealis�spiral case, streams�scraper�(7 - (7�( 50�upper Meso��Hydropsyche spp.�silk net, streams�filter feeder�( 7�( 50�upper Meso��Hydroptila spp.�silk purse, streams�piercer, scraper�(7 - (7�( 100�Oligo��Lepidostoma spp.�tapered tube of sand, headwater streams�shredder�( 7�( 50�upper Meso��Leptocerus americanus�silk tube, lakes�shredder�(7 - (7�( 50�upper Meso��Limnephilus spp.�case variable, omni�present, lakes, streams�omnivorous�(7 - (7�25 - 100�None��Molanna blenda�tube case with lateral flanges, lakes, streams�shredder, gath�erer, piercer�( 7�( 50�lower Oligo��Mystacides sepulchralis�tube of sand, plant ma�terial, streams, lakes�gatherer, shred�der�(7 - (7�( 100�Oligo��Neophylax spp.�tapered tube of sand, streams�scraper�( 7�( 100�Oligo��Neureclipsis crespuscularis�trumpet-like net, streams�filter feeder, shredder, piercer�(7 - (7�( 100�Oligo��Oecetis spp.�tapered, curved tube, streams, lakes�piercer�(7 - (7�( 50�lower Oligo��Phryganea cinerea�tapered cylinder of leaves in spiral, streams, lakes�shredder, piercer�(7 - (7�( 50�lower Meso��Phylocentropus placidus�silk tube, headwater streams�filter feeder�( 7�( 100�Oligo��Polycentropus cinereus�silk tube, streams�piercer, filter feeder, shredder�5 - (7�( 50�upper Meso��Psychomyia flavida�sac-like nets, streams�gatherer, scraper�(7 - (7�( 100�Oligo��Rhyacophila spp.�free-living, streams�piercer, gath�erer, shredder�(7 - (7�( 100�Oligo���Order Lepidoptera (Aquatic butterflies and moths)  � INCLUDEPICTURE lepidopt.gif \* MERGEFORMAT Alt="[Img-lepidopt.gif]" Align=2 Border="0" ���

(cf. Chapter VIII):



Lepidoptera (butterflies and moths) are closely related to Trichoptera, having diverged from the Trichoptera probably in the early Mesozoic. Like their terrestrial counterparts, aquatic caterpillars are strictly herbivorous.



One species, Petrophila jaliscalis, is considered an indicator of eutrophic conditions; it can toler�ate low oxygen conditions, moderately high temperatures, reduced water flows and enrichment (Mackie, 1998).

Order Coleoptera (Beetles)

(cf. Chapter IX):



Most larval and adult beetles are tolerant of wide changes in pH and dissolved oxygen concen�tration. Many adults cannot use dissolved oxygen and must rise to the surface to respire atmos�pheric oxygen. Few beetles, if any, are recognized as indicator organisms of environmental health. Their main indicator value is in the physical type of habitat they utilize. (Mackie, 1998)



�









�Family Elmidae (Riffle Beetle)  









Both adults and larvae are commonly encountered. Adults are considered better indi�cators of water quality because they have been subjected to water quality conditions over a longer period. (Kellogg, 1994)

�Order Megaloptera (Hellgrammites, Alderflies, Dobsonflies, Fishflies)  

�









(cf. Chapter X):



Larvae of all species of Megaloptera are aquatic and attain the largest size of all aquatic insects. Larval Corydalidae are sometimes called hellgrammites or toe biters. The adult Corydalidae are large, having a wing span of up to 16 cm (Megaloptera = “large wing”). Corydalids (fishflies and dobsonflies) are found in well-oxygenated streams and lakes, as well as in productive ponds or swamps where dissolved oxygen may be very low. Sialids (alderflies) occur in the same broad habitat categories, but usually require muddy or silty deposits and accumulated detritus. (Williams & Feltmate, 1992; Kellogg, 1994)



All are intolerant of pollution. Although they do commonly occur in waters with pH levels near 5.5, circumneutral or alkaline waters seem to have the largest populations. Sialis is considered to be more tolerant than the corydalids but cannot tolerate extreme conditions either. No species are recognized as good indicator organisms. (Mackie, 1998)



Order Aquatic Neuroptera (Spongillaflies, lace wings)

�











(cf. Chapter XI):



Sisyrid larvae live exclusively in association with freshwater sponges, either on the surface or in the body cavities of their hosts. They are classified as climbers, clingers, or burrowers. While the habitat of freshwater sponges and, thus, of sisyrids, ranges from cool, clean lakes and streams to relatively polluted ponds, the former is more typical. (Pennak, 1978)



Only 2 genera occur, Climacia and Sisyra. Their life cycle is similar to the megalopterans. Nei�ther has indicator value. (Mackie, 1998)

�

�Order Diptera (Two-winged or true flies)  



(cf. Chapter XII):



Dipteran larvae occur in almost every conceivable aquatic habitat, from the bracts of pitcher plants (Culicidae: Wyeomyia), tree holes (e.g., Chironomidae and Culicidae), saturated soil, and mud puddles, to streams, ponds, large lakes, rivers, and even the marine rocky intertidal zone. Some 32 families of Diptera contain species whose larvae are either aquatic or semiaquatic. Aquatic dipterans represent some of the best known insect forms, including mosquitoes, black flies, midges, crane flies and horse flies, many of which are the most troublesome of all insect pests, particularly in terms of human health and economics. Despite this, many groups of aquatic Diptera play pivotal roles in the processing of food energy in aquatic environments and in sup�porting populations of fishes and waterfowl.



�

Family Chironomidae (midges  



(Williams & Feltmate, 1992; Hutchinson, 1993; Wetzel, 1983)

(cf. Chapter XIII):



The separation of the Diptera, as potential or actual inhabitants of deep water, from the other orders of immature aquatic insects is justified by the fact that an elaborate classification of lake types has been built upon the ecology of the deep-water Chiro�nomidae (true midges) and their associated organisms. The question as to why, among all the aquatic insects with gills, this family of Diptera has alone significantly exploited the depths of lakes is of considerable interest. The generally small size, at least in the lacustrine Diptera, is doubtless important in this invasion.

The midge larvae found on the shelf and in the deep water of a lake differ in appear�ance to their smaller pale coloured cousins found in the shallow water. These are generally large larvae (>1/2 inch) that are red coloured, hence the term “blood worm”. The red colour is due to the presence of hemoglobin that stores oxygen. This allows them to live in areas that have limited oxygen conditions such as lake bottoms or areas of high organic pollution. The oxygen is exchanged across the cuticle and some forms have tubular gills extending ventrally near the caudal end. These tube makers create a current in their tubes by undulating the body so that water passes through the tube. Lakes that have higher oxygen levels in the hypolimnion (oligotrophic-mesotrophic lakes) often contain large populations of midge larvae.

The benthos of the deep water (= hypolimnion) is dictated by the presence and duration of oxygen. The bottom fauna will be reduced or absent in lakes where the deep water looses oxygen for the duration of summer stagnation, or in winter.

A mesotrophic system with a stable thermocline in the summer months looses most of its oxygen for a time during stagnation but not for the entire period. The bottom fauna may be limited to a few non-biting midge larvae (Chironomus sp.), a biting midge (Palpomyia sp.) and a phantom midge (Chaoboruss punctipennis).

Family Chaoboridae � MACROBUTTON EditNAMEField (phantom midge)||(phantom midge)�

(cf. Chapter XVII):

In addition to the chironomid larvae, oligochaetes, and the small clam Pisidium, an�other major component of the profundal zone of lakes is the phantom midge Chaoborus.

Table II-21: Some physiological and ecological tolerances and requirements of common dipteran larvae. (Mackie, 1998)

Species�General Habitat�Feeding�pH�Oxygen %�Trophic Level��Family Deuterophlebiidae

   Deuterophlebia spp.�clingers on rocks in mountain streams�scraper�(7 - (7�100�Oligo��Family Blephariceridae

   Blepharicera spp.�clingers in streams�scraper�(7 - (7�100�Oligo��Family Tipulidae

   Antocha saxicola�clingers in silk tubes in streams�scraper�( 7�~ 100�Oligo��Family Psychodidae

   Psychoda alternata�burrowers in lakes, streams�gatherer�5.5 - ~7�50-100�Meso��Family Athericidae

   Atherix variegata�erosional streams�piercer�6 - (7�~ 100�lower Oligo��Family Syrphidae

   Eristalis tenax�burrow in organic bot�toms of streams, lakes�gatherer�(7 - (7�< 25�Eutro��Family Scathophagidae

   Spaziphora spp.�sewage ponds�scraper�(7 - (7�< 25�Eutro��Family Simuliidae

   Simulium spp.�erosional streams or wave swept shore of lakes�filter feeder�(7 - (7�~ 100�Oligo��   Prosimulium spp.�erosional streams�filter feeder�(7 - (7�~ 100�Oligo��Family Chironomidae

   Ablabesmyia spp.�streams, lakes�piercer�(7 - (7�25-100�Eutro��   Chironomus plumosus

   attenuatus, riparius�burrowers in tubes in streams, lakes�gatherer, shredder�(7 - (7�25-100�Eutro��   Cricotopus exilis�on rocks in streams�piercer�> 8�25-100�Eutro��   Cricotopus bicinctus�streams, lakes�shredder�( 7�25-100�Eutro��   Cryptochironomus fulvus�burrower, streams, lakes�piercer�(7 - (7�25-100�Eutro��   Dicrotendipes spp.�burrowers, lakes, streams�gatherer, filter feeder, scraper�( 7�25-100�Eutro��   Polypedilum fallax�clinger, streams�shredder, gatherer, piercer�( 7�25-100�Eutro��   Procladius culiciformis�streams, lakes�piercer��25-100�Eutro��   Rheocricotopus robacki�erosional streams�gatherer, shredder, piercer�(7 - (7�25-100�Indifferent��   Rheopelopia�erosional streams�piercer�(7 - (7�100�Oligo��   Rheotanytarsus exiguus�in tube or net, fast streams�filter feeder�(7 - (7�< 50�Eutro��   Tanypus punctipennis�lakes�piercer�( 7�25-100�Eutro���Superphylum Arthropoda, Phylum Entoma, Subphylum Chelicerata (Williams & Feltmate, 1992; Thorp & Covich, 1991)

Class Arachnida, Subclass Acari (Peckarsky et al., 1990)

Order Acariformes, Suborder Prostigmata (=suborder Trombidiformes, =suborder Actinedida)

Subcohort Hydrachnidia (=Hydrachnida, =Hydracarina, =Hydrachnellae)- (True water mites)

�























(cf. Chapter XXI):



Water mites are among the most abundant and diverse benthic arthropods in many habitats. One square metre of substratum from littoral weed beds in eutrophic lakes may contain as many as 2000 deutonymphs and adults representing up to 75 species in 25 or more genera. Compa�rable samples from an equivalent area of substratum in rocky riffles of streams often yield over 5000 individuals of more than 50 species in over 30 genera (including both benthic and hypor�heic forms). Mites have coevolved with some of the dominant insect groups in freshwater eco�systems, especially nematocerous Diptera, and interact intimately with these insects at all stages of their life histories. (Smith & Cook in Thorp & Covich, 1991).



Species of water mites are specialized to exploit narrow ranges of physical and chemical re�gimes, as well as the particular biologic attributes of the organisms they parasitize and prey upon. Preliminary studies of physicochemical and pollution ecology of the relatively well-known fauna of Europe have demonstrated that water mites are excellent indicators of habitat quality. The results of these studies, along with observations in sampling a wide variety of habitats in North America and elsewhere, lead to the conclusion that water mite diversity is dramatically reduced in habitats that have been degraded by chemical pollution or physical disturbance. (Smith & Cook in Thorp & Covich, 1991).

�Superphylum Arthropoda, Phylum Entoma, Subphylum Crustacea (Williams & Feltmate, 1992; Thorp & Covich, 1991)

(cf. Chapter XXII):



(Thorp & Covich, 1991) Nearly 4000 species of crustaceans inhabit freshwaters around the world, occupying a great diversity of habitats and feeding niches. Within pelagic and littoral zones, water fleas and copepods are the principal macrozooplankton, and benthic littoral areas shelter vast numbers of seed shrimps, scuds, and other crustaceans. An omnivorous feeding habit is typical of crustaceans, although there are many strict herbivores, carnivores, and detri�tivores. Members of the subphylum Crustacea are characterized by a head with paired mandibu�lar jaws, a pair of maxillae, and two pairs of antennae. Their appendages are often biramous.

Class Malacostraca

Representatives of four groups of malocostracean crustaceans can form major components of the benthic fauna of some fresh waters.

Subclass Eumalacostraca, Superorder Peracarida

�

Order Amphipoda (Scuds or side swimmers)  







Scuds are most commonly found associated with aquatic vegetation. Scuds are sometimes confused with sowbugs, but scuds are higher than they are wide and swim rapidly on their sides, while sowbugs have flattened, oblong shaped bodies and crawl slowly along surfaces. (Kellogg, 1994)

Hyalella Azteca is so ubiquitous and abundant that their absence in considered a reli�able indicator of lake acidification. They can tolerate pH’s down to 6.5, at which point they begin to disappear. Diporeia hoyi is found only in deep, cold, oligotrophic lakes. However, their preference for deep waters appears to depend upon their requirement for cold water because they have been found in profundal zones with less than 7% oxygen saturation. (Mackie, 1998)

�

Order Isopoda (Aquatic Sowbugs)  







Large numbers of sowbugs (also known as pillbugs) are often an indication of organic enrichment. Sowbugs are sometimes confused with scuds, but sowbugs are wider than they are high and walk slowly along surfaces. (Kellogg, 1994)

Although the order is often considered an indicator of moderate enrichment or subpol�lution, only certain species, such as C. communis and C. racovitzai, can be consid�ered such. (Mackie, 1998)

Order Mysidacea (Opossum Shrimps) (Mackie, 1998)

They are almost exclusively marine except for a few species that are native to deep, cold oligotrophic lakes, such as the Great Lakes and the Finger Lakes of New York State.

When lake productivity is high, the mysid life cycle is 1 to 2 years in duration; when productivity or temperature are low, mysids may require up to 4 years to complete their life cycle.

Subclass Eumalacostraca, Superorder Eucarida (Williams & Feltmate, 1992, and Thorp & Covich, 1991)

Order Decapoda (Shrimps, Crabs, etc.)

�



Family Cambaridae (Crayfish)  









Most species live for approximately 2 years although certain species may live up to 6 or 7 years. (Kellogg, 1994)

Family Palaemonidae (Freshwater Shrimp)

Although infrequently encountered in riffle areas of streams, freshwater shrimp may be common in slow moving brackish or freshwater streams coastal or low�land areas. (Kellogg, 1994)

Class Branchiopoda, Order Cladocera (Water Fleas) (Mackie, 1998)

Holopedium gibberum is characteristic of acidifying lakes and waters low in calcium.

Class Ostracoda (Wetzel, 1983)

The ostracods are small, bivalved crustaceans usually less than 1 mm in size, which are wide�spread in nearly all aquatic habitats. Ostracod densities increase in more productive lakes (to (50,000/sq.metre).

�Phylum Mollusca (Mackie, 1998)

The molluscs are represented in freshwater by only two classes, Gastropoda (the snails and lim�pets) and Bivalvia (the clams and mussels). All freshwater molluscs have a shell made of cal�cium carbonate. The shell is secreted by a mantel. All freshwater molluscs move by a muscular foot. The foot extends out of the shell by blood rushing into the foot and filling the numerous spaces within. It is a creeping organ in gastropods but a burrowing organ in bivalves.



The snails and limpets are exclusively grazers, feeding on attached algae, or herbivores feeding on leaf and stem tissues of macrophytes. The clams and mussels are exclusively filter feeders. The clams and mussels are exclusively filter feeders. Some bivalves also deposit feed, that is use cilia on their foot to take up detritus, algae, bacteria and other food deposited on the sedi�ments.

�

Class Gastropoda (Snails and Limpets)  

(cf. Chapter XXIII):



(Hutchinson, 1993; Kellogg, 1994)



Snails possess a single shell that is usually coiled, although sometimes flattened and cone shaped. It is important to distinguish whether the snail is gilled (prosobranch) or has lungs (pulmonate) for respiration. Gilled snails have a hard plate-like cover over the shell opening (operculum), and identification may be assisted by the position of the shell opening. It is impor�tant to make sure the snail is alive (someone is at home) before counting it on a survey form. The life cycle is long, 1 to 4 years and productivity is relatively low.
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Because prosobranchs depend on oxygen dissolved in the water for respira�tion, they are intol�erant of sites where dissolved oxygen is scarce, such as sites of organic pollution. They also are absent from temporary waters. Gilled snail characteristics include:

An operculum or plate-like door that protects the opening of the shell and can be quickly closed to avoid predators.

Coiled shells that usually open on the right-hand side (dextral).
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In many pulmonates the mantle cavity may be filled either with air or with wa�ter, so that the mantle wall can work either as a lung or as a gill. The general greater abundance of pulmonates in eutrophic water is probably connected with productive waters being more susceptible to high respiratory loss of oxy�gen and the resulting low oxygen concentrations in the water. Traits that de�termine pouch, pond or other groups of snails (pulmonate) include:

No plate-like covering over the shell opening.

Has shell that spirals with opening usually on your left side (if tip is pointed upward and opening is facing you), or shell that is coiled in one plane, or shell that is dome or hat shaped with no coils.



(Mackie, 1998) Considerable research has been done on the ecological and physiological toler�ances and requirements of gastropods. Pulmonates tend to be more tolerant than prosobranchs of enrichment because pulmonates can rise to the surface to obtain oxygen when the dissolved oxygen supply is depleted. Most physids are known to tolerate anoxia for a short period of time but they, like all gastropods, need water well saturated with oxygen for proper development of eggs. Similarly, many prosobranchs, like some pleurocerids and viviparids, can tolerate near-anoxia, but only for short periods of time.



Few, if any, gastropods are good trophic indicators because most prevail in the littoral and sublittoral zones. In these zones conditions can range from barely tolerable to optimal. For example, oxygen concentrations, nutrient levels, pH, alkalinity, light penetration, water currents and other chemical and physical factors vary hourly, daily, and seasonally, as well as with depth and distance from shore. (Mackie, 1998)

The best trophic indicators tend to be those in the deeper waters, like the profundal zone, where conditions are somewhat predictable before and after thermal stratifica�tion occurs. (Mackie, 1998)

Bythinia tentaculata, or faucet snail, is an introduced species and in Europe it is commonly associated with enriched waters, clogging pipelines, some often coming through taps, hence its common name. But in North America it seems to prefer clean, sandy sediments. (Mackie, 1998)



�Class Bivalvia (Pelecypoda) (Clams and Mussels)  





(cf. Chapter XXIV)



(Mackie, 1998) There are two families of bivalves native to North America, the Sphaeriidae (fingernail clams) and the Unionidae (freshwater pearly mussels), and two families that were introduced from Europe, the Corbiculidae (Asian clams) and the Dreissenidae (zebra and quagga mussels). All bivalves are filter-feeding organisms.

The Asian clam is a warm water species and cannot survive waters that freeze. They are common in enriched waters and can tolerate water with as little as 50% oxygen saturation, but not for prolonged periods. (Mackie, 1998)

Fingernail clams are closely related to the Asian clams. There are four genera, but only three, Sphaerium, Musculium and Pisidium, are common. Most species of Musculium can be found in temporary aquatic habitats. Most Sphaerium species are large, about 8 to 20 mm; Pisidium species are the smallest, most ranging in shell length from about 2 to 6 mm; and most Musculium species are intermediate in size, about 8 to 10 mm in shell length, and the shells are thin and fragile. (Mackie, 1998)

One species, Musculium transversum, is an enrichment indicator, reaching its largest densities in organically enriched waters that may have as little as 25% oxygen saturation. (Mackie, 1998)

Most other fingernail clams require clean water with high oxygen tensions. In fact, some fingernail clams are oligotrophic indicators. While most fingernail clams are not assigned to any indicator group, they seem to be most abun�dant in sandy bottoms and waters with atleast 75% oxygen saturation. (Mackie, 1998)

Sphaerium nitidum and Pisidium conventus reach their greatest densities in the profundal zones of oligotrophic lakes or in the shallow waters of lakes in high northern latitudes. (Mackie 1998)

Some, like Sphaerium simile, Sphaerium striatinum, Pisidium casertanum, Pisidium compressum, and Pisidium adamsi are abundant in organic sedi�ments but the waters are usually well saturated with oxygen, as in many river and stream environments. (Mackie 1998)

The most familiar bivalves are the freshwater pearly mussels. Most species are large (30-150 mm), but some may grow to nearly 250 mm in shell length.

Zebra mussels were first discovered in 1988 in Lake St. Clair but probably first ar�rived in 1985. Quagga mussels were first discovered in 1990 in Lake Ontario but probably first arrived in 1988 or 1989. (Mackie 1998)

Because of the quagga mussels’ ability to reproduce in cooler waters and survive in soft substrates, they will be found in deeper, colder waters of deep lakes and occur further north than zebra mussels. (Mackie 1998)

Conversely, zebra mussels will probably prevail on hard substrates in the shallow waters of lakes and will be the main species in the southern United States where water temperatures are warmer than found at higher latitudes. (Mackie 1998)

But both species will cause the same kinds of problems. Because zebra mus�sels are so prolific in numbers and are so efficient at filtering the water, there has been a noticeable increase in the clarity of water in the Great Lakes since their arrival in 1985. For example, the Secchi depth in Lake Erie had in�creased from about 1.5 m to about 3.5 m in the eight years that the mussels have been in the Great Lakes. The water clarity is suspected to have a pro�found impact on larval species of fish that feed upon the plankton. This in�cludes several zooplankton species, larval species of fish that feed upon the zooplankton, and planktivorous adult fish. (Mackie 1998)



This group includes clams and mussels which typically occur in most freshwater habitats and may be particularly abundant in certain streams. Although the clams and mussels have a wide range of tolerances to pollution with some species being very sensitive to water quality, habitat and biological conditions, a number of species of this group (especially clams) can tolerate somewhat degraded conditions. (Peckarsky et al., 1990)



Mussels have larval stages that are parasitic on specific fish species and are dependent on this host fish species for dispersal within aquatic systems. As a result, problems such as bar�riers to fish movement, or the reactions of mussels or host fish species to environmental condi�tions may cause complex and variable responses in mussel populations. Because of their long life span and sensitivity to environmental change, most species of mussels are good indicators of water quality.



“Dead” clams or mussels (empty shells) do not accurately reflect water quality because shells can persist for long periods regardless of water conditions. The life is long, 1 to 15 years in clams, and productivity is relatively low. (Kellogg, 1994)

�Phylum Annelida (The True Worms) (Mackie, 1998)

Freshwaters have five classes of annelids. The most primitive of these are the tube worms of the class Polychaeta with only a few species present in fresh waters. The class Oligochaeta (Chapter XXV), or aquatic earthworms, is well represented in freshwater systems. The leeches and blood suckers of the class Hirudinea (Chapter XXVI) are entirely freshwater in habit. The remaining two classes are specialized in habitats and not discussed here. All annelids have internal segmenta�tion where each segment is isolated from the other. The first segment, called the prostomium, may or may not bear eyes and tentacles. Some classes (e.g. Hirudinea) lack setae and move by using suckers or by swimming.





�



Class Oligochaeta (Aquatic Worms)  

(cf. Chapter XXV)





Of the freshwater annelids, the oligochaetes display the greatest diversity and have the greatest indicator value. The two families, Naididae and Tubificidae form 80 to 100% of the annelid communities in the benthos of most streams and lakes at all trophic levels. (Mackie, 1998).



Oligochaetes are common in most freshwater habitats, but they are often ignored by freshwater biologists because they are thought to be extraordinarily difficult to identify. The extensive taxo�nomic work done since 1960 by Brinkhurst and others, however, has enabled routine identifica�tion of most of our freshwater oligochaetes from simple whole mounts. Some aquatic worms closely resemble terrestrial earthworms while others can be much narrower or thread-like. (Peckarsky et al., 1990)

Oligochaete worms are diverse, and occur in a spectrum of fresh waters, from unproduc�tive to extremely eutrophic lakes and rivers.

As lakes become organically polluted and dissolved oxygen concentrations become re�duced or are eliminated, an abundance of tubificid oligochaetes is commonly found con�comitant with a precipitous reduction and exclusion of most other benthic animals. As long as some oxygen is periodically available, and toxic products of anaerobic sedimen�tary metabolism do not accumulate, the rich food supply and freedom from competing benthic animals and predators permit rapid growth.

Oligochaete densities can be very large (many thousands per sq.m.). Productivity can vary greatly from year to year because of changes in mortality associated with population dynamics of major long-lived predators (e.g. chironomid midge larvae).



The tubificids are gatherers, feeding on detritus in the sediments. They are the only worms present in the deepest regions of lakes and are represented by several indicator species. (Mackie, 1998).

The classical “pollution indicators” are Tubifex tubifex and Limnodrilus hoffmeisteri. Both species are able to survive periods of anoxia, such as occurs in the hypolimnia of eutrophic lakes during the summer and winter months. Most tubificids have eryth�rocruorin, a red blood pigment, that effectively extracts oxygen dissolved in the water. The densities of T. tubifex and L. hoffmeisteri in sewage lagoons may be so high that the bottom appears pink. (Mackie, 1998)

Though, not all tubificids are pollution indicators. Some species, such as Tubifex kessleri and Peloscolex variegatum, require well oxygenated waters and reach their greatest densities in oligotrophic lakes. (Mackie, 1998)

�

�

Class Hirudinea (Leeches and Bloodsuckers)  

(cf. Chapter XXVI)



Leeches are most common in warm, protected shallows where there is little disturbance from currents. Free-living leeches avoid light and generally hide and are active or inactive under stones or other inanimate objects, among aquatic plants, or in detritus. Some species are most active at night. Very rarely are leeches which attach to humans encountered in fast moving water or riffle areas. Many are scavengers or feed on other invertebrates. They are carnivorous, feed�ing mostly on insects, molluscs and oligochaetes, or scavengers, feeding on dead animal matter.

Silted substrates are unsuitable for leeches because they cannot attach. Leeches are usually rare in calcium-poor waters. The cannot tolerate high turbidity loading as well. Some species can tolerate mild pollution. (Kellogg, 1994; Mackie, 1998)

The suckers located at both ends are used for attachment, feeding and locomotion.

Leech abundance is highly variable, but generally increases in more productive fresh wa�ters.

Most species are found in waters with pH>7.0 and a total alkalinity >60 mg CaCO3/L. Only the highly tolerant indicator species, such as H. stagnalis and C. complanata, are found in waters with pH<6.0.

Indeed, the tolerance of leeches to many chemicals makes it difficult to discourage their presence by bathers. (Mackie, 1998)

Class Polychaeta (Freshwater Tube Worms) (Mackie, 1998)

The polychaetes are commonly represented in freshwaters mainly by a single species, Manayunkia speciosa. This species is found mainly in fine silty or sandy sediments in oligotrophic and mesotrophic lakes and large rivers. Little is known of its ecological tolerances and requirements, although Mackie and Quadri found it only in water that was atleast 60% satu�rated with oxygen and the sediments contained silt and sand with little or no organic material. The species is a filter feeder.

�Phylum Platyhelminthes (The Flatworms)

The turbellarian flatworms are the only important free-living and truly benthic members of the Platyhelminthes in freshwaters.

Class Turbellaria (Flatworms or Planarians/Dugesia) (Mackie, 1998)

�(cf. Chapter XXVII)









Most turbellarians are detritivores, feeding on dead particulate organic material, or zoophagous, feeding on small living or moribund invertebrates (protists, rotifers, nematodes).

They tend to be associated more with mesotrophic and eutrophic bodies of water where detritus and decaying animal matter is abundant.

Many species are diagnostic of peculiar types of habitats. Pseudophaenocora sulfophila is found only in sulphur springs where oxygen saturation rarely exceeds 5 to 40% whereas Polycelis coronata is found only in cold, well oxygenated streams.

Most turbellarians require atleast 70% oxygen saturation.

Even the diversity of parasitic flatworms has some value in assessing environmental quality. 

Phylum Nematoda � MACROBUTTON EditNAMEField (Roundworms)||(Roundworms)� (Mackie, 1998)

The nematodes have a greater degree of body organization than do the flatworms in that round�worms have a body cavity and a complete digestive system. Nematode worms are mainly a parasitic group, with only a few free living forms. Most are 0.5-1.0 cm long, less than 0.1 mm diameter.



Free-living nematodes are widely distributed in fresh waters and can constitute a signifi�cant component of the benthic fauna. Highest densities are commonly found in littoral substrata of productive lakes. (Wetzel, 1983)



(Mackie, 1998)

Little is known about the relationship between the abundance and diversity of free-living forms of roundworms and the trophic status or health of the aquatic environ�ment.

However, the diversity of parasitic forms can be an index of environmental quality. The parasitic forms are found in many host species at most trophic levels of an aquatic community.

Many studies, particularly in the Great Lakes, have shown that acceleration of pollu�tion, such as eutrophication, by man decreases the diversity of intermediate and final hosts of parasites, as well as the diversity of the parasites themselves. The species of intermediate hosts which do survive increase in abundance, and the parasites re�spond with increases in both incidence (percentage of individuals that are parasitized) and intensity (number of parasites in each host). Some parasite species disappear al�together.

With these concepts in mind, two occurrence scenarios are possible:

parasites are absent;

parasites are present but they are either less abundant or more abundant than prior to environmental degradation.

The absence of parasites usually indicates situations where lowered environmental quality has already occurred. Four examples are:

exploitation, environmental changes and introductions of new species of fish in Lake Erie resulted in the removal or de�crease in abundance of whitefish which was followed by a decrease in fish parasite diversity;

waters polluted by acid mine wastes have a low diversity of benthic invertebrates and the low numbers of mollusc, crus�tacean and insect larvae resulted in the loss of larval suste�nance, transfer and host contact of nematode parasites;

high pesticide levels in aquatic habitats eliminated many species of invertebrates and the parasites dependent upon them; and

when the mayfly, Hexagenia limbata, was eliminated from Lake Erie, species of nematode parasite, Lanciomermis, and digean trematodes dependent upon the mayfly as intermedi�ate host, were also eliminated.

An increase in abundance of parasites occurs when there are fewer host species remaining, but the survivors exhibit a huge increase in numbers. Pollution tolerant species of invertebrate and vertebrate host species have reduced competition and are allowed to increase in numbers. This increases the efficiency of transfer of parasites that utilize the same trophic relationship.

During the eutrophication process in Lake Erie, the increase in the cyclopoid copepod populations were followed by in�creases in planktivorous fishes, such as spot tail shiner, em�erald shiner, as well as gizzard shad, alewife and rainbow trout. The latter three fish species were introduced during the eutrophication process. Two species of the nematode, Philometra, which uses cyclopoids as intermediate hosts, in�creased in prevalence during the same period. Other para�sites also increased in prevalence.

Phylum Nematomorpha (The Horsehair Worms or Gordian Worms) (Mackie, 1998)

Because adult horsehair worms do not feed, they play a minor role in the ecology of benthic communities and are not considered of great importance in assessing water quality.

Phylum Bryozoa (Moss Animals) (Mackie, 1998; Wetzel, 1983)

The freshwater colonial bryozoan members of the primarily marine Ectoprocta are rarely of quantitative importance. These sessile forms, however, occasionally form massive colonies that can become conspicuous members of shallow eutrophic lakes and open areas of swamps for brief periods. (Wetzel, 1983)



No bryozoans are capable of tolerating pollution and their presence usually indicates good water quality with at least 50% oxygen saturation. Most are photonegative and develop best in shaded parts of the aquatic habitat. (Mackie, 1998)

Phylum Porifera (Freshwater sponges) (Mackie, 1998; Wetzel, 1983)

Freshwater sponges usually occur only in relatively clear, unproductive waters. They are rarely abundant, and their contribution to total benthic productivity is usually minor. (Wetzel, 1983)



Sponges are primarily a marine group. There is only one family of freshwater sponges, the Spongillidae, with about 30 species in North America. Sponges are mainly epibenthic. They lack a distinct body form but can be recognized immediately by their “garlic” odour. (Mackie, 1998)

Most sponges are very sensitive to enrichment and pollution and their presence in large biomasses usually indicates good water quality.

Two of the most common species are Spongilla lacustris and Ephydatia fluviatilis but, unfortunately, both grow in all kinds of habitats and are among the more tolerant species.

Ephydatia muelleri and Eunapius fragilis are alkaline species occurring in clean wa�ters with pH greater than 7.5.

Heteromeyenia tubisperma is restricted to clean, running waters.

Phylum � MACROBUTTON EditNAMEField Protozoa||Protozoa� (Wetzel, 1983)

Most freshwater Protozoa are attached to benthic substrata. Few protozoans tolerate low dis�solved oxygen concentrations; most inhabit surficial sediments and migrate to shallower water when dissolved oxygen of deeper strata declines in stratified productive lakes. Many protozoan populations exhibit summer maxima. Little is known of natural protozoan pro�ductivity in fresh waters.
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