�Diversity and Biotic Indices

Benthic macroinvertebrate species are differentially sensitive to many biotic and abiotic factors in their environment. Consequently, macroinvertebrate community structure has commonly been used as an indicator of the condition of an aquatic system (Armitage et al, 1983; Ohio Depart�ment of Natural Resources, unpublished; Rosenberg and Resh, 1993). Biotic index systems have been developed which give numerical scores to specific “indicator” organisms at a particular taxonomic level (Armitage et al, 1983; Ohio Department of Natural Resources, unpub�lished). Such organisms have specific requirements in terms of physical and chemical condi�tions. Changes in presence/absence, numbers, morphology, physiology or behaviour of these organ�isms can indicate that the physical and/or chemical conditions are outside their preferred limits (Rosenberg and Resh, 1993). Presence of numerous families of highly tolerant organisms usu�ally indicates poor water quality (Hynes, 1998).

RBPs—Biotic Indices—Rapid Bioassessment Protocols (Barbour et al, 1998; Bode et al, 1991; Bode et al, 1996; David et al, 1998; Hynes, 1998; Klemm et al, 1990; Mackie, 1998; Novak & Bode, 1992; Plafkin et al, 1989; Reid et al, 1995; Rosenberg & Resh, 1993; Rosenberg et al, 1997; Somers, 1997a; Somers, 1997b; Somers et al, 1998; U.S. Environmental Protection Agency, 1998)

The numbers of indices based on the benthic macroinvertebrate communities is probably about 5 times that of any of the other groups, with about 50 indices currently in existence, and the number is still growing. Some of the benthic indices are based on species identification, the species assemblages being analyzed by a range of mathematical models, from a fairly straight�forward species diversity index to more complex multivariate analyses. Bioassessment methods such as these are based on numerous quantitative samples (e.g. with Ekman grabs, T-samplers, Surber samplers, etc.) that require a great deal of time to sort and separate all the invertebrates, and more time and expertise (and money) to identify all the organisms.



So recent trends have been towards more rapid bioassessment techniques, such as using semi-quantitative collecting methods (e.g. kick-and-sweep) and selecting at random and identifying only the first 100 organisms in the sample. To help ensure unbiased selection of organisms, it is recommended that a subsampling procedure be used. This entails evenly distributing the com�posite sample into a gridded pan with a light coloured bottom. Then all organisms are removed from a set of randomly selected grids until atleast 100 animals are picked. Once identified, the functional feeding behaviour of each species is determined from tables (Barbour et al, 1998; Bode et al, 1991; Bode et al, 1996; Klemm et al, 1990; Mackie, 1998; Plafkin et al, 1989). A CPOM (coarse particulate organic matter, such as leaf litter) sample is also required from each site. This sample is used for determining the numbers of shredders present.



Some of these rapid bioassessment techniques have been standardized so that water quality comparisons can be made between streams and lakes. These standardized methods are in common use today and are termed RBPs (Rapid Bioassessment Protocols). The U.S. EPA has developed 5 RBPs, the first three being based on benthic macroinvertebrates and the fourth and fifth on fish. The complexity of the protocol increases with the RBP number, RBP I being less complex than RBP II and so on. RBP I is used to discriminate obviously impacted and non-impacted areas from potentially affected areas requiring further investigation. It allows rapid screening of a large number of sites. Areas identified for further study can be rigorously evaluated using RBP II, III and V (IV is a questionnaire survey). RBP II is based on family level identification and RBP III on a species level identification.

Metrics (Barbour et al, 1998)

Metrics (or indices) allow the investigator to use meaningful indicator attributes in assessing the status of assemblages and communities in response to perturbation. For a metric to be useful, it must have the following technical attributes:

(1) ecologically relevant to the biological assemblage or community under study and to the specified program objectives;

(2) sensitive to stressors and provides a response that can be discriminated from natural variation.

The purpose of using multiple metrics to assess biological condition is to aggregate and convey the information available regarding the elements and processes of aquatic communities.



It is cautioned that all the published metrics inclusive of the ones discussed in this chapter have been developed from moderate to extensive field data from rivers, and not from lakes, hence may or may not be totally applicable in the case of lakes, especially larger and deeper ones. Caution should be exercised and the indiscriminate use of the metrics without supporting chemical and other related field data should be avoided. Further, none of the indices originate from the Atlantic Provinces of Canada, especially from Nova Scotia. The only studies known to us and publicly available (e.g.. local university libraries) are:

Hynes, K.E. 1998.  Benthic Macroinvertebrate Diversity and Biotic Indices for Moni�toring of 5 Urban and Urbanizing Lakes within the Halifax Regional Municipality (HRM), Nova Scotia, Canada. Project D-2, Soil & Water Conservation Society of Metro Halifax.  xiv, 114p. (Lakes Wrights, Springfield, McGrath, Kearney and Morris)  (available at the Dalhousie University Killam and DalTech libraries).

Gaertner, Monica J. 1999.  Benthic Macroinvertebrate Diversity and Biotic Indices for Monitoring of Lakes Dollar, Russell, Stillwater, Papermill and Kinsac within the Halifax Regional Municipality (HRM), Nova Scotia, Canada. Project E-2, Soil & Water Conservation Society of Metro Halifax. (includes an educational video) ........ under preparation........... (will be available at the Dalhousie University Killam and DalTech libraries).



Because species assemblages differ naturally among different regions (ecoregions) in North America, and even between stream orders in the same ecoregion, many metrics require a refer�ence site for each evaluation. The reference can be an unaffected reach in the same stream or in a neighbouring stream of the same order. Many of the indices in the protocols use tolerance scores that were derived from large data bases of both published and unpublished studies of experts for all the major groups of taxa. Colonial taxa, like Porifera (sponges) and Bryozoa (moss animals), are not included in the scoring systems (Mackie, 1998).

�Lake and Reservoir Bioassessment and Biocriteria (U.S. Environmental Protection Agency, 1998)

Benthic invertebrate assemblages in lakes correspond to particular habitat types and can be classified according to the three basic habitats of lake bottom: littoral, sublittoral, and profundal.



The littoral habitat of lakes usually supports larger and more diverse populations of benthic invertebrates than do the sublittoral and profundal habitats. The vegetation and substrate heterogeneity of the littoral habitat provide an abundance of microhabitats occupied by a varied fauna, which in turn enhances invertebrate production. The littoral habitat is also highly variable due to seasonal influences, land use patterns, riparian variation, and direct climatic effects producing high-energy areas. The epifauna species composition, number of individuals, areal extent, and growth form vary with the species composition of the macrophyte beds, making it difficult to determine the benthic status accurately.



The sublittoral habitat, below the area of dense macrophyte beds, but above typical thermoclines, lacks the heterogeneity of the littoral habitat; However it is also less subject to littoral habitat variables and influences. The sublittoral habitat is rarely exposed to severe hypoxia but might also lack the sensitivity to toxic effects that is found in the profundal habitat. The sublittoral habitat supports diverse infaunal populations, and standardized sampling is easy to implement because a constant depth and substrate can be selected for sampling. Therefore, the sublittoral habitat is the preferred habitat for surveying the benthic assemblage in most regions.



The profundal habitat, in the hypolimnium of stratified lakes, is more homogeneous due to a lack of habitat and food heterogeneity, and hypoxia and anoxia in moderately to highly productive lakes are common. The profundal habitat is usually dominated by three main groups of benthic organisms including chironomid larvae, oligochaete worms, and phantom midge larvae (Chaoborus). Many species of chironomids and tubificid oligochaetes are tolerant to low dissolved oxygen, such that these become the dominant profundal invertebrates in lakes with hypoxic hypolimnia. As hypoxia becomes more severe tubificids can become dominant over chironomids. In cases of prolonged anoxia, the profundal assemblage might disappear entirely. If hypoxia is rare in reference lakes of the region, and if toxic sediments are suspected to occur in some lakes, then the profundal habitat might be preferred for the region.



Benthic macroinvertebrates are moderately long-lived and are in constant contact with lake sediments. Contamination and toxicity of sediments will therefore affect those benthic organisms which are sensitive to them. Acidification of lakes is accompanied by shifts in the composition of benthic assemblages to dominance by species tolerant of acidic conditions. Effects of rapid sedimentation are less well-known but appear to cause shifts toward lower abundances and oligotrophic species assemblages as well as more motile species.



Benthic macroinvertebrates are present year-round and are often abundant, yet not very motile. However, the benthos integrate environmental conditions at the sampling point.

Reference lakes/sites

The recommended empirical approach is to use a population of reference lakes to establish conditions that will be used to identify and calibrate metrics.



Reference sites must be carefully selected because they will be used as a benchmark against which test sites will be compared. The conditions at reference sites should represent the best range of minimally impaired conditions that can be achieved by similar lakes within the region. The reference sites must be representative of the region, and relatively least impacted compared to other lakes of the regions.



Sites that are undisturbed by human activities are ideal reference sites. However, land use practices and atmospheric pollution have so altered the landscape and quality of water resources nationally that truly undisturbed sites are rarely unavailable.



Stringent criteria might require using park or preserve areas for reference lakes. Criteria for reference lakes will also pertain to the condition of the watershed, as well as the lake itself.



If relatively unimpaired conditions do not occur in the region, the selection process could be modified to be more realistic and reflect attainable goals, such as the following:

Land use and natural vegetation- Natural vegetation has a positive effect on water quality and hydrological response of streams. Reference lakes should have at least some percentage of the watershed in natural vegetation.

Riparian zones- Zones of natural vegetation alongside the lakeshore and streams stabilize shorelines from erosion and contribute to the aquatic food source through allochthonous input. They also reduce nonpoint pollution by absorbing and neutralizing nutrients and contaminants. Watersheds of reference lakes should have at least some natural riparian zones regardless of land use.

Best management practices- Urban, industrial, suburban, and agricultural nonpoint source pollution can be reduced with successful best management practices (BMPs). Watersheds of reference lakes should have BMPs in place provided that the efficacy of the BMPs have been demonstrated.

Discharges- Absence or minimal level of permitted discharges (NPDES) into surface waters.

Management- Management actions, such as extreme water level fluctuations for hydropower or flood control, can significantly influence lake biota. Reference lakes should be only minimally impacted by management activities.

Paleolimnology

An alternative to characterizing present-day reference conditions is to estimate historic or prehistoric pristine conditions. In many lakes, presettlement conditions can be inferred from fossil diatoms, chrysophytes, midge head capsules, cladoceran carapaces, and other remains preserved in lake sediments. Fossil diatoms are established indicators of historical lake alkalinity, salinity, and trophic state. Diatom frustules, composed of silica, are typically well preserved in lake sediments and easy to identify. However, remains of other organisms are problematic because of incomplete preservation.

�RBP II- U.S. EPA (Plafkin et al, 1989)

Rapid Bioassessment Protocol II (RBP II) can detect sites of intermediate impairment with rela�tively little additional time and effort. This protocol can be used to prioritize sites for more inten�sive evaluation (i.e., RBP III, replicate sampling, ambient toxicity testing, chemical characteriza�tion) or can be used in lieu of RBP I as a screening technique. RBP II is based on RBP III at a reduced level of effort. RBP II incorporates the concept of benthic analysis at the family taxo�nomic level as advocated by some States (e.g., Virginia, Illinois), and utilizes field sorting and identification.



The data analysis scheme used in RBP II integrates several community, population, and func�tional parameters into a single evaluation of biotic integrity (Table II-6). Each parameter, or met�ric, measures a different component of community structure and has a different range of sensitiv�ity to pollution stress (Table II-7). This integrated approach provides more assurance of a valid assessment because a variety of parameters are evaluated. Deficiency of any one metric in a particular situation should not invalidate the entire approach.



Table II-6: Criteria (a) for characterisation of biological condition for RBP II

Metric�Biological Condition���Non-Impaired�Moderately Im�paired�Severely Impaired����1. Taxa Richness�Comparable to the best situation within an ecoregion�Fewer taxa due to loss of most intoler�ant forms�Few taxa present. If in high densities, then dominated by one or two taxa. Only tolerant or�ganisms present���2. Family Biotic Index (modified)�����3. Ratio of Scrapers/Filtering 	Collectors (b)�����4. Ratio of EPT and Chironomid 	Abundance�����5. % Contribution of Dominant 	Family�����6. EPT Index�����7. Community Similarity Index (c)�����8. Ratio of Shredders/Total (b)�����

�

(a) Scoring criteria are generally based on percent comparability to the reference station�(b) Determination of Functional Feeding Group is independant of taxonomic grouping�(c) Community Similarity Indices are used in comparison to a reference station

�Table II-7: Range of sensitivities of Rapid Bioassessment Protocol (RBP) II and III benthic metrics in assessing biological condition in response to organics and toxicants (Plafkin et al, 1989)





Organics�����Biological Condition���Metrics�Non-�Impaired�Severely�Impaired���Taxa Richness�����HBI�����FFG—Scrapers/Filterers�����EPT Abund./Chiron. Abund.������% Contribution (dom. taxon)�����EPT�����Community Similarity Index�����FFG—Shredders/Total����



Toxicants�����Biological Condition���Metrics�Non-�Impaired�Severely�Impaired���Taxa Richness�����HBI�����FFG—Scrapers/Filterers�����EPT Abund./Chiron. Abund.������% Contribution (dom. taxon)�����EPT�����Community Similarity Index�����FFG—Shredders/Total����



The eight metrics used in RBP II are the same as those in RBP III, but the scoring criteria used to evaluate the metrics have been modified to accommodate the less rigorous taxonomy (family level identifications) of RBP II. The integrated data analysis (Table II-8) is performed as follows:

Using the raw benthic data, a numerical value is calculated for each metric. Calculated values are then compared to values derived from either a reference site within the same region, a reference database applicable to the region, or a suitable control station on the same stream. Each metric is then assigned a score according to the comparability (percent similarity) of calculated and reference values.

Scores for the eight metrics are then totaled and compared to the total metric score for the reference station. The percent comparison between the total scores provides a final evaluation of biological condition.

Values obtained may sometimes be intermediate to established ranges and require some judgment as to assessment of biological condition. In these instances, habitat assessment, physical characterization, and water quality data may aid in the evalua�tion process.

�Table II-8: Flowchart of bioassessment approach advocated for RBP II (Plafkin et al, 1989)

�

Criteria for characterization of biological condition for Protocol II������Metric��Biological Condition Scoring Criteria����6��3��0��1. Taxa richness (a)��>80%��40-80%��<40%��2. Family Biotic Index (modified) (b)��>85%��50-85%��<50%��3. Ratio of Scrapers/Filtering Collectors (a,c)��>50%��25-50%��<25%��4. Ratio of EPT and Chironomid Abundance (a)��>75%��25-75%��<25%��5. % Contribution of Dominant Family (d)��<30%��30-50%��>50%��6. EPT Index (a)��>90%��70-90%��<70%��7. Community Loss Index (e)��<0.5��0.5-4.0��>4.0��8. Ratio of Shredders/Total (a,c)��>50%��25-50%��<25%���

(a) Score is a ratio of study site to reference site X 100�(b) Score is a ratio of reference site to study site X 100�(c) Determination of Functional Feeding Group is independant of taxonomic grouping�(d) Scoring criteria evaluate actual percent contribution, not percent comparability to the reference station�(e) Range of values obtained. A comparison to the reference station is incorporated in these indices

�



�

BIOASSESSMENT

����% Comp.�to Ref.�Score (a)��Biological Condition Category���Attributes��>79%�Non-impaired�Comparable to the best situation to be expected within an ecoregion.�Balanced trophic structure. Optimum community structure (composition and dominance) for stream size and habitat quality.��29-72%�Moderately impaired�Fewer species due to loss of most intol�erant forms. Reduction in EPT index.��<21%�Severely impaired�Few species present. If high densities of organisms, then dominated by one or two taxa. Only tolerant organisms pres�ent.��

�

(a) Percentage values obtained that are intermediate to the above ranges

will require subjective judgment as to the correct placement. Use

of the habitat assessment and physicochemical data may be necessary to aid in

the decision process.





�The RBP II metrics used to evaluate the benthic data and their significance are explained below:

Metric 1. Taxa Richness (Plafkin et al, 1989)

Reflects health of the community through a measurement of the variety of taxa (total number of families) present. Generally increases with increasing water quality, habitat diversity, and habitat suitability. Sampling of highly similar habitats will reduce the variability in this metric attributable to factors such as current speed and substrate type. Some pristine headwater streams may be naturally unproductive, supporting only a very limited number of taxa. In these situations, organic enrichment may result in an increased number of taxa (including EPT taxa).

Metric 2. Modified Family Biotic Index (Plafkin et al, 1989)

Tolerance values range from 0 to 10 for families and increase as water quality decreases. The index was developed by Hilsenhoff (Hilsenhoff, 1988) to summarize the various tolerances of the benthic arthropod community with a single value. The Modified Family Biotic Index (FBI) was developed to detect organic pollution and is based on the original species-level index (BI) of Hilsenhoff. Tolerance values for each family were developed by weighting species according to their relative abundance in the State of Wisconsin.



In unpolluted streams the FBI was higher than the BI, suggesting lower water quality, and in polluted streams it was lower, suggesting higher water quality. These results occurred be�cause the more intolerant genera and species in each family predominate in clean streams, whereas the more tolerant genera and species predominate in polluted streams. Thus the FBI usually indicates greater pollution of clean streams by overestimating BI values and usually indicates less pollution in polluted streams by underestimating BI values. The FBI is intended only for use as a rapid field procedure. It should not be substituted for the BI; it is less accu�rate and can more frequently lead to erroneous conclusions about water quality (Hilsenhoff, 1988).



The family-level index has been modified for the RBP II to include organisms other than just ar�thropods using the genus and species-level biotic index developed by the State of New York (Bode et al, 1991; Bode et al, 1996). Although the FBI may be applicable for toxic pollutants, it has only been evaluated for organic pollutants. The formula for calculating the Family Biotic In�dex is:

� EMBED Equation.2  ���

where

xi = number of individuals within a taxon

ti = tolerance value of a taxon

n = total number of organisms in the sample (100)

Family Biotic Index�Water Quality�Degree of Organic Pollution��0.00-3.75�Excellent�Organic pollution unlikely��3.76-4,25�Very good�Possible slight organic pollution��4.26-5.00�Good�Some organic pollution probable��5.01-5.75�Fair�Fairly substantial pollution likely��5.76-6.50�Fairly poor�Substantial pollution likely��6.51-7.25�Poor�Very substantial pollution likely��7.26-10.00�Very poor�Severe organic pollution likely��Table II-9: Evaluation of water quality using the family-level biotic index (Hilsenhoff, 1988)



Hilsenhoff’s family-level tolerance values may require modification for some regions.

�Table II-10: Tolerance Values for Macroinvertebrates for application in the RBP II and other metrics (Bode et al, 1996; Hauer & Lamberti, 1996; Hilsenhoff, 1988; Plafkin et al, 1989)

Plecoptera��Trichoptera��Amphipoda����Capniidae�1��Brachycentridae�1��Gammaridae�4���Chloroperlidae�1��Calamoceratidae�3��Hyalellidae�8���Leuctridae�0��Glossosomatidae�0��Talitridae�8���Nemouridae�2��Helicopsychidae�3������Perlidae�1��Hydropsychidae�4�Isopoda����Perlodidae�2��Hydroptilidae�4��Asellidae�8���Pteronarcyidae�0��Lepidostomatidae�1������Taeniopterygidae�2��Leptoceridae�4�Decapoda�6������Limnephilidae�4�����Ephemeroptera���Molannidae�6�Acariformes�4���Baetidae�4��Odontoceridae�0������Baetiscidae�3��Philpotamidae�3�Mollusca����Caenidae�7��Phryganeidae�4��Lymnaeidae�6���Ephemerellidae�1��Polycentropodidae�6��Physidae�8���Ephemeridae�4��Psychomyiidae�2��Sphaeridae�8���Heptageniidae�4��Rhyacophilidae�0������Leptophlebiidae�2��Sericostomatidae�3�Oligochaeta�8���Metretopodidae�2��Uenoidae�3������Oligoneuriidae�2����Hirudinea����Polymitarcyidae�2�Diptera���Bdellidae�10���Potomanthidae�4��Athericidae�2��Helobdella�10���Siphlonuridae�7��Blephariceridae�0������Tricorythidae�4��Ceratopogonidae�6�Polychaeta�������Blood-red Chironomidae (Chironomini)�8��Sabellidae�6��Odonata���Other Chironomidae (including pink)�6������Aeshnidae�3��Dolochopodidae�4�Turbellaria�4���Calopterygidae�5��Empididae�6��Platyhelminthidae�4���Coenagrionidae�9��Ephydridae�6������Cordulegastridae�3��Muscidae�6�Coelenterata����Corduliidae�5��Psychodidae�10��Hydridae����Gomphidae�1��Simuliidae�6��Hydra sp.�5���Lestidae�9��Syrphidae�10������Libellulidae�9��Tabanidae�6������Macromiidae�3��Tipulidae�3���������������Megaloptera��Coleoptera�������Corydalidae�0��Dryopidae�5������Sialidae�4��Elmidae�4���������Psephenidae�4�����Lepidoptera����������Pyralidae�5�Collembola����������Isotomurus sp.�5�����Neuroptera����������Sisyridae����������Climacia sp.�5�������������������Metric 3. Ratio of Scraper and Filtering Collector Functional Feeding Groups (Plafkin et al, 1989)

This metric reflects the riffle/run community food-base. When compared to a reference site, shifts in the dominance of a particular feeding type indicate a community responding to an over�abundance of a particular food source. The predominant feeding strategy reflects the type of im�pact detected. Assignment of individuals to Functional Feeding Groups is independant of taxon�omy, with some families representing several functional groups. A description of the Functional Feeding Group concept can be found in Cummins (1973), and Merritt & Cummins (1996).



The relative abundance of Scrapers and Filtering Collectors in the riffle/run habitat is an indica�tion of the periphyton community composition, availability of suspended Fine Particulate Organic Material (FPOM), and availability of attachment sites for filtering. Scrapers increase with in�creased diatom abundance and decrease as filamentous algae and aquatic mosses (which scrapers cannot efficiently harvest) increase. However, filamentous algae and aquatic mosses provide good attachment sites for Filtering collectors, and the organic enrichment often respon�sible for overabundance of filamentous algae can also provide FPOM that is utilized by the Fil�terers.



Filtering Collectors are also sensitive to toxicants bound to fine particles and should be the first group to decrease when exposed to steady sources of such bound toxicants. This situation is often associated with point-source discharges where certain toxicants adsorb readily to dissolved organic matter (DOM) forming FPOM during flocculation. Toxicants thus become available to Filterers via FPOM.



The Scraper to Filtering Collector ratio may not be a good indicator of organic enrichment if ad�sorbing toxicants are present. In these instances the FBI and EPT Index may provide additional insight. Qualitative field observations on periphyton abundance may also be helpful in interpret�ing results.

Metric 4. Ratio of EPT and Chironomidae Abundance (Plafkin et al, 1989)

The index uses relative abundance of these indicator groups as a measure of community bal�ance. Good biotic condition is reflected in communities with an even distribution among all four major groups and with substantial representation in the sensitive groups, Ephemeroptera, Ple�coptera, and Trichoptera. Skewed populations having a disproportionate number of the Chiro�nomidae relative to the more sensitive insect groups may indicate environmental stress.



Certain species of some genera such as Cricotopus are highly tolerant and as opportunists may become numerically dominant in habitats exposed to metal discharges where EPT taxa are not abundant, thereby providing a good indicator of toxicant stress. It was found that mayflies were more sensitive than chironomids to exposure levels of 15 to 32 µg/l of copper. Chironomids tend to become increasingly dominant in terms of percent taxonomic composition and relative abun�dance along a gradient of increasing enrichment for heavy metals concentration.



An alternative to the ratio of EPT and Chironomidae Abundance metric is the Indicator Assem�blage Index (IAI) developed by Shackleford. The IAI integrates the relative abundance of the EPT taxonomic groups and the relative abundance of chironomids and annelids upstream and downstream of a pollutant source to evaluate impairment. The IAI may be a valuable metric in areas where the annelid community may fluctuate substantially in response to pollution stress.

�Metric 5. Percent Contribution of Dominant Family (Plafkin et al, 1989)

The index uses abundance of the numerically dominant taxon relative to the rest of the popula�tion as an indication of community balance at the family-level. A community dominated by rela�tively few families would indicate environmental stress. This metric may be redundant if the Pinkham and Pearson Similarity Index is used as a community similarity index for metric number 7.

Metric 6. EPT Index (Plafkin et al, 1989)

The EPT index generally increases with increasing water quality. The index value summarizes the taxa richness within the insect groups that are generally considered pollution sensitive. This was developed for species-level identifications; however, the concept is valid for use at family-level identifications. Headwater streams which are naturally unproductive may experience an increase in taxa (including EPT taxa) in response to organic enrichment.

Metric 7. Community Similarity Indices (Plafkin et al, 1989)

These indices are used in situations where a reference community exists, either through sam�pling or through prediction for a region. Data sources or ecological data files may be available to predict a reference community to be used for comparison. These indices are designed to be used with either species level identifications or higher taxonomic levels. Three of the many community similarity indices available are discussed below;

(Sample A = reference station [or mean of reference database]

Sample B = station of comparison)

Community Loss Index- Measures the loss of benthic taxa between a reference station and the station of comparison. This is an index of compositional dissimilarity, with values increas�ing as the degree of dissimilarity with the reference station increases. Values range from 0 to “infinity”. This index seems to provide greater discrimination than either of the following two community similarity indices. The formulae for the Community Loss Index is:

� EMBED Equation.2  ���

where

a = number of taxa common to both samples

d = total number of taxa present in Sample A

e = total number of taxa present in Sample B

Jaccard Coefficient of Community Similarity- Measures the degree of similarity in taxonomic composition between two stations in terms of taxon presence of absence. The Jaccard Coef�ficient discriminates between highly similar collections. Coefficient values, ranging from 0 to 10, increase as the degree of similarity with the reference station increases.

The formulae for the Community Loss Index and the Jaccard Coefficient are:

� EMBED Equation.2  ���

where

a = number of taxa common to both samples

b = number of taxa present in Sample B but not A

c = number of taxa present in Sample A but not B

�Pinkham and Pearson Community Similariy Index- Incorporates abundance and composi�tional information and can be calculated with either percentages or numbers. A weighting fac�tor can be added that assigns more significance to dominant taxa. The formula is:

� EMBED Equation.2  ���

			       (weighting factor)

where

xia, xib = number of individuals in the ith taxon in Sample A or B

Metric 8. Ratio of Shredder Functional Feeding Group and Total Number of Individuals Collected- CPOM Sample (Plafkin et al, 1989)

Also based on the Functional Feeding Group Concept, the abundance of the Shredder Func�tional Group relative to the abundance of all other Functional Groups allows evaluation of poten�tial impairment as indicated by the CPOM-based Shredder community. Shredders are sensitive to riparian zone impacts and are particularly good indicators of toxic effects when the toxicants involved are readily adsorbed to the CPOM and either affect microbial communities colonizing the CPOM or the Shredders directly.



The degree of toxicant effects on Shredders versus Filterers depends on the nature of the toxi�cants and the organic particle adsorption efficiency. Generally, as the size of the particle de�creases, the adsorption efficiency increases as a function of the increased surface to volume ratio. Because water-borne toxicants are readily adsorbed to FPOM, toxicants of a terrestrial source (e.g., pesticides, herbicides) accumulate on CPOM prior to leaf fall thus having a sub�stantial effect on Shredders.



The focus of this approach is on a comparison to the reference community which should have a reasonable representation of Shredders as dictated by seasonality, region, and climate. This al�lows for an examination of Shredder or Collector “relative” abundance as indicators of toxicity.

�RBP III- U.S. EPA (Plafkin et al, 1989)

Rapid Bioassessment Protocol III (RBP III) is a more rigorous bioassessment technique than RBP II, involving systematic field collection and subsequent lab analysis in order to allow detec�tion of more subtle degrees of impairment. Discrimination of four levels of impairment should be possible with this assessment. Although Protocol III requires more detailed taxonomy than can ordinarily be accomplished in the field, lab analysis procedures emphasize a minimal level of effort to ensure the protocol’s time- and cost-effectiveness. Where differences among stations are subtle, however, more detailed sample analyses (e.g., enumeration of larger subsamples) or processing of a greater number of samples (to define replicability or assess more habitats) may be necessary to resolve such differences.



Data provided by RBP III can be used to prioritize sites for more intensive evaluation (e.g., quantitative biological surveys, ambient toxicity testing, chemical characterization). Besides providing a means of evaluating effects among stations, this protocol provides a basis for monitoring trends in benthic community structure that might be attributable to improvement or worsening of conditions over time.



Table II-11: Criteria (a) for characterisation of biological condition for RBP III

Metric�Biological Condition���Non-�Impaired�Slightly�Impaired�Moderately�Impaired�Severely�Impaired�����1. Species Richness�Comparable to the best situation within an ecoregion�Community structure less than expected, loss of some intolerant forms�Fewer species due to loss of most intolerant forms�Few species present. If in high densities, then dominated by one or two taxa. Only tolerant organisms present���2. Hilsenhoff  Biotic Index 	(modified)������3. Ratio of Scrapers/Filtering 	Collectors (b)������4. Ratio of EPT and Chironomid 	Abundance������5. % Contribution of Dominant 	Taxonomy������6. EPT Index������7. Community Similarity Index (c)������8. Ratio of Shredders/Total (b)������

�

(a) Scoring criteria are generally based on percent comparability to the reference station�(b) Determination of Functional Feeding Group is independant of taxonomic grouping�(c) Community Similarity Indices are used in comparison to a reference station

�Table II-12: Flowchart of bioassessment approach advocated for RBP III (Plafkin et al, 1989)

�Metric�Biological Condition Scoring Criteria���6�4�2�0��1. Taxa richness (a)�>80%�60-80%�40-60%�<40%��2. Hilsenhoff Biotic Index (modified) (b)�>85%�70-85%�50-70%�<50%��3. Ratio of Scrapers/Filtering Collectors (a,c)�>50%�35-50%�20-35%�<20%��4. Ratio of EPT and Chironomid Abundance (a)�>75%�50-75%�25-50%�<25%��5. % Contribution of Dominant Taxon (d)�<20%�20-30%�30-40%�>40%��6. EPT Index (a)�>90%�80-90%�70-80%�<70%��7. Community Loss Index (e)�<0.5�0.5-1.5�1.5-4.0�>4.0��8. Ratio of Shredders/Total (a,c)�>50%�35-50%�20-35%�<20%���

(a) Score is a ratio of study site to reference site X 100�(b) Score is a ratio of reference site to study site X 100�(c) Determination of Functional Feeding Group is independant of taxonomic grouping�(d) Scoring criteria evaluate actual percent contribution, not percent comparability to the reference station�(e) Range of values obtained. A comparison to the reference station is incorporated in these indices

�

BIOASSESSMENT

% Comp.�to Ref.�Score (a)��Biological Condition Category���Attributes��>83%�Nonimpaired�Comparable to the best situation to be expected within an ecoregion.�Balanced trophic structure. Optimum community structure (composition and dominance) for stream size and habitat quality.��54-79%�Slightly impaired�Community structure less than expected. Composition (species richness) lower than expected due to loss of some intolerant forms. Percent contribution of tolerant forms increases..��21-50%�Moderately impaired�Fewer species due to loss of most intol�erant forms. Reduction in EPT index.��<17%�Severely impaired�Few species present. If high densities of organisms, then dominated by one or two taxa.��

�(a) Percentage values obtained that are intermediate to the above ranges will require subjective judgment as to the correct placement. Use of the habitat assessment and physiochemical data may be necessary to aid in the decision process.

��The RBP III metrics used to evaluate the benthic data and their significance are explained below:

Metric 1. Species Richness (Plafkin et al, 1989)

Same as in RBP II except here the analyses is based on the number of genera and/or species.

Metric 2. Modified Hilsenhoff Biotic Index (Plafkin et al, 1989)

Same principle as that in RBP II, except this is based on species level identification of most taxa.



The index has been modified to include non-arthropod species as well on the basis of the biotic index used by the State of New York (Bode et al, 1991; Bode et al, 1996). The latest tolerance values to species level in most taxa can be found in Bode et al (1996). Although the HBI may be applicable for other types of pollutants, it has only been evaluated for organic pollutants. The formula for calculating the Biotic Index is:

� EMBED Equation.2  ���

where

xi = number of individuals within a species

ti = tolerance value of a species

n = total number of organisms in the sample



Hilsenhoff’s biotic index (1987) may require regional modification in some instances.

Metric 3. Ratio of Scraper and Filtering Collector Functional Feeding Groups (Plafkin et al, 1989)

A detailed rationale is available within the RBP II earlier in the Chapter. Identification here is to the genera and/or species levels.

Metric 4. Ratio of EPT and Chironomidae Abundance (Plafkin et al, 1989)

Same as that under RBP II except for the lower level of analyses required in RBP III.

Metric 5. Percent Contribution of Dominant Taxon (Plafkin et al, 1989)

The index uses abundance of the numerically dominant taxon relative to the rest of the popula�tion as an indication of community balance at the lowest positive taxonomic level.

Metric 6. EPT Index (Plafkin et al, 1989)

Same as in RBP II except here analyses is to the genera and/or family levels.

Metric 7. Community Similarity Indices (Plafkin et al, 1989)

The three indices have been discussed in the RBP II section.

Metric 8. Ratio of Shredder Functional Feeding Group and Total Number of Individuals Collected- CPOM Sample (Plafkin et al, 1989)

Same as in RBP II except here analyses is to the genera and/or family levels.

�New York State Department of Environmental Conservation (Bode et al, 1991; Bode et al, 1996; Bode et al, 1997; Novak & Bode, 1992)

On-site screening procedure-Criteria (Bode et al, 1996)

The following five criteria were established for determination of non-impact. Failure of any one criterion establishes possible impact:

a. Mayflies must be present and numerous; at least 3 species must be present.

b. Stoneflies must be present.

c. Caddisflies must be present, but not more abundant than mayflies.

d. Beetles must be present.

e. Aquatic worms must be absent or sparse.

If the five criteria for non-impacted conditions are met, the sample may be returned to the stream. Organisms may be archived for tissue analysis. If any of the five criteria is not met, the sample is preserved for laboratory processing, and a water sample may be taken for toxicity testing, or a sediment sample for chemical analysis.



It should be recognized that this procedure is designed to answer only the question of impact vs. no impact, and its use is normally limited to sites considered likely to be nonimpacted. The inherent shortcoming of this method is that the assessment lacks any quantitative documentation. If the on-site determination is questionable, the sample should be preserved for laboratory processing. The method should not be used at headwater sites or sites affected by lake outlets, as these faunas are usually already reduced by natural processes.



Macroinvertebrate Community Indices (Bode et al, 1996)

Seven water quality indices are currently used as measures of macroinvertebrate community health. Different combinations of these indices are used for kick samples from riffles, net samples from slower, sandy streams, multiplate samples from navigable waters, and Ponar samples from lakes and rivers.



1. Species richness

This is the total number of species or taxa found in the sample. Higher species richness values are mostly associated with clean water conditions.

2. EPT richness

This index denotes the total number of species of mayflies, stoneflies, and caddisflies. These are considered to be mostly clean-water organisms, and their presence generally is correlated with good water quality.

3. Biotic Index

The Hilsenhoff Biotic Index is calculated by multiplying the number of individuals of each species by its assigned tolerance value, summing these products, and dividing by the total number of individuals. On a 0-10 scale, tolerance values range from intolerant (0) to tolerant (10). Tolerance values, listed in the species list (Bode et al, 1996) are mostly from Hilsenhoff (1987). High HBI values are indicative of organic (sewage) pollution, while low values are indicative of clean-water conditions.

4. Percent Model Affinity

This is a measure of similarity to a model non-impacted community based on percent abundance in 7 major groups (Novak & Bode, 1992). Percentage similarity is used to measure similarity to::

For kick samples, the model community of 40% Ephemeroptera, 5% Plecoptera, 10% Trichoptera, 10% Coleoptera, 20% Chironomidae, 5% Oligochaeta, and 10% Other.

For Ponar samples, the model is 20% Oligochaeta, 15% Mollusca, 15% Crustacea, 20% Non-Chironomidae Insecta, and 20% Chironomidae, and 10% Other.



Procedure for calculating Percent Model Affinity:

Determine the percent contribution for each of the 7 major groups: Oligochaeta, Ephemeroptera, Plecoptera, Coleoptera, Trichoptera, Chironomidae, and Other. These must add up to 100.

For each group, compare the actual percent contribution with that in the model; find the lesser of the two values, and add up these values.

The sum of the lesser values for the seven groups is the Percent Model Affinity value.

5. Species diversity

Species diversity is a value that combines species richness and community balance (evenness). Shannon-Wiener diversity values are calculated using the formula in Weber (1973). High species diversity values usually indicate diverse, well-balanced communities, while low values indicate stress or impact.

6. Dominance

Dominance is a simple measure of community balance, or evenness of the distribution of individuals among the species. Simple dominance is the percent contribution of the most numerous species. Dominance-3 is the combined percent contribution of three most numerous species. High dominance values indicate unbalanced communities strongly dominated by one or more of the very numerous species.

7. NCO richness

NCO denotes the total number of species of organisms other than those in the groups Chironomidae and Oligochaeta. Since Chironomidae and Oligochaeta are generally the most abundant groups in impacted communities, NCO taxa are considered to be less pollution tolerant, and their presence would be expected to be more indicative of good water quality. This measure is the Ponar counterpart of EPT richness.

�Table II-13: Biological Assessment Profile of Index Values for Riffle Habitats (Bode et al, 1996)

(SPP= Species richness, EPT= EPT richness; HBI= Hilsenhoff Biotic Index; PMA= Percent Model Affinity)

�Water Quality Scale�SPP�EPT�HBI�PMA�Water Quality Impact��10.0�35�15�2.00�90�������������������14�2.50�85����������9.0��13�3.00�80��������None����30�12�3.50�75�����������������8.0��11�4.00�70�������������4.50�65������10������������7.0�25��������9�5.00�60�������������8���Slight�����5,.0����6.0��7��55�����������20��6.00������6������������5.0���6.50�50������5���������������7.00�45�����4�����4.0�15���������7.50������3���Moderate�������40����������3.0��2�8.00���������������35������8.50������10������2.0�����������������9.00�30������������1���Severe���1.0����������9.50�25������������������������0.0�5�0�10.00�20����Methods for Impact Source Determination (Bode et al, 1996)

Impact Source Determination (ISD) is the procedure for identifying types of impacts that exert deleterious effects on a waterbody. While the analysis of benthic macroinvertebrate communities has been shown to be an effective means of determining severity of water quality impacts, it has been less effective in determining what kind of pollution is causing the impact. Impact Source Determination uses community types or models to ascertain the primary factor influencing the fauna.



The method found to be most useful in differentiating impacts in New York State streams was the use of community types, based on composition by family and genus. It may be seen as an elaboration of Percent Model Affinity (Novak & Bode, 1992), which is based on class and order. A large database of macroinvertebrate data was required to develop ISD methods. These methods were developed for data derived from 100-organism subsamples of traveling kick samples from riffles of New York State streams. Application of the methods for data derived from other sampling methods, habitats, or geographical areas would likely require modification of the models.



The database included several sites known or presumed to be impacted by specific impact types. The impact types were mostly known by chemical data or land use. These sites were grouped into the following general categories: agricultural nonpoint, toxic-stressed. sewage (domestic municipal), sewage/toxic. siltation, impoundment, and natural. Each group initially contained 20 sites. Cluster analysis was then performed within each group, using percent similarity at the family or genus level. Within each group four clusters were identified, each cluster usually composed of 4-5 sites with high biological similarity. From each cluster a hypothetical model was then formed to represent a model cluster community type; sites within the cluster had at least 50 percent similarity to this model. These community type models formed the basis for Impact Source Determination (Tables II-14a to 14d). The method was tested by calculating percent similarity to all the models, and determining which model was the most similar to the test site. Some models were initially adjusted to achieve maximum representation of the impact type. New models are developed when similar communities are recognized from several streams.



Use of the ISD methods: ISD is based on similarity to existing models of community types (Tables II-14a to 14d). The model that exhibits the highest similarity to the test data denotes the likely impact source type, or may indicate “natural”, lacking an impact. In the graphical representation of ISD, only the highest similarity of each source type is identified. If no model exhibits a similarity to the test data of greater than 50%, the determination is inconclusive. The determination of impact source type is used in conjunction with assessment of severity of water quality impact to proved an overall assessment of water quality.

�Table II-14a: Community Types for Impact Source Determination (Bode et al, 1996)

�NATURAL���A�B�C�D�E�F�G�H�I�J�K�L��Platyhelminthes�-�-�-�-�-�-�-�-�-�-�-�-����������������Oligochaeta�-�-�5�-�5�-�5�5�-�-�-�5��Hirudinea�-�-�-�-�-�-�-�-�-�-�-�-����������������Gastropoda�-�-�-�-�-�-�-�-�-�-�-�-��Sphaeriidae�-�-�-�-�-�-�-�-�-�-�-�-����������������Asellidae�-�-�-�-�-�-�-�-�-�-�-�-��Gammaridae�-�-�-�-�-�-�-�-�-�-�-�-����������������Isonychia�5�5�-�5�20�-�-�-�-�-�-�-��Baetidae�20�10�10�10�10�5�10�10�10�10�5�15��Heptageniidae�5�10�5�20�10�5�5�5�5�10�10�5��Leptophlebiidae�5�5�-�-�-�-�-�-�5�-�-�25��Ephemerellidae�5�5�5�10�-�10�10�30�-�5�-�10��Caenis/Tricorythodes��-�-�-�-�-�-�-�-�-�-�-����������������Plecoptera�-�-�-�5�5�-�5�5�15�5�5�5����������������Psephenus�5�-�-�-�-�-�-�-�-�-�-�-��Optioservus�5�-�20�5�5�-�5�5�5�5�-�-��Promoresia�5�-�-�-�-�-�25�-�-�-�-�-��Stenelmis�10�5�10�10�5�-�-�-�10�-�-�-����������������Philopotamidae�5�20�5�5�5�5�5�-�5�5�5�5��Hydropsychidae�10�5�15�15�10�10�5�5�10�15�5�5��Helicopsychidae/�Brachycentridae�Rhyacophilidae���5���5���-���-���-���20���-���5���5���5���5���5����������������Simuliidae�-�-�-�5�5�-�-�-�-�5�-�-��Simulium vittatum�-�-�-�-�-�-�-�-�-�-�-�-��Empididae�-�-�-�-�-�-�-�-�-�-�-�-��Tipulidae�-�-�-�-�-�-�-�-�5�-�-�-��Chironomidae��������������Tanypodinae�-�5�-�-�-�-�-�-�5�-�-�-��Diamesinae�-�-�-�-�-�-�5�-�-�-�-�-��Cardiocladius�-�5�-�-�-�-�-�-�-�-�-�-��Cricotopus/Orthocladius�5�5�-�-�10�-�-�5�-�-�5�5��Eukiefferiella/Tvetenia�5�5�10�-�-�5�5�5�-�5�-�5��Parametriocnemus�-�-�-�-�-�-�-�5�-�-�-�-��Chironomus�-�-�-�-�-�-�-�-�-�-�-�-��Polypedilum aviceps�-�-�-�-�-�20�-�-�10�20�20�5��Polypedilum (all others)�5�5�5�5�5�-�5�5�-�-�-�-��Tanytarsini�-�5�10�5�5�20�10�10�10�10�40�5����������������TOTAL�100�100�100�100�100�100�100�100�100�100�100�100��

�Table II-14b: Community Types for Impact Source Determination (Bode et al, 1996)

�NUTRIENT ADDITIONS, NONPOINT SOURCES�TOXIC���A�B�C�D�E�F�G�H�A�B�C�D�E��Platyhelminthes�-�-�-�-�-�-�-�-�-�-�-�-�5�����������������Oligochaeta�-�-�-�5�-�-�-�-�-�10�20�5�5��Hirudinea�-�-�-�-�-�-�-�-�-�-�-�-�-�����������������Gastropoda�-�-�-�-�-�-�-�-�-�5�-�-�-��Sphaeriidae�-�-�-�5�-�-�-�-�-�-�-�-�-�����������������Asellidae�-�-�-�-�-�-�-�-�10�10�-�20�10��Gammaridae�-�-�-�5�-�-�-�-�5�-�-�-�5�����������������Isonychia�-�-�-�-�-�-�-�5�-�-�-�-�-��Baetidae�5�15�20�5�20�10�10�5�15�10�20�-�-��Heptageniidae�-�-�-�-�5�5�5�5�-�-�-�-�-��Leptophlebiidae�-�-�-�-�-�-�-�-�-�-�-�-�-��Ephemerellidae�-�-�-�-�-�-�-�5�-�-�-�-�-��Caenis/Tricorythodes�-�-�-�-�5�-�-�5�-�-�-�-�-�����������������Plecoptera�-�-�-�-�-�-�-�-�-�-�-�-�-�����������������Psephenus�5�-�-�5�-�5�5�-�-�-�-�-�-��Optioservus�10�-�10�5�-�-�15�5�-�-�-�-�-��Promoresia�-�-�-�-�-�-�-�-�-�-�-�-�-��Stenelmis�15�15�-�10�15�5�25�5�10�15�-�40�35�����������������Philopotamidae�15�5�-�5�-�25�5�-�10�-�-�-�-��Hydropsychidae�15�15�15�25�10�35�20�45�20�10�15�10�35��Helicopsychidae/�Brachycentridae�Rhyacophilidae���-���-���-���-���-���-���-���-���-���-���-���-���-�����������������Simuliidae�5�-�15�5�5�-�-�-�-�-�-�-�-��Simulium�   vittatum�-�-�-�-�-�-�-�-�-�20�-�-�-�����������������Empididae�-�-�-�-�-�-�-�-�-�-�-�-�-�����������������Chironomidae���������������Tanypodinae�-�-�-�-�-�-�5�-�5�10�-�-�-��Cardiocladius�-�-�-�-�-�-�-�-�-�-�-�-�-��Cricotopus/�   Orthocladius�10�15�10�5�-�-�-�-�15�10�25�10�5��Eukiefferiella/�   Tvetenia�-�15�10�5�-�-�-�-�-�-�20�10�-��Parametriocnemus�-�-�-�-�-�-�-�-�-�-�-�5�-��Chironomus�-�-�-�-�-�-�-�-�-�-�-�-�-��Polypedilum�   aviceps�-�-�-�-�-�-�-�-�-�-�-�-�-��Polypedilum�   (all others)�10�10�10�10�20�10�5�10�10�-�-�-�-��Tanytarsini�10�10�10�5�20�5�5�10�-�-�-�-�-�����������������TOTAL�100�100�100�100�100�100�100�100�100�100�100�100�100���Table II-14c: Community Types for Impact Source Determination (Bode et al, 1996)

�SEWAGE EFFLUENT, ANIMAL WASTES�MUNICIPAL/INDUSTRIAL���A�B�C�D�E�F�G�H�I�A�B�C�D�E�F��Platyhelminthes�-�-�-�-�-�-�-�-�-�-�40�-�-�-�5�������������������Oligochaeta�5�35�15�10�10�35�40�10�20�20�20�70�10�-�20��Hirudinea�-�-�-�-�-�-�-�-�-�-�5�-�-�-�-�������������������Gastropoda�-�-�-�-�-�-�-�-�-�-�-�-�-�-�5��Sphaeriidae�-�-�-�10�-�-�-�-�-�-�5�-�-�-�-�������������������Asellidae�5�10�-�10�10�10�10�50�-�10�5�10�10�15�5��Gammaridae�-�-�-�-�-�10�-�10�-�40�-�-�-�15�-�������������������Isonychia�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Baetidae�-�10�10�5�-�-�-�-�10�5�-�-�-�5�-��Heptageniidae�10�10�10�-�-�-�-�-�-�5�-�-�-�-�-��Leptophlebiidae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Ephemerellidae�-�-�-�-�-�-�-�-�10�-�-�-�-�-�-��Caenis/�Tricorythodes�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�������������������Plecoptera�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�������������������Psephenus�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Optioservus�-�-�-�-�-�-�-�-�10�-�-�-�-�-�-��Promoresia�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Stenelmis�15�-�10�10�-�-�-�-�-�5�-�-�10�5�-�������������������Philopotamidae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Hydropsychidae�45�-�10�10�10�-�-�10�10�10�-�-�50�20�-��Helicopsychidae/�Brachycentridae�Rhyacophilidae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�������������������Simuliidae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Simulium�   vittatum�-�-�-�25�10�35�-�-�5�-�-�-�-�-�-�������������������Empididae�-�-�-�-�-�-�-�-�-�-�5�-�-�-�-�������������������Chironomidae�����������������Tanypodinae�-�5�-�-�-�-�-�-�-�-�10�-�-�5�15��Cardiocladius�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Cricotopus/�Orthocladius�-�10�15�-�-�10�10�-�5�5�10�20�-�5�10��Eukiefferiella/�Tvetenia�-�-�10�-�-�-�-�-�-�-�-�-�-�-�-��Parametrioc-�nemus�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Chironomus�-�-�-�-�-�-�10�-�-�-�-�-�-�-�-��Polypedilum�   aviceps�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Polypedilum� (all others)�10�10�10�10�60�-�30�10�10�-�-�-�10�20�40��Tanytarsini�10�10�10�10�-�-�-�10�20�-�-�-�10�10�-�������������������TOTAL�100�100�100�100�100�100�100�100�100�100�100�100�100�100�100���Table II-14d: Community Types for Impact Source Determination (Bode et al, 1996)

�SILTATION�IMPOUNDMENT���A�B�C�D�E�A�B�C�D�E�F�G�H�I�J��Platyhelminthes�-�-�-�-�-�-�10�-�10�-�5�-�50�10�-�������������������Oligochaeta�5�-�20�10�5�5�-�40�5�10�5�10�5�5�-��Hirudinea�-�-�-�-�-�-�-�-�-�5�-�-�-�-�-�������������������Gastropoda�-�-�-�-�-�-�-�10�-�5�5�-�-�-�-��Sphaeriidae�-�-�-�5�-�-�-�-�-�-�-�-�5�25�-�������������������Asellidae�-�-�-�-�-�-�5�5�-�10�5�5�5�-�-��Gammaridae�-�-�-�10�-�-�-�10�-�10�50�-�5�10�-�������������������Isonychia�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Baetidae�-�10�20�5�-�-�5�-�5�-�-�5�-�-�5��Heptageniidae�5�10�-�20�5�5�5�-�5�5�5�5�-�5�5��Leptophlebiidae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Ephemerellidae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Caenis/�Tricorythodes�5�20�10�5�15�-�-�-�-�-�-�-�-�-�-�������������������Plecoptera�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�������������������Psephenus�-�-�-�-�-�-�-�-�-�-�-�-�-�-�5��Optioservus�5�10�-�-�-�-�-�-�-�-�-�-�-�5�-��Promoresia�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Stenelmis�5�10�10�5�20�5�5�10�10�-�5�35�-�5�10�������������������Philopotamidae�-�-�-�-�-�5�-�-�5�-�-�-�-�-�30��Hydropsychidae�25�10�-�20�30�50�15�10�10�10�10�20�5�15�20��Helicopsychidae/�Brachycentridae�Rhyacophilidae�-�-�-�-�-�-�-�-�-�-�-�-�-�5�-�������������������Simuliidae�5�10�-�-�5�5�-�5�-�35�10�5�-�-�15�������������������Empididae�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�������������������Chironomidae�����������������Tanypodinae�-�-�-�-�-�-�5�-�-�-�-�-�-�-�-��Cardiocladius�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Cricotopus/�   Orthocladius�25�-�10�5�5�5�25�5�-�10�-�5�10�-�-��Eukiefferiella/�   Tvetenia�-�-�10�-�5�5�15�-�-�-�-�-�-�-�-��Parametrioc-�nemus�-�-�-�-�-�5�-�-�-�-�-�-�-�-�-��Chironomus�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Polypedilum�   aviceps�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-��Polypedilum�   (all others)�10�10�10�5�5�5�-�-�20�-�-�5�5�5�5��Tanytarsini�10�10�10�10�5�5�10�5�30�-�-�5�10�10�5�������������������TOTAL�100�100�100�100�100�100�100�100�100�100�100�100�100�100�100���Ontario Ministry of the Environment and Energy-Streams and small lakes (David et al, 1998; Reid et al, 1995; Somers et al, 1998)

Recommendations from Somers et al, 1998:

“Subsampling 100 animals is sufficient for rapid bioassessments. The results of the ANOVAs and associated power calculations revealed only modest gains in our ability to distinguish lakes using subsamples of 200 or 300 animals. The only exceptions to this conclusion are studies that use indices based on richness measures and rare taxa, where larger counts are necessary to adequately census rare individuals.

Multivariate indices should be used in addition to simple indices to interpret rapid bioassessment data. Two simple metrics (% amphipods and % insects) and a multivariate metric (CA axis 1) were the best indices for distinguishing our 5 lakes.

Variance components (i.e., ri ) and MDCs should be used in comparative studies to provide guidance for making unbiased decisions. Intraclass correlations and power calculations complement simple ANOVAs and provide useful tools to evaluate competing methods. Without objective criteria, these types of comparative studies often produce inconclusive results”.



Some of the simple rapid bioassessment indices to consider are:

Number of taxonomic groups

% oligochaetes

% amphipods

% EPT

% non-dipteran insects

% insects

% dipterans

% gastropods

% pelecypods

EPT/chironomids

% dominants

�Other miscellaneous indices:

Simpson’s diversity index (Krebs, 1994)

The Simpson’s diversity index (D) is calculated using the following equation:



D = � EMBED Equation.2  ���



where “pi” is the proportion of individuals of the “ith” taxon in the community. Simpson’s index gives relatively little weight to the rare species and more weight to the common species. It ranges in value from 0 (low diversity) to a maximum of (1-1/s), where “s” is the number of taxa.

Shannon-Wiener Index (Williams & Feltmate, 1992)

This is a widely used method of calculating biotic diversity in aquatic and terrestrial ecosystems, and is expressed as:

� EMBED Equation.2  ���

where

H= index of species diversity

s= number of species

pi= proportion of total sample belonging to the i’th species.



A large H value indicates greater diversity, as influenced by a greater number and/or a more equitable distribution of species.

ETO Metric (U.S. Environmental Protection Agency, 1998)

Number of ETO taxa (Ephemeroptera, Trichoptera, Odonata).

Wilhm and Doris Species Diversity Index (Mackie, 1998)

mean diversity, d = —� EMBED Equation.2  ���

where ni is the number of individuals in species “i” and N is the total number of individuals in a sample.



Water quality is assessed as:



Mean diversity, d�Water Quality��<1�Polluted��1-3�Subpolluted��>3�Clean��

The species diversity index has several advantages. It is a good objective, numerical ap�proach that is easily reported. It takes into account all the species present and their relative abundance but it is not necessary to actually name the species. One needs only to distinguish species A from species B, C, D and so on. In fact, identification to genus is sufficient because the diversity value changes only slightly at that generic level.

However the species diversity index becomes increasingly less reliable with higher taxonomic levels (e.g. family, order, class).

A major disadvantage of the diversity index is it ignores the “quality” of the species, that is whether it is a tolerant or sensitive species. Also, the index is affected by factors other than pollution, such as habitat quality. Indeed, diversity values less than 3 are often obtained in the most pristine headwater streams because few species are adapted to cold water and a shredding feeding behaviour.

The diversity index is somewhat sensitive to sample size as well. Studies have shown that atleast 0.5 m2 of bottom needs to be sampled, but above this value he species diversity index  remains relatively constant.

Saprobic Index (Mackie, 1998)

The benthic saprobic index was developed to elucidate conditions in slowly moving rivers with organic enrichment. The index tends to break down in streams where slow reaches are sepa�rated by riffle areas and in short turbulent stretches of streams. The index only works if the or�ganisms are identified to species, or to genus in some cases.

Trent Index (Mackie, 1998)

Woodiwiss (1964), while working for the Trent River Authority in England, devised a scheme in which the number of groups within defined taxa was related to the presence of six key organisms within the faunal assemblage. This index was also adapted by the Tennessee Stream Pollution Board in the U.S., and with modifications by several countries. The index can be calculated on samples collected either quantitatively or qualitatively, but enumeration of individuals is not re�quired. The Trent index can be used to assess organic or mixed pollution.



The Trent index is a great improvement over the Saprobien system in that the index values are within a defined range (0 for extreme pollution to 10 for pristine conditions), and the sample sorting time is greatly reduced.



Some criticisms of the index are; (i) it is insensitive to determining improved water quality; (ii) it can only be used to assess streams with riffle areas, and grossly underestimates water quality in non-riffle areas; and (iii) it is not applicable to all geographical areas, which applies to nearly all indices. However, several elements of the Trent index have been used in the development of other indices, such as the Chandler index.

Chandler Index (Mackie, 1998)

Chandler (1970) working on the River North Esk and other Lothian rivers in Britain, used many elements of the Trent index. This index can be used only for organic pollution. Differences of diversity and abundance between clean and polluted parts of a river are immediately obvious. The index has a continuous gradation from polluted to clean conditions. The highest index val�ues are obtained in a headwater area with several species of stoneflies, mayflies and caddisflies.

BMWP Biotic Index (Armitage et al, 1983; Friedrich et al, 1996; Hynes, 1998; Mackie, 1998)

In order to limit the taxonomic requirement of earlier biotic indices to identify organisms to species level, some alternative indices have been developed which use only the family level of identification. An example is the Biological Monitoring Working Party-score (BMWP) which has been published as a standard method by an international panel (ISO-BMWP, 1979). This score was devised in the UK but was not specific to any single river catchment or geographical area. The new BMWP score attempted to take the advantages of earlier biotic indices. The Biological Monitoring Working Party (BMWP) score is calculated by adding the individual scores of all indicator organisms present (family level, except order Oligochaeta) (Friedrich et al, 1996).



The organisms are identified to the family level and then each family is allocated a score between 1 and 10. The score values (Table II-15) for individual families reflect their pollution tolerance; pollution intolerant families have high scores and pollution tolerant families have low scores. Mayfly nymphs score 10, molluscs score 3 and the least sensitive worms score 1. The number of taxa gives an indication of the diversity of the community (high diversity usually indicates a healthy environment, Friedrich et al, 1996).

�Table II-15: Pollution sensitivity grades for families (higher levels in a few cases) of river macroinvertebrates for SIGNAL (S) and BMWP (B) scores. Families not occurring in North America have been omitted. N represents families found in N. America and are graded ac�cording to the inverse of Bode et al (1991) and Plafkin et al (1989) tolerance values to cor�respond to SIGNAL and BMWP scores (modified from Mackie, 1998)

Family�Grade�Family�Grade�Family�Grade���N�B�S��N�B�S��N�B�S��Acariformes�6�-�-�Gammaridae�4�6�6�Peltoperlidae�9�-�-��Aeolosomatidae�2�-�-�Gerridae�5�5�4�Perlidae�8�10�10��Aeshnidae�6�8�6�Glossiphoniidae�3�3�3�Perlodidae�8�10�-��Agrionidae�4�8�-�Glossosomatidae�10�-�8�Philopotamidae�7�8�10��Ancylidae�4�6�6�Gomphidae�6�8�7�Phryganeidae�7�-�-��Anthomyiidae�4�-�-�Gordiidae�8�10�7�Physidae�2�3�3��Anthuridae�4�-�-�Gyrinidae�5�5�5�Piscicolidae�5�4�-��Asellidae�2�3�-�Haliplidae�5�5�5�Planariidae�4�5�3��Arctiidae�5�-�-�Haplotaxidae�1�1�5�Planorbidae�3�3�3��Arrenuridae�4�-�-�Helicopsychidae�7�-�10�Platyhelminthidae�6�-�-��Astacidae�4�8�-�Helodidae�5�5�-�Pleidae�5�5�-��Athericidae�6�-�7�Heptageniidae�7�10�-�Pleuroceridae�4�-�-��Atractideidae�4�-�-�Hirudinea�0�-�-�Polycentropodidae�4�7�8��Baetidae�5�4�5�Hyalellidae�2�-�-�Polychaeta�4?�-�-��Baetiscidae�6�-�-�Hydridae�5�-�4�Polymetarcyidae�8�-�-��Belostomatidae�5�-�5�Hydrobiidae�4�3�5�Potamanthidae�6�10�-��Blephariceridae�10�-�10�Hydrometridae�5�5�5�Psephenidae�6�-�5��Branchiobdellidae�4�-�-�Hydrophilidae�5�5�5�Psychodidae�8�8�2��Brachycentridae�9�10�-�Hydropsychidae�6�5�5�Psychomyiidae�8�8�-��Caenidae�5�7�-�Hydroptilidae�5�6�6�Pteronarcidae�10�-�-��Calopterygidae�4�-�-�Hygrobiidae�5�5�5�Ptychopteridae�1�-�-��Capniidae�8�10�-�Idoteidae�5�-�-�Pyralidae�5�-�6��Ceratopogonidae�4�-�6�Isotomidae�5�-�-�Rhyacophilidae�9�-�7��Chaoboridae�2�-�-�Lebertiidae�4�-�-�Sabellidae�4�-�-��Chironomidae�1�2�1�Lepidostomatidae�10�10�-�Scirtidae�5�5�8��Chloroperlidae�10�10�-�Leptoceridae�6�10�7�Sialidae�6�4�4��Chrysomelidae�5�5�-�Leptophlebiidae�7�10�10�Simuliidae�5�-�5��Coenagrionidae�2�6�7�Lestidae�1�-�7�Siphlonuridae�8�10�-��Collembola�5?�-�-�Leuctridae�10�10�-�Sphaeriidae�4�3�6��Corbiculidae�4�-�6�Libellulidae�8�8�8�Spurchonidae�4�-�-��Corduliidae�7�8�7�Limnephilidae�7�7�8�Sisyridae�5�-�-��Cordulegasteridae�7�8�-�Limnesidae�4�-�-�Tabanidae�5�-�5��Corixidae�5�5�5�Limnocharidae�4�-�-�Taeniopterygidae�8�10�-��Corydalidae�6�-�4�Lumbriculidae�2�1�1�Talitridae�2�-�-��Culicidae�1�-�2�Lymnaeidae�4�3�-�Thiaridae�6�-�7��Dixidae�10�-�8�Mesoveliidae�5�5�4�Tipulidae�7�5�5��Dolichopodidae�6�-�-�Mideopsidae�4�-�-�Tricorythidae�6�-�-��Dreissenidae�2�-�-�Molannidae�4�10�-�Tubificidae�1�1�1��Dryopidae�5�5�-�Muscidae�4�-�3�Tyrellidae�4�-�-��Dytiscidae�5�5�5�Naididae�3�1�1�Unionidae�4�6�-��Elmidae�5�5�7�Nemouridae�8�7�-�Unionicolidae�4�-�-��Empididae�4�-�4�Nepidae�5�5�-�Valvatidae�2�3�-��Enchytreidae�1�1�-�Nepticulidae�5�-�-�Veliidae�5�-�4��Ephemerellidae�10�10�-�Notonectidae�5�5�4�Viviparidae�4�6�-��Ephemeridae�8�10�-�Odontoceridae�10�10�8������Ephydridae�4�-�2�Oedicerotidae�4�-�-������Erpobdellidae�3�3�3�Oligochaeta�2�-�-������Note: The grades under (N) above should be used in the said indices (there is some ques�tion as regards the grades of the taxa which have been noted along with a `?’)

�Average Score Per Taxon (ASPT) (Armitage et al, 1983; Friedrich et al, 1996; Hynes, 1998; Mackie, 1998)

The Average Score Per Taxon (ASPT) is calculated by dividing the BMWP score by the number of indicator families present in the sample (Friedrich et al, 1996). Armitage et al then assessed the performance of both systems in relation to physical and chemical features of the study sites and found that the ASTP score system explained a higher proportion of the variance in the envi�ronmental data.



Armitage et al (1983) sampled the benthos using a 3-minute kick-and-sweep method (900 µm mesh size) at each site, 3 times/year (spring, summer, fall). All animals were sorted and identi�fied to species where possible, but identification to family is all that is needed for the BMWP and the ASPT. Site scores are obtained by summing the individual scores of all families present (if several species are present in a family, the family is scored only once). Criteria for water quality assessment were not provided, but are probably similar to the SIGNAL biotic index, an Austra�lian method that is based on ASTP. These criteria are:



ASTP value�Water Quality Assessment��>6�Clean Water��5-6�Doubtful quality��4-5�Probable moderate pollution��<4�Probable severe pollution��Stream Invertebrate Grade Number- Average Level (SIGNAL) (Mackie, 1998)

SIGNAL is a modification of the British BMWP score system adapted for use in Australian rivers. All specimens were identified to family level only. The assessment of water quality is based on the same criteria listed earlier for the ASTP index. The criteria are based on samples taken from unpolluted reference sites, and sites with mild to severe pollution by municipal effluent and urban water runoff.

Beak Biotic Index (Mackie, 1998)

A plethora of biotic indices have been developed to assess water quality of North American riv�ers. The Beak Index is a bioassessment technique that utilizes groups of taxa and species to as�sess not only water quality, like most other indices, but also the fisheries potential of the North American rivers. The index ranges from 0 for severe pollution (usually toxic) to 6 for an unpol�luted stream. It can be derived from samples taken by any method that permits a reasonably accurate estimate to be made of population densities. It is recommended that control samples from an unpolluted area be taken for comparison.



Identification to species is essential for a rigorous assessment but an approximate result can be obtained by sorting and counting to families. To use the index to its fullest potential, the investi�gator needs to know the relative abundances of species with different functional feeding behav�iours (i.e. grazers, filter feeders, predators, etc.) and their ecological tolerances and require�ments.



The Beak index is an advance over the Diversity index in that species are also considered for their sensitivity to pollution. Nevertheless, much of the tolerances and requirements are a matter of opinion and the index value assigned often “assumes” that the type of community listed in Table II-16 is present.

�Table II-16: Calculation of the Beak Index (Mackie, 1998)

Sensitive groups:�����Odonata�Trichoptera�Megaloptera�Ephemeroptera�Plecoptera�A normal complement scores 3 points.�If only part of the group is found, score 1 or 2 points., e.g. if only one order is present, score 1 point, if two orders, score 2 points.��Facultative groups:�(in clean or polluted water)�����Chironomidae�Amphipoda�Isopoda�Gastropoda�Bivalvia�A normal complement scores 2 points.�If most are missing, e.g. if only one or two groups are present, score 1 point.��Pollution-tolerant groups:�����Tubificidae�Lumbriculidae�Procladius culiciformis (Chironomidae)�A normal or supranormal complement scores 1 point.��Table II-17: Interpretation of the Beak Index (Mackie, 1998)

Pollution Status�Biotic Index�Type of Macroinvertebrate community�Fisheries potential��Unpolluted�6�Sensitive, facultative and tolerant predators, her�bivores, filter and detritus feeders all rep�resented, but no species in excessively large numbers�All normal fisheries for type of water well de�veloped��Slight to moderate pollution�5 or 4�Sensitive predators and herbivores reduced in population density or absent. Facultative preda�tors, herbivores and possibly filter and detritus feeders well developed and increasing in numbers as index decreases�Most sensitive fish species reduced in numbers or missing��Moderate pollution�3�All sensitive species absent and facultative preda�tors (Hirudinea) absent or scarce. Predators  of Pelopiinae and herbivores of Chironomidae pres�ent in fairly large num�bers�Only coarse fisher�ies maintained��Moderate to heavy pollution�2�Facultative and tolerant species reduced in num�bers if pollution toxic; if organic few spe�cies in�sensitive to low oxygen levels present in large numbers�If fish present, only those with high tol�era�tion of pollution��Heavy pollution�1�Only most tolerant detritus feeders (Tubificidae) present in large numbers�Very little, if any, fish�eries potential��Severe pollution, usually toxic�0�No macroinvertebrates present�No fish���Sequential Comparison Index (SCI) (Mackie, 1998)

This index was developed for people who have no experience at identifying organisms. In fact, the accuracy of the index decreases with increasing benthological experience of the user. It does not work for experienced benthologists because they would classify different larval stages of a single species as one taxon, whereas an inexperienced person would call them different taxa, or two organisms of different size may be classified as the same by the benthologist but differently by the novice. It is essential that the sorting be done randomly. For example, if all the large animals are sorted first and then all the small ones, the sample would probably be biased in the ordering of taxa, resulting in fewer runs and a smaller index value. The index would probably work well for inexperienced cottagers, sport fishermen, etc., with the above caveats in mind.



The index is based on the “sign test” and the “theory of runs”. That is, it relies on the innate ability of the user to recognize differences in size, shape and colour (signs) of organisms. It is an expression of community structure since it depends upon both the species richness of the community and on the distribution of individuals among the species. Only two individuals are compared at a time. The current individual need only be compared to the previous one. If it looks similar it is part of the same “run”; if not, it is part of a new run. The greater the number of runs, the greater the diversity. Organisms of the same appearance are assigned to the same taxon. The number of different looking “signs” represents the number of different taxa.

� EMBED Equation.2  ���

where

a run is a set of organisms that looks similar

a taxon is a different looking organism



The criteria for assessing water quality with the SCI is as follows:

SCI Value�Water Quality��(8.0�Polluted��8.1-12�Moderately polluted��>12�Clean��





Sample:



Organism #�1�2�3�4�5�6�7�8�9�10�11�12�13�14�15���(�(�(�(�(�(�(�(�(�(�(�(�(�(�(��Run�1�2�2�3�4�4�4�4�5�6�6�6�7�8�9��Taxon�1�2�3�4�1�5�3�2�4��

The SCI for this particular sample is: (9x5)/15=3, a value that ranks it from polluted water.

�Hynes (1998), Project D-2, Soil & Water Conservation Society of Metro Halifax

Hynes (1998) investigated the applicability of a handful of the above indices to 5 lakes, Wrights, Springfield, McGrath, Kearney, and Morris within the Halifax Regional Municipality (HRM). All lakes were located in urban or urbanizing areas, and it was hoped that the indices could be used for future monitoring of these and other lakes for signs of pollution/degradation.

Gaertner (1999), Project E-2, Soil & Water Conservation Society of Metro Halifax

Gaertner (1999) carried out a relatively extensive investigation of the applicability of several of the indices to 5 more lakes, Dollar, Russell, Stillwater, Papermill, and Kinsac within the Halifax Regional Municipality (HRM), Nova Scotia. All lakes except for Dollar were located in urban or urbanizing areas. An educational vidoe for public education also accrued from this project and is available from the univeristy libraries.
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