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1.0 INTRODUCTION

Aguatic macreinveriebrates have been used widely as an indicator group for many yvears in poliution
studies involving Aowing waters. Catrns and Pratt (1993 provide a detatled aceount of the current and
historical vse of macroinveriebrates in iTeshwater biomonlioring. At the Ohlo EPA, macroinveriehrate
¥os inception in 1973 inan effort o provide

corrmuinities have been coliected and analyzed since the agenc
biological dafs to be used in the water quality mordtoring and assessment process. Ai least one collection
has been made from over 2300 locations displaying a wide variety of water guality condinons within the
staie. Early assessments of macroinvertebrate data depended on the individual experiise of the ologisis
who collected the data. With the aid of tools such as the Shannon—Wiener Diversity Index {Shannon and
Wiencr 1949; Withm 19706 and a healthy dose of “best professional judgment.” numerous narrative
evalaations of water quality problems were made over the years. However, the inherently subjective
nature of such evaluations was often considered a major liability, especially in complicated environmental
issues involving permit holders and litigation. As a result, a more objective means (o nssess
macroinveriebrate data was sought.

As an offshoot of the 1983-84 Ohio Stream Regionalizarion Project, a cooperative pilot ventire with
USEPA/ERL-Corvallis (Whittier et al. 19873, methods were researched to develop a mubimetric
macromvertebrate index patterned after the concept of the index of Biotic Integrity (1B develoned for
fish communiry assemblages by Karr (1981} and refined by Fauvsch et al. (1984). The result was the
Invertebrate Community Index (fCH, which is now used as the principal assessment wool by Ohio EPA
macroinvertebrate biologists for monitoring and assessment activities in all free-flowing rivers and
streams in Ohic, In 1987, numeric ecoregional biologics] criteria were developed and codified in the Ohio
Water Quality Standards by the Ohio EPA with the 1C1 being one of three biological indices applied
{Yoder and Rankin, Chapter 9).

2.0 METHODS SUMMARY

The primary sampling gear used by the Chio EPA for the guantitative coliection of macroinverichrates
inn streams and rivers is the modified multiple-plate artificial substrate sampler (Hester and Dendy 1962).
The sampler is comstructed of Y5 in. {3 mm) tempered hardboard cur into 3-in.2 (7.5-cm?) plates and 1-in?
{2.5-cm?) spacers. A total of eight plates and rwelve spacers are used for sach sampler. The plates and
spacers are placed on a 3 in, (7.5 cm) fong. % in. {6 mm) dizmeter eyebolt so that there are three single
spaces, three double spaces, and one triple space between the plates. The total surface area of the swmpler,
excluding the eyebolt, approximates 1 it? (roughly 0.1 m®). A sampling unit consists of a composite
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cluster of five subsirates tied 1o a construction hlock that is colonized in-stream lor 4 &-week period
beginning no eatlier than June 15 and ending no later than September 30, Detuiled descriptions of the
placement, collection, and processing of the artificial subsirates are available (Ohio EPA 1989a). In
addition to the artificial substrate sampie, routine momitoring also inciudes a gualitative coilection of
macroinvericbrates that inhabit the natural substrates at the sampling localion. Al available habitat types
are sampled and voucher specimens are retained for laboratory idensification. More specific information
for the collection of this sample has also been detatled (OGhio EPA 19893, For the purpose of penerating
an 1T valee, both a guantitative and qualitative sample must be collected ar a sampling location.

‘The use of artificial substrates for monitoring purposes has 2 number of advantages. According to
Rosenberg and Resh {1982}, the major advantages in using artificial suhstrares in genera) are that they:

¢ allow collection of data from locations that cannot be sampled effeciively by other means,
» permit stancdardized sampling,
reduce variability compared with other types of sampling,

*

= require less operator skill than ather methods,
* are copvenient to use, and
permit nondestructive satipling of an enviromment.

)

The authors also Bisted @ number of disadvantages. These include:

incompletely known colonization dynamics,

« long exposure times to obtain a sample,

= loss of fauna on retrieval,

« unforesecn losses of artificial substraies, and
= Inconvenicnt 1o use and logistically awkward,

Generally, however, the authors concluded that these problems could be minimized by adhering to strict
guidetines concerning sampler placement and collection and data analysis and inferpretation.

Klemm et al. (1990} specifically focused on the use of modified Hester-Dendy mudtiple-plate
artificial substrate samplers and listed the following advantages:

* are excellent for water quality monitoring,

» provide uniform substrate type,

allow for a high level of precision,

* provide habitats of known area for & known time at a known depih.

The authors noted that colonization of macroinvertebrates should be relatively equal in sirmifar habitats
and should reflect the capacity of the water to support aquatic life. Although acknowledging that these
samplers may exclude certain mollusks or werms, they concluded that a sufficient diversity of benthic
fauna is colfected to be vseful in assessing water guality.

Thus, by exploiting the strengths and yet recognizing and controlling the liabilities. the use of
mulripfe-plate artificial substrate samplers serves as an important component of macroinveriebrate
sampling i Ohio and helps to ensuse that a standardized approach o monitoring a wide variety of sites
is maintained. When selecting any sampling method, it is imperative to have a clear definition of the
ohjectives of the sarapling as well as an understanding of the potential shortcomings of nsing that method
for ihe colleciion of macreinverebraics.

A composited set of five artificial subsirate samplers of eight plates cach has been used by the Ohio
EPA in coliecting macroinvertebrate samples since 1973, At this levef of effort, it has been found that
consistent, reproducible ICT values can be scored despite the collections of often highly variable nunibers
of individual organisms. The latter is a result of the tendency of macroinvertebrate populations to have
naturally clumped (i.e., negative binomial} distributions in the environment. Results of analbvzing repli-
cate composites of five artificial substrates have shown that variability among calculated 1CT values is at
an acceptable level. Details of that analysis can be found elsewhere in this chapter. The reiiability of the
sampling unit not ondy depends on the fact that celenization surface areas are standard, but equally
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Tatle 1.

Current Taxonomic Keys and the Level of Taxonomy Houdinely Used by the Chio EFA for

Various Macroinveriebrate Taxonomic Clessifications

Porifera: Specles (Pennak 1589)
Coslenterata: Genus (Pennak 1985}
Piatyheiminthes: Class {Pennak 1989)
temaztomorpha: Phylum/ganus {(Pennak 198%)
Ectoprocta: Genus/species (Thorp and Govich 1991)
Entoprocia: Species {Thorp and Covich 1991}
Annefida
Otligochaeta: Class {Pennak 1989}
Hirudinea: Species {Klemm 1282)
Anthropoda
Crustacea
Isopoda: Genus (Pennak 1888}
Amphipoda: Genus (Pennak 1988)
Gammarus: Species {Holsinger 1872)
Decapoda
Cambarus and Faflicambarus: Species
{Jezerinac and Thoma 1884}
Orconectes angd Pracambarus, Species
{Jezerinac 1978)
Falaemonetes: Species (Pennak 1583}
Arachnoidea: Class {Pannak 1289)
Insecta
Ephemeropiera: Genus (Edmunds et al. 1876,
Merritt and Cummins 1284}
Gaetdae: Genus/spacies (Morihara and
McGafferty 1979, McCafferty and Waliz 1880)
Heptageniidae
Stenonema. Species {Bednarik and
fMcCafferty 1972)
Ephemereliidas
Dannelia: Species
{Allen and Edmunds 1952}
Ephemeralla: Species
{Allen and Edmunds 1965}
Eurylophelia: Species
{Allen and Edmunds 1963a}
Serratella: Species
{Allen and Edmunds 1883b}
Baetiscidae
Baetisca: Species (Burks 1953)
Ephemeroidea: Species (McCafferty 1975)
Cdonata: Family/genus
{Merritt and Cumming 1984}
Anisoptera; Genus/species {Needham and
Westiall 1555, Walker 1958, Walker and
Corbett 1975)
Placoptera: Genus {Stewart and Stark 1988)
Perlidae
Acroneuria: Species [Hifchcock 1974)
Paragnetina: Speckes {Hitlchcock 1974)
Periinefla; Species (Kondratie!f et al. 1588)
Periodidae: Specigs (Hilchcock 1874)
Hemiptera: Genus {Hilsenhoff 1982h, Merritt and
Cummins 1984}
Megaloptera: Genus (Merritt and Cummins 1264}

Migronia: Species (Meunzig 1566}
Meuroptera: Genus (Merritt and Cumming 1984}
Trichoptera: Genus (Wiggins 1977, Merrilt and

Cummins 1584)

Prilopotamidas: Species (Ross 1544)
Hydropsychidae

Hydropsyche: Species

{Schuster and Etnier 1978}
Rhyacophilidae

Fhyacophila: Species (Fint 1952}
Leptoceridae

Ceraclea: Species {Resh 1876}

Nectopsyche: Speciss (Haddock 1877}
Lepidoptera: Genus (Merritt and Cumimins 1584)
Coleopiara: Genus {Hisenhoff 19820, Merrilt

and Cumming 1584}
Dryopoidea: Genus/speciss {Brown 1972)
Diptera: Family/genus
{Merritt and Cummins 1584)
Ceratopogonidas
Atricopogor: Species (Johannsen 1835}
Chironomidae: Genus/species groups
{Wiaderhoim 1883)

Ablatesmyia: Species (Roback 1385)

Labrundinia: Species {Hoback 1987}

Tanypus. Species (Roback 1877}

Corynoneura: Species (Simpson and Bode

1980, Bodton In Prep.)
Eukistierielfa and Tvetenia: Species groups
{Boae 1583)
Nanocladius: Speciss (Saether 1977,
Simpson and Bode 1980, Bolon In Prep.)

Parakiefferiefla: Species (Bolion In Prep.)

Rheccricolopus: Species {Saether 1986}

Thienemanaiefia, Spacies {Simpsan and

Bode 1980, Bolion in Prap.)
Chironamus: Species groups
{Oliver and Roussel 1983}
Dicrotendipes: Species (Epler 1387)
Endochironomus and Tribelos: Species
{Grodhaus 1987}
Parachironomus: Species
{Sirnpson and Bode 1980)
Paracladopsima and Saetheria: Species
{Jackson 1377)
Folypedilunr. Species groups/ispecies
{Maschwiiz 1976, Bolion in Prep .}
Tanylarsini: Genus/species groups/species
{Simpscn and Bode 1980, Bolion in Prep.)
Muscidag: Spacies (Johannsen 1035}
fotlusca
Gastropooa: Genus/species {Burch 1982}
Pelecypoda
Sphaeriidag: Genus {Burch 1882)
Unionidae: Species (Waters 1993}

B is imperative that the artificial substrates be located o a consist

ent fashion with pamicular emphasts on

sustained current velocity over the set. With the exception of water quality. the amount of current tends
o have the most profound effect on the types and numbers of organisms collected using arificiad
suhstrates in Ohio. For an accurate inferpretation of the ICE, current speeds should be no less than 0.3 fifs

{10 cmifs) under nosmal summer—fall flow regimes. These cor

oly mel in

whitions can usually be ete
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Table 2. Metrics Used to Calculate the Ohio EPA invertebrate Community Index {ChH

. Total Number of Taxa 6. Percent Caddisfly Composition
Number of Mayfly Taxa 7. Percent Tribe Tanytarsini Midge Composition
. Mumber of Caddisfly Taxa 8. Percent Other Dipteran and Non-Insect Composition

Number of Dipteran Taxa 9. Percent Tolerant Organisms (from Table 3)
. Percent Mayfly Composition 10. Number of Qualitative EPT Taxa

Note: Scoring (6, 4, 2, or 0 points) for all metrics determined by basin drainage area (mi?) at the
sampling location. See Figures 1 to 10.

S NS N

all sizes of perennial Ohio streams but can he a probiem in small headwater streams or those streams so
highly modified for drainage that dry weather {lows maintain intermittent, pooled habitats only. In these
situations, sampling can be conducted, but an afternative interprefation of the ICT value and/or the usc of
other assessment tools may be necessary.

An additional area of importance concerns the accuracy of identification of the sample organisms.
The ICL has been calibrated 1o specified levets of taxonomy currently being used by the Ohio EPA. ks
imperative that accurate identifications to those levels be accomplished. Otherwise, problems may arise
in the ICI metrics deafing with the identity and/or number of taxa of a particular organism group.
Inaccuraie identifications can also be a problem in the ICI metric dealing with the percent abundance of
poliution tolerant organisms. Table 1 lists current taxenemic keys and the level of taxonomy routinely
used by the Ohio EPA for various macroinvertebrate taxonomic classifications.

3.0 DEVELOPMENT OF THE INVERTEBRATE COMMUNITY INDEX

3.1 Meiric Selection

The principal measure of overall macroinveriebrate community condition used by the Ghio EFA is
the invertebrate Community Index (ICE, a measurement derived from the wealth of macroinvertebrate
community dats collected over the years by aquatic biologists at the Ohio EPA. The ICT consists of ten
compositional and structural community maetrics {Table 2), each of which receives a score of 6, 4, 2. or
O points based on a comparison with a set of ecoregional reference sites. Metrics 1 to 9 of the 1CT are
generated from the artificial subsirate sample data while Metric 104s hased on the qualitative sample data,

The selection of the ten metrics ubtimately chosen for the ICT was facilitated by analvzing the process
by which Ohio EPA biologists had subjectively judged the quality of a macroinveriebrate sarnple. In
essence, the index and its final set of metrics effectively quantified a more subjective, narrative approach
that was previously used. This allowed for a more objective and etficient level of assessment and decision
making. Structural and compositional rather than functicnal metrics were selected because of their
accepted histerical use, simpler derivation. and ease of interpretation. However, a functional component
is inherent in the index since watershed size at the sampling location affects metric scoring. In effect,
scoring of metrics is strongly influenced by functionaily based differences in the macroinvertehrates that
are inhabiting the wide range of stream sizes of the reference sites used to calibrate scoring of each metric

&.g.. populations predominated by cellector/gatherers, scrapers, or tilter feeders). The strength of the 1CI

lies 1n its ability to directly compare the biclogical performance of the subject stream site against
perfonmance measured at reference sites of similar watershed size and from the same ecoregion of Ohio,
The ICT value. the summation of the metric scores, is a single number that reflects general biological
condition, which has incorporated into it fen measurements that, with various degrees of effectiveness,
can and bave ofien been used (o accomplish this 1ask individually, Tt was thought that, nsed in the
aggregate, these meirics would minimize the weaknesses and drawbacks that each has alone.

Application of an ICI-type multimetric assessment tool outside of Ohio shonld not be restrieted by
or limited to the sct of metrics derived for use in Ohio. Rather. the flexibility of the multimetric approach
allows for the uiilization of differing collection methodologies with selection of metrics most appropriate
for the diverse geographic settings and ecoregions of the United States. However, the common denomi-
nator of all applications should e the regional reference site approach and its use to calibrate scoring of
the selected metrics and, ultimately. 10 set performance expectations and establish biocriteria.
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3.2 Scoring of Metrics

The 6,4, 2, or 0 point system is struciured (o score sample metrics against expectations derived from
a database of least impacted regional reference sites, These sites were selected from the Ohio EPA
database using guidclines developed by Hughes et al. {1986} Scoring critenia for each metric were
developed through a quantitative calibration process in which reference site metric values were plotted
against a log transtormation of drainage srea (a reflection of stream size) and scoring ranges determined
after a method modified from Fausch et al. (1984). For example, six points are scored if a given metric
falls in the range exhibited by exceptional stream communitics, 4 points for those metric values
characteristic of more typical, but good communities, 2 poinfs for meiric values moderately deviating
from the expected range of good and exceptional values, and O points for metric values strongly deviating
from the expecied range of good and exceptional values. The summation of the individual metric scores,
as determined by the relevant attributes of an invertebrate sample with consideration given to stream
drainage area af the sampling location, results in the 1CT value that ranges from O 10 60, Four scoring
categories were chosen because of the hisiorical use by the Ohio EPA of four levels of biological
community condition (Le., excepiional, good, fair, and poor), a siation thae, as defined shove, is
reflected by the metric score of a sampie.

The four scoring categorics were calibrated using data from 240 least impacted reference sites
disiributed across Ohio’s five ecoregions as delineated by Omermik (1987} and Omemik and Gallant
(1988). To determine the 6, 4, 2, or O vadues for each ICT metric, the reference siie database was plowed
vs. draimage area. Similar to procedures vsed to calibrate the IBI (Fausch et al. 1984), the scatter plot of
each metric was examined by eye to determine # any sloped relationship existed with drainage area.
When it was decided if a direct, inverse, combination of both, or ne relationship existed, the appropriate
95th percentile iine was estimated and the area beneath partitioned into four equal pans as determined
by the distribution of the reference points, One difference between this procedure and that used by Fausch
ot al. (1984) to calibrate the IBI was the use of four scoring categories rather than three. Another
difference involved some percent ahundance and taxa richness scoring categories that were not cqually
divided since the distribution of data peints showed a tendency to clump at or near zers. In these
situations, a modified method was used where the zero scoring category mcluded zero values only and
the 6, 4, and 2 point categories were delineated by sequential bisections of the remaining wedge of
reference data points. One final difference involved the use of drainage area as a scaling factor rasher than
stream order. The decision to use drainage area as an indicator of streaumn size vather than stream order,
or a {actor such as sirean widih used by Lyons (19922}, was based on the availability and ease of dratnage
area caleulation and its relevance to stream size. Stream order was viewed as being too coarse {Hughes
and Omemik 1981b) and stream width is simply not representative of stream size given the widespread
historical medification of streams in Chio, In other regions of the United States, these and cther
paramefers may be appropriate as scaling factors, The uvltimate decision must be determined by experts
familiar with regional patterns of streamn morphology.

3.3 Description of Meirics

3.3.7 Metric 1. Toial Number of Taxa

The species area plot of the total taxa metric vs. drainage area is depicied in Figure 1. Taxa richness
ricbrate
501 i$

is a key component of several new-generation indices cumenily used to evaluate macroinve
comimunity integrity (Lenat 1988: Plafkin et al. 1989, Kerans and Karr 1994). The vnderlying re
the basic ecological principal that healthy, stable biological communities in warmwater streaims bave high
species richness and diversity. As can be seen by the species area curve, the total ramber of &

from artificiad substrates in Ohio 1ends to decrease in the Jarger rivers. This is consistent with the River
Continuum Concept (RCC; Vannote et al. 1980), which predicts maximum taxa richness in midsized
sireamns and decreased diversity in larger streams and rivers due to changes in organic inputs and plant
growth. A contributing factor to the decline in taxa richness with increased watershed size i3 the more
monotonous nature of substrate types in larger rivers. An additional consideration, however, is that even
the hest, larger rivers have been subjected 1o some degree of coaloral degradation in Ohio.




BIOLOGICAL ASSESSMENT AND CRITERIA

M3
IS
™G

50 —-
kg L
i F
30 F

20

Total Number of Taxa

il Lot it

0 7 [T RN Loy aeaanl
1 10 100 1000 10
Drainage Area {mi®)

Figure 1. The relationship of {C! Metric 1, Total Number of Taxa, with the log transformation of drainage area
at 246 Ohlo reference sites. (An inverse releficnship exists with drainage areas >100 mi.)

3.3.2 Metric 2. Number of Mayfly Taxa

Mayfiies are an important component of an undisturbed stream macroinvertebrate fauna in Ohio. As
& group, they are decidedly pollution sensiive and ave often first wo deckne and eveniually disappear from
artificial substrate collections with the opset of environmental perturhation, Thus, they are a good
indicator of high quality ambient conditions. Environmental requeirernents and pollution tolerances have
been thoroughly docuinented for many species (Hubbard and Peters 1978). Taxa richness of mayflies is
inctuded as an individual metric of one current assessment protocol (Kerans and Kare 1994) but it mos
often appears as a component of an BPT (Ephemeroptera, Plecopiera, and Trichoptera) Laxa richness
metric (Lenat 1988: Plafkin et al. 1989). The spectes ares plot of reference site mayfly taxa vs, drainage
ares i depicted in Figure 2. The general trend in may{ly diversity reflects highest variety of types in
mtermediate size streams with slight decreased diversity in the smaller and larger drainages. As predicted
by the RCC, this is the result of the transitional netwre of the mwermediate streams and the corresponding
increased variefy of mocrohabiial, microhabizat, and food sources. In effect, environmental conditions are
highly diverse and support a mayfly fauna tansitional between the smaller Ohio sireams and the larger
Ohio sivers.

2.3.3 Mesiric 3. Mumber of Caddistfy Taxa

it commponent of the macroinveriehrate fauna collected from

Caddisflies are often a predomina it
prtificial substrates in larger, relatively unimpacied Ohio streams and rivers. Though generally thought
te be stightly more poltution tolerant as 2 group than mayfTies. they display a wide range of wlerance
among genera and species {(Hamis and Lawrence 1978). Motwithsianding, few can lerate heavy
pollutional stress and, as such, can be good indicators of environmental conditions (Kerans and Karr
1994). The distribution of reference site caddisfly taxa vs. drainage srea shows a clear, increasing trend
with stream size (Figure 3). This can be explained by the predominance m Ohio of net spinning. filier

feeding caddistiies of the families Hydrepsychidae, Polycemropodidas, and Fhilopotamidae and case-
(&)

making microcaddisfiies of the family Hydroptilidae. Habitat preferences of the filter feeders include
streams with abundant suspended organic matter while the micro-caddisities feed mainly on periphytic
diaromns and filamentous algae. These environmental conditions are best met in the farger sireams and
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Figure 4. The relationship of ICI Metric 4, Number of Dipteran Taxa, with the log transformation of drainage area
at 246 Ohio reference sites. (An inverse relationship exists with drainage areas >100 mi.)

rivers where the import of fine particulate organic matier is maximized and algal growth is optimal due
to the avadability of nutrients and more epen canopies. As can he seen in Figare 3, for drainages I2ss than
600 mi® (1550 km?), zero scores occur only when ne caddistly taxa are present. In artificial substrate
collections from the smaller Ohio waiersheds, it is noomal to collect fewer kinds of the mose common
caddisflies even at unpoliuted sises. For drainages greater than 600 mi® { 1 350 km?), habitat conditions at
sampling sites are much more conducive to the profiferation of these caddisflies and, therefore, at least
fwo faxa must be present to scere higher than zero.

3.3.4 Metric 4. Number of Dipteran Taxa

Among the major aquatic macroinveriebrate proups, dipterans, especially midges of (ke farmily
Chironomidae. rank high in faunal diversity and display a wide range of pollutional toferances (Beck
1977: Berg and Hellenthal 1990; Lenat 1993). They are usually the major component of & macroinvertebrate
collection using Ohio EPA methodologies and, ender heavy pollutional stress, are often the only insects
collected and, at the same time, are the predominant macroinvertehrate group. Larval taxonomy has
mmproved greatly and, as a result, clear patterns of organism assemblages have become more distinctive
under water guality conditions ranging from near pristine 1o heavity organic and toxic. The fact that they
do not ysually disappear under severe poliutional stress makes them especially valuable in evaluating
waier quatity. The distribution of dipteran taxa vs. drainage area is shown in Figure 4. A clear, inverse
relationship exists with watersheds greater than 100 mi® (260 km?). In the larger rivers, there is a tendency
towards increased populations of proportionately fewer dipteran taxa. This is probably the result of
abundant food supplies but fewer functional niches as habital conditions and food types become increas-
ingly monetonous.

3.3.5 Metric 5. Percent Mayfly Composiiion

As with number of mayfly taxa, the percent abundance of mavflies coliected in an artificial substrate
sample s often readily and rapidly affected by often minor environmental disturbances, Though much
more reference site variability exists in this metric campared with the taxa metric, there is a strong
refationship with waler quality. The range of abundances in the relatively unimpacted reference site
dutabase varies from near zero to greater than 80% (Figure 5). However, dats from slightly degraded ¢fair)
and severely degraded (poor) siream communities in Ohio indicate that mayfly abundance is reduced
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Figure 5. The relationship of iCl Metric 5, Percent Mayflies, with the log transformation of drainage area at 246
QOhio reference sites. {A direct relationship exists with drainage arsas < 100 mi?; an inverse relationship
exists with drainage areas >300 m#.}

considerably under even stight impacts and is essentially nonexistenit under more severs impuets. Thus,
it was felt that even a few mayflizs in low abundance should contribote a metric score of at least 2 points.
Therefore, only those artificial substrate samples with no mayflies are scored zero for the meric. The
distribution of reference site data points shows a tfrend similar 1o that observed for the mayily taxa metric.

3.3.6 Hfetric 6. Percent Caddisfly Composition

As with the number of caddisfly taxa metric, the percent abundance of caddisilies collected from
artificial substraies is strongly related 1o stream size (Figure 6). Again, optimal habital and availability
of appropriate food type seem o be the main considerations for stimulating farge populanons of the
common Ohic caddisflies. As can be seen in Figere 6, caddisflies can make up a significant portion of
the macroinvertebrate communily, often exceeding 25% of all organisms collected. However, they are
just as likely 1o be found in quiie low numbers, at times comprising less than 1% of a sample. Because
of thetr general disposition as an itermediare group (more tolerant than most may{lies and less tolerant
than many dipterans) and because they disappear rapidly under environmental sfress, zero scores are
restricted to those sites with drainage areas less than 600 mi® (1550 km®) where no caddisflies are
collected. This scaling, similar to that used in Metric 3. is necessitated because low pumbers of caddis{lies
are often collected from artificial substrates at the smaller siream sites even when resource disturbance
is minimal, Af siies with greater than 600G mi® {1330 kae) of drainage, appropriate habiial conditions are
much more likely to exist; therefore. individuals from the most prevalent Ohio caddisfly families should
he well represented and must be present in at least minimal numbers o score greater than zero.

3.3.7 Metric 7. Percent Tribe Tanytarsini Midge Composiiion

The tanvtarsini midges are a iribe of the chirenomid subfamily Chironominae. The larvae are
generally burrowers or clingers. and muny species build cases out of sand, silt. andfor detritus. Many

species feed on microorganisms and detritus through filtering and gathering, though a few are scrapers.
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relationshin exists with drainage areas »300 mi?).
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collected from artificial subsirales. As a group, they appear to be imfermediate in pollution wierance and
s grouns, and
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often disappear or dectine under moderate pollutional siress. However, some genera, spe
species have been determined to be quite sensitive to poliution (Anderson et sl 1980; Simpson and Bode
P80 Hilsenhoff 1987 Lenat 19933, As depicted in Figure 7. populations of tanytarsini midges tend o
peak at reference sites in the 1 10 300 m3? (260 to 773 ko) range of watershed size. Because of their
moderate intolerance to environmental disorbance, zero scores onty occur when no lanytarsing midges

Hure pz‘e.sen{.
3.3.8 Meiric 8. Percent Other Dipteran and Non-insect Composition

This metric includes the commuonity percentage of all dipterans {excluding the midge tribe Tanviarsmy)
and other non-insect invertebrates such as aguatic womms, flatworms, amphipods Gseuds), sopods
Laguatic sow bugs), freshwater bydras, and spails. This metric is ope of two negative metrics of the M1
i1 that an increased abundance results in 2 lower metfric score. Taxa in these groups Gfm'wrr}mvcnr:hrztte'
though often present as part of o healihy stream communiiy, are those that gencrally wead o
under adverse water quality conditions (Hynes 1966; Hart and Fuller 1974} Depending on 1
of the stress, these organisms will comprise over 90% of the mdividuals collected in an Limimf‘zl xub
Figure b depicts the distribution of reference site data for the metric. indicuted, re e
e, Howey 110 hold for
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v orefated {0 stresmn si
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meiric usually predominate at 2 high percentage
soseverely degraded that no or only a few oradmxm\ a<#(? ndividuals)
of dipterans and non-insects is consequently at or near zere, the meinc dehw_‘ils Ly & ZETO SCOTe Tather i}mﬂ
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Tabte 3. List of Poilution-Toleran Macroinverfebraies Used fo Determine Metric
2 of the invertsbrate Community Index {IC))

Common name Scientific name
Aguatic segmented worms Annelida: Oligochaetia
Midges Diptera; Psectrofanypus dyari

Cricotopus (C.) bicinctus
Cricofopus ({socladius) sylvestris group
Nanocladius (N.) disfinctus
Chirgnomus {(C.) spp.
Dicrefendipes simpsoni
Glvptotendipes barbipes
Parachironomus firtalatus
Polypedilum (Pentapedilury iritum
Palypedifum {P.} fallax group
Polypedilum (FP.) illinoense

Limpeis Gastropoda:  Ferrissia spp.

Pond snails Physefla spo.

= New listing not inciuded in criginal table from Ohio EPA (1987h).

a higher value. This adjusiment is needed since a fow number of organisms renders the proportional
refationships between macroinvertebraie groups relatively meaningless.

3.3.9 Metric 3. Percent Tolerant Organisms

Vatues for this metric are generated using a predetermined Iist of organisms compiled by the Ohio
EPA (1987 and reproduced in Table 3. Fhe list includes those organisms in Ohio that have consisiently
been ohserved 1o be extremely tolerant of a broad range of impacts and which tend o predominare
artificial substrate cofiections from areas with severe perturbation. The list includes organisms tolerant
10 organic poliution as well as some taxa observed o withstand toxic mmpacts (Hynes 1966; Hart and
Fuoller 1974; Sinypsen and Bode 1980; Burch 1982). Thus, this should be a reasonable metric for the
evaluation of community tolerance over a broad range of degradation types, This is a preferable difference
over other measurernents of commurity {olerance that have been developed primarily to reflect one tvpe
of poihsiion impace. Like Metric §, this is a negative metric and, as such, & low number {<30 individuals)
or an absence of organisms in a sample defaults o a zevo score for the metric regardless of the presence
or absence of the specified tolerant taxa. Figure 9 depicts the reference site toferant orgaiism percentages
vs. drainage area. A sirong inverse relationship with watershed size exists. For drainages greater than
1000 mi* (2600 kim?), the pereentage of wlerant organisms found at reference siles becammes so low that
the scoring categories are quite restrictive, In fact, at a numher of the reference sites, none or fower than
1% of these arganisms were present, However, as with Meiric 8, watershed size tends to have litde cffect
when pollutional disturbances are prevatent. Sites with minor to severe degradation can have large
populations of these organisms regardless of stream size.

3.3.10 Melric 10. Number of Quaiitative EPT Taxa

This 15 the sele KT metric that is generated by the qualitative sampie taken in conjunction with the
artificial subsirate sampling. Since the qualitative sampling utilizes a substrate and habitst dependent
method, that is, a method affected by the variation in natural substrates and habitats availzble in the
sampling area, the metric is a measurement of both habitat quabity and divereiry as well as water quality.
The metric consists of the taxa richness of Ephemeroptera (mayflies), Plecoptera (stoneflies), and
Trichoptera (caddisflies) and is commonty used as an index compenent (Lenat 1988: Plafkin et. al 1989:
Resh, Chapter 12; Southerland and Stribling, Chapter 7). Since stoneflies are relatively uncommon in
summer coltections in Ohio, the metric is mostly dependent on the kinds of mayflics and caddisflies
found. The depiction of qualitative EPT taxa vs. drainsge area (Figure 163 reflects a rend similar 1o
Metrics 2 and 5, total taxa richness and percentage of mayflies. As with Meirics 1 and 2, the higher
numbers of EPT taxa occur in the midsized streams and rivers, a rend predicied by the RCC. and result
from greater habitat and food yype variety in the systems rransitional berween small sereams and large

rivers.
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Figure 9. The relationship of IC} Metric 9, Percent Tolerart Organismis, with the log transformation of drainage
area at 246 Ohio reference sites. (An inverse relationship axists with drainage arsas >1000 mi2)
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Figure 11, Frequency distribution of ICI scores for 431 sites rated as goodiexgeptional, izir, and poor using the
original Ohic EPA narrative assessment protocol. The dotted bars are sites where narrative assess-
ments rated differently than assessmenis using ICI scores and biocriteria derived from a regional
reference sile approach; slashed bars are sites where the iwo zssessmenis were in agreement,

4.0 01 VALIDATION AND TESTING
4.1 Comparison with Original Narrative Protocols

sessment method-

tir an effort to determine the effect of uging this more definifive, less subjeciive
ology, evaluations using the original narative proiocols (ie., exceptional, good, fair, or poor) from 431
sites sampled between 1981 and 1987 were compared 1o 1CT-based blocriteria calibrated using regional
reference sites. The resulis indicatzd that the original namative approach rated a significant nuember of
sites as being better thon indicated by the calibrated ICT (Figure 11). The narrative approach rated as
Tgood” (attaining the designated aquatic life use) 36% of sites classified by the 1CT as impaired (fess than

the applicable ecoregional eritericon and., thereby, not mecting the designated use). Additonally, 229 of
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“lair” drcg(}ry using Ihn parrative appmach mezwg only “f-’ of sites rated as
method were classified higher by the ICT and no 1C1 seores exceeded the ecoreg
narraiively rated as “fair.” The primarily unidirectional error orientation of the na
in the rating of sites better than they should be when judged against the 107 2
wendency of the investigator was to give a stream focation the benefit of the muhf M{l }ua% it aces
when it may not have been. This is not a problem when using th
While it may seem premmm‘e to assume that the ICT is more acourite
assessment mechanism designed w0 produce the essence of the narrative %\«ﬂtm, bt
chijectivity and precision, and that it extracts information directly from the re
supperts the contention that the 10T is the preferable assessment tool,

YRRCS \ati.‘.; .

4.2 Yariability Analyses

It is of critical importance in biological moniioring o collect a consi
Yariation in data can be divided into sampling variation (e, 2mors mn met }
natura! variation, both between sites and at & given site over time (Le. i{*m;‘)fﬁ'a] WAT wiw; eyl %fr
error should be minimized to detect itue spazial differences between sanpling sites or at a site over time.
Data from a special Ohio EPA methods study conducted in 1987 were used to eatimaie the ramilications
of both natural variability at 2 sampling site and the mherent error of the macroinverncbrate sampling
techniques and meihodologies. Temporal variability of the 10T at & given site was assessed by analy '30
ites i1 the Ghio EPA macroinvertebrate databuse baving multiple vear information. Within vear
{i.e., seasonality) of the ICT at a given location has not heen thoroughly assessed: howaver, this should
not be g significant consideration when cvaluating community gquality since macroinvertebrare sumpimg
by the CGhio EPA is confined to a specified index period. Ohio E ? A profocols restrict swmpling 1 i
June through Seprember index sampling period with all artiicial s balmtc samples, in ad
retrieved over a six-week period from mid-August o the end of Septembe 'I‘hu 5
in macroipvertehrate communitios at 4 given location over this relatively b;‘im‘ thme fra
minimal and noi significantly affect 10T scoring as a consequence,

M
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4.2.1 Hite Variabiiity Analysis

sentative site in Big Darby Creek, a medium sized sivearn
h (,!udi] v aguatic resource and s populated
s thought the potential for « ton
warn and, thus, be a good st of the

The 19681 siudy was conducted at a rep
tocated in central Ohio. Big Darby Creek fs a dom*nmkd hig
by a very diverse macromvertebrate fauna {Ohio EPA
aimhutcd 10 sampling error under these conditdons would l*u sig i

etiabtlity of the ICI, Since extemnal impacts are minimal. measure E variability would be most hkely due
1o samnpling inconsistencies, Twenty-two ariificial subsirate sampling units were arranged in an X-shaped
zrid and colonized under similar conditions with regard o cusrent velocity, water depth, and riparian
canopy. Nineteen of the units were subsequentdy rerrieved snd analyzed; three units were not used
subsequent analyses because of differences in current velocity at the specific Tocarions where (he

at

substrates were reirieved,

Initial examination of the data indicated that measured physic
velocity) were relatively constant ard should have had no significant effect on various biological
parameters (e.g., total axa, etc.). Similar resalts were found when the physical factors were compared 10
calculated O valnes. U oseemed appropriate to assume that the same water guality conditions were
affecting all the sampling units; thug, it was inferred that any variability in 1CT scores was due 10 sampling
error related 1o methodologies and/or natural biclogical processes such as predation. cmwmtmn, immi-
gration, mortality, and natality. ICT summary statistics generated from the test data are presenied in Table
4: the frequency distribution of 1CT scores is depicted in Figure 2. 1CT scores were reasonably consisieni
among the nineteen samples. The median 1CE value was 36 and scores among the 1Y samples ranged from
30 to 44. Though this appears to be a considersble range of JCT values. the 25th and 75th percentile scores
were 36 and 38, respeciively. Fourteen of nineicen (75%) and seventeen of nineteen (90%) scores were
within plus or minus two and four points of the madian, respectively. As such, 5t was nined that
changes in FCT scores at test sites compared to an ecoregional biocriterion or to an upstream conirol S1aron

al parameters (depth and current
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Table 4. Invertebrate Community Index {IC}
Summary Statistics Generated from
Macroinvertebrate Data Collected at
the 1981 Big Darby Creek Test Site

Sample size 19
Mean iCl 366
Standard error 0.7
Median {ClI 36
Minimum IC! 30
Maximam ICl 44
ICI guartiles

Lower {25%) 36

Upper (75%) 38

No. of Observations
. =

| | |

30 32 34 36 38 40 42 44
1l

Figure 12. Frequency distribution of Invertebrate Community Index (ICI} scores derived from 19 replicate
sampies coflected at the 1581 Big Darby Creek test site.

sheuld be considered in a zone of insignificant departure if the 1CH difference is four points or 12ss. Rased
on the {est darfa, this interval should adequately allow for the potential effects of natural variation and

sampiiing cimor on ihe FCF value.
4.2.2 Temporal Variability Analysis

ity 1o predict with absolute cortainiy thai a given site has not changed in qualiiy

2 £ alve i
jag H (21381

ccause of the fna
over a period of years, it was difficult to assess the potentia! effect of natural, year-to-vear variability on
ICT scoring. However, there are sampling locations in the Ohio EPA database where multiple-year data
are available and where liftle or no change in resource guality is believed to have occurred. 1CT scores
fromn three such sires are depicted in Figure 13, Oui of necessity, these sites needed 1o be high quality and
tocated on streams well removed from major anthropogenic pellution sowrces. fa general, these sites
varied fitte from year to year. For the most part, iC] scores were consistent and differed by no more than
6 points over the sampling intervals which spanned 7 to 8 vears and included 3 1o 6 sampling events. Most
importandy. however, scores always exceeded the applicahle biceriterion und the evaluation of aquatic
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Figure 13. Invertebrate Community Index (IC#) scores from multiple-year sampling conducied at three high-
quality Ohic stream sites.

life use artainment status did not change. A wide range of natural envirommental condifions existed over
the years at each locarion and included exceptionally high flow years as well as drought years with
minimal stream flows and the potential for maximum biological stress. It was conciuded that 1C7 scores
are consistent at locations where little man-induced change has occurred. Thus, macrotnveriebrate
commmunity condition, as refiected by the ICL reacts minimally 1o natural biological processes that might
otherwise be perceived as important factors which could potentially affect scoring and thereby the
communify assessment at a sampling site.
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Ir is ieresting to aote that the Ohio EPA database also includes sites sampled over multiple vears
in areas of lesser quality and bupacted by human activities, If degradation is not severe at these borderling
quality stics, it is not unusual to see modarate fluctuations of ICT scores from vear to year, However, far
from indicating a “noise” prohlem with the ICL, this type of temporal variability can be of considerable
imporzance in the diagnosis of poliution impacts. Oftentimes, these sites are jocated on stream reaches
with significant nonpoint source problems or in arban/mdustrial influenced reachss where siream flows
are nearly effluent dominated. In these cases, differing stream flow years and the corresponding effect on
nonpoint source polletant Joadings and point source effluent dilution are apparemly influencing the
guality of the macroinvertebrate community that becomes established in a given VEar.

4.3 U.S. Environmental Protection Agency Evalustion

An fndependent evaluation of the ICT conducted by the U.S. Environmental Protection Agency (Davis
ancdt Lubin 1989) determined that the ICL, along with its associated metrics. seems (o be a vatid emnirical
mdicaror of macroinvertebrate community quality and is guite acceptable for its stated use. Various
Statistical Analysis System (SAS Insnttte, Inc. 1985) procedurcs were use (o test a number of aspects of
the ICI mcluding: (1) an evaluation of the reasonahleness of the use and derivation of the inveriebrate

communily measurements used to establish the ten meirics, (2) a determination if the drainage area
retationships visuatly interpreted for the ten metrics were reasonable. (3) a determination if any of the ten

FCT merries are interrelated and. therehy, provide redundant information, (1) a determination i the
assumption of equal weights for cach meiric was optimal, and (37 an evaluation of the overall ACCUTACY
of the 1CL The asuthors’ analyses revealed no substantial fauls or unnecessary redendancy i these
variocus aspects of the ICL, and they concluded that these were no obvious changes which would

significantly mmprove upon it

3.0 APPLICATIONS OF THE ICH IN WATER BESOURCE ASSESSMENTS

The Ohio EPA has operated a program of intensive biological and water anality surveys of Ohio rivers
and streamns since 1979, In o [-yeur period, over 550 different rivers arad stremmns covering nearly 80010
mifes huve been assessed stalewide. More than 90% of the principal poliution problem areas have been

L

surveyed at ieast once. The Ohio EPA ewploys a multidisciplinary approach to the chemical, physical,
and biological wonitoring and assessment of strfece waters, Biological evalustion methods include the

use of the fadex of Biotic hmegrity {IBI and Modified Index of Well-Being (MIwb} for fish, and the
fnvertebrate Community Index (JCD) for macroinveriehrates (Ohio EPA 19875 Yoder 1289). Reference
site-calibrated ecoregional biocriteria for all three indices were adopted into the Chio Water Quatity
Stundards and became effective in May, 1990, The rationale and procedures used in the development of
Chio’s biocriteria have heen reported elsewhere (Ohio EPA {9874, 1987h, 1989z, 1989}, Besides
bivicgical menitoring, the Ohio EPA suivey desigr also includes an assessment of physical habiat and
al analyses of the water column and efflaents, Additionally, sssess-

s

the more traditional chemical/phys
menis may include monitoring of toxic substances in the water colump, elflaents, fish tissue, and
sedimenis as necessary. Together these data are used to support Ohio EPA program areas such as Water
Quality Standurds, NPDES permits, basinwide planming activities, natoral resource damage assessments,
and nonpoint source assessments. In 1290, the Ohic EPA inittared a five-year rotaiing basin spprosch to
ambient biclogical and water quality monkoring and NPDES permitting. This cyclic and orderly ag-
proach to the assessment of Ohio’s major watersheds not only makes the uiilization of lmited monitoring
rescurces more cost elfective, but assures that monitoring information will be available 10 support
program areas when needed. Yoder (1991b) and Yoder and Rankin (Chapier 9) provide detailed discus-
sions of the Ohio EPA’s hioJogical and water quality survey program and hiceriteria applications.
Assessments of the ambient macroinvertebrate community using the ICI are primarily of two basic
iypes: (1) intensive surveys of stream or river reaches using multiple sites in upstream o downstream
fongitudinal or synopeic subbasin configurations, and {2) multiple-year sampling at a specific fixed station
on & stream or river. Intensive surveys are the basic design used in Ohio EPA s annual sampling program
to address issucs from a mainstem. subbasin, or basinwide perspective. Sampling sites are located based
on the peculiarities of the streasm or river and in accordance with the survey objectives. Assessments of
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Figure 14. LongHudinal patterns and temporai trends in the fnvertebrate Community ladex (ICH) based on
macroinvensbrate communiiy data collected from the Hocking Fiver within and downstream from the
city of Lancaster, Ohio, 1982 and 1990,

point sources of pollution include upstream control(s) and downsiream impaci/recovery siations includ-
ing mixing zone analyses to deteet the potential for acutely toxic or rapidly jethal conditions, Additional
sites are typically located within the study area to evaluare natural background conditions. o resample
gional reference sites {once every ten years), or o monitor other issues such as pollution runoif from
agricuiture, mine drainage, urban, and construction site sources. With the advent of the five-year cycle
to watershed roonitoring, opportunities are arising o revisit previcusly sampled watersheds and 1o as
wemporal changes in aquatic resource condition after major monetary expenditures for improvements in
peint source water pollwtion control. A similar opportunity exisis over the jong-term (o evaluaie the
benefits of current efforts to mplement best management practices and control nonpoint sources of
polivtion. In conjunction with the intensive biological surveys, macroinvertebrate sampling has also been
conducted over muliiple years since the early 1970s at over 30 key locations in masjor Ohio warersheds.
Many fised stations bave had 10 or more annual samples taken over the intervening 18 years and
OIS

e

RIGEE

significant long-termn, mostly positive trends in ICT scores are being ohserved at some loca

Results from these wo distinetly different types of macroinvericbrate community monitoring are
beginning to provide a uniquely comprehensive and standardized database from which changes in the
guality of Ohio’s water resources can be guantitatively evaluated over time, Of relevance o regulatory
programs and others is the feedback provided about the success of efforts to control, reduce, and eliminate
surface water pollution probiems. The results of these types of analyses do more than simply answer the
guestion of whether or not a waterbody s performing up 10 expectations with regards 1o biological
integrity. Information is also derived that quantifics the degree of bioiogical change, whether it be positive
or negadive, and. in the later case, what amount of additional Blelogicsl improvenent will be necessary

il

o achieve acceptable biological condijion.
5.1 Use of the IC! in Intensive Survays

An example of the use of macroinvertebrate community data in an ntensive suivey, including an
assessment of temporal wends, 18 graphically presented in Figure 14, The subject waicrbody s the
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Hocking River, an Ohio River tnbutary originatiing in south-ceniral Ohto, which was first surveyed and
assessed in 1982 (Ohio EPA [983a) and then again in 1990 (Ohio EPA 1991). Both surveys were focused
on the river in the vicinity of the small city of Lancaster, Ohio, which for many vears severely degraded
the river. Inadequate wastewater lreatment and raw sewage bypassing at the municipal treatment facility,
combined wet and dry weather sewer overflows, and a heavy contribution of industrial effluents to the
sewage collection system resulted in gross enrichment and heavy metals contamination, significant levels
of instream toxicity, and periodic fish kills.

in 1982, the macreinveriebrate commiunity was severety degraded in the vicinity of, and downstream
from, Lancaster for over 20 miles (32 km). The impact of the various sources was dramatic and
immediate. The ICT score decreased by 36 points between the very good quality upstream back ground
samphing location and the first impacted site even though the sites were less than | mi (1.6 k) apari. The
worst conditions were found in a 6 mi (10 km) stretch below the municipal treatment facility where IC]
values of 0 were scored at five locations. Communities at these sites were almost exclusively composed
of large numbers of wbificid worms populating extensive beds of sewage sludge throughout the river.
Recovery in the macroinveriebrate communiiy was incomplete at the farthest downstream site of ihe
study area where only limited improvement was observed in the macroinvertebrate commurnity.

Between the [982 and 1990 surveys, numercus construction and operational improvements were
nstituted within the city’s sewage system, which resulted in much bester quality pretreatment of industrial
effluents, higher-quality wastewater treatment plant effluent, and the virtual elsmination of sewage bypass
events. In 1990, macroinvertebrate communities, as assessed by 1C1 scores, reflected the vastly improved
water guality copdifions in the Hocking River as a result of these changes. Though there was still
degradation in close proximity to the urban area and the municipal treatment facility, the differences
between the 1982 and 1990 communities were visibly apparent. Beds of sewage studge and tubificid
worms were cssentially absent and were replaced by much more diverse invertebrate populations
including good numbers of mayfly and caddisfly taxa at siies where only worms had been found
previously. Communities comparable to those found at upstream sifey were collected onfy 6 mi (10 kin}
downstrean and communities in between were not nearly as degraded as those in 1982,

Fish commurity assessments at comparable gites in the Hocking River reflected similar improve-
menis between 1982 and 1990, However, changes were not nearly as dramatic as these observed in the
macroinvertebrate community primarily due to a lagging and as yet incompleie recolonization process.
However, complete community recovery Lo i level approaching that observed ai reference sites appears
further Hmited by the prevalence of severe macrohabitat degradation. Mainstem habitat in Lancaster
remains 10 a state of recovery from prior channelization. Bank ercsion is significant downstream from
Lancaster where adjacent land vse has encroached on the riparian zone. Although pockets of quality riffle,
poct, and rparian habitat exists, much of the stream channel and riparian zone has suboptimal macrohabitat
conditions, which will probably hamper the reestablishment of diverse populagions of many fish species.
The macroinveriebrate resulis, based on the artificial and natural subsirate collections, indicate a swong
positive response f0 the improved water quality and the availahility of the few oases of quality macrohabitat.
The net resalt is that continued fish community degradation preciudes the full attainment of the designated
beneficial aquatic ife use of the Hocking River. The differential sensitivity and response shown by each
organism group is advantageous when atiempting to discern the effects of water quality problems in
streams that also have serious habitat degradation. The use of this tvpe of complementary biclogical data
in assessments of streams and rivers in Ohio in conjunction with associated chemical and physical
analyses has resulted in higher quality and moere accurate information on which to base management
decisions affecting the resource. Rankin (Chapter 13) provides a detailed discussion concerning the
importance of macrohabitat integrity and #s influence on the quality of Chio rivers and streams.

5.2 Use of the ICI in Multipte-Year Fixed Station Sampling

Use of macroinvertebrate community data in multiple-vear fised stadon sampling are graphically
presented in Figure 13, Two locations, the Black River at Elyria, Ohio, and the Cuyvahoga River at
Independence, Chio, have been extensively montiored [rom the mid-1970¢ to the present. Over this
interval, macroinveriebrate communities have been sampled nine times i the Black River and twelve
times in the Cuyahoga River. In both cases, significant positive changes have occurred in the communities
that are comreiated with improvements in municipal wastewater treatment in each watershed. These rivers
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Figure 5. Muitiple-year trends of the Invertebrate Community Index {IC) based an macroinvertebraie commu-
nity data collected from fixed stations fecated on the Black River at Elyria, Chio, and the Cuyahoga

River at independence, Chio, 1977-1992.

continue to be extensively investigated as both have been identified as Great Lakes Areas of Concemn and
have Remedial Action Plans in various stages of development.

5.2.1 Black River

The Black River is a major Lake Erie tributary originating in northeastern Ohio in the Erie~Ontario
Lake Plain ecoregion. The long-term fixed station is Incated on the mainstem approximately T mi (1.6
km} downsiream from the confluence of the East and West Branches and upstream from the Elyria
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wastewater treatment pranl. This area of the river ig located within ihe city of Elyria and, until recenity,
was impacied by a variety of seurces mcluding combined sewer overflows, industrial dischargers, on-sile
septic systems, and urban ranoff. Sampling at the fixed station in the late 1970s and early 1980s resulied
in low 1CT scores ndicating poor community performance. A biological and water quality survey of the
Biack River conducted in 1982 documenied serious degradation throughout the mainstem (Ghio EPA
1985b). The predominant causes of the biokogical impairment were determined to be low isueam
oss nutrient enrichment resulting from combined sewer releases and

dissolved oxygen levels and g
industrial discharges.

Since the 1982 survey and especiaily since 1986, significant improvements in the macroinvertebrate
community at the fixed siation have resulted in ICT scores achieving the biocriterion established for the
Erie-Ontario Lake Plain ecoregion (Figure 13). Biotogical changes are correlated with improved com-
bined sewer over{low controls and the elimination of indusirial discharges due 1o plant closure or tie-m
to the recently upgraded Elyria wastewater treatment plant, The 1988 plant expansion. coupled with the
extension of & major interceptor sewer line, has heiped to decrease the incidence of combined sewer
discharges o the Black River within the Elyria wastewater collection system.

522 Cuyshoga River

The long-term fixed station on the Cuyahoga River is located at Independence, a small northeastern
Ohic community located in the southern Cleveland metropolitan arca and ai the nosthern end of the
Cuyahoga Valley National Recreation Arca. The Cuyahoga River, ke the Biack River, is in the Ere-
Ontano Lake Plain ecoregion of CGhio and is a major Lake Erie tributary. The basin is unique in thai is
headwaters begin near Lake Erie; the mainstens then flows south for about 50 mi (80 km) before flowing
nosth near the City of Akron. Just north of Akron and af (he souther edge of the National Recreation
Ares, the Akren wastewater treatmen facility discharges to the river. essentially doubling river volume
at Basellow conditions. The fixed station is located approximately 20 mi (32 km) downstream from the
wastewater treatment plant; there are no other significant point sources in between,

Historically, the macroinvertebrate community was severely degraded af this site. From the Jate 19705
through the early 1980s, JCT scores were in the poor/fair perfonnance category (Figure 15) Anintensive
survey in 1984 revealed biological mmpairment that extended from the Akron area all the way w0
Cleveland. The response patierns of both the fish and macroinvertebraie communies, a lack of observed
exceedences of conventional chemical water quality criferia, and the fact that degradation extended for
over 20 mi (32 kim) downstream sivongly suggested a persistent toxie impact. Bioassays of the Akron
waslewater treatment plamt efftuent gs late as 1985 confirmed the presence of acute toxicity. Additionally,
combined and sanitary sewer releases were a problem upsiream from the treatment faciity af many

overflow locastons in the Akron urban wrea.

In 1986, acute toxicity in the treatment plant efflient essentially disappeared; chropic toxicity was not
measured. Although the principal reason for this was not precisely known, 2 number of possibilities exist
fncluding the remaval of several mdusaial sources w the collecrion sysiem due o plant closures.
additional pretreatment requirements of remaining mdustriad inpuss w the plant, more sirfpgent regulation
of illegal “drop-in" dischargers, and major upgrades at the plant, both on-line and under construction. The
jarter upgrades resulied in decreased loadings of ammonia, suspended solids. blochemical oxygen
demand. and, since 1988, heavy meials. Plant bvpassing of raw or partially treated sewage has aiso
decreased. As can be seen in the trend at the fixed wtatdon, & significant improvement has occurred in the
qquality of the mactoinvertebrate community s reflected by the 1CT (Figure 15). Beginning in 1987 and
continuing o the present, annuzl sampling has documented attainment of the ICT ecoregional biocriterion
af this site. Intensive survevs in the basin as recently as 1991 have documented substannial biological
improvements in the entire reach of the river between Akron antd Cleveland (Ohio EPA 1992d), Although
the severity of degradation has decreased. biological improvement has been limited in closer proximity
. Fhere remain serious problems with discharges of

{0 the wastewater treatment plant and urban a
vitrested combined and sanitary sewer overflows and frequent bypassing of partially treated secondary

flows at the plant,
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£.0 FUTURE CONSIDERATIONS FOR IC! DEVELOPMENT AND APPLICATION

5.1 Feference Site Resampling

Calibration of IC1 meiric scoring categories are based on the prevailing backgroand condifions at 248
feast wmpacted reference sites that were sampled across Chio from 1981 (o 1986, This follows the
guidance of Hughes et al. (1986) and recognizes that aitainable biclogical conwnunity structure and
function in aguatic systems is influenced by widespread scrivities such ag intensive land surface vses (e,
rew-crop agriculture, surface mining), natural siream channel alierailons (e.g., channelization), human
settlement, road and highway construction, and general land surface conversion {e.g.. deforestation), ajf
to suit sociocconomic desires. The vse of least impacted reference sites is not iniended to represent
pristine, wildemess, or pre-Columbian conditions in Ohio but recognizes that the aforementioned factors
have collectively or individually influenced the ability of watersheds o support a certain level of
hiclogical performance. This does not mean that the impacts from these band use activities are necessarily
acceptable; however, metric scoring reflects what is reasonably attainable in Ohio rivers and sireams. The
calibration of metric scoring categories can and will change (ie., become more stringent) i it becomes
apparent that the impacts of these pervasive infiuences have lessened through improved nonpomt source

control programs or other means.

To determine it the background reference condition has changed significantly, resampling of refer-
ence sites has become an Ohio EPA monitering program priovity. Between [958 and 1993, over 100
macroinvertebrate reference sites were resampled. It is anticipated that enough sites will have been
resampled by the late 1990s {based on a goal of resampling 0% of ihe reference sites cach vear} to
reexarmine the fen ICT metrics and determine if a scoring recalibration is in order. At the same time, if can
be determined if refinements and advancements in macroinveriebrate taxonomy have been sufficient
enough (o warrant further adjustments to ICT scoring categories or the metrics themselves. Modifications
of the melirics or scoring categories and any subsequent changes in ecoregional expectations witl be
subject to the requirenzents of the Ohio Waier Quality Stundards rufe-making process and final approval
by the U.S. Environmental Protection Agency.

6.2 Qualitative Community Tolerance Values

A new Ohio EPA assessment tool currently in use and a direct offshoor of the ICT is the Qualitative
Community Tolerance Value (QCTV). The QCTV is envisioned as having application when a quick
turnaround is needed to problem assessment or when a screening-leveld, less definitive technique is desired
in lieu of the more complex ICT process. As such, the method utilizes the qualitative, natural substrate
coflection procedure, which necessitates one site visit and minimal laboratory analysis, The assessment
of the qualitative data relies on taxou folerance values that have been established for many
macroinvertebrates collected in Ohio. The tolerance value of a given taxon was derived using numerical
abundance data from sites around Ohio where that taxon had been collected with antificial substrates. To
determnine the telerance value, ICT scores at all locations where the taxon was cellected were weighted
by the abundance data of that taxon. The mean of the weighted ICI scores for the faxon is s tolerance
value, Thus, the tolerance value represents the refazive level of wierance of a particular macroinvenebrate
taxon in terms of the O o 60 scale of the TCEL The most pollution-intolerant taxa, which tend to reach
greatest abundance at undisturbed sites {t.e.. sites with highest ICT scores), yielded high tolerance values.
Conversely. the most pollution-tolerant taxa, aitaining greatest abundance at highly disturbed sites with
Yovw ICT seores, resulted in lower folerance values.

At a sampling location where only qualitative, natural substrate data has been collected, the QCTV
score s determined using only those taxa for which QCTYV values have been caleulated. Thig provides
a link to the ICT that cannot be calculated for natural substrate data. The QCTV is most commonly
expressed as the median of the available tolerance values but can also be expressed at other frequency
intervals such as the 25th and 75th percentiles. Thus examining the community performance at different
percentiles of the QUTY increases the dimension of the analysis. This was recently demonstrated nan
assessment of small urban and suburban streams in the greater Cincinnati, Ohio area (Ohio EPA 1992),
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Currently under evaluation are interim performance criteria for the median QCTV determined by
correlating DCTV seores with sites achieving and not achieving ecoregional expectations as detenmined
by 1CI biocriteria. Though still subject to revision, the QCTV procedure has shown promising potential
as an addizional Obio EPA assessment tool that can be used under specified circumstances. I is currently
being used fo evaluaie qualitative data i conjunction with other more traditional sample atiributes such
as total and EPT richness and overall community composition and balance. A list of tolerance values (i.e.,
average weighted ICTs) derived for commonly collected Chio macroinvertebrate taxa is provided (Table 5).
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Table 5. Tolerance Values {or 314 Commen Macroinveriebrate Taxa Derlved Using the Invertebrate
Community index {iCl) Weighted by Abundzance Data and Averaged Over Al Sites (N2 5§
where Collected with Modified Hester-Dendy Muitiple-Plate Artificial Substrate Samplers

Toterance Tolerance
Taxon vaiue N Taxon value K
Coelenterata Orconectes {Crokerinus} 358 6
Cordylophora lacustris 225 24 propinquus
Hydra sp. 335 7067 Orconectes {C.) sanbornii 322 54
Piatyhelminthes sanborni
Turkellaria 23.0 805 Orconectes {Frocefricambaris) 323 114
Nematomorphag rusficus
Unidentified 22.0 <] Arachnoidea
Bryozoa Hydracaring 38.1 437
Fredericella sp. 45.2 5 insecta
Fredericelia indica 40.9 3] Ephemeroptera
Hyalinefla punctaia 43.3 20 Siphlonuridae
Lophopodella carteri 426 11 Isonychia sp. 48,7 817
Paludicelia arficulata 417 28 Baetidae
Pectinatella magnifica 252 6 Acerpenna macdunnoughi 531 9
Piumatella sp. 374 591 Acerpenna pygmasus 463 68
Entoprocta Baefis sp. 41,1 928
Urnatella graciiis 4268 162 Baefis armilfatus 50.9 5
Annelida Bastis flavisiriga 42,6 105
Oligochaeta Baetis intercalaris 438 165
Unidentified 11.9 1289 Callibaetis sp. 26.1 27
Hirudinea Cenfroptilum sp. 435 88
Dina sp. 28.6 8 Cloecn sp. 8.7 137
Froobdella punciaia punciata 88 28 Diphefor hagent 460 16
Helobdelfa stagnalis 10.8 44 Pseudocioson sp. 495 55
Helobdelia triserialis 126 60 Heptageniidas
Mooreobdella fervida 8.0 11 Hepfagenia diabasia 48.3 5
Mooreobdefla microstoma 14.3 66 Leucrocuta sp. 458 245
Placobdeila ornata 271 g Leucrocuta hebe 43.8 18
Arthropoda Leucrocula maculipennis 47.5 15
Crustacea Nixe perfida 20.2 9
Iscpoda Stenacron sp. 41.1 1019
Caecidotea sp. 18.8 23% Stenonema exiguum 48.4 204
Lirceus sp. 351 136 Stenonema femoratum 41.5 450
Amphipoda Stenonema mediopunclatum 48.7 a8
Crangonyx sp. 20,2 151 Stencnema mexicanum integrum 445 307
Gammarus sp. 15.8 10 Stenonema puichelium 46.3 484
Gammarus fasciatus 18.7 45 Stenonema terminatum 46.4 455
Hyalella arteca 26.2 129 Stenonema vicarium 46,2 193
Decapoda Leptophlebiidas

COrconectes sp. 309 &8 Choroterpes sp. 358 8
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Table 5 {continued). Tolerance Yalues for 314 Common Macroinveriebrale Taxa Derived Using the

fnvertebrate Community Index {IC) Weighied by Abundance Daia and Averaged
i Sver All Sites (N = 5} where Collecied with Modiified Hester-Dendy Mulliple-Plate
: Ertificial Subsirate Samplers

Tolerance Tolerance
Taxon value N Taxzon value N
Paralapiophlebia sp. 434 225 Polyceniropus ap. 397 144
5 Ephemereliidae Hydropsychidae
Dannefla simplex 52.8 5 Cheumatopsyche sp. 42.5 1197
Ephemerelia sp. 42.5 9 Hydropsyche {Ceratopsychie 491 19
Eurylopheila sp. 47.5 45 morosa
Serratella sp. 56.3 5 Hydropsyche {C.) morosa group  44.8 747
Serratella deficiens 474 52 Hydropsyche (C.) siossonae 48.0 82
Tricorythidas Hydropsyche (C.) sparna 406 58
Tricorythedes sp. 43.7 680 Hydropsyche {Hydropsychs) aerata 445 27
Caenidae Hydropsyche (H.) bidens 452 179
Caenis sp. 41.6 976 Hydropsyche (H) depravata group  28.4 - 404
Potamanthidae Hydropsyche {H.) dicantha 362 283
Anthopotamiss sp. 406 &2 Hydropayche {(H.) frisani 486 54
Ephemeridae Hydropsyche {H.) oris 442 215
Ephemera sp. 414 82 Hydropsyche (H) simulans 453 304
Hexagenia sp. 381 11 Hydropsyche (H) valanis 418 153
Hexagenia limbaia 442 16 Hydropsyche (H) venulzdis 42.3 52
Odonata Macrosternum zebratum 492 &4
Calopterygidas Potamyia flava 452 223
Calopteryx sp. ire 2147 Hydroptilidae
Hetaerina sp. 43.0 116 Agraylea sp. 256 5
Coenagrionidae Dibusa angaia 4.5 15
Coenagrionidae 23.2 297 Hydroptita sp. 40.7 488
Argia sp. 29.2 728 Neotrichia sp. 38.3 9
Aeshnidae Oxyethira sp. 285 7
Hoyeria vinosa 387 64 Limnephifidae
Gomphidae FPycnopsyche sp. 400 32
Gomphus sp. 448 10 Helicopsychidae
Flathemis lydia i0.5 S Helicopsyche borealis 4891 16
Plecopiera Leptoceridae
Pteronarcyidae Ceraclea sp. 444 4
Pteronarcys sp. 46.7 7 Ceraclea maculata 384 18
_ Peridae Nectopsyche sp. 458 20
! Acroneuria carcfinerisis 45.8 & Neciopsyche diaring 41.0 9
Acroneutia evoluta 42.9 73 Nectopsyche pavida 47 1 i5
Acroneuria infernata 470 10 Oecelis sp. 422 7
Acroneutia lycorias 45.3 8 Lepideptera
Agnietina sp. 490 50 Petraphifz sp. 436 82
Neoperla sp. 414 11 Caleoptera
Paragnetina media 47.4 27 Gyrinidae
Perlesta sp. 32.e 18 Dinsutus sp. 3.0 29
Megaloptera Gyrinus sp. 8.1 i2
Sialidae Haliplidae
Sialis sp. 306 201 Peltodytes sp. 7.7 5
Corydalidas Cyiiscidas
Corydalus comuius 457 312 Hydroperus sp. 35.6 8
Nigronia fasciatus 48.0 5 Laccophilus sp. 12.3 8
Nigronia serricornis 385 52 Hydrophiiidae
Trichoptera Berosus sp. 20.0 223
Philopotamidae Laccobivs sp., 485 g
Chimarra aterrima 485 19 Psephenidae
Chimarra obscura 383 127 Ectopria nervosa /2 18
Psychomyildae FPsephenus herrcki 3895 41
Lype diversa 43.1 73 Dryopidae
Fsychomyia flavida 485 16 Helichus sp. 40.7 111
Polycentropodidae Lutrochus faticeps 42.7 g
Cyrnellus fraternus 36.1 179 Eimidae
Neureclipsis sp. 438 99 Ancyronyx variegala 357 414
451 72 Dubiraphia sp. 315 226

Nyctiophylax sp.
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Table 5 {continued). Tolerance Values for 314 Comman Macroinvertebrate Taxa Derived Using the
inveriebrate Community Index (IC!) Weighted by Abundance Dats snd Averaged
Over All Sites (N 2 5) where Collected with Modified Hester-Dendy Muliiple-Plate
Artiticial Substrate Samplers
Tolerance Tolerance
Taxon vaiue N Taxon value H
Dubhiraphia bivittata 411 16 Corynoneura “celeripes” 469 120
Dubiraphia quadrincfata 40.9 8 {sensu Simpson and Bode 1380)
Dubiraphia vittaia group 378 316 Corvnoneura lobata 400 536
Macronychus glabratus 42.6 886 Cricotopus (C.} sp. 34.4 428
Opticservus sp. 38.3 18 Cricatopus (C.) bicinctus 19.7 568
Opficservus fastiditus 48.4 10 Cricafopus (C) tremufus group 324 477
Stenalmis sp. 417 B70 Cricotopus {C.} trifascia group 12.0 33
Diptera Cricotopus (C.) vierriensis 348 i6
Tipulidae Cricotopus {/socladius) 26.7 1
Anfacha sp. 468 75 infersecius group
Hexafoma sp. 458 15 Cricofopus (1) sylvestris group 11.9 26
Tiputa sp. 170 54 Doncrnicotopus prob. bicaudafus 30.9 11
Tiputa abdominalis 361 23 Limnophyes sp. 413 5
Psychodidae Nanociadius (N.} sp. 28.2 a7
Pericoma sp. 26.6 8 Manocladius (N.) crassicornus 41.9 &
Psychoda sp. 37.6 14 Narnociadius {N.) crassicornus or
Simuliidae N. (N rectinervus 34.1 3
Simuffurm sp. 313 574 Nanocladius (N.) distincius 231 4zb
Ceratopogonidae Nanocladius (M.} minimus 33.2 62
Ceratopogonidae 258 307 Nanocladius (N.) spiniplenus w7 M
Atrichopogon sp. 32.9 11 Narnocladius { Plecopteracoluthus) 48.6 11
Atrichopogon websterf 33.7 9 n. sp.
Chironomidae Orthocladius sp. 36.5 6
Tanypodinae Orthocladius {O.) sp. 43.5 g
Ablabesmyia sp. 286 32 Crthocladius {O.) carlatus 48.0 5
Ablabesmyia annulata 35.1 5 Parakiefferielia sp. 3.0 28
Ablabesmyia janta 307 7 Parakiefferiefla n. sp 1 395 56
Ablabesmyia maltochi 30.1 388 Parakiefferielian. sp 2 356 48
Ablabesmyia rhamphe group 214 80 Parametriocnemus sp, 43.0 118
Clinotanypus pinguis 150 13 Paratrichociadius sp. 48.1 7
Conchapefopia sp. 34.3 500 Psectrociadius sp. 25.9 8
Hayesomyia senata or Rheocricotopus sp. 30.4 53
Thienemannimyia norens 322 706 Rheacricotopus {Psilocricotopus) 37.1 325
Helopelopia sp. 36.8 285 robacki
Labrundinia sp. 369 112 Synorthocladius semivirens 44.8 5
Labrundinia pilosella 41.5 123 Thienemanniella sp. 38.0 7
Larsia sp. 342 69 Thienemanmielfa n. sp 1 46.9 82
Meropelopia sp. 435 73 Thienemanmielflan. sp 3 41.6 125
Natarsia sp. 246 20 Thisnemanniella simitis 456 43
Nalarsia species A 1.6 37 Thienemanniclla xena 38.2 418
{sensu Roback 1978} Tvetenia bavarica gioup 6.4 48
Natarsia baltimorous 26.5 5 Tvetenia discoloripes group 46.4 103
Nilotanypus fimbriatus 43.2 453 Chironaminae
Paramerina fragifis 317 6 Chirenomini
Penianeura inconspicua 308 80 Chironomus (C.) sp. 114 o8
Procladius sp. 209 180 Chironomus (C.) decorus group  12.8 230
Psectrofanypus sp. 115 10 Chironomus {C.) riparius group 55 77
Fsecfrolanypus dyarf 8. 8 Cryptochironomus sp. 36.7 47
Rheopelopia paramacufipennis  42.8 66 Cryptotendipes sp. 34.8 B
Tanypus sp. 7.3 7 Drcrolendipes sp. 266 53
Tanypus neopunctipennis 14.8 8 Dicrofendipes modestus 24.8 i2
Telopelopia ckoboji 381 40 Dicrofendipes fumnidus 254 5
Thienemannimyia group 29.6 526 Dicrotendipes neomodestus 32.7 598
Zavrelimyia sp. 356 28 Dicrotendipes lucifer 21.9 202
Orthocladiinas Dicratendipes simpsoni 158 199
Brilfia flavifrons group sz 78 Endochironomus sp. 28.2 &
Cardiccladius obscurus 466 28 Endochironomus nigricans 283 24
Corynonstira sp. 38.9 114 Glyptotendipes (Phytotendipes) 225 568

Corynoneuwra n. sp 1 46.2 31 sp.
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Tabie § (continued). Tolerance Valugs for 314 Common Macroinveriebrate Taxa Derived Using the
invertebrate Comnunity index (C1) Weighied by Abundance Diata and Averaged
Orver Al Siies (N 2 5] where Coliecied with Modified Hester-Dandy Muliipis-Mate

Artificial Subsirate Samplers

Tolerance Tolerance
Taxon value M Taxon value M
Glyptotendipas {G.) amplus 408 21 group a
Harnischia curiffameliata 388 7 Aicropsesira sp. 89 5
Kigfferulus dux 28.7 11 Faratanytarsus sp. 343 37
Microtendipes “caelum” 437 70 Faratanyiarsus . gp. 1 438 3
(sensu Simpson and Bode 1680} Aheotanyiarsus sp. 399 41
Microfendipes pedeflus gicup 385 285 Rhectanyiarsus distinctissimius
Microfendipes rydalensis 48.0 & group &7.0 0 175
Nijothauma sp. 411 16 Fheotanytarsus sxiguus groug 438 1034
Parachironomus sp. 35.2 10 Stempeilinella sp. 441 48
Fatachironomus aboriivus 118 48 Stempeflinefia n. sp. ot flavidula 401 24
Parachironomus carinatus 280 39 Sublettea coffmani 470 45
Parachironomus dirgctis 125 5 Tanytarsus sp. 38.9 258
Farachfronomus frequens 36.8 98 Tanytarsus Type i 4365 7
Farachiranomus peciinateliae 37.9 23 Tanyiarsus Type 3 371 32
Faralauterbornislla nigrohalierslis 385 36 Tamytarsus curticornis group 444 128
Paratendipes sp. 287 i2 Tanytarsus glabrescens group 40.4 818
FParatendipes albimanus 34.0 236 Tanylarsus guerfus group 406 hOB
FPhaenopsectra obediens group  33.1 310 Tabanidae
FPhasnopsecira punctipes 35.1 11 Chrysops sp. 326 16
Phaenopsectra flavipss 258 133 Athericidae
Folypedilum (Pentapedilumy 13.4 5 Atherix fantha 413 74
triteirmt Empididae
Rofypeditum (Polvpedifum) 370 14 Empididze 35,2 1002
albicorne Mollusca
Polypedium (P} aviceps 484 14 Gastropoda
Folypeditum {F.} convicium 386 4§72 Hydrobiidas
Falypedilum (#.) fallax group 306 3245 Hydrohiidas 177 48
Polypediium (P illinoense 18.4 449 Pleuroceridae
Folypedilum (P} ophioides 453 7 Elimia sp. 381 248
Folypedifum {P) n.sp. 48.4 8 FPleurocera sp. 38 5
same as tubsroufum Lymnzeidae
{Maschwitz, 1078) Lymnasidas 18.4 &
Polypedilum (P.) omtario 44.4 12 Fossaria sp. 445 11
Folypadilum { Tripodura) 37z 31 Physidae
halferale groug Physelia sp. 143 535
Polypedilum { Tripadura) 26.1  B71 Plznorbidae
scalaenuim group Gyraulus {Torguis) parvus 270 12
Stencchiranomus sp. 38.2 75 Helisoma anceps anceps 24.0 16
Stictochironomus sp. 381 36 Menetus (Micromenetusy difafaive 112 32
Tribelos fuscicorne 283 67 Flanorbefla {Fisrosoms) pilsbiyf 154 16
Tribelos jucundum 265 79 Planorbella (Plercsomay trivolviz 31 5
Pseudochironomin Ancylidas
FPseudochironomus sp. 39 35 Fertissia sp. 287 T2
Tanytarsini Laevapex fuscus 197 13
Cladotanytarsus sp. 335 6 Paiscypoda
Cladotanyfarsus speties 3|5 14 Corbiculidae
group A Corbicula fuminea 40,8 ES
Cladotanyiarsus mancus group  37.% 20 Sphaetiidae
Cladoianviarsus vanderwulpd 462 32 Pisigium sp. 325 83
arous 1 Snharrium sp a1.5 18K

Cladotanytarsus vanderwuipi 464 12




