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ABSTRACT

The rapid bioassessment method for stream biomonitoring generally uses a fixed

count of 200 macroinvertebrates as the standard subsample size. This number has been

argued to be too small to provide accurate estimates on the richness of macro invertebrate

communities and is believed to give misleading information pertaining to stream health.

In this study, I used data collected from multiple habitats from 29 streams located in

several subecoregions of Georgia to examine how the rapid bioassessment scores perform

across subsample sizes of 100, 200, and 300 organisms. Subsample sizes of 100 and 200

organisms were found to underestimate richness, functional feeding group, habit, HBI

and NCBI for macroinvertebrate communities. As a result, the overall bioassessment

scores were significantly altered. Stream health was estimated better when subsample

sizes of 300 organisms were used. However, subsample sizes did not affect the ability of

reference sites to differentiate from impaired sites. A longitudinal trend was observed

which indicated that 300 organisms were required by streams in north Georgia. Three-

hundred organisms were not always required by streams in middle and south Georgia.

Stream gradient was an important factor in subsample size determination - fast flowing

streams required larger subsample sizes while slow moving streams did fairly well with

smaller subsamples. Using different subsample sizes for different subecoregions have

been recommended in this study.
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INTRODUCTION

Background of Rapid Reassessment and Subsample Sizes

After being amended in 1977, the Clean Water Act (CWA) gave the United States

Environmental Protection Agency (EPA) authority to implement water pollution control

programs to regulate discharges of pollutants into the waters of the United States (U.S.

Environmental Protection Agency 1997). By doing so, the CWA allows the EPA to

continually set requirements for water quality standards for all contaminants in surface

waters. As such, Section number 101h(a) ofCWA has defined its objective as to restore

and maintain the chemical, physical, and biological integrity of the nation's waters.

Prior to 1990, chemical criteria were widely used to assess the water quality while

biological criteria (biocriteria) were largely ignored. Biocriteria are numeric values or

narratives that describe biological preferences for physical and/or chemical conditions

based upon designated reference sites. Since 1990 the EPA has encouraged states to

develop narrative and biological criteria as regulatory tools in water quality management.

Consequently, interest in biological monitoring has rapidly increased, and many states are

using biological communities for bioassessment purposes.

In 1989, the rapid bioassessment protocols (RBPs) (Plafltin et al. 1989) were

developed as a result of specific recommendations made by the EPA in a major study of

surface water monitoring. The RBPs are a set of scientific methods designed to provide a

simple, cost-effective, screening tool to assess the biological health of streams and rivers

for water quality management purposes A decade later the RBPs were updated to reflect

the advancement in bioassessment methods and the most cost-effective and scientifically

valid approaches (Barbour et al. 1 999).
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The benthic macroinvertebrate assemblage is one of the study foci for rapid

bioassessment- the other two being periphyton and fish. Benthic macroinvertebrates are

good indicators of localized conditions because many have limited migration patterns or a

sessile mode of life, and they integrate the effects of short and long-term environmental

variations. A macroinvertebrate assemblage is made up of species that constitute a broad

range of trophic levels and pollution tolerances, thus providing strong information for

interpreting cumulative effects. They are abundant in most streams and relatively easy to

collect and handle. The rapid bioassessment applies shortcut techniques in its

biomonitoring procedures and these have been achieved, along with other things, by

limiting the number of benthic invertebrates selected for processing. The original benthic

macroinvertebrate protocols generally required the collection of 100 organisms

(Hilsenhoff 1987, for example). The Georgia Department of Natural Resources had

previously recommended this sub-sample size but, very recently has started using 200

organisms instead (Shannon Winsness, GADNR; personal communication).

The organisms are identified, and the pollution tolerance values assigned by best

professional judgements of the most abundant taxonomic groups are scored in a scale

ranging from 1 to 10. Higher score indicates poor stream quality from which the

macroinvertebrate were collected and vice versa. Alternately, the RBPs require an initial

characterization, including benthic macroinvertebrate scores, of the reference conditions

from similar water bodies that have acceptable water quality (Barbour et at 1999).

Reference conditions are quantifiable numbers that represent the qualities of habitat,

physicochemical parameters and the biological assemblage found in a pristine or

otherwise in a least anthropogenically impaired body of water in the area. The benthic
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metric (i.e., enumerated value representing some aspects of macroinvertebrate

assemblage structure that change in predictable ways with increased human influence)

scores obtained from the test sample are then compared to those of reference conditions

(Barbour et al. 1996). A score similar or close to that of reference conditions indicates

good quality of water and vice versa. The current RBPs call for 200 individuals of

macro invertebrates in order to estimate the health of the water body. About 65% of state

regulatory agencies subsample 200 or fewer individuals (Carter and Resh 2001).

The size of subsample (number of organisms sorted, identified and catalogued) is

an essential problem as it is impossible to completely census a taxonomic assemblage or

an entire community. Instead, estimates that describe some portion of the community

assemblage are relied upon. The recommended fixed count of 200 individuals is assumed

to adequately represent the benthic community of the stream from which it was sampled

(Barbour et al. 1999). However, obtaining an adequate, representative sample of

ecological communities to make compositional comparisons is difficult (Cao et al. 2002).

Normally, direct measurements of how well a sample represents its community cannot be

made because the taxonomic composition and relative abundance in a community are

unknown. The species-area relationship generally shows that a larger area {i.e., larger

subsample) will harbor greater diversity (MacArthur and Wilson 1967). Contrary to the

RBPs recommendation, it is still not clear how well a subsample size of 200 organisms

captures the taxonomic composition and relative abundance at the sampling site or of the

communities being surveyed. It has been argued that the RBPs give a biased

measurement of taxa richness because of the density factor (Courtemanch 1996). The

community density factor points out that the number of taxa encountered in a sample
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increases as a function of the number of individuals in the sample and the area sampled.

Sovell and Vondracek (1999) demonstrated that increasing the subsample sizes will

change the richness metrics. Similarly, Vinson and Hawkins (1996) suggested using

greater than 300 organisms in order to obtain more accurate inferences for richness.

Studies by Cao et al. (1998, 2002) demonstrate that the estimation of relative differences

in taxonomic richness among sites or communities can be strongly dependent upon the

sample sizes and that small samples tend to underestimate the differences. Growns et al.

(1997) also support the argument that small subsample sizes express estimates of the

richness of abundant taxa while they often fail to account for taxa that are rare or less

abundant. A taxon is determined to be rare if its relative abundance in a community is

small (e.g., less than one individual per square meter). However, rare taxa may be very

important components of community integrity because of their tolerance to potential

stressors, specialized niche and functional redundancy.

Several studies have reported comparisons of the size of subsample and how it

relates to biological metrics, but few of these studies have been performed on streams

inside the United States. Except for Sovell and Vondracek (1999), these studies were

done either on lakes (Somers et al. 1998) or on streams in Australia (Growns et al. 1995,

Growns et al. 1997, Metzelling and Miller 2001). Sovell and Vondracek (1999) used

single habitat samples (riffles) for their study. However, Ostermiller and Hawkins (2004)

have recently investigated stream samples from Oregon and Washingtion for errors

associated with sample sizes for River Invertebrate Prediction and Classification System

(RIVPACS) and recommended 350 or more individuals. Evaluation of the RBP metric

scores using multihabitat samples has not been performed.
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Objectives

The primary purpose of this research was to examine the variability of selected

metric values as a function of subsample size. The hypothesis was that the analysis of

different subsamples taking 1 00, 200 and 300 organisms would produce different metric

values. The null hypothesis was that the subsample sizes would not make any difference

in the metric values. Ultimately, the question to be answered was, "Is a sample of 200

organisms, as recommended by the RBP sufficient to create a useful predictive index of

impairment?" The subsample sizes were taken as the independent variable and the mean

macroinvertebrate index as their dependent variables.
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MATERIALS AND METHODS

Site Selection

Twenty-nine stream sites were chosen for the study (Table 1 ). These were all third

order or smaller streams. All study sites were part of a larger set of stream sites that were

previously selected using land-use data and Geographical Information System during the

characterization of reference stream conditions for Georgia (Gore et al. 2004). Sites were

selected on a longitudinal transect across the ecoregions of Georgia in order to capture

the variability of stream gradients (Figure 1). The sites were able to cover five ecoregions

and seventeen subecoregions of the state. The ecoregions and their subecoregions of

Georgia are described in detail by Omernik (1987) and Griffith (2000).

Of the total sites, sixteen were classified as high gradient and the remaining

thirteen as low gradient streams. Any stream that had at least one riffle running from

bank to bank was classified as high a gradient site. Such a riffle was absent in a low-

gradient stream. Unique identity codes, total number of organisms picked, health

conditions as predetermined by landuse data, and stream flow velocity are also provided

for each site in Table 1. The distribution of these sites across the ecoregions and

subecoregions of Georgia are depicted in Figure 1

.

Field Sampling

Sites were sampled during two index periods. The first index period ran from August

of 2001 to February of 2002. The second index period was from August of 2002 to

February of 2003. Field sampling was performed according to the multihabitat sampling

procedure described on the Benthic Macroinvertebrate Field Sampling Methods provided
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Table 1. List of selected sites for study.

S.N. Stream Name Site ID
Total

Individuals
Condition Gradient

1 Smith Wick Creek 45a-35 545 Impaired High

2 Noonday Creek 45a-50 330 Impaired High

3 Mountain Creek 45a-90 508 Impaired High

4 Tributary to North Oconee Creek 45b-44 301 Impaired Low
5 Chickasaw Creek 45c-3 299 Impaired Low
6 Swinney Branch Creek 45d-ll 304 Impaired High

7 Three Mile Creek 45h-l 326 Impaired High

8 Day Creek 65d-20 315 Impaired Low
9 Roaring Branch Creek 65d-39 507 Impaired High

10 Trib. to West Fork Deep Creek 65h-17 337 Impaired Low
11 Horsehead Creek 65k- 102 346 Impaired Low
12 Stitchihatchee Creek 65L-184 550 Impaired Low
13 Clyatt Mill Creek 65o-23 332 Reference Low
14 Olive Creek 65o-3 391 Impaired Low
15 Hightower Creek 66d-43 315 Impaired High

16 Coleman Creek 66d-44-2 359 Reference High

17 Town Creek 66d-58 474 Reference High

18 Nimble Will Creek 66g-23 362 Reference High

19 Yellow Creek 66g-71 327 Impaired High

20 Hothouse Creek 66J-19 426 Reference High

21 Moccasin Creek 66J-23 512 Reference High

22 Hemptown Creek 66J-25 320 Impaired High

23 Wolf Creek 66J-26 439 Impaired High

24 South Fork Rapier Mill Creek 66J-28 368 Reference High

25 West Fork Little River 68c7 317 Impaired Low
26 Reedy Creek 75e54 451 Impaired Low
27 Canochee Creek 75f-50 349 Impaired Low
28 Cathead Creek 75f-95 314 Reference Low
29 Pond Fork Creek 75h-70 428 Impaired Low

in the Quality Assurance Project Plan (QAPP) prepared by Columbus State University

(2000). A one-hundred meter reach that was representative of the characteristics of the

stream was selected for macro invertebrate collection. A D-frame net (U.S. Standard No.

30,600 \i mesh openings) was used to take a total of 20 jabs and/or kicks from all major
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habitat types in the reach. A jab is a forceful thrusting of the net into the habitat and a

kick is a stationary sampling accomplished by positioning the net and disturbing the

substrate to catch the organisms in the net. Major habitat types for a high gradient stream

included fast riffle, slow riffle, snags, undercut banks/rootwads, leaf packs, sand, and

macrophytes. For a slow gradient stream the major habitat types comprised woody

debris/snags, undercut banks/rootwads, leaf packs, sand, and macrophytes. In order to

minimize disturbance and accidental loss of the organisms from their habitats, sampling

was initiated at the lower end of the reach, and then proceeded upstream to the upper end

of the reach.

The collected materials from jabs and kicks were combined in a sieve bucket of 600 u

mesh openings to obtain a single homogenous sample. The collected material was

washed with stream water to remove fine sands. Large debris was also removed after

rinsing and inspection for clinging organisms. Samples were then transferred to

polypropylene bottles and preserved with 90% ethanol. The bottles were appropriately

labeled and transported to the laboratory.

Sample Processing and Subsampling

In the laboratory, each sample was transferred from the polypropylene bottles into the

sieve bucket and thoroughly rinsed with tap water. The sample was then spread evenly

across a standardized gridded pan (Caton 1991). The pan contains 30 clearly marked

squares, and therefore, divides the sample into 30 equal portions. Squares to be sorted

from the pan were randomly chosen with the help of random numbers generated by a

computer. All macro invertebrates encountered in each square were sorted and collected

in a glass vial. Succeeding squares were sorted, where necessary, until 100 (±10)
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organisms were obtained. This comprised the first subsample for the study. Sorting

was continued to obtain another 100 (±10) organisms and collected in a separate vial. The

combination of these organisms with the first subsample made up the second subsample

(200 organisms). Similarly, another 100 (±10) organisms were sorted and the

combination of this to the second subsample made up the third subsample (300

organisms). If an organism looked like it could not be identified to an acceptable

taxonomic level (e.g., badly damaged or missing characteristic body parts), it was placed

in the collection vial but not counted. All collection vials were filled with 90% ethanol to

preserve the specimens and capped with corks. Terrestrial invertebrates and small

vertebrates (fish, tadpoles, salamanders) encountered occasionally were not counted.

Identification

Only the larval or the nymphal stages were identified for all invertebrate groups,

except for the beetles, hemipterans, crustaceans, annelids and molluscs, whose adult

stages were also identified. No pupae or emergent forms were identified for any group.

Identification was done under a dissecting microscope and to the lowest practical level

(i.e., to or nearest to the species level depending on available taxonomic keys and

conditions of the macroinvertebrate specimens). Appendix A lists all the taxonomic keys

that were used in this study. Larval Chironomidae were mounted on slides in CMCP-101

high viscosity mounting medium and identified under a compound microscope.

An acceptable taxonomic level of identification was assigned to all major groups of

invertebrates (James A. Gore, University of South Florida, personal communication,

2002). Acceptable taxonomic levels were threshold levels above which an organism was

not counted. Therefore, organisms that could not be identified to their acceptable
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taxonomic level (as a result of poor preservation or missing characteristic body parts)

were eliminated from the final list. Often the acceptable levels required for most groups

were at the family level. Exceptions were midges that required at least the subfamily

level. "Worms" were identified as Oligochaeta, Polychaeta, or Nematoda.

The numbers and the identities of individuals in each taxonomic group were recorded.

Except for one site, all study sites had higher number of organisms than the target count

(Table 1), because many individuals that were initially excluded from counting (i.e.,

damaged individuals) were successfully identified to their acceptable taxonomic levels.

A complete list of all taxa encountered in each site is provided in Appendix D.

Metric Selection

The metrics analyzed for each subecoregion in this study (see Appendix B) had been

predetermined as part of the overall Georgia ecoregions project (Gore et al 2004). Gore

et al. (2004) used a multimetric (a total of 59 metrics grouped into 5 categories, see

Appendix C) approach to assimilate biological data with various functional abilities into a

single index to gauge the health of a stream. They finally selected indices comprised of

five to seven individual metrics (with at least one metric chosen, wherever possible, from

each of the categories) that best distinguished the reference and impaired streams for that

particular subecoregion.

Data Analysis

Bootstrap Resampling

Since the metric scores (as a combination of non-linear metrics) could not be

demonstrated to be normally distributed, the bootstrap resampling method was chosen to

approximate the distribution of possible values associated with each subsample (Efron
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and Tibshirani 1994; James A. Gore; personal communication, University of South

Florida, 2004).

For each site, I selected a sample of 100 organisms randomly, then put each

organism back into the population after it was recorded. Twenty-five such samplings

were performed in order to ensure a stable and representative distribution of metric

values. Next, the process was repeated to select 200 organisms twenty-five times. The

same was done to select 300 organisms. Altogether, a single site had 75 total bootstrap

samples, 25 each for 100, 200 and 300 organisms. For the fiteen sites that contained <350

organisms (see Table 1), bootstrap samples of 275 organisms were taken in place of 300.

For convenience, 275-organism samples are treated and referred to as 300-organisms

samples hereafter.

Standardization of Metric Indices

After generating the 75 replicates at each specified subsample size (100, 200,

300), raw metric values were calculated using the Ecological Data Application System

Version 3.3.2k (EDAS)® program (Tetra Tech, Inc. 2001). The raw values from each

replicate were standardized into unitless scores that ranged from (the worst) to 100

(optimal). The method of standardization varied depending on whether the metric

increased or decreased in response to stress (Gore et al. 2004). For metrics that decreased

with stress (e.g., Ephemeroptera, Plecoptera, and Trichoptera taxa):

STANDARDIZED SCORE = 100 x c/d

Here "c" equals raw metric value and "d" equals the 95
th
percentile value of the reference

stream distribution for that subecoregion.
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For metrics that increased with stress {e.g., Hilsenhoff s Biotic Index):

STANDARDIZED SCORE = 100 x {(e-c)/(e-f)}

Here "c" equals raw metric value, "e" eqauls the highest observed value among all

streams in that subecoregion, and "f' equals the 5
th

percentile value of the reference

stream distribution for that subecoregion.

Since standardized scores could not, in theory, exceed 100 or fall below 0, all

scores greater than 100 or less than were treated as 100 or respectively. The

standardization allowed each metric equal importance in the index (i.e., equal weight).

Standardized metrics from each category (richness, composition, tolerance/intolerance,

functional feeding group, and habit) were then combined into a single inclusive index.

INDEX SCORE = (g+h+i+j+...)/n

Each letter within the parenthesis is equal to a standardized metric score, and "n" equals

the total number of metrics included in that subecoregion. All final indices obtained this

way scored on a to 1 00 point scale.

Final indices thus obtained from 25 replicates of each subsample (i.e. 100, 200

and 300 organisms) were plotted in box and whisker graphs to evaluate how the indices

were distributed in a scale scoring from to 100. Variability for box and whiskers was

set at the 25
th

(lower) and the 75
th

(upper) percentiles in order to keep the analysis

consistent with the method used during metric development by Olson (2002) and Hughes

(2004).

Statistical Tests of Significance

The multiple-range test (Steel and Torrie 1960) was used to compare the mean

macro invertebrate index across the range of subsample sizes. This test allowed for
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simultaneous comparisons of more than two means. In order to test for significance,

the least significant range (LSR) and the mean index difference (MID) values were

calculated. The test was considered significant when MID value equaled or exceeded the

LSR value. All significant tests were performed at 95% confidence level.

Cost-Benefit Analysis

Eventually, the time (cost) associated with each subsample and consideration of the

variability in metric values among the subsamples would decide the optimum size for a

subsample. A total of 10 sites, 5 low and 5 high gradient streams, were selected for cost-

benefit analysis. Times for rinsing samples, sorting, mounting, and identifying the

organisms were recorded. Not one subsample had the exact target number (100, 200 or

300); therefore, total time for a complete subsample was calculated by multiplying the

average time taken for one organism (sorting, mounting and identifying) to its

corresponding subsample size (100, 200 or 300).
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RESULTS

The following results are presented according to the subecoregion and the

ecoregion. A table that shows the raw and standard metric scores is provided for each

site. Substantial changes in scores are depicted by red numerals. The scores were

averaged from 25 replicates for each subsample size. Scores from the whole subsample

(all organisms that were sorted prior to bootstrap resampling) are also presented. In

addition to this, box and whiskers graph for each site is provided. The graph represents

the distribution of 25 indices for each subsample size (that is, taken from 25 replicates for

each subsample size) against a scale of to 100 points.

Ecoregion 45 - Piedmont

Subecoregion 45a - Southern Inner Piedmont

45a-35

Richness score as Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa

increased with increasing subsample size, while the remaining metric indices did not

change (Table 2).

Table 2. Metric index scores before and after standardization for site 45a-35.

Metric
Raw Score Standard Score

100* 200* 300* Whole 100* 200* 300*

EPT Taxa 14.12 20.04 25.08 31.00 82.82 100.00 100.00

% Chironomidae Taxa 53.52 52.20 53.15 53.21 38.53 40.30 39.03

% Cricotopus &
Chironomus / TC

14.35 15.26 15.20 15.17 60.54 58.02 58.20

NCBI 6.58 6.57 6.60 6.74 41.38 41.90 40.84

% Scraper Taxa 19.24 18.56 19.01 18.53 48.22 46.52 47.65

% Clinger Taxa 36.24 35.60 35.77 36.00 56.63 55.63 55.90

Mean 24.01 24.71 25.80 26.78 54.69 57.06 56.94

*Averaged from 25 replicates.
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Index variability declined with increasing subsample size. Inter-quartile

variability of all three subsamples overlapped (Figure 2).
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Figure 2. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45a-35.

45a-50

Richness index (EPT taxa) increased with increasing subsample size (Table 3).

The remaining metric indices did not display a consistent trend.

Index variability declined with increasing subsample size (Table 3). Inter-quartile

variability of all three subsamples overlapped.
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Figure 3. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45a-50.

Table 3. Metric index scores before and after standardization for site 45a-50.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

EPT Taxa 4.04 5.56 5.80 6.00 23.76 32.71 34.12

% Chironomidae Taxa 73.84 74.78 74.98 74.55 11.29 10.03 9.76

% Cricotopus &
Chironomus / TC

24.40 24.17 24.29 24.40 32.88 33.51 33.21

NCBI 7.44 7.36 7.37 7.36 13.14 13.82 13.50

% Scraper Taxa 3.12 3.34 3.23 3.33 7.82 8.37 8.09

% dinger Taxa 23.36 21.81 21.63 22.73 36.50 32.75 33.80

Mean 22.70 22.84 22.88 23.06 20.90 21,87 22.08
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45a-90

Richness (EPT taxa) increased with increasing subsample size while the

remaining metric indices did not display notable changes (Table 4).

Index variability was greater in 200-organism subsample (Figure 4). Interquartile

variability overlapped between subsamples of 200- and 300-organisms while scores from

subsamples of 100 individuals were substantially lower (no overlap).
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Figure 4. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45a-90.
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Table 4. Metric index scores after and before standardization for site 45a-90.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

EPT Taxa 9.08 12.88 14.04 16.00 53.41 75.76 82.59

% Chironomidae Taxa 41.28 39.76 39.73 40.16 54.94 56.98 57.01

% Cricotopus &
Chironomus / TC

1.61 1.82 1 .66 1.47 95.57 95.01 95.44

NCBI 6.12 5.97 5.96 5.97 61.52 63.45 63.69

% Scraper Taxa 576 5.52 5.89 5.71 14.44 13.83 14.77

% Clinger Taxa 54.80 53.98 54.00 54.53 85.63 84.34 84.38

Mean 19.78 19.99 20.21 20.64 60.92 64.90 66.31

Subecoregion 45b - Southern Outer Piedmont

45b-44

Increases in richness (Coleoptera taxa), habit (swimmer taxa) and functional

feeding group (FFG) (scraper taxa) indices were found when larger subsamples were

used while remaining metric indices measures did not show substantive trends (Table 5).

Table 5. Metric index scores before and after standardization for site 45b-44.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Coleoptera Taxa o.:>& 0.92 0.88 1.00 4.09 10.45 10.00

% Oligochaeta Taxa 1.36 1 76 1.59 1 .66 94.82 93.30 93.96

% Chironomidae Taxa 56.12 55.32 55.72 55.81 43.99 45.34 44.66

% Intolerant Taxa 17.48 18.35 17.98 15.61 79.76 83.78 82.25

Scraper Taxa 2.20 2.56 2.88 3.0 25.00 29.09 32.73

Swimmer Taxa 1.88 2.52 2.88 3.0 49.47 66.32 75.79

Mean 13.23 13.57 13.66 13.35 49.52 54.71 56.57

Index variability declined dramatically for 300-organism subsamples (Figure 5).

Interquartile variability overlapped between 200- and 300-organism subsamples while

indices created from 100-organism subsamples were substantially lower.
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Figure 5. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45b-44.

Subecoregion 45c - Carolina Slate Belt

45c-3

Richness (of Tanytarsini taxa) and habit (swimmer taxa) indices increased when

subsample size was increased while remaining indices did not display substantive

changes (Table 6).

Index variability declined dramatically for 300-organism subsample (Figure 6).

Interquartile variability overlapped between 200- and 300-organism subsamples. There

was a slight overlap between interquartiles of 100- and 200-organism subsamples.
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Table 6. Metric index scores before and after standardization for site 45c-3.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Tanytarsini Taxa 3.52 4.76 5.72 6.00 52.54 71.04 85.37

% Odonata 4.76 4.50 4.41 4.35 42.25 45.72 46.96

% Tanypodinae / TC 24.57 23.94 23.97 16.54 12.53 9.57 8.97

Dominant Individuals 10.88 21.64 29.40 32.00 1.27 1.15 1 07

% Intolerant 2.36 1.98 2.07 1.67 7.04 5.91 6.16

% Shredder 5.24 5.42 538 5.02 18.25 18.87 17.98

Swimmer Taxa 2.24 3.40 4.00 4.00 56.00 85.00 100.00

Mean 7.65 9.38 10.71 9.94 27.13 33,89 38.07
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Figure 6. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45c-3.
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Subecoregion 45d - Talladega Upland

45d-ll

Richness (as Coleoptera taxa) and FFG (as shredder taxa) indices increased with

increasing subsample sizes while remaining indices remained largely unaffected when the

number oforganisms in the subsample was increased (Table 7).

Index variability declined with increasing subsample size (Figure 7). Inter-quartile

variability of all three subsamples overlapped.
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I 1
25%-75%
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Figure 7. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45d-l 1.
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Table 7. Metric index scores before and after standardization for site 45d-l 1 .

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Coleoptera Taxa 2.08 3.52 4.56 5.00 23.50 39.77 51.53

% Odonata 1.32 1.32 1.29 1.32 81.21 81.62 82.04

% Tanypodinae / TC 11.67 11.39 11.53 7.50 49.46 50.84 50.15

NCBI 5.71 5.70 5.73 5.70 7.92 8.54 7.79

% Tolerant Individuals 17.76 18.10 18.12 18.33 35.19 32.49 32.35

Shredder Taxa 4.84 6.20 6.84 7.00 56.61 72.51 80.00

Mean 7.23 7.71 8.01 7.48 42.32 47.63 50.64

Subecoregion 45h - Pine Mountain Ridges

45h-l

Richness (as Plecoptera taxa) increased when larger subsamples were used (Table

8). Remaining metric did not substantially change with larger subsamples.

Index variability declined with increasing subsample size (Figure 8). Inter-quartile

variability overlapped among all three subsamples.

Table 8. Metric index scores before and after standardization for site 45h-l

.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Plecoptera Taxa 3.84 5.36 6.32 7.00 56.47 78.47 91.65

% Ephemeroptera 4.12 434 435 4.29 25.26 26.61 26.67

% Plecoptera 9.32 8.84 8.80 8.90 67.02 63.60 63.31

% Intolerant Individuals 31.80 31.14 31.85 31.60 78.83 77.19 78.97

% Scraper 21.68 20.92 21.62 21.17 98.95 100.00 100.00

% Clinger 49.28 50.68 50.37 50.61 82.39 84.73 84.22

Mean 20.01 20.21 20.55 20.60 68.15 71.77 74.14
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Figure 8. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 45h-l

.

Ecoregion 65 - Southeastern Plains

Subecoregion 65d - Southern Hilly Gulf Coastal Plain

65d-20

Richness (as Plecoptera taxa and Trichoptera taxa) index changed with increasing

subsample size (Table 9). No substantial changes were found in the remaining metric

indices. Oligochaeta taxa were absent from subsamples from this site.

Index variability declined with increasing subsample size (Figure 9). Interquartile

variability overlapped between 200- and 300-organism subsamples. Interquartile

variability between 100- and 200-organisms overlapped very slightly.
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Table 9. Metric index scores before and after standardization for site 65d-20.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Plecoptera Taxa 3.48 4.00 4.00 4.00 64.44 74.07 74.07

Trichoptera Taxa 3.88 5.32 5.84 6.00 60.63 83.13 91.25

% Oligochaeta 00 0.00 00 0.00 100.00 100.00 100.00

% Hydropsychidae /

Trichoptera
88.33 86.47 87.23 86.36 11.97 14.50 13.94

% Predator 16.40 16.52 15.94 17.46 36.85 37.12 35.82

% Filterer 9.52 9.46 9.93 9.84 69.51 69.73 67.98

Mean 20.27 20.30 20.49 20.61 57.23 63.09 63.84
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Figure 9. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 65d-20.
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65d-39

Richness index (as Plecoptera and Trichoptera taxa) increased with increasing

subsample size (Table 10). FFG index values (as percent filterer) decreased when

subsample size was increased. The remaining metric indices did not display any trends

over the range of subsample sizes.

Index variability declined with increasing subsample size (Figure 10).

Interquartile variability overlapped between 100- and 200-organism subsamples while

that of 300-organism subsample did not and was substantially higher.
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Figure 10. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 65d-39.
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Table 10. Metric index scores before and after standardization for site 65d-39.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Plecoptera Taxa 4.40 6.28 7.04 9.00 79.26 97.19 99.41

Trichoptera Taxa 3.96 4.84 6.32 8.00 61.88 74.88 92.63

% Oligochaeta 036 0.26 0.19 0.20 97.14 98.12 98.78

% Hydropsychidae /

97.36 95.53 96.45 95.83 2.82 4.79 3.81
Trichoptera

% Predator 9.88 9.70 9.13 9.27 22.20 21.80 20.52

% Filterer 32.84 31.14 32.73 32.35 1.77 0.29 0.00

Mean 24.80 24.63 25.31 25.78 44.18 49.51 52.53

Subecoregion 65h - Tifton Upland

65h-17

There was an increase in habit index (of burrower taxa) when larger subsamples

were used (Table 1 1 ). The remaining metric indices did not differ much across the range

of subsamples. Ephemeroptera taxa were absent from all subsamples.

Interquartile variability did not consistently increase or decrease across the range

of subsamples (Figure 11). Interquartile variability between 200-organism and 300-

organism subsamples overlapped with each other while the range interquartile variability

for subsamples of 1 00 organisms was much lower.

Table 11. Metric index scores before and after standardization for site 65h-17.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Ephemeroptera Taxa 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% Isopoda 37.28 36.26 36.35 36.50 18.94 21.16 20.96

% Tanytarsini 0.48 0.30 0.28 0.30 1.12 0.70 0.64

% Tolerant Individuals 40.48 42.06 42.05 41.25 57.25 55.14 55.15

% Scraper 1.08 1 08 115 1.19 4.16 4.16 4.43

Burrower Taxa 1.64 3.16 3.68 4.00 28.28 54.48 63.45

Mean 13.49 13.81 13.92 13.87 18.29 22.61 24.11
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Figure 11. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 65h-17.

Subecoregion 65k- Coastal Plain Red Uplands

65k-102

The FFG indices (as scraper taxa, and percent shredders) changed slightly when

larger subsamples were used (Table 12). The remaining metric indices did not show any

clear trends. Gastropoda were absent from all subsamples.

Interquartile variability and median value declined with larger subsample size

(Figure 12). Interquartile variability overlapped among all three subsamples.
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Table 12. Metric index scores before and after standardization for site 65k- 102

Metric
Raw Score Standard Score

100 200 300 Whole 100

% Tanypodinae / TC 22.82 22.90 22.86 14.37 35.23 35.02 35.13

% Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% Hydropsychidae / Total

Trichoptera

Scraper Taxa 5.00 5.00

% Shredder 3.28 2.78 3.04 2.89 38.05 32.25 35.27

% Collector 21.08 21.31 21.45 39.31 22.90 23.23 23.31

68.49 66.74 67.00 66.67 32.02 33.26 33.00

Mean 20.03 19.77 19.89 21.37 36.51 36.96 37.79

° Median

I
| 25%-75%
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Figure 12. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 65k- 102.



www.manaraa.com

30

Subecoregion 651 - Atlantic Southern Loam Plains (Vidalia Upland)

651-184

Richness (as Diptera taxa, and Trichoptera taxa), and FFG (as shredder taxa) and

habit (as dinger taxa) indices increased when larger subsamples were used (Table 13).

Remaining metric indices displayed no clear trends.

Interquartile variability declined slightly at larger subsample sizes (Figure 13).

Interquartile variability overlapped among all three subsamples.
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Figure 13. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 651-184.
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Table 13. Metric index scores before and after standardization for site 65L-184.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Diptera Taxa 11.72 16.36 18.20 23.00 34.88 48.69 54.17

Trichoptera Taxa 1.24 2.48 3.16 5.00 25.83 51.67 65.50

% EPT 1 24 1.40 1.32 1.27 14.61 16.49 15.55

% Tolerant Individuals 63.44 63.76 63.19 62.73 18.40 17.75 18.91

Shredder Taxa 3.00 5.16 6.00 8.00 61.83 92.00 97.83

Clinger Taxa 0.44 0.96 1.24 2.00 3.93 8.57 11.07

Mean 13.51 15.02 15.52 17.00 26.58 39.20 43.84

Subecoregion 65o - Tallahassee Hills/Valdosta Limesink

65o-23

Richness (as Chironomidae taxa), FFG (as scraper taxa) and habit (as sprawler

taxa) indices increased with larger subsamples (Table 14). The index for burrower taxa

actually decreased when 200 organisms were used but increased again at 300 organisms,

despite taking 25 replicates at each level. Remaining metric indices remained essentially

unchanged.

Interquartile variability declined in 300-organism subsample while median value

increased dramatically (Figure 14). Interquartile variability overlapped only between 100-

and 200- organism subsamples.



www.manaraa.com

32

M^ o-23

88

86 —j—

84 I
n 1

82

80 ,

*

78

2 76

Hi

*

1 74
c

72 n

70 _L
68

66

64
° Median

I 1
25%-75%

|
Non-Outlier Range

* Extremes

Number of organisms

Figure 14. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 65o-23.

Table 14. Metric index scores before and after standardization for site 65o-23.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Chironomidae Taxa 17.64 24.52 27.12 30.00 46.85 65.13 72.03

% Oligochaeta 0.28 0.38 0.26 0.30 99.51 99.33 99.54

NCBI 6.13 5 89 5 94 5.92 79.29 82.03 80.05

Scraper Taxa 2 36 2.72 2.% 3.00 78.67 90.67 98.67

Sprawler Taxa 8.88 9 7o 12.24 13.00 94.67 96.89 100.00

Burrower Taxa 5.16 3.08 8.32 9.00 33.62 20.07 54.20

Mean 6.74 7.73 9.47 10.20 72.10 75.69 84.08

65o-3

Richness (as Chironomidae taxa), FFG (as scraper taxa) and habit (as sprawler

taxa and burrower taxa) indices increased with increasing subsample size (Table 15). The
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tolerance (NCBI) index did not substantially change. Oligochaeta taxa were absent

from all subsamples.

Interquartile variability declined dramatically in the 300-organism subsample

(Figure 15). Interquartile variability did not overlap among any subsamples.

Table 15. Metric index scores before and after standardization for site 65o-3.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Chironomidae Taxa 14.12 19.20 23.36 26.00 37.50 51.00 62.05

% Oligochaeta 0.00 0.00 0.00 0.00 100.00 100.00 100.00

NCBI 7 02 7 10 7 0S 7.10 41.28 39.87 40.47

Scraper Taxa 2.44 3.08 3.64 4.00 80.00 93.33 100.00

Sprawler Taxa 6.70 9.71 12.36 14.00 74.22 96.89 100.00

Burrower Taxa 1.80 2.40 2.80 3.00 11.73 15.64 18.24

Mean 5.35 6.92 8.21 9.02 57.46 66.12 70.13
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Figure 15. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 65o-3.
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Ecoregion 66 - Blue Ridge

Subecoregion 66d - Southern Crystalline Ridges and Mountains

66d-43

Richness (as Diptera taxa) and habit (as dinger taxa) increased in larger

subsamples while the remaining metric indices did not display any trends (Table 16).

Interquartile variability declined with subsample size and median value increased

(Figure 16). Interquartile variability did not overlap among any subsamples.
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Figure 16. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66d-43.
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Table 16. Metric index scores before and after standardization for site 66d-43.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Diptera Taxa 15.92 23.44 26.52 28.00 53.07 78.13 88.40

% Plecoptera 25.32 24.80 24.76 24.76 82.34 80.65 80.51

% Odonata 0.68 0.60 0.67 0.64 85.09 86.84 85.33

% Dominant Individuals 18.36 18.00 18.02 18.10 27.99 29.49 29.34

% Shredder 27.00 26.30 26.15 26.35 80.48 78.39 75.78

Clinger Taxa 14.44 20.20 22.48 24.00 47.81 66.89 74.44

Mean 16.95 18.89 19.77 20.31 62.80 70.07 72.30

66d-44-2

This site showed increases in richness (as Diptera taxa) and habit (as dinger taxa)

when larger subsamples were taken (Table 17). No changes were detected among the

remaining metric indices.

Interquartile variability declined as subsample size increased (Figure 17).

Interquartile variability did not overlap among any of the subsamples.

Table 17. Metric index scores before and after standardization for site 66d-44-2.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Diptera Taxa 12.64 19.08 24.84 28.00 42.13 63.60 82.80

% Plecoptera 24.24 23.88 24.52 24.44 78.54 77.66 79.74

% Odonata 0.44 0.54 0.55 0.64 90.35 88.16 88.01

% Dominant Individuals 13.00 13.00 13.01 13.09 65.28 65.28 65.19

% Shredder 25.92 26.00 26.45 26.46 77.08 77.50 78.85

Clinger Taxa 16.88 22.24 25.28 27.00 55.89 73.64 83.71

Mean 15.52 17.46 19.11 19.94 68.21 74.31 79.72
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Figure 17. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66d-44-2.

66d-58

Richness (as Diptera taxa), tolerance (as percent dominant individuals) and habit

(as dinger taxa) indices increased with increasing subsample size (Table 18). Remaining

metric indices displayed little much. Odonata were absent from all subsamples.

Interquartile variability declined as subsample size was increased while median

value increased (Figure 18). Interquartile variability did not overlap among any

subsamples.
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Table 18. Metric index scores before and after standardization for site 66d-58.

Metric
Raw Score Standard Score

100 200 275 Whole 100 200 275

Diptera Taxa 19.56 25.64 30.16 35.00 65.20 85.47 97.73

% Plecoptera 10.52 10.58 10.44 10.76 34.21 34.41 33.95

% Odonata 0.00 0.00 0.00 0.00 100.00 100.00 100.00

% Dominant Individuals 11.48 10.38 10.24 9.71 76.16 84.04 85.04

% Shredder 14.12 13.52 14.00 14.35 42.09 40.30 41.89

Clinger Taxa 11.72 14.68 17.08 20.00 38.81 48.61 56.56

Mean 11.23 12.47 13.65 14.97 59.41 65.47 69.20

T
8

.

a Median

I 1
25%-75%

~T~ Non-Outlier Range

° Outliers

Number of organisms

Figure 18. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66d-58.



www.manaraa.com

38

Subecoregion 66g - Southern Metasedimentary Mountains

66g-23

Richness (as EPT taxa) and FFG (as scraper taxa) indices increased with

increasing subsample size (Table 19). Among the composition measures, percent

Tanypodinae/total Chironomidae decreased. Other metric indices did not substantially

change.

Interquartile variability declined substantially when 300 organisms were used

(Figure 19). Interquartile variability between 200- and 300-organism subsamples

overlapped while interquartile range for 100-organism subsamples were considerably

lower.

66 g-23

° Median

I 1
25%-75%

I Non-Outlier Range
° Outliers

Number of organisms

Figure 19. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66g-23.
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Table 19. Metric index scores before and after standardization for site 66g-23.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

EPT Taxa 25.48 35.28 40.56 43.00 69.62 95.54 100.00

% Chironomidae 22.92 22.28 22.71 22.65 67.72 68.90 68 11

% Tanypodinae / TC 13.35 13.84 13.80 7.32 25.93 16.79 15.34

NCBI 3.71 3.66 3.65 3.68 88.56 90.58 90.83

% Dominant Individuals 8.12 7.K2 7.63 7.46 92.75 94.85 96.03

Scraper Taxa 5.40 7.08 7.72 8.00 56.25 73.75 80.42

% Clinger 44.96 44.81 44.56 44.48 59.60 59.13 59.07

Mean 17.71 19.25 20.09 19.51 65.78 71.36 72.83

66g-71

Indices of richness (as EPT taxa) and FFG (as scraper taxa) increased with increasing

subsample size (Table 20). Among the composition measures, percent Tanypodinae/total

Chironomidae decreased. Remaining metric indices were largely unaffected by the

increase in susbample size.

Interquartile variability declined with increasing subsample size (Figure 20).

Interquartile variability between 200- and 300-organism subsamples overlapped slightly

while interquartile ranges for 100-organism subsample were lower.

Table 20. Metric index scores before and after standardization for site 66g-71

.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

EPT Taxa 25.52 29.76 33.00 47.43 69.73 81.31

% Chironomidae 30.92 30.64 30.71 30.58 52.89 53.41 53.29

% Tanypodinae / TC 18.50 20.21 20.04 20.00 9.17 0.39 0.00

NCBI 5.53 5.49 5.51 5.50 30.24 31.53 30.72

% Dominant Individuals 16.64 16.00 16.22 16.21 53.40 56.46 55.42

Scraper Taxa 3.68 4.52 4.92 5.00 38.33 47.08 51.25

% Clinger 48.64 49.72 49.73 49.85 64.48 65.92 65.93

Mean 20.18 21.73 22.41 22.88 42.28 46.36 48.27
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Figure 20. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66g-71.

Subecoregion 66j - Broad Basins

66i-19

Among richness metrics, only Margalefs Index increased with larger subsamples

while Simpson's Index did not (Table 21). FFG (as predator taxa) and habit (as sprawler

taxa) indices increased with increasing subsample size. Composition (as percent

Tanytarsini) and tolerance (as percent intolerant individuals) indices were largely

unaffected by subsample size.

Interquartile variability declined with increasing subsample size while median

value increased (Figure 21). Interquartile variability did not overlap among all three

subsamples sizes.
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Table 21. Metric index scores before and after standardization for site 66J-19.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Simpson's Diversity Index 0.06 0.06 0.05 0.06 56.89 55.80 59.95

Margalefs Index 8.99 11.57 13.25 14.54 66.38 85.42 97.19

% Tanytarsini 1.76 1.94 1.95 1.64 15.30 16.87 16.93

% Intolerant Individuals 18.48 17.24 17.25 17.14 44.80 41.79 41.83

Predator Taxa 5.92 9.72 11.84 14.00 37.95 62.31 75.90

Sprawler Taxa 11.52 16.96 21.24 27.00 53.33 78.44 96.26

Mean 7.79 9.58 10.93 12.40 45.78 56.77 64.68

66j 19

Number of organisms

n Median

I 1
25%-75%

|
Non-Outlier Range

Figure 21. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66J-19.
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66J-23

Richness (by Margalefs Index) increased with larger subsamples. FFG (as

predator taxa) and habit (as sprawler taxa) indices increased with increasing subsample

size (Table 22). Composition (as percent Tanytarsini) and tolerance (as percent intolerant

individuals) indices were largely unaffected by susbample size.

Interquartile variability declined with increasing subsample size while median

value increased (Figure 22). Interquartile variability did not overlap among all three

subsamples sizes.

66j-23

n Median

25%-75%

~T~ Non-Outlier Range
° Outliers

Number of organisms

Figure 22. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66J-23.
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Table 22. Metric index scores before and after standardization for site 66J-23.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Simpson's Diversity Index 0.05 0.05 0.05 0.05 63.41 60.92 61.41

Margalefs Index 8.16 9.74 10.55 11.70 60.24 71.93 77.90

% Tanytarsini 1.68 1.46 1.37 1.37 14.61 12.70 11.94

% Intolerant Individuals 35.52 35.80 35.99 33.59 85.94 87.30 87.24

Predator Taxa 5.44 8.08 10.32 14.00 34.87 51.80 66.15

Sprawler Taxa 6.60 9.36 10.68 13.00 30.56 43.33 49.44

Mean 9.58 10.75 11.49 12.29 48.27 54.66 59.01

66i-25

Richness (by Margalefs Index) increased with larger subsamples. FFG (as

predator taxa) and habit (as sprawler taxa) indices increased with increasing subsample

size (Table 23). Composition (as percent Tanytarsini) and tolerance (as percent intolerant

individuals) indices were largely unaffected by subsample size.

Interquartile variability declined with increasing subsample size while median

value increased (Figure 23). Interquartile variability did not overlap among any of the

subsample sizes.

Table 23. Metric index scores before and after standardization for site 66J-25.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Simpson's Diversity Index 0.06 0.06 0.06 0.07 43.31 44.22 45.90

Margalefs Index 6.01 7.16 7.54 7.80 44.39 52.91 55.71

% Tanytarsini 0.44 0.58 0.67 0.63 3 83 5.04 5.82

% Intolerant Individuals 18.16 19.84 20.13 19.57 44.02 48.10 48.80

Predator Taxa 2.36 4.36 5.40 6.00 15.13 27.95 34.62

Sprawler Taxa 6.04 8.12 9.16 10.00 27.96 37.59 42.41

Mean 5.51 6.69 7.16 7.35 29.77 35.97 38.88
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Figure 23. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66J-25.

66J-26

Richness (by Margalefs Index) increased with larger subsamples. FFG (as

predator taxa) and habit (as sprawler taxa) indices increased with increasing subsample

size (Table 24). Composition (as percent Tanytarsini) and tolerance (as percent intolerant

individuals) indices were largely unaffected by susbample size.

Interquartile variability declined with increasing subsample size while median

value increased (Figure 24). Interquartile variability did not overlap among all three

subsample ranges.
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Table 24. Metric index scores before and after standardization for site 66J-26.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Simpson's Diversity Index 0.04 0.04 0.04 0.04 86.43 84.70 84.61

Margalef s Index 8.67 10.34 11.21 12.16 64.02 76.33 82.82

% Tanytarsini 2.04 1.78 1.83 1.37 17.74 15.48 15.89

% Intolerant Individuals 32.64 32.60 33.52 32.12 79.13 79.03 81.26

Predator Taxa 6.08 9.40 11.52 14.00 38.97 60.26 73.85

Sprawler Taxa 12.56 15.36 17.16 19.00 58.15 71.11 79.44

Mean 10.34 11.59 12.55 13.12 57.41 64.49 69.65

Q Median

I 1
25%-75%

I
Non-Outlier Range

° Outliers

Number of organisms

Figure 24. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66J-26.
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66J-28

Richness (by Margalefs Index) increased with larger subsamples (Table 25). FFG

(as predator taxa) and habit (as sprawler taxa) indices increased with increasing

subsample size. Composition (percent Tanytarsini) and tolerance (as percent intolerant

individuals) indices were largely unaffected by susbample size.

Interquartile variability declined dramatically with a subsample size of 300

organisms (Figurre 25). Interquartile variability did not overlap among all three

subsample sizes.
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Figure 25. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 66J-28.
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Table 25. Metric index scores before and after standardization for site 66J-28.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Simpson's Diversity Index 0.03 0.03 0.03 0.03 92.68 91.72 91.84

Margalefs Index 9.51 11.94 13.64 14.56 70.22 88.19 99.21

% Tanytarsini 5.20 5.50 5.60 5.44 45.22 47.83 48.70

% Intolerant Individuals 36.64 36.68 37.04 36.14 88.15 88.85 89.79

Predator Taxa 6.48 11.24 15.64 18.00 41.54 71.69 97.69

Sprawler Taxa 14.12 18.96 23.36 27.00 65.37 87.70 99.78

Mean 12.00 14.06 15.89 16.86 67.20 79.33 87.84

Ecoregion 68 - Southwestern Appalachians

Subecoregion 68c&d - Plateau Escarpment and Southern Table Plateaus

68c&d-7

Richness (as Plecoptera taxa) increased slightly with the increase of subsample

size (Table 26). The remaining metric indices did not display any trends over the range of

subsample sizes. Hydropsychidae were absent from all subsamples.

Interquartile variability declined substantially with increasing subsample size,

however, interquartile variability greatly overlapped among all three subsample sizes

(Figure 26).

Table 26. Metric index scores before and after standardization for site 68c&d-7.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Plecoptera Taxa 1.64 1.84 2.00 2.00 41.00 46.00 50.00

% Hydropsychidae / Total

Trichoptera
0.00 0.00 0.00 0.00 100.00 100.00 100.00

% Tanypodinae / TC 15.12 15.38 15.57 15.53 25.96 23.30 22.24

NCBI 5.16 5.39 5.41 5.40 48.20 49.01 48.46

Scraper Taxa 0.96 1.00 1.00 1.00 14.33 14.93 14.93

% Clinger 11.88 11.20 11.00 11.36 32.81 31.02 30.46

Mean 5.79 5.80 5.83 5.88 43.72 44.04 44.35
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Figure 26. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 68c&d-7.

Ecoregion 75 - Southern Coastal Plain

Subecoregion 75e - Okefenokee Plains

75e-54

Raw score for tolerance (as dominant individuals) index was affected by

subsample size, but the standardized index remained the same (Table 27). The rest of the

metric indices were unaffected by subsample size. Richness metric was not used for this

site.

Interquartile variability declined substantially in larger subsamples while median

values remained equal (Figure 27). Interquartile variability greatly overlapped among all

three subsamples.
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Table 27. Metric index scores before and after standardization for site 75e-54.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

% Oligochaeta 0.64 0.68 0.65 0.67 98.16 98.11 98.21

% Tanypodinae / TC 22.46 22.48 23.15 22.73 48.54 48.49 46.96

% Non-Insect 20.48 19.02 19.68 18.63 78.97 81.19 80.19

Dominant Individuals 13.12 25.00 38.96 57.00 100.00 100.00 100.00

% Collector 37.88 39.12 38.97 39.25 89.71 92.95 93.11

% Filterer 17.48 17.38 16.84 17.30 4.03 3.79 4.42

Mean 18.68 20.61 23.04 25.93 69.90 70.76 70.48

~T~ Non-Outlier Range

Outliers

Figure 27. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 75e-54.
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Subecoregion 75f- Sea Island Flatwoods

75f-50

Richness (as Chironomidae taxa), composition (as percent Tanypodinae/total

Chironomidae) and tolerance (as tolerant taxa) changed with subsample size (Table 28).

FFG (as percent filterer) index did not change. Oligochaeta and Odonata were completely

absent from all subsamples.

Interquartile variability declined in larger subsamples, as did median index values

(Figure 28). Interquartile variability overlapped among all three subsamples.
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Figure 28. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 75f-50.
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Table 28. Metric index scores before and after standardization for site 75f-50.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Chironomidae Taxa 2.40 4.60 5.36 6.00 20.25 38.82 45.23

% Oligochaeta 0.00 000 00 0.00 100.00 100.00 100.00

% Odonata 00 0.00 0.00 0.00 100.00 100.00 100.00

% Tanypodinae / TC 55.72 57.54 52.80 53.85 23.43 7.08 6.45

Tolerant Taxa 10.23 13.12 15.00 15.00 30.73 3.62 0.45

% Filterer 3.96 4.34 4.33 4.30 83.99 82.45 82.48

Mean 12.05 13.27 12.92 13.19 59.73 55.33 55.77

75f-95

Richness (as Chironomidae taxa) and tolerance (as tolerant taxa) indices changed

with subsample size (Table 29). Oligochaeta, Odonata, Tanypodinae and filterers were

absent from all subsamples.

Interquartile variability declined in larger subsamples, as did median index values

(Figure 29). Interquartile variability did not overlap among all three subsample sizes.

Table 29. Metric index scores before and after standardization for site 75f-95.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

Chironomidae Taxa 9.12 10.60 10.96 11.00 76.96 89.45 92.49

% Oligochaeta 0.00 0.00 0.00 0.00 100.00 100.00 100.00

% Odonata 0.00 00 00 0.00 100.00 100.00 100.00

% Tanypodinae / TC 0.00 0.00 0.00 0.00 100.00 100.00 100.00

Tolerant Taxa 6.20 7.48 7.88 8.00 76.63 62.37 57.85

% Filterer 0.00 0.00 0.00 0.00 100.00 100 00 100.00

Mean 2.55 3.01 3.14 3.17 92.27 91.97 91.72
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Figure 29. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 75f-95.

Subecoregion 75h - Bacon Terraces

75h-70

FFG (as shredder taxa) and habit (as sprawler taxa) indices increased when larger

subsamples were used (Table 30). Oligochaeta remained absent from all subsamples

while the remaining metric indices did not change substantially.

Interquartile variability declined very slightly with larger subsamples (Figure 30).

Interquartile variability did not overlap among all three subsample sizes.
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Table 30. Metric index scores before and after standardization for site 75h-70.

Metric
Raw Score Standard Score

100 200 300 Whole 100 200 300

% Oligochaeta 00 0.00 0.00 0.00 100.00 100.00 100.00

% Non-Insect 54.56 54.74 54.37 54.67 40.81 40.61 41.02

HBI 6.64 6.60 6 61 6.60 48.65 50.14 49 69

Shredder Taxa 0.32 0.44 0.72 1.00 7.27 10.00 16.36

Sprawler Taxa 4.00 6.32 8.48 11.0 42.55 67.23 88.77

Mean 13.10 13.62 14.04 14.65 47.86 53.60 59.17

~T~ Non-Outlier Range

Outliers

Figure 30. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes in site 75h-70.
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The total time for picking, mounting and identifying taxa for 100, 200 and 300

counts of macroinvertebrates in 1 sites are tabulated in Table 3 1 . The average time for

the initial 100 organisms was 987 minutes. Mean additional time for 200 organisms was

775 minutes with a cumulative increase of 178.9 %. Mean additional time for 300

organisms was 1413 minutes with a cumulative increase of 250.09 %. Mean additional

time between 200 and 300 organisms was 638 minutes with a 139.83 % increase.

Table 31. Time for sorting, mounting and identifying macroinvertebrates for selected

stream sites.

Time for

100

initial Additional time required for successive subsamples

Site No 100 to 200 100 to 300 200 to 300

minutes % minutes cum % minutes cum % minutes cum %
45a-50 372 100 336 190.32 779 309.41 443 162.57

45a-90 1137 100 1035 191.03 1539 235.36 504 123.20

45c-3 1070 100 918 185.80 1 563 246.07 645 132.44

65d-20 1268 100 1068 184.23 1699 233.99 63

1

127.01

65d-39 1070 100 845 178.97 1711 259.91 866 145.22

65o-23 1272 100 903 170.99 1673 231.53 770 135.40

66d-43 1139 1 00 928 181.48 1644 244.34 716 134.64

66g-71 509 100 379 174.46 955 287.62 576 164.86

66J-25 964 100 641 166.49 1252 229.88 611 138.07

75f-95 1068 100 697 165.26 1312 222.85 615 134.84

Mean 987 100 775 178.9 1413 250.09 638 139.83

* Cumulative percentage
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DISCUSSIONS

The mean macro invertebrate indices of the three levels of subsample sizes for

each stream site were paired into three different combinations: (1) 100- and 200-

organism; (2) 200- and 300 organism; and (3), 100- and 300- organism subsamples. The

first combination was used to examine the recommended subsample size of 100

individuals in the original RBP (Plafkin et al. 1989), and of Georgia DNR protocols that

have been in use until very recently. This protocol was further examined by testing the

third combination of paired subsamples. The second combination of paired subsamples

tested the adequacy/inadequacy of 200 individuals as prescribed by the current RBP for

stream health assessments (Barbour et al. 1999). Two hundred individuals have been

found to be insufficient by previous studies (Ostermiller and Hawkins 2004).

For every pair of subsamples, the least significant range value (LSR) between

their mean macroinvertebrate indices was compared to the mean index difference value

(MID). The MID value exceeding the LSR value was considered significantly different

(at the 95% confidence level). The multiple-range tests are summarized in Table 32 with

the significant MID values depicted in red.

Ecoregion 45 -Piedmont

Subecoregion 45 - Southern Inner Piedmont

45a-35

Subsample size was found to affect richness {i.e., EPT taxa - number of taxa in

the Ephemeroptera, Plecoptera and Trichoptera families) while remaining metrics were

not. Larger subsamples gave higher estimates for richness (Table 2). A note of interest
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Table 32. Multiple-range tests ofmean indices across subsamples.

Site No.
Subsamples Nl andN2 Subsamples N2 and N3 Subsamples Nl andN3
LSR Mil) LSR MID LSR MID

45a-35 2.03 2.37 2.03 0.12 2.13 2.25

45a-50 1.42 89 1.42 0.22 1.50 1 11

45a-90 1.43 3.97 1 .43 1.54 1.51 5.51

45b-44 2.25 5.19 2.25 1 85 2.37 7.04

45c-3 2.19 6.77 2.19 4.17 2.31 10.94

45d-ll 2.76 5.31 2.76 3.01 2.90 8.32

45h-l 2.43 3.62 2.43 2 36 2.56 5.98

65d-20 2.05 5.86 2.05 0.75 2.16 6.61

65d-39 2.23 5.33 2.23 3.01 2.34 8.34

65h-17 1.41 4.32 1.41 1.50 1.49 5;S2

65k- 102 2.38 18 2.38 54 2.50 72

651-184 4.93 12.61 4.93 3.99 5.19 16.60

65o-23 1.87 3.68 1.87 8.18 1.97 11.86

65o-3 2.06 8.66 2.06 4.01 2.17 12.67

66d-43 1.68 7.27 1.68 2.63 1.77 9.90

66d-44-2 2.10 6.10 2.10 5.41 2.21 11.51

66d-58 1.87 6.26 1.87 3.53 1.97 9.79

66g-23 1.8 5.60 1.8 1 47 1 .90 7.07

66g-71 1.59 4.08 1.59 1.91 1.67 5.99

66J-19 2.83 10.99 2.83 7.91 2.98 18.90

66J-23 1.82 6.38 1.82 4.37 1.91 10.75

66J-25 1.85 6 20 1.85 2.91 1 .95 9.11

66J-26 2.46 7.07 2.46 5.17 2.60 12.24

66J-28 2.04 12.14 2.04 8.90 2.15 21.04

68c&d-7 1 .90 0.16 1.90 0.31 2.00 0.47

75e-54 1.29 85 1.22 0.27 1.22 58

75f-50 2.48 4.40 2.36 44 2.36 3.96

75f-95 0.55 30 0.55 0.25 0.66 0.55

75h-70 2.13 5.58 2.13 5.73 2.24 11.31

Nl = 100 organisms.

N2 = 200 organisms.

N3 = 300 organisms.
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here is the failure of EPT taxa to increase when organism counts were raised from 200

to 300 individuals, regardless of the obvious increase in their raw scores. This is a

cosmetic effect from the standardization process. Since the actual EPT taxa standard

scores for both subsamples were in the excess of 1 00 points, and since a 0- 1 00 scale was

used for standardization, both subsamples scored equally for EPT taxa.

Metrics whose indices did not change across the range of subsample sizes were

composition, functional feeding group (FFG) and habit (dinger, burrower, sprawler and

swimmer); all having scored fairly close to the index of the whole sample (Table 2).

Furthermore, absence of change in these metrics across the subsamples indicated a

proportional rate of increase in successive subsamples. NCBI (a measure of tolerance

level of biota to pollutant based on the average tolerance values of individuals within the

sample) also scored close to that of the whole sample when different subsamples were

used. This suggests a proportionate increase in similar taxa with similar tolerance values

in successive subsamples.

The overall mean indices for subsamples with 1 00-organisms and 200-organisms

were significantly different at 95% probability level (Table 32). The change in EPT taxa

was entirely responsible for this discrepancy because the rest of the metric indices was

the same in all subsamples (Table 2). However, no difference was found between mean

indices of 200-organisms and 300-organisms. This was also due to EPT taxa which

scored equally, although artificially, in these subsamples.

Because number of individuals in subsample size was closer to the full population

size, the variability (inter-quartile range) decreased in larger subsamples (Figure 2). For

this site, reliance on information from a 100-organism subsample would lead to
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erroneous judgment of the stream condition. Using information from 200- or 300-

organism subsamples would reduce the chance of making such error. These two

subsamples, however, gave similar information on stream condition, as there was no

significant difference in their mean indices. Therefore, to save time and unnecessary

expense, a subsample with 200 organisms was adequate.

45a-50

Richness was affected by subsample size (Table 3). Larger subsamples gave

higher estimates of richness. But composition, FFG, tolerance and habit metrics were not

affected by subsample size. A 1 00-organism subsample gave just as good an estimate as

300-organism subsamples. This suggests that these metrics increased at a proportional

rate to increasing subsample size.

The observed increase in the sole richness metric was not sufficient to make a

significant difference in the overall mean macroinvertebrate index across the range of

subsamples (Table 32). All subsamples provided similar information on this site and

therefore, based upon a savings in costs and time, a 1 00-organism subsample was

sufficient.

45a-90

Richness was underestimated in smaller subsamples (Table 4). Larger subsamples

gave higher estimates for richness. Subsample size did not affect estimates of

composition, FFG, tolerance and habit metrics very much. Subsample of 100 organisms

was as good as 200- or 300-organism subsamples in providing estimates for these

metrics. In fact, the results from the whole sample (508 organisms) were very similar to

those provided by 1 00 organisms.
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Unlike the previous site, increase in only richness score at this site was

sufficient to make significant differences in the overall mean index obtained from

analyzing 100, 200 and 300 organisms (Table 32). This is a strong suggestion that a 300-

organism subsample adds significant information and should be preferred over

subsamples with 100 or 200 organisms.

The optimum sample size was not consistent for sites in subecoregion 45a.

Because some sites will require a subsample of 300 organisms, all sites in 45a must be

subsampled at that level in order to assure an adequate estimate of stream health (Table

33).

Subecoregion 45b- Southern Outer Piedmont

45b-44

Subsample size affected the estimates for richness, FFG, and habit metrics (Table

5). One-hundred organism subsamples gave underestimates for these metrics. Richness

was best measured when 200 organisms were used. But for FFG and habit metrics, 300

organisms were required to get better estimates. The seemingly subtle differences in the

raw scores of these metrics across subsamples were magnified substantially when equal

weights were given to the scores (i.e., standardization).

The overall mean indices of 100- and 200-organism subsamples differed

significantly from each other suggesting the latter subsample provides more information

(Table 32). But the mean index of 200 organisms did not differ significantly from that of

275 organisms; therefore, the information given by these two subsamples were similar.

Hence, a subsample of 200 organisms provided an adequate index of stream condition.
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Subecoregion 45c- Carolina Slate Belt

45c-3

Subsample size affected the estimates for richness and habit measures (Table 6).

Larger subsamples gave higher estimates for richness and habit. However, estimates for

composition, FFG, and tolerance measures were not affected by subsample size, and

smaller subsamples produced similar results to larger subsamples.

The overall mean macro invertebrate index across subsample size differed

significantly indicating larger subsamples were more informative than smaller

subsamples (Table 32). Therefore, 300-organism subsample was the best indicator of

stream health at this site.

Subecoregion 45d- Talladega Upland

45d-ll

Subsample size affected estimates for richness and FFG (Table 7) at this site.

Larger subsamples gave better estimates for these metrics. However, composition,

tolerance, and habit measures were not affected by size of the subsample. All three

subsamples produced similar results suggesting a proportional increase of taxa in these

metrics when more biota was sampled.

The resulting overall mean indices across subsample range were significantly

different (Table 32). Since richness and FFG were grossly underestimated by subsamples

containing 100 or 200 organisms, subsamples of 300 organisms were the best indicators

of stream condition at this site.
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Subecoregion 45h- Pine Mountain Ridges

45h-l

Richness was the only metric underestimated by smaller subsamples (Table 8).

Composition, tolerance, FFG, and habit metrics were not affected by subsample size.

Indices from subsamples of 100 and 200 organisms were significantly different in

their mean values (Table 32). There was no difference between those of 200- and 300-

organism subsamples, hence 200-organism subsamples were adequate.

Although one of the sites was equivocal (requiring only 100 organisms), most

sites in the subecoregions required at least subsamples of 300 individuals in order to

create the best index of stream health. Therefore, a recommendation of a minimum

subsample size of 300 individuals from any stream in Ecoregion 45 would yield the

greatest reduction in risk of drawing an erroneous conclusion about the health of these

streams. The recommendation is summarized in Table 33.

Ecoregion 65 - Southeastern Plains

Subecoregion 65d- Southern Hilly Gulf Coastal Plain

65d-20

The only metric measrured poorly by smaller subsamples was richness.

Composition and FFG were unaffected by subsample size (Table 9).

A subsample of 200 organisms provided more information than 100 organisms

because of the significant difference in their mean indices (Table 32). Also, variability

declined in 200-organism subsamples. Even though 300-organism subsamples had the

smallest variability, they were no better than 200-organism subsamples in providing
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information (no significant difference in mean index values). Therefore, using 200

organisms is adequate to provide information on stream condition.

65d-39

Subsample size affected the estimates of richness and FFG, but not for that of

composition (Table 10).

Significant differences in mean index values across subsample ranges indicated

that subsamples with 100 or 200 organisms did not give as much information as

subsamples of 300 organisms (Table 32). Variability was also much lower in 300-

organism subsamples. Thus, only subsamples with 300 organisms were adequate

predictors at this site.

For subecoregion 65d, a minimum sample size of 300 organisms is recommended

in order to obtain a more accurate estimate of stream health.

Subecoregion 65h - Tifton Upland

65h-17

Larger subsamples were only necessary for better estimates of habit measure.

Richness, composition, tolerance and FFG were unaffected by subsample size (Table 11).

Unlike in most sites, subsample size did not affect richness for this site because EPT taxa

were completely absent. This suggests the strong value of EPT taxa in the evaluation of

stream health.

There were significant differences among the mean indices suggesting additional

information was provided with increasing subsample size (Table 32). As in subecoregion
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65d, a larger subsample than the RBPs recommendation was required at this site to

obtain the best indication of stream health.

Subecoregion 65k - Coastai Plain Red Uplands

65k-102

FFG (i.e., scraper taxa and percent shredder taxa) was the only metric affected by

subsample size (Table 12). A closer examination reveals that raw scores for scraper taxa

and percent shredder taxa across the three subsample sizes were not very different from

that of the complete sample (346 total organisms). Standardization magnified the score

differences across the subsample range. Composition metrics, on the other hand, could be

measured adequately from only 100 organisms and they produced results similar to those

provided from 200- or 300-organism subsamples. Richness measure was not used for this

site.

The multiple-range test did not find significant difference in the mean indices

among the subsamples; therefore, larger subsamples did not provide more information

than smaller ones (Table 32). Even though reduced variability from larger subsamples

demonstrate better diagnostic capabilities for stream conditions, it might not be wise to

accept this inference since the original sample was relatively small with only 346

organisms (Figure 12). Therefore, a 100-organism subsample was an adequate indicator

of stream health at this site.
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Subecoregion 651 - Atlantic Southern Loam Plains (Vidalia Upland)

651-184

Composition and tolerance metrics were not affected by subsample size. These

metrics could be estimated well from only 100 organisms because raw scores matched

closely to that of the whole sample (550 organisms). Furthermore, standardized scores of

these metrics across subsamples were not very different (Table 13). However richness

was affected by subsample size and was poorly estimated in smaller subsamples. The

same was true for habit and FFG.

Differences in richness, habit and FFG were responsible for the significant

difference in the mean indices between 100- and 200-organism subsamples. However, the

differences in these metrics between 200 and 300 organisms were not sufficient to be

significant (Table 32). Therefore, because subsampling 300 organisms did not add new

information to what was already provided from 200-organism subsamples, 200-organism

subsamples were adequate for this site to save time and cost.

Subecoregion 65o - Tallahassee Hills/Valdosta Limesink

65o-23

Macroinvertebrate composition and tolerance metrics were not affected by

subsample size, while richness, FFG and habit measures were affected by smaller sample

sizes (Table 14).

The multiple-range tests showed mean index differences were significant across

the range of subsamples (Table 32). Subsamples containing 300 organisms had a very

small variability, albeit with a few extreme outliers, when compared to the variability of
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subsamples of 1 00-organism or 200-organism (Figure 14). It was clear that subsamples

of 100- or 200-organisms did not provide an adequate amount of information about this

site; therefore, only 300-organism subsamples were adequate.

65o-3

As in the previous site, composition and tolerance measures in this site were well

represented by 1 00-organism subsamples while richness, FFG and habit measures were

not (Table 1 5).

The multiple-range tests showed mean index differences were significant among

the three subsamples (Table 32). Again, subsamples containing 300 organisms had very

small variability when compared to subsamples of 100 or 200 organisms (Figure 15). It

was clear that subsamples of 100 or 200 organisms omitted an important set of

information about this site, and only 300 organism subsamples were appropriate.

Overall, a minimum sample size of 300 organisms is recommended for ecoregion

65 because majority of the sites in the subecoregions required that level for proper

assessment of stream condition (Table 33).

Ecoregion 66 - Blue Ridge

Subecoregion 66d - Southern Crystalline Ridges and Mountains

66d-43

Subsamples with 100 individuals adequately characterized macroinvertebrate

composition, as well as their tolerance and feeding characteristics for this site (Table 16).

However, small samples failed to give proper estimates of richness and habit measures;

larger subsamples were better in providing these estimates.
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Differences in the mean index values between all three subsamples were

significant (Table 32). This suggests additional information on stream condition obtained

by subsampling 300 organisms is worth the time and cost. Also, variability in

macroinvertebrate index score declined substantially with this subsample size (Figure

16).

66d-44-2

As at the previous site, larger subsamples were required for better estimation of

richness and habit measures (Table 17). Subsample size did not affect composition,

tolerance and FFG estimates.

Differences in the mean index values between all three subsamples were

significant suggesting the costs associated with subsampling 300 organisms are repaid by

the additional information gained (Table 32).

66d-58

Smaller subsamples underestimated richness and habit (Table 18). Community

composition, tolerance and FFG were not affected by subsample size.

The mean index values between all three subsamples were significantly different

(Table 32), while index variability from subsamples of 300 organisms was the smallest

(Figure 18). As with many other sites in subecoregion 66d, only a subsample of 300

organisms was adequate to provide the information necessary to assess stream condition.

All sites in this subecoregion required at least a sample of 300 organisms;

therefore, samples of 300 organisms are recommended for 66d (Table 33).
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Subecoregion 66g - Southern Metasedimentary Mountains

66g-23

Macroinvertebrate composition, tolerance and habit measures were not affected

by subsample size and even using 100 organisms apparently provided as much

information as 200- or 300-organism subsamples (Table 19). However, richness and FFG

were affected by subsample size and required larger subsamples for better estimates.

The differences in richness and FFG were responsible for the significant

difference in the overall mean index values between subsamples of 100 and 200

organisms (Table 32). But they were not sufficiently strong to make a significant

difference between the mean indices of 200 and 300 organisms. Thus, subsample of 200

organisms was adequate for evaluating this site.

66g-71

Tolerance and habit measures were not affected by subsample size (Table 20).

Richness and FFG, on the other hand, increased progressively with larger subsample size.

Raw scores from all three subsamples were not different in the ratio of Tanypodinae to

Chironomidae but their standardized scores made appreciable differences.

Significant differences in mean index values indicated that 100 and 200

organisms do not provide as much information as a subsample of 300 organisms (Table

32). Therefore, it becomes important to use the largest subsample (i.e., 300 organisms)

for this site.

While one site in this subecoregion indicated samples of 200 organisms was

adequate for stream health assessment, the other required samples of 300 organisms. At
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minimize the risk of erroneous conclusions about stream condition (Table 33).

Subecoregion 66i - Broad Basins

66J-19

Margalef s Index, one of the two richness measures used for this site, was

affected by subsample size. FFG and habit measures were also affected (Table 21). A

subsample with 300 organisms typically provided the highest estimate for these metrics.

The other richness measure, Simpson's Index remained largely unaffected. Composition

and tolerance measures were also unaffected by subsample size so that 100 organism

gave similar estimates to 200- or 300-organism subsamples.

Overall, 100- and 200-organism subsamples failed to provide as much

information as 300 organism subsamples (lower and significantly different mean index

values) (Table 32).

66J-23

Margalef s Index was again affected by subsample size. FFG and habit measures

were also affected (Table 22). A subsample with 300 organisms provided the highest

estimates for these metrics. Simpson's Index remained largely unaffected by subsample

size. Composition and tolerance measures were also unaffected so that 100 organisms

gave similar estimates to 200- or 300-organism subsamples.

One-hundred and 200-organism subsamples failed to provide as much

information as 300 organisms (again, lower and significantly different mean index

values) (Table 32).
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66J-25

As at previous sites, subsample size affected Margalef s Index, FFG and habit

measures (Table 23). Subsample with 300 organisms provided the highest estimates for

these metrics. Simpson's Index remained largely unaffected by subsample size.

Composition and tolerance measures were also unaffected so that 100-organism

subsamples gave similar estimates to those of 200 or 300 organisms.

Larger subsample (300 organisms) provided more information than 100- or 200-

organism subsamples with higher and significantly different mean index values (Table

32).

66J-26

Margalef s Index was affected by subsample size as were FFG and habit measures

(Table 24). Subsamples of 300 organisms gave the highest estimates for these metrics

while Simpson's Index remained largely unaffected by subsample size. Composition and

tolerance measures were also unaffected so that 100 organism gave similar estimates to

200 or 300 organism subsamples.

Larger (300-organism) subsamples provided more information than 100- and 200-

organism subsamples with higher and significantly different mean index values (Table

32).

66J-28

Continuing the trend in the 66j subecoregion, one of the richness metrics (i.e.,

Margalef s Index) was affected by subsample size while the other (i.e., Simpson's Index)

was not (Table 25). FFG and habit measures were also affected. Composition and
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tolerance measures remained unaffected by subsample size so that 100 organism gave

similar estimates to 200- or 300- organism subsamples.

Larger (300-organism) subsamples provided more information than 100- and 200-

organism subsamples (higher and significantly different mean index values) (Table 32).

Sites in subecoregion 66j strongly indicated that samples of 300 organisms

provided the best macroinvertebrate mean index value. Therefore, 300-organism

subsample sizes are recommended for stream health assessment for this subecoregion

(Table 33). For the entire Ecoregion 66, three-hundred organism subsamples should be

used since all of its subecoregions require 300 organisms.

Ecoregion 68 - Southwestern Appalachians

Subecoregion 68c&d - Plateau Escarpment and Southern Table Plateaus

68c&d-7

Subsample size did not affect metric indices although slight differences were

found in the standardized richness score across the subsample range (Table 26).

Subsamples of 100 organisms were just as good as those with 200 or 300 organisms in

estimating indices for composition, tolerance, FFG and habit.

Statistically there were no differences in the mean index values among the

subsamples (Table 32). Variability in index values was substantially reduced with

subsamples of 300 organisms (Figure 26). This large sample was relatively close to the

complete sample of 317 organisms, and therefore, was probably not a significant

minimization effect. Thus, a subsample of 100 organisms was adequate for estimating

stream site condition.
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One-hundred organism subsamples are suggested for ecoregion 68 (Table 33).

So far, this is the only ecoregion that agreed with the recommendation of 100 individuals

according to the original RBP. The subsample size is cautionary as only one site was

evaluated for the entire ecoregion.

Ecoregion 75 - Southern Coastal Plain

Subecoregion 75e - Okefenokee Plains

75e-54

None of the macro invertebrate metrics used at this site was affected by subsample

size. A subsample of 100 organisms gave similar estimates to those provided by 200 or

300 organisms (Table 27). It should be noted, however, that similar tolerance estimates

observed across subsamples were due to standardization.

Mean overall index difference was not significant among the subsample sizes

(Table 32). All subsamples gave similar information on the benthic community; and

thereby the condition of this site. Although index variability declined with larger

subsamples, the reductions were not appreciable (Figure 27). In sum, processing 200 or

300 organisms added unwanted costs. Processing 100 organisms were adequate to

differentiate between reference and impaired conditions.
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Subecoregion 75f- Sea Island Flatwoods

75f-50

Subsample size affected biotic richness, composition and tolerance indices (Table

28). Subsamples with 200 organisms gave higher estimates than 100 organisms and their

mean index values were significantly different (Table 32). Even though 300 organisms

provided higher estimates for these metrics than 200 organisms, the difference in mean

overall index was not significant. Therefore, increasing subsample organism count to 300

did not add significant information to that provided by 200-individual counts. Thus, a

subsample of200 organisms was adequate to evaluate stream condition at this site.

75f-95

Richness and tolerance metrics were affected by increasing subsample size (Table

29). Despite this observation, mean overall macroinvertebrate indices across subsample

range were not significantly different (Table 32). This was due to the absence of taxa for

the remaining metrics, which provided for equal scoring across the subsample ranges.

Variability declined with larger subsample size, but the reduction was small relative to

the scale considered (Figure 29). Furthermore, the original sample had only 314

organisms. Since 100 organisms gave as much information as 200 or 300 organisms, a

subsample of 1 00 organisms was acceptable for this site.

For subecoregion 75f, a minimum sample size of 200 organisms is suggested even

though one ofthe sites required only 100 individuals (Table 33).
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Subecoregion 75h - Bacon Terraces

75h-70

FFG and habit measures were affected by subsample size whereas composition

and tolerance measures were not (Table 30). Subsamples of 300 organisms provided the

best overall estimate of the benthic community with a higher mean index value that were

significantly different from those of other subsamples (Table 32).

For the entire ecoregion 75, three-hundred organism subsample sizes were

appropriate because 1 00 and 200 individuals were not able to adequately characterize the

stream conditions in two of the subecoregions (Table 33).

Metric Response to Subsample Size

In all but one (65h-17) of the 26 study sites that used at least some kind of

richness measures, subsample size was found to affect the richness. Biotic richness

increased when there were more organisms present in the subsample. This finding is

consistent with previous works (Duggan et al. 2002, Sovell and Vondracek 1999, Cao et

al. 1998, Growns et al. 1997). However, Simpson's diversity index was the exception. It

was not found to be as sensitive to sample size as other metrics of richness (Table 21 to

25) because Simpson's Index is weighted towards the abundances of the most common

species and responds poorly to the addition of rare species (Magurran 1988; also

supported by Veijola et al 1996). A subsample of only 100 organisms was found to be

sufficient for estimating Simpson's Index. For other richness metrics, the largest

subsample (i.e., 300 organisms in this case) was required. Vinson and Hawkins (1996)
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also suggested using greater than 300 organisms in order to obtain more accurate

inferences for richness.

In most instances, metrics that utilized percentage community composition or

relative abundances did not change when larger numbers of individuals were used in the

subsample. Such community metrics were percent Chironomidae, the ratio of Cricotopas

or Chironomus to total Chironomidae, percent EPT, percent Ephemeroptera, percent

Gastropoda, the ratio of Hydropsychidae to total Trichoptera, percent Isopoda, percent

non-insect macro invertebrates, percent Odonata, percent Oligochaeta, percent Plecoptera,

the ratio of Tanypodinae to total Chironomidae, percent Tanytarsini, percent dominant

individuals, percent pollution intolerant, percent pollution tolerant, percent dinger,

percent collector, percent filterer, percent predator, percent scraper, and percent shredder.

Overall, this may be a result of "standardization" of these values on a percentile basis

and, subsequent standardization when creating the overall macroinvertebrate metric.

Increasing organism counts in the subsample had a proportional increase in the respective

taxa. A subsample of 100 organisms was equally informative on these metrics as the

other two larger subsamples. Similar conclusions regarding some of these metrics (e.g.,

percent EPT abundance, percent dominant taxa) have also been made elsewhere (see, for

example, Duggan et al. 2002).

FFG and habit metrics (excluding those describing community percentage and

relative abundance) were not consistent across the range of subsamples. In general, their

values increased with increasing subsample size. FFG metrics describe the dominant

feeding mechanisms of biota (Rosenberg and Resh 1996). Metrics such as predator,

scraper and shredder taxa included in this study are sensitive to taxa richness but measure
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the functioning of the benthic community rather than just the structure. Even though

larger subsamples contain a more diverse assemblage (see above), many taxonomically

different individuals exhibit the same feeding pattern and contribute proportionately to

the community's dominant trophic character. This may explain why metric scores

improved when a greater number of organisms were used in the subsample. As

previously discussed, the rest of the metrics in this category (percentages of collector,

filterer, predator, scraper, and shredder taxa) did not improve with increasing subsample

size.

Habit metrics are descriptions of the movement and positioning mechanisms of

benthic organisms (Merritt and Cummins 1996). The habit metrics used in this study

(dinger, burrower, sprawler and swimmer taxa) are also sensitive to biotic richness. The

higher taxonomic richness in larger subsamples may be responsible for the increase in

habit scores, again, because of the possible addition of new taxa displaying same habits.

Many macroinvertebrates, although taxonomically different, are known to share similar

modes of locomotion or to occupy similar types of substrates (Merritt and Cummins

1996). As discussed earlier, the percentage of dinger taxa was the only habit metric to

remain unaffected by subsample size.

In the tolerance/intolerance metric-category, Hilsenhoff s Biotic Index (HBI) was

used in only one study site while the North Carolina Biotic Index (NCBI) was used more

often. HBI is a measure of the overall organic-pollution tolerances of taxa present in a

community (Hilsenhoff 1987). NCBI is a modified form of HBI and also attempts to

measure the tolerance level of biota to other impairments (Lenat 1993). Both indices were

found to be insensitive to variation in subsample size. Sovell and Vondracek (1999) had
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made similar conclusions about HBI, but similar comparisons for the NCBI have not

been performed anywhere before. Both biotic indices depend heavily upon richness

values. Even though new taxa were added in larger subsamples, as demonstrated by the

increased richness in this study, consistencies of HBI and NCBI across subsamples

indicate a proportional increase in the ratio of pollution sensitive taxa to insensitive taxa

for both indices.

Adequate Subsample Size

A summary of the minimum required subsample size of both the subecoregion

and the ecoregion scale is provided in Table 33. It is clear that there is no single

subsample size that can be relied upon to describe health streams in all subecoregions.

Table 33. Recommended minimum required sample size at the subecoregion and the

ecoregion scales.

Subecoregion Sample Size Ecoregion Sample Size

66d

66g

66j

300

300

300

66 300

68c&d 100 68 100

45a

45b

45c

45d

45 h

300

200

300

300

oo

65d

65h

65k

651

65o

300

100

200

300

65

75e 100

75f 200 75 300

75h 300
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Subecoregions in the Blue Ridge (66) required at least 300 individuals.

Subecoregion in the Southwestern Appalachians (68) required only 100 individuals.

Subecoregions in the Piedmont (45) required either 200 or 300 individuals. Some

subecoregions in the Southeastern Plains (65) and the Coastal Plains (75) required only

100 individuals while others required 200 or even 300 individuals. The general trend seen

here indicates that using 300 individuals becomes important for sites in extreme north

Georgia, while sites located elsewhere do not always require that many.

At the ecoregion level, 300-organism subsamples were the appropriate sizes to

minimize the risk of making erroneous conclusion about stream health. Even though

ecoregion 68 showed that only 100 individuals were necessary, this recommendation

should be treated with some restrictions because only a single subecoregion was studied.

Streams in the Blue Ridge generally had high flow velocity with high

concentration dissolved oxygen, low water temperature, and diverse habitat types. High

macroinvertebrate diversity (richness) is usually associated with such stream conditions;

hence, the need for 300 individual. High gradient streams were also found in some

subecoregions of the Piedmont and the Southeastern Plains, but regardless of

subecoregion, high gradient streams generally required a minimum of 300 individuals

(Table 34). Low gradient streams, on the other hand, did not require that level as much.

Table 34. Percentage of total sites showing recommended subsample sizes.

Site Type 300 Individuals 200 Individuals 100 Individuals Total

High gradient

Low gradient

75%
38%

19%
31%

6%
31%

100%
100%

Reference condition

Impaired condition

75%
52%

12.5%

29%
12.5%

19%
100%
100%
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Another trend is the requirement of at least 300 individuals in minimally

impaired (reference) sites (Table 34). This can be explained by the high

macro invertebrate diversity in streams having little or no impairment. But, a surprising

52% of the impaired sites also displayed the need for 300 individuals. However, most of

the impaired sites requiring 300 individuals were also high gradient streams, which may

have influenced the results.

The RBP method compares the mean index and inter-quartile ranges of reference

sites to that of test sites whose health conditions are to be determined. In order to

conclude that a test site is impaired, there must be a clear separation between the 25
th

percentile index value of the reference site and the 75
th

percentile index value of the test

site. An overlap indicates the test site is similar to the reference site and, therefore, in

good health. The assumption is that inter-quartile range of the reference site represents

the true values of healthy streams for the subecoregions. Since my results showed that

inter-quartile range changes across the subsample sizes, an important question arises -

does subsample size affect the ability of reference sites to distinguish themselves from

impaired sites? Cao et al. (1998) had expressed concerns that sample sizes of less than

300 individuals cannot effectively use the macroinvertebrate communities' information

and may greatly underestimate the differences between reference and impacted sites. The

ineffectiveness of small sample size to characterize macroinvertebrate communities were

supported by my results. But my examination of subecoregions 65o and 66g showed that

reference sites, regardless of subsample sizes, were still separable from impaired sites

(Figures 31 and 32). However, I did not examine the remaining subecoregions due to
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Figure 31. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes between impaired and reference

sites for subecoregion 65o.

Subsample Size (Impaired & Reference Sites)

Figure 32. Macroinvertebrate index score distributions (based upon 25 replicate

subsamples) at different subsample sizes between impaired and reference

sites for subecoregion 66g.
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absence of complete data sets (equal sets for both reference and impaired sites); thus

subecoregions 65o and 66g may be anomalous.

Cost effectiveness has always been a central issue in utilizing the RBP,

particularly with regards to the subsample size, because sorting and taxonomic

identification make up the bulk of the entire process. I found identification to be

relatively slow for the initial 100 organisms, but progressed rapidly for 200 and 300

organisms because of the recurrence of similar taxa (Table 31). Cumulative time for

processing and identifying 200 organisms from 100 organisms was increased by 78.9%.

This is a substantial increase in cost, but necessary because 100 organisms were not

adequate for 82% of the subecoregions. Cumulative time to identify 300 organisms from

200 organisms was only increased by 39.83%. This increased cost was repaid by the

increased ability of metrics to characterize stream health for 59% of the subecoregions,

but proved futile for 24% of the subecoregions.
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CONCLUSIONS AND RECOMMENDATIONS

The performance of the rapid bioassessment metrics recommended for the

ecoregions and subecoregions of Georgia examined in this study was variable in terms of

sensitivity to subsample size. Richness metrics were most sensitive and increased with

increasing subsample size. At times, the increase was large enough to substantially affect

the overall mean macroinvertebrate index value even without the compounding effects of

other sensitive metrics. To a lesser extent, some FFG metrics (scraper, predator, and

shredder taxa) and habit metrics (burrower, dinger, sprawler, and swimmer taxa)

increased in value with increasing subsample sizes. Other metrics did not show any

consistent trends.

The study has led me to conclude that the previously recommended subsample

sizes of 100 organisms and 200 organisms were not adequate to characterize stream

conditions for all subecoregions. Three-hundred organisms subsample sizes were always

necessary for subecoregions of northern Georgia while, but were not for those in middle

and southern Georgia. Stream gradient was also an important factor because high

gradient sites mostly required 300 individuals while most low gradient sites did not.

Every subecoregion, with its distinct geographical conditions, influences the streams and

the macro invertebrate community in its own way, and this was reflected in the difficulty

of determining one common subsample size to fit all subecoregions (Table 33). Certainly,

subsampling 300 organisms would circumvent this problem (as it did at the ecoregion

level), but that would mean unnecessarily increasing spending for the evaluation of some

subecoregions. Therefore, I recommend using individual subecoregional subsample sizes

for specific subecoregions because they provide adequate characterization of stream
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conditions and a more cost-effective approach. There was some evidence that

subsample size does not affect the ability of reference sites to differentiate from impaired

sites. This provides further support that any of the three recommended subsample sizes to

their respective subecoregion can detect the difference between reference and impaired

sites.

I suggest further studies should be done in the future. I recommend the following

changes and additions to my study:

1. Equal number of sites should be analyzed for each subecoregion for a robust

comparison. I used samples collected for the Georgia Ecoregions Project and, due

to sampling problems beyond the control of this study, was unable to acquire

equal number of sites for each ecoregion.

2. Subsample sizes with more than 300 individuals should be investigated. Studies

using only a few metrics have shown that even 300 organisms may not be enough

to characterize stream conditions. I recommend using all metrics, not only

richness, because I found habit, FFG and tolerance metrics to be sensitive to

subsample size as well.

3. Questions regarding the subsample size effects on reference sites to differentiate

from impaired sites should also be explored for all subecoregions. This can be

done by analyzing an equal number of impaired and reference sites for each

subecoregion. I was able to examine this question for only two subecoregions.

4. Stream gradients seemed to be correlated with subsample size. Further studies

could examine affects of stream gradients on subsample size and the ability to

differentiate reference and highly impaired sites.
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Finally, I would like to emphasize the usefulness of the RBPs in the monitoring,

management and restoration of streams. At its best, RBPs provides important biological,

physical and chemical quality of a stream in a quick manner. Based on this information,

agencies and interested parties will be able to identify and prioritize issues in their

decision-making process and, at its worst, the RBPs may provide inaccurate information

and consequently mislead management efforts. My conclusions on subsample size

requirements will be helpful in minimizing costly mistakes for stream managers amd

decision-makers.



www.manaraa.com

REFERENCES:

Barbour, M.T., Gerritsen, J., Griffith, G.E., Frydenborg, R., McCarron, E., White, J.S.,

and Bastian, M.L. 1996. A framework for biological criteria for Florida streams

using benthic macro invertebrates. Journal ofthe North American Benthological

Society 15(2): 185-211.

Barbour, M.T., Gerritsen, J., Snyder, B.D., and Stribling, J.B. 1999. Rapid

. Bioassessment Protocolsfor use in streams and wadeable rivers: periphyton,

benthic macroinvertebrates andfish. 2
nd

ed. EPA 841-B-99-002. U.S.

Environmental Protection Agency, Office of Water, Washington, D.C.

Cao, Y., Williams, D.D., and Williams, N.E. 1998. How important are rare species in

aquatic community ecology and bioassessment? Limnology and Oceanography

43(7): 1403-1409.

Cao, Y., Williams, D.D., and Larsen, D.P. 2002. Comparison of ecological communities:

the problem of sample representativeness. Ecological Monographs 72(1 ):41-

56.

Carter, J.L. and Resh, V.H. 2001. After site selection and before data analysis: sampling,

sorting, and laboratory procedures used in stream benthic macro invertebrate

monitoring programs by USA state agencies. Journal of the North American

Benthological Society 20(4) :65 8-682.

Caton, L.W. 1991. Improved subsampling methods for the EPA "Rapid Bioassessment"

benthic protocols. Bulletin ofthe North American Benthological Society

8(3):317-319.

Columbus State University. 2000. Quality Assurance Project Plan (QAPP): ecoregions



www.manaraa.com

85

reference site project for wadeable streams in Georgia. Prepared for: Georgia

Environmental Protection Division and U.S. Environmental Protection Agency.

98pp.

Courtemanch, D.L. 1996. Commentary on the subsampling procedures used for rapid

bioassessment. Journal ofthe North American Benthological Society 15(3):381-

. 385.

Duggan, I.C., Collier, K.J., and Lambert, P.W. 2002. Evaluation of invertebrate

biometrics and the influence of subsample size using data from some Westland,

New Zealand, lowland streams. New Zealand Journal ofMarine and Freshwater

Research 36:1 17-128.

Efron, B., and Tibshirani, R.J. 1994. An Introduction to the Bootstrap. Chapman & Hall,

New York. 456 pp.

Gore, J.A., Olson, J.R., Hughes, D.L., and Brossett, P.M. 2004. Reference conditions for

wadeable streams in Georgia with a multimetric indexfor the bioassessment and

discrimination of reference and impaired streams. Ecoregion reference site

project, Phase II, Final Report, Georgia Department of Natural Resources,

Atlanta, Georgia. 370 pp.

Griffith, G. 2000. Draft level HI and IV ecoregionsfor Georgia [ecoregional boundary

data sets in a polygonal vector format as Arclnfo export coverage on the Internet].

Revision 5. Corvallis OR: US EPA, National Health and Environmental Effects

Research Lab/ORD, Western Ecology Division. Available from:

ftp://ftp.epa.gov/wed/ecoregions/ga/



www.manaraa.com

86

Growns, J.E., Chessman, B.C., Jackson, J.E., and Ross, D.G. 1997. Rapid assessment of

Australian rivers using macroinvertebrates: cost and efficiency of 6 methods of

sample processing. Journal ofthe North American Benthological Society

16(3):682-693.

Growns, J.E., Chessman, B.C., McEvoy, P.K., and Wright, LA. 1995. Rapid assessment

of rivers using macroinvertebrates: case studies in the Napean River and Blue

Mountains, NSW. Australian Journal ofEcology 20: 1 30-141

.

Hilsenhoff, W.L. 1987. An improved biotic index of organic stream pollution. Great

Lakes Entomologist 20( 1 ):3 1 -40.

Hughes, D.L. 2005. Stream reference conditions using discriminating invertebrate

indices for ecoregions of Georgia. A Master of Science Thesis in Environmental

Science, Columbus State University, GA.

Lenat, D.R. 1993. A biotic index for the southeastern United States: derivation and list of

tolerance values, with criteria for assigning water-quality ratings. Journal of

North American Benthological Society 12(3):279-290.

MacArthur, R.H. and Wilson, E.O. 1967. The Theory ofIsland Biogeography. Princeton

University Press, Princeton, U.S.A. 203 pp.

Magurran, A.E. 1988. Ecological Diversity and its Measurement. Croom Helm, London,

170 pp.

Merritt, R.W. and Cummins, K.W. 1996. An Introduction to the Aquatic Insects ofNorth

America. 3
rd

Edition. Kendall/Hunt Publ., Dubuque, IA. 862 pp.

Metzelling, L. and Miller, J. 2001. Evaluation of the sample size used for the rapid



www.manaraa.com

X7

bioassessment of rivers using macroinvertebrates. Hydrobiologia 444: 1 59-1 70.

Olson, J.R. 2002. Using GIS and Land Use Data to Select Candidate Reference Sitesfor

Stream Bioassessment. A Master of Science Thesis in Environmental Science,

Columbus State University, GA. 109 pp.

Omernik, J.M. 1987. Ecoregions of the conterminous United States. Annals ofthe

. Association ofAmerican Geographers 77(1 ):1 18-125.

Ostermiller, J.D. and Hawkins, C.P. 2004. Effects of sampling error on bioassessments of

stream ecosystems: application to RIVPACS-type models. Journal of North

American Benthological Society 23(2):363-382.

Plafkin, J.L., Barbour, M.T., Porter, K.D., Gross, S.K., and Hughes, R.M. 1989. Rapid

bioassessment protocolsfor use in streams and rivers: benthic

macroinvertebrates andfish. U.S. Environmental Protection Agency, Office of

Water Regulations and Standards, Washington, D.C. EPA 440-4-89-001.

Rosenberg, D.M. and Resh, V.H. 1996. Use of aquatic insects in biomonitoring. In:

Merritt, R.W. and Cummins, K.W., editors. An introduction to the aquatic

insects ofNorth America. 3
rd

ed. Kendall/Hunt Publ., Dubuque, IA. p 87-98.

Somers. K.M., Reid, R.A., and David S.M. 1998. Rapid biological assessments: how

many animals are enough? Journal ofthe North American Benthological

Society 17(3):348-358.

Sovell, L.A. and Vondracek, B. 1999. Evaluation of the fixed-count method for

Rapid Bioassessment Protocol III with benthic macro invertebrate metrics.

Journal ofthe North American Benthological Society 18(3):420-426.



www.manaraa.com

Steel, R.G.D. and Torrie, J.T. 1960. Principles and Procedures ofStatistics. McGraw-

Hill Book Company, New York. 481 pp.

Tetra Tech, Inc. 2001. Ecological Data Application System (EDAS) Version 3.3.2k.

Available from: http://www.ttwater.com/edas.html .

U.S. Environmental Protection Agency. 1997. History ofthe Clean Water Act. Available

from: http://www.epa.gov/r5water/cwa.htm. Accessed on June 20, 2004.

Veijola, H., Jarmo, J.M., and Marttila, V. 1996. Sample size in the monitoring of benthic

macrofauna in the profundal of lakes: evaluation of the precision of estimates.

Hydrobiologia 322:301-315.

Vinson, M.R. and Hawkins, C.P. 1996. Effects of sampling area and subsampling

procedure on comparisons of taxa richness among streams. Journal ofthe North

American Benthological Society 15(3):392-399.



www.manaraa.com

APPENDIX A. List of referenced taxonomic keys for macroinvertebrates.

Brigham, A.R., Brigham, W.U. and Gnilka, A. (eds). 1982. Aquatic Insects and

Oligochaetes of North and South Carolina. Midwest Aquatic Enterprises,

Mahomet, Illinois. 837 pp.

Burch, J.B. 1972. Freshwater Sphaeriacean Clams (Mollusca: Pelecypoda) ofNorth

America. Biota of Freshwater Ecosystems Identification Manual No. 3, Water

Pollution Control Research Series, EPA, Washington, DC. 3 1 pp.

Burch, J.B. 1982. Freshwater Snails (Mollusca: Gastropoda) ofNorth America. EPA-
600/3-82-026. Environmental Monitoring and Support Laboratory, Office of

Research and Development, U. S. Environmental Protection Agency, Cincinnati,

Ohio. 194 pp.

Daigle, J.J. 1991. Florida Damselflies (Zygoptera): A Species Key to the Aquatic Larval

Stages. Technical Series, Vol.1 1, No.l. Department of Environmental Regulation,

Tallahassee, Florida. 12 pp.

Daigle, J.J. 1992. Florida Dragonflies (Anisoptera) : A Species Key to the Aquatic Larval

Stages. Technical Series, Vol.12, No. 1. Department of Environmental

Regulation, Tallahassee, Florida. 29 pp.

Edmunds Jr., G.F., Jensen, S.L., and Berner, L. 1976. The Mayflies ofNorth and Central

America. University of Minnesota Press, Minneapolis. 330 pp.

Epler, J.H. 1996. Identification Manualfor the Water Beetles ofFlorida. Department of

Environmental Protection, Tallahassee, Florida. 257 pp.

Epler, J.H. 2001. Identification Manualfor the Larval Chironomidae (Diptera) ofNorth

and South Carolina. North Carolina Department of Environmental and Natural

Resources, Raleigh, North Carolina. 526 pp.

Gosner, K.L. 1971. Guide to Identification ofMarine and Estuarine Invertebrates: Cape

Hatteras to the Bay ofFundy. John Wiley & Sons Inc., New York. 693 pp.

Hobbs Jr., H.H. 1981. The Crayfishes ofGeorgia. Smithsonian Contributions to Zoology,

No. 318, Smithsonian Institution Press, Washington, DC. 549 pp.

Kozloff, E.N. 1974. Keys to the Marine Invertebrates ofPuget Sound, the San Juan

Archipelago, and Adjacent Regions. University of Washington Press, Seattle,

Washington. 226 pp.

Merrit, R.W. and Cummins, K.W. (eds). 1996. An Introduction to the Aquatic Insects of
North America. 3

rd
ed. Kendall/Hunt Publishing Company, Dubuque, Iowa.



www.manaraa.com

90

North America. 3
rd

ed. Kendall/Hunt Publishing Company, Dubuque, Iowa.

862 pp.

Pennak, R.W. 1989. Freshwater Invertebrates ofthe United States. 3
rd

ed. John Wiley &
Sons Inc., New York. 628 pp.

Pescador, M.L. and Harris, S.C. 1995. Identification Manualfor the Caddisfly

(Trichoptera) Larvae of Florida. Department of Environmental Protection

Division of Water Facilities, Tallahassee, Florida. 180 pp.

Pescador, M.L., Rasmussen, A.K., and Richard, B.A. 2000. A Guide to the Stoneflies

.
(Plecoptera) of Florida. Department of Environmental Protection, Division of

Water Resource Management, Tallahassee, Florida. 1 66 pp.

Thorp, J.H. and Covich, A.P. (eds.). 1991. Ecology and Classification ofNorth American

Freshwater Invertebrates. Academic Press, New York. 936 pp.

Wiggins, G.B. 1977. Larvae ofthe North American Caddisfly Genera (Trichoptera).

University ofToronto Press, Toronto, Canada. 401 pp.



www.manaraa.com

91

APPENDIX B. List of selected metrics for subecoregions (compiled from Gore et al.

2004).

SUBECOREGION CATEGORY METRIC
STRESS

RESPONSE

Southern

Inner Piedmont

(45a)

Richness

Ephemeroptera,

Plecoptera, Trichoptera

(EPT) Taxa

Decrease

Composition

% Chironomidae Increase

% Cricotopus &
Chironomus 1 Total

Chironomidae (TC)

Increase

Tolerance /

Intolerance

North Carolina Benthic

Index (NCBI)
Increase

Functional Feeding

Group
% Scraper Decrease

Habit % dinger Decrease

Southern Outer

Piedmont

(45b)

Richness Coleoptera Taxa Decrease

Composition
% Chironomidae Increase

% Oligochaeta Increase

Tolerance /

Intolerance
% Intolerant Individuals Decrease

Functional Feeding

Group
Scraper Taxa Decrease

Habit Swimmer Taxa Decrease

Carolina

Slate Belt

(45c)

Richness Tanytarsini Taxa Decrease

Composition
% Odonata Increase

% Tanypodinae / TC Increase

Tolerance /

Intolerance

Dominant Individuals Decrease

% Intolerant Individuals Increase

Functional Feeding

Group
% Shredder Decrease

Habit Swimmer Taxa Decrease

Talladega

Upland

(45d)

Richness Coleoptera Taxa Decrease

Composition
% Odonata Increase

% Tanypodinae / TC Increase

Tolerance/Intolerance
NCBI Increase

% Tolerant Individuals Increase

Functional Feeding

Group
Shredder Taxa Decrease

Pine

Mountain

Ridges

Richness Plecoptera Taxa Decrease

Composition
% Ephemeroptera Decrease

% Plecoptera Decrease
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(45h) Tolerance /

Intolerance
% Intolerant Individuals Decrease

Functional Feeding

Group
% Scraper Decrease

Habit % Clinger Decrease

Southern

Hilly Gulf

Coastal Plain

(65d)

Richness
Plecoptera Taxa Decrease

Trichoptera Taxa Decrease

Composition

% Hydropsychidae /

Total Trichoptera
Increase

% Oligochaeta Increase

Functional Feeding

Group

% Filterer Decrease

% Predator Increase

Tifton Upland

(65h)

Richness Ephemeroptera Taxa Decrease

Composition
% Isopoda Increase

% Tanytarsini Decrease

Tolerance /

Intolerance
% Tolerant Individuals Increase

Functional Feeding

Group
% Scraper Decrease

Habit Burrower Taxa Decrease

Coastal Plain

Red Uplands

(65k)

Composition

% Gastropoda Increase

% Hydropsychidae /

Total Trichoptera
Decrease

% Tanypodinae / TC Increase

Functional Feeding

Group

% Collector Decrease

Scraper Taxa Decrease

% Shredder Decrease

Atlantic Southern

Loam Plains

(65L)

Richness
Diptera Taxa Decrease

Trichoptera Taxa Decrease

Composition % EPT Decrease

Tolerance /

Intolerance
% Tolerant Individuals Increase

Functional Feeding

Group
Shredder Taxa Decrease

Habit Clinger Taxa Decrease

Tallahassee

Hills/Valdosta

Limesink

(65o)

Richness Chironomidae Taxa Decrease

Composition % Oligochaeta Increase

Tolerance /

Intolerance
NCBI Increase

Functional Feeding

Group
Scraper Taxa Decrease

Habit
Burrower Taxa Decrease

Sprawler Taxa Decrease

Southern Richness Diptera Taxa Decrease
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Crystalline

Ridges &
Mountains

(66d)

Composition
% Odonata Decrease

% Plecoptera Increase

Tolerance /

Intolerance
% Dominant Individuals Increase

Functional Feeding

Group
% Shredder Decrease

Habit Clinger Taxa Decrease

Southern

Metasedimentary

Mountains

(66g)

Richness EPT Taxa Decrease

Composition
% Chironomidae Increase

% Tanypodinae / TC Increase

Tolerance /

Intolerance

% Dominant Individuals Increase

NCBI Increase

Functional Feeding

Group
Scraper Taxa Decrease

Habit % dinger Decrease

Broad Basins

(66j)

Richness

Margalef s Index Increase

Simpson's Diversity

Index
Decrease

Composition % Tanytarsini Decrease

Tolerance /

Intolerance
% Intolerant Individuals Decrease

Functional Feeding

Group
Predator Taxa Decrease

Habit Sprawler Taxa Decrease

Plateau

Escarpment &
Southern Table

Plateaus

(68c&d)

Richness Plecoptera Taxa Decrease

Composition

% Hydropsychidae /

Total Trichoptera
Increase

% Tanypodinae / TC Increase

Tolerance /

Intolerance
NCBI Increase

Functional Feeding

Group
Scraper Taxa Decrease

Habit % Clinger Decrease

Sea Island

Flatwoods

(75e)

Composition

% Non-Insect Increase

% Oligochaeta Increase

% Tanypodinae / TC Increase

Tolerance /

Intolerance
Dominant Individuals Increase

Functional Feeding

Group

% Collector Decrease

% Filterer Increase

Sea Island

Flatwoods

(75f)

Richness
Chironomidae Taxa Decrease

% Oligochaeta Increase

Composition
% Odonata Increase

% Tanypodinae / TC Increase
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Tolerance /

Intolerance
Tolerant Taxa Increase

Functional Feeding

Group
% Filterer Increase

Bacon Terraces

(75h)

Composition
% Non-Insect Increase

% Oligochaeta Increase

Tolerance /

Intolerance

Hilsenhoffs Biotic Index

(HBI)
Increase

Functional Feeding

Group
Shredder Taxa Decrease

Habit Sprawler Taxa Decrease
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APPENDIX C. List of all metrics.

METRIC CATEGORY METRIC STRESS
RESPONSE

Richness

Chironomidae Taxa Decrease

Coleoptera Taxa Decrease

Diptera Taxa Decrease

Ephemeroptera, Plecoptera, &
Trichoptera (EPT) Taxa

Decrease

Ephemeroptera Taxa Decrease

Evenness Decrease

Margalef s Index Decrease

Plecoptera Taxa Decrease

Shannon-Wiener base e Decrease

Simpson's 'Diversity Increase

Tanytarsini Taxa Decrease

Total Taxa Decrease

Trichoptera Taxa Decrease

Composition

% Amphipoda Decrease

% Chironomidae Increase

% Chironominae / Total Chironomidae

(TC)
Variable

% Coleoptera Decrease

% Cricotopus sp. & Chironomus sp. 1

TC
Increase

% Diptera Increase

% Ephemeroptera Decrease

% EPT Decrease

% Gastropoda Decrease

% Hydropsychidae / Total EPT Increase

% Hydropsychidae / Total Trichoptera Increase

% Isopoda Increase

%Non-Insecta Increase

%Odonata Increase

% Oligochaeta Increase

% Orthocladiinae / TC Decrease

% Plecoptera Decrease

% Tanypodinae / TC Increase

% Tanytarsini Decrease

% Tanytarsini / TC Decrease

% Trichoptera Decrease

Tolerance/Intolerance Tolerant Taxa Increase

% Tolerant Individuals Increase

Intolerant Taxa Decrease
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% Intolerant Individuals Decrease

% Dominant Individuals Increase

Dominant Individuals Increase

Beck's Index Decrease

Hilsenhoffs Biotic Index (HBI) Increase

North Carolina Biotic Index (NCBI) Increase

Functional Feeding Group

% Scraper Decrease

Scraper Taxa Decrease

% Collector Decrease

Collector Taxa Decrease

% Predator Decrease

Predator Taxa Decrease

% Shredder Decrease

Shredder Taxa Decrease

% Filterer Increase

Filterer Taxa Decrease

Habit

Clinger Taxa Decrease

% Clinger Decrease

Burrower Taxa Decrease

Climber Taxa Decrease

Sprawler Taxa Decrease

Swimmer Taxa Decrease
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APPENDIX D. Number of individual taxa encountered in samples for study sites.

STREAM ORDER FAMILY FINAL IDENTITY TOTAL

Smithwick Creek

45a-35

Oligochaeta 1

Basommatophora Ancylidae Ferrissia sp. 7

llasommatophora Physidae riivsn A/> 2

Coleoptera Dryopidae Helichus lithophilus 1

Coleoptera Dytiscidae Celina sp. 1

Coleoptera Dytiscidae Ilvgrotus f'arctus 1

Coleoptera Elmidae Ancvronvx variegatus 3

Coleoptera Elmidae Dubiraphia sp. 6

Coleoptera Elmidae Macronychus glabratus 5

Coleoptera Elmidae Optioservus ovalis 1

Coleoptera Elmidae Optioservus sp. 1

Coleoptera Elmidae Promoresia sp. 4

Coleoptera Elmidae Stenelmis sp. 2

Coleoptera Haliplidae Peltodytes sexmaculatus . 1

Coleoptera Psephenidae Psephenus herricki 1

1 )eeapoda Cambaridae Cambarinae 1

1 )ecapoda Cambaridae Procambarus sp. 3

Diptera Ceratopogonidae Bczzio complex 2

Diptera Chironomidae Ablabesmvia mallochi 5

Diptera Chironomidae Ablabesmvia sp. 2

Diptera Chironomidae Brilliaflavifrons 2

Diptera Chironomidae Brillia sp. 5

Diptera Chironomidae Chironomus sp. 18

Diptera Chironomidae Corvnonewa sp. 5

Diptera Chironomidae Cricotopus bicinctus 18

Diptera Chironomidae < 'ri cot opus sp. 8

Diptera Chironomidae Crvptochironomus sp. 6

Diptera Chironomidae Picroteudipessp. 2

Diptera Chironomidae Eukiefferiella brehmi group 1

Diptera Chironomidae F.ukieftcrielLi sp 1

Diptera Chironomidae Microtendipes pedellus group 8

Diptera Chironomidae Microtendipes sp. 2

Diptera Chironomidae Nanocladius sp. 1

Diptera Chironomidae Odontomesafulva 1

Diptera Chironomidae Orthocladiinae 1

Diptera Chironomidae Orthocladius obumbratus 2

Diptera Chironomidae Orthocladius sp. 4

Diptera Chironomidae Paracladopelma sp. 1

Diptera Chironomidae I'arakiefferiella B 1

Diptera Chironomidae Parakieffehella E 1

Diptera Chironomidae I'arakiefferiella sp. 1

Diptera Chironomidae Paralauterhorniella nigrohalterale 3

Diptera Chironomidae Paramerina sp. 2

Diptera Chironomidae Tarametriocnemus v/> 10

Diptera Chironomidae Paratendipes albinuinus 1

Diptera Chironomidae Phaenopsectra obediens group 7

Diptera Chironomidae Phaenopsectra punctipes group 1

Diptera Chironomidae Phaenopsectra sp. 9

Diptera Chironomidae Phaenopsectra Tribe!as complex 24

Diptera Chironomidae Polvpedilum A 4

Diptera Chironomidae Polypedilwn aviceps 1

Diptera Chironomidae Polvpedilum halterale group 1

Diptera Chironomidae Polvpedilum illinoense group 1

Diptera Chironomidae Polvpedilum scalaenum group 5
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STREAM ORDER FAMILY EINAE IDENTITY TOTAL

Smithwick Creek

45a-35

Diptera Chironomidae Polypedilum sp. 2

Diptera Chironomidae Polypedilum tritum 2

Diptera Chironomidae Potthastia longimana 3

Diptera Chironomidae Potthastia sp. 1

Diptera Chironomidae Procladius (Holotanvpus) sp. 1

Diptera Chironomidae Procladius sp. 1

Diptera Chironomidae Pseudochironomus sp. 2

Diptera Chironomidae Rheotanvtarsas exiguus group 2

Diptera Chironomidae Rheotamtarsus pellucidus 12

Diptera Chironomidae Rhcolauvlarsas sp. 8

Diptera Chironomidae Stempellinella leptocelloides I

Diptera Chironomidae Stempellinella/Zavrelia complex 1

Diptera Chironomidae Stenochironomus sp. 1

Diptera Chironomidae Stictochironomus devinctus 4

Diptera Chironomidae Eanytarsini 1

Diptera Chironomidae Tanvtarsus A 3

Diptera Chironomidae iainlarsus <

'

1

Diptera Chironomidae Pimvltirsiis d 2

Diptera Chironomidae I'linvlarsus J 1

Diptera Chironomidae I'unvldrsus \l 2

Diptera Chironomidae I'amlarsus I) 2

Diptera Chironomidae lativtursiis sp. 9

Diptera Chironomidae 1 hieru inanniella boltoni 2

Diptera Chironomidae Thienemanniella sp. 2

Diptera Chironomidae Thienemannimvia group 22

Diptera Chironomidae Tribelos fuscicorne 1

Diptera Chironomidae Inhclos jitcimdus 27

Diptera Chironomidae Tribelos sp. 8

Diptera Chironomidae /.avri'liimia ihrvptu </ complex 1

Diptera Empididae Hemerodromia sp. 9

Diptera Simuliidae Simuliwn sp. 3

Diptera Tipulidae Antocha sp. 4

Diptera Tipulidae Pilaria sp. 4

Diptera Tipulidae Tipula sp. 4

Diptera Tipulidae Tipulidae 2

Ephemeroptera Baetiscidae Baetiscidae 1

Ephemeroptera Caenidae Caenis sp. 1

Ephemeroptera Ephemerellidae h'.plh'incrella sp. 13

Ephemeroptera Ephemerellidae Ephemerellidae 9

1 phemeroptera Ephemerellidae Serrate/la deficiens 3

Ephemeroptera Epheineridac llt'xagcnia linihiita 14

Ephemeroptera Ephemeridae Hexagenia sp. 6

Ephemeroptera Heptageniidae Heptageniidae 12

Ephemeroptera 1 leptageniidae Stenonema modestum 20

Ephemeroptera 1 leptageniidae Stenonema sp. 43

Ephemeroptera Eeptophlebiidae Leptophlebia sp. 2

Ephemeroptera Eeptophlebiidae Eeptophlebiidae 1

Ephemeroptera Siphlonuridae Siphlonuridae 5

Odonata Calopterygidae ( 'uloplci 1

Odonata ( 'oenatirionidae Argia sp. 2

Odonata Gomphidae Progomphiis obscurus 1

Odonata Gomphidae Progomphus sp. 2

Plecoptera Capniidae Capniidae 12

Plecoptera Chloroperlidae Chloroperlidae 4

Pleeoptera Nemouridae Nemouridae 2

Plecoptera Perlidae Eccoptura xanthenes 1

Plecoptera Perlidae Perlidae 1
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Smithwick Creek

45a-35

Plecoptera Perlodidae Isoperla marlvnia 1

Plecoptera Perlodidae Perlodidae 1

Plecoptera Taeniopterygidae Oemoptervx complex 2

Plecoptera Taeniopterygidae Tacnioptcnw sp 3

Trichoptera I lydropsychidae Ccratopsvchesp. 1

Trichoptera I lydropsychidae ( 'heumatopsyche sp. 11

Trichoptera Hydropsychidae Hvdropsvche betteni/depravata complex 3

1 richoptera Hydropsychidae Hydropsychidae 3

Trichoptera Limnephilidae Hvdatophylax argns 1

Trichoptera Limnephilidae Pycnopsyche sp. 1

Trichoptera Philopotamidae Chimarra sp. 1

Trichoptera Polvcentropodidae Polvcentropus sp. 1

Trichoptera Psvchoinyiidae 1

Noonday Creek

45a-50

Oligochaeta 4

Coleoptera Elmidae Ancvronvx variegatus 5

Diptera Chironomidae Ablabesmvia mallochi 2

Diptera Chironomidae Ab/abcsniviasp. 1

Diptera Chironomidae Brillia flavifrons 3

Diptera Chironomidae tomus sp. 11

Diptera Chironomidae Corvnoneura B 1

Diptera Chironomidae Corynoneura sp. 28

Diptera Chironomidae Cricotopus bicinctus 33

Diptera Chironomidae Cricotopus sp. 10

Diptera Chironomidae Cricotopus sylvestris 5

Diptera Chironomidae Cricotopus/Orthocladius complex 1

Diptera Chironomidae Dicrotendipes sp. 1

Diptera Chironomidae Eukiefferiella brehmi group 2

Diptera Chironomidae riella sp. 2

Diptera Chironomidae Labrundiniapilosella 1

Diptera Chironomidae Micropsectra D 1

Diptera Chironomidae Orthocladiinae 1

Diptera Chironomidae Orthocladius dentifer 1

Diptera Chironomidae Orthocladius sp. 14

Diptera Chironomidae 2

Diptera Chironomidae Parametriocnemus sp. 1

Diptera Chironomidae Paratrichocladius sp. 1

Diptera Chironomidae Phaenopsectra obediens group 5

Diptera Chironomidae Phaenopsectra purictipcs group 7

Diptera Chironomidae Phaenopsectra'Tribelos complex 3

Diptera Chironomidae Polvpedilum flavum 3

Diptera Chironomidae Polvpedilum scalaenum group 1

Diptera onomidae Polvpedilum sp. 2

Diptera Chironomidae Potthastia longimana 6

Diptera Chironomidae Rheocricotopus robacki 6

Diptera Chironomidae Rheocricotopus sp. 6

Diptera Chironomidae Rheotarrvtarsus A 7

Diptera Chironomidae Rheotanvtarsus exiguus group 5

Diptera Chironomidae Rhcotanvtarsus pellucidus 13

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae Tatrvtarsus C 1

Diptera Chironomidae lanvtiirsits I. 1

Diptera Chironomidae rsiis sp. 2

Diptera Chironomidae irsus U 21

Diptera Chironomidae Thienemanniella sp. 3

Diptera Chironomidae / ',v,' .
' 19

Diptera Chironomidae ',.-,
. 9

Diptera Chironomidae Tribelosjucundus 2
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Noonday Creek

45a-50

Diptera Chironomidae Tribelos sp. 1

Diptera Empididae Ilemerodromia sp. 19

Diptera Tipulidae Tipula sp. 1

Ephemeroptera Baetidae Baetidae 4

Ephemeroptera 1 leptageniidae 1 leptageniidae 1

Ephemeroptera 1 leptageniidae Siciioih'n, 3

Odonata Coenagrionidae . trgia sp. 1

Trichoptera Hydropsychidae ( 'heumatopsyche sp 34

Trichoptera Hydropsychidae 1 Ivdropswhe sp. 3

Trichoptera 1 Iydropsychidae Hydropsychidae 9

Mountain Creek

45a-90

Oligochaeta 8

Basommatophora Ancylidae Ferrissia sp. 1

Basommatophora Physidae Phvsa sp 4

Basommatophora Physidae Phvsella sp. 3

Basommatophora Planorbidae Gvraulus sp. 2

Coleoptera Curculionidae Anchvtarsus bicolor 2

Coleoptera Dytiscidae Celina sp. - 5

Coleoptera Dytiscidae Dytiscidae 1

Coleoptera Dytiscidae Hvgrotusfarctus 3

Coleoptera Elmidae Ancvronvx variegatus 6

Coleoptera Elmidae Dubiraphia sp. 11

Coleoptera Elmidae Elmidae 6

Coleoptera Elmidae nchus glabratus 6

Coleoptera Elmidae 8

Coleoptera Elmidae ervussp. 2

Coleoptera Elmidae Oulimnius latiuscuhts 2

Coleoptera Elmidae 3

Coleoptera Psephenidae Psephenus herricki 1

Decapoda Cambaridae Procambarus sp. 1

Decapoda Cambaridae Procambarus spicidifer 1

Diptera Ceratopogonidae Bezzia complex 1

Diptera Ceratopogonidae Ceratopogonidae 1

Diptera Chironomidae lesmyia mallochi 1

Diptera Chironomidae ilumsp. 13

Diptera Chironomidae Chironominae 2

Diptera Chironomidae lomus sp. 2

Diptera Chironomidae Cricotopus bicinctus 1

Diptera Chironomidae Crvptochironomus sp. 2

Diptera Chironomidae 1

Diptera Chironomidae Labrundinia pilosella 2

Diptera Chironomidae Labrundinia sp. 1

Diptera Chironomidae Larsia sp. 1

Diptera Chironomidae Microtendipes pedellus group 33

Diptera Chironomidae Microtendipes sp. 93

Diptera Chironomidae Orthocladius sp. 2

Diptera Chironomidae Parachaetocladius abnobaeus 1

Diptera Chironomidae ,/;.'/. .•.'<'/' ".-.
. 1

Diptera Chironomidae Phaenopsectra obediens group 4

Diptera Chironomidae ,'<:. 3

Diptera Chironomidae Polvpedilum aviceps 2

Diptera Chironomidae Pseudorthocladius sp. 7

Diptera Chironomidae Rheocricotopus sp. 1

Diptera Chironomidae 2

Diptera Chironomidae am arsus sp. 1

Diptera Chironomidae I'hienemannirmna group 21

Diptera Chironomidae Tribelosjucundus 2

Diptera Chironomidae Unniella multivirga 1
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Mountain Creek

45a-90

Diptera C'hironomidae Xestochironomus sp. 1

Diptera Chironomidae Xylolopus par 3

Diptera Tipulidae Leptotarsus sp. 2

Diptera Tipulidae Limnophila sp. 3

Diptera Tipulidae Tipula sp. 6

Diptera Tipulidae Tipulidae 1

Ephemeroptera Baetidae Baetidae 4

Ephemeroptera Baetiscidae Baetisca Carolina 1

Ephemeroptera Ephemerellidae Attendla attenuata 1

1 pliemcroptera Heptageniidae Heptageniidae 13

Ephemeroptera Leptophlebiidae Leptophlebia sp. 8

Heteroptera Gerridae Gerridae 1

Heteroptera Veliidae Microvelia sp 1

Isopoda Asellidae Asellidae 1

Megaloptera Corydalidae Corvdalus cornutus 1

Odonata Calopterygidae ( 'alopteryx sp. 5

Odonata Coenagrionidae Coenagrionidae 1

Odonata Gomphidae Gomphidae 1

Odonata Gomphidae Gomphus sp. 1

Plecoptera Capniidae Capniidae 54

Plecoptera Perlodidae Perlodidae 4

Plecoptera 1 aeniopterygidae I itciiioplervx sp. 5

Trichoptera Hydropsychidae Ceratopsyche sp. 6

Trichoptera Hydropsychidae Cheumatopsvche sp. 52

Trichoptera Hydropsychidae psyche sp. 8

Trichoptera Hydropsychidae 1 lydropsychidae 39

Trichoptera Leptoceridae Leptoceridae 2

Trichoptera tceridae Triaenodes sp. 2

Trichoptera Eimnephilidae Pvcnopsvche sp. 1

Trichoptera Polycentropodidae Polycentropodidae 1

Veneroida Pisidiidae Sphaerium sp. 1

Tributary to

North Oconee

River

45b-44

Oligochaeta 5

Coleoptera Gyrinidae Dineutus sp. 1

Decapoda Cambaridae Cambarinae 4

Diptera Ceratopogonidae Bezzia complex 1

Diptera Chironomidae A blahesmvia mallochi 10

Diptera Chironomidae • besmviasp. 1

Diptera Chironomidae Brilliaflavifrons 2

Diptera Chironomidae Brillia sp. 2

Diptera Chironomidae Corvnoneura sp. 1

Diptera Chironomidae Cryptochironomus sp. 3

Diptera Chironomidae Eukiefferiella brehmi group 2

Diptera Chironomidae Labrundinia sp. 1

Diptera Chironomidae Microtendipes pedellus group 7

Diptera Chironomidae Natarsia sp. 1

Diptera Chironomidae Odontomesafulva 1

Diptera Chironomidae Paracladopelma sp. 1

Diptera Chironomidae Paracladopelma undine 3

Diptera Chironomidae Parakiefferiella sp. 2

Diptera Chironomidae Paramerina sp. 2

Diptera Chironomidae iclriocnemus sp. 11

Diptera Chironomidae Paratanvtarsus quadratus complex 1

Diptera Chironomidae Paratendipes subaequalis 1

Diptera Chironomidae Phaenopsectra obediens group 5

Diptera Chironomidae '•'.' •'•'
'

;'•'-' 3

Diptera Chironomidae ,..':
1

Diptera Chironomidae Polypedilum aviceps 9
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Tributary to

North Oconee

River

45b-44

Diptera Chironomidae I'ohpcdiliini lullax group 15

Diptera Chironomidae Polvpedilum scalaenum group 2

Diptera Chironomidae /icon/via /.(ivrclinivid complex 6

Diplcra Chironomidae Rheotanvtarsus A 6

Diptera Chironomidae Rheotanvtarsus exiguus group 1

Diptera Chironomidae Rlh'oiiinviiii .'/.
-

///' 4

Diptera Chironomidae Rlieotanvtarsus sp. 1

Diptera Chironomidae Stanpi'lUnella A 6

Diptera Chironomidae Stcnipcllinella sp. 4

Diptera Chironomidae Stenochironomus sp. 1

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae TanvtarsusM 10

Diptera Chironomidae Tanytarsus sp. 13

Diptera Chironomidae Thienemanniella xena 1

Diptera Chironomidae Thienemannimvia group 15

Diptera Chironomidae Tribelosjucundus 4

Diptera Chironomidae Tvetenia vitracies 1

Diplcra Chironomidae Xestochironomus sp. 1

Diptera Chironomidae Zavrelia sp. 1

Diptera Chironomidae Zavrelimyia sp. 5

Diptera Dixidae Dixa sp. 1

Diptera Empididae Hemerodromia sp. 5

Diptera Simuliidae Simulium sp. 2

Diptera Tipulidae Tipula sp. 1

Ephemeroptera Ephcmerellidae Ephemerella sp. 19

Ephemeroptera Ephcmeridae i.phancra sp. 7

Ephemeroptera Ephemeridae Ilexngcnia limbata 7

Ephemeroptera I leptageniidae lleptageniidae 3

Ephemeroptera Heptagcniidae Swiioncnid sp 10

Ephemeroptera Eeptophlebiidae Leptophlebia sp. 33

Ephemeroptera Siphlonuridae Siphlonuridae 1

Megaloptera Corydalidae Nigronia serricornis 2

Megaloptera Sialidac Sia/is sp. 1

( klonata Calopterygidae Caloptervx maculata 1

Plecoptera Capniidae Allocapnia sp. 2

Plecoptera Capniidae Capniidae 3

Plecoptera Nemouridae Nemouridae 1

Plecoptera Perlidae Eccoptura xanthenes 1

Plecoptera Perlidae Perlidae 1

Plecoptera Perlodidae Isoperla sp. 12

Trichoptera Hydropsychidac ( Iwunidtopsvche sp. 6

Trichoptera Limnephilidae Pycnopsyche sp. 2

Trichoptera Psvchomyiidae Lvpe diversa sp. 1

Chickasaw Creek

45c-3

Amphipoda Talitridae Hvalella azteca 22

Basommatophora Ancylidae Ferrissia sp. 1

Basommatophora Physidae Phvsa sp. 4

Basommatophora Planorbidae Gvraulus sp. 7

Calanoida Temoridae hura sp. 6

Coleoptera Dytiscidae Dytiscidae 1

Coleoptera Dytiscidae UvdropofHs ( \copnlliM \p 2

Coleoptera Elmidae Ancvronvx varicgatus 1

Coleoptera Elmidae Dubiraphia bivittata 4

Coleoptera Elmidae Dubiraphia sp. 11

Coleoptera Elmidae Macromclms gldbratus 1

Coleoptera Gyrinidae Dilh'llllis discolor 1

Decapoda Cambaridae Cambarinae 1

1 )ecapoda Cambaridae Procambarus sp. 3
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Chickasaw Creek

45c-3

Diptera Ceratopogonidae Bezzia complex 4

Diptera Chironomidae Ablabesmvia triallochi 10

Diptera Chironomidae Ihlabi'smviasp. 8

Diptera Chironomidae Chironominae 1

Diptera Chironomidae Chironomus ochreatus 2

Diptera Chironomidae Chironomus sp. 3

Diptera Chironomidae ( 'orrnoiu'iirasp. 10

Diptera Chironomidae Labrundiniapilosella I

Diptera Chironomidae Microtendipcs pcilcllu\ yroup 32

Diptera Chironomidae Nanocladius sp. 6

Diptera Chironomidae Parametriocnemus sp. 8

Diptera Chironomidae Paratanvtarsus dissimilis 1

Diptera Chironomidae I'lhiciiopsectrti 1 rihclos complex 5

Diptera Chironomidae Polvpedilum halteralc group 1

Diptera Chironomidae Polvpedihim sculaenum group 2

Diptera Chironomidae I'ohpcdilwn sp. 1

Diptera Chironomidae Klicoa iciHopus sp. 1

Diptera Chironomidae Rlh'ohiiivtarsiis sp. 1

Diptera Chironomidae Stt'in/H-IIineUa A 4

Diptera Chironomidae Stenochironomus sp. 5

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae Tiinvlursus M 3

Diptera Chironomidae Tanvtarsus sp. 10

Diptera Chironomidae Tanvtarsus W 1

Diptera Chironomidae riiiciicnitinninivici tiroup 10

Diptera Chironomidae Tribelosjucundus 4

Diptera Chironomidae /avrc/imviasp. 2

Diptera Empididae Hemerodromia sp. 2

Diptera Tabanidae Tabanidae 1

Diptera Tipulidae Hexatoma sp. 1

Diptera Tipulidae Tipula sp. 2

Ephemeroptera Caenidae Caenis sp. 24

Ephemeroptera Ephemerellidae Eurylophella sp. 1

Ephemeroptera Ephemeridae Ephemeridae 1

Ephemeroptera Ephemeridae Hexagenia limbata 1

Ephemeroptera I leptageniidae Stenacron sp. 1

Ephemeroptera Heptageniidae Stenonema sp. 10

Ephemeroptera Leptophlebiidae l.cptophlebiasp. 2

Heteroptera Notonectidae Xolo/iccta irrorafa 2

Megaloptera Corydalidae Nigronia serricornis 1

Odonata Calopterygidae C 'aloptervx maculata 1

Odonata Calopterygidae ( "aloptervx sp. 1

Odonata Coenagrionidae Argia sp. 8

Odonata Corduliidae Vfacromia sp. 2

Odonata Gomphidae Gomphidae 1

Plecoptera Capniidae Capniidae 1

Plecoptera Perlodidae Perlodidae 1

Plecoptera Perlodidae Yugus sp. 1

Plecoptera Taeniopterygidae Taenioptervx sp. 2

Trichoptera Leptoceridae Leptoceridae 2

I'richoptera Eeptoceridae 1 rnicnodes sp. 4

Trichoptera Limnephilidae I'wnupsvche sp. 1

Trichoptera Polycentropodidae I'olvci-utropus sp. 2

Trichoptera Psychomyiidae I.vpe diversa 17

Veneroida Pisidiidae Pisidium sp. 4

Swinney Branch

45d-l 1

Oligochaeta 1

Amphipoda Crangonyctidae ( 'rangonyx sp. 1
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Swinney Branch

45d-l 1

Basommatophora Physidae Physa sp. 1

Coleoptera Curculionidae Anchvtarsus bicolor 2

Coleoptera Elmidae Dubiraphia bivittatu 2

Coleoptera Elmidae Dubiraphia sp. 2

Coleoptera Elmidae Optioservus sp. 1

Coleoptera Psephenidac Ectopha sp. 1

Decapoda Cambaridae ( 'ambarus halli 2

Decapoda Cambaridae Cambarus sp. 2

Diptera Chironomidae Apedilum sp. 1

Diptera Chironomidae ( 'orviioneura sp 3

Diptera Chironomidae Diplocladius cultriger 3

Diptera Chironomidae Eukiefferiella brevicalcar group 3

Diptera Chironomidae Eukiefferiella sp. 11

Diptera Chironomidae Hydrobaenus sp. 1

Diptera Chironomidae Labrundinia pilosella 3

Diptera Chironomidae !AibniHiliri. 1

Diptera Chironomidae Microtendipes pedellus group 16

Diptera Chironomidae Orthocladius sp. 1

Diptera Chironomidae Parakiefferiella sp. 1

Diptera Chironomidae Parametriocnemus sp. 2

Diptera Chironomidae Phaenopsectra obediens group 1

Diptera Chironomidae Polvpedilum aviceps 2

Diptera Chironomidae Polvpedilwnflavum 1

Diptera Chironomidae Reomvia sp. 1

Diptera Chironomidae Rheotanvtarsus A 1

Diptera Chironomidae Rheotartytarsus pellucidus 20

Diptera Chironomidae Stenochironomus sp. 2

Diptera Chironomidae Tanvtarsus sp. 2

Diptera Chironomidae Thienemannimvia group 3

Diptera Chironomidae Zavrelimvia sp. 1

Diptera Empididae Hemerodromia sp. 1

Diptera Simuliidae Prosimulium mixtion 15

Diptera Simuliidae Prosimulium rhizophorum 7

Diptera Simuliidae Simulium sp. 51

Diptera Tipulidae Pedicia sp. 5

Diptera Tipulidae Pseudolimnophila sp. 21

Diptera Tipulidae Tipula sp. 18

Diptera Tipulidae Tipulidae 1

Ephemeroptera Baetidae Baetis sp. 4

Ephemeroptera 1 leptageniidae Heptageniidae 4

Ephemeroptera 1 leptageniidae Stenonema sp. 15

Megaloptera Corydalidae Nigroniafasciatus 1

Megaloptera Corydalidae Nigronia serricornis 3

Odonata Calopterygidae Caloptervx sp. 2

Odonata Coenagrionidae Ischnura sp. 1

Odonata Cordulegastridae Cordulegaster maculata 1

Plecoptera Capniidae Capniidae 22

Plecoptera Peltoperlidae Tallaperla sp. 3

Plecoptera Perlidae Icroih'iiriasp. 1

Plecoptera Perlidae Perlesta sp. 1

Trichoptera Calamoceratidae A nisocentropus pvraloides 2

Trichoptera Hydropsychidae Ceratopsvche sp. 2

Trichoptera Hydropsychidae Cheumatopsyche sp. 23

Trichoptera Hydropsychidae opsychesp. 1

Trichoptera Hydropsychidae Hydropsychidae 2

Trichoptera Leptoceridae Leptoceridae 1

Trichoptera Rhyacophilidae Rhyacophila sp. 1
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ITiree Mile Creek

45h-l

Oligochaeta 1

Amphipoda Talitridae Hyalella azteca 2

Basommatophora Physidae Phvsa sp. 1

Basommatophora Physidae Phvsella sp. 1

Coleoptera Elmidae Dubiraphia bivittata 2

Coleoptera Elmidae Dubiraphia sp. 2

Coleoptera Elmidae Macronychus glabratus 7

Coleoptera Gyrinidae Dineutus ciliatus 1

Diptera Ceratopogonidae Ceratopogonidae 1

Diptera Chironomidae Ablabesmvia (Karelia) sp. 3

Diptera Chironomidae Ablabesmvia mallochi 3

Diptera Chironomidae Ablabesmvia sp. 2

Diptera Chironomidae Apedilum sp. 1

Diptera Chironomidae Corynoneura sp. 1

Diptera Chironomidae Eukiefferiella brehmi group 1

Diptera Chironomidae Microtendipes pedellus group 16

Diptera Chironomidae Xtlothauma sp. 1

Diptera Chironomidae Orthocladius (

'

1

Diptera Chironomidae Phaenopsectra obediens group 1

Diptera Chironomidae Rheocricotopus sp. 2

Diptera Chironomidae 1

Diptera Chironomidae Rheotanytarsus sp. 1

Diptera Chironomidae Tanylarsus sp. 3

Diptera Chironomidae Thienemanniella xena 2

Diptera Chironomidae Thienemannimvia group 1

Diptera Chironomidae Tribelosjucundus 4

Diptera Empididae Hemerodromia sp. 1

Diptera Tipulidae Pseudolimnophila sp. 10

Diptera Tipulidae Tipula sp. 15

Ephemeroptera Baetidae Baetidae 1

Ephemeroptera Ephemerellidae Ephemerellidae 1

Ephemeroptera Heptageniidae 1 leptageniidae 1

Ephemeroptera Heptageniidae •einasp. 11

Heteroptera Veliidae Rhagovelia sp. 4

Megaloptera Corydalidae Corydalus cornutus 6

Neotaeniog Pleuroceridae Elimia sp. 55

Odonata Coenagrionidae Argia sp. 3

Odonata Coenagrionidae Enallagma sp. 1

Odonata Corduliidae Macromia sp. 1

Odonata Gomphidae Dromogomphus sp. 1

Odonata Gomphidae Ophiogomphus sp. 2

Odonata Gomphidae Progomphus obscurus 2

Odonata Gomphidae Progomphus sp. 2

Plecoptera Capniidae Capniidae 19

Plecoptera Perlidae Acroneuria abnormis 4

Plecoptera Perlidae Acroneuria sp. 1

Plecoptera Perlidae Paragnetina immarginata 1

Plecoptera Perlidae Perlesta sp. 1

Plecoptera Perlidae Perlidae 1

Plecoptera Taeniopterygidae Taenioptervx sp. 2

Trichoptera Hydropsychidae ( 'erntopsvche sp. 1

Trichoptera Hydropsychidae Cheumatopsyche sp. 89

Trichoptera Hydropsychidae 1 lydropsychidae 3

Trichoptera Leptoceridae Setodes sp. 1

Trichoptera Philopotamidae Chimarra sp. 17

Trichoptera Polycentropodidae Polvcentropus sp. 4

Veneroida Corbiculidae Corbiculafluminea 3
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Day Creek

65d-20

Coleoptera Curculionidae Anchvtarsus bicolor 10

Coleoptera Elmidae Ancvronyx variegatus 1

Decapoda Cambaridae Cambarinae 1

Decapoda Cambaridae Procambarus sp. 11

Diptera Ceratopogonidae Bezzia complex 7

1 )i ptera Chironomidae Ablabesmyia mallochi 1

Diptera Chironomidae Clinotanvpus sp. 2

Diptera Chironomidae ( 'orvnoneura sp. 1

Diptera Chironomidae Endotribelos hesperium 1

Diptera Chironomidae 1 ukicffcriella sp. 1

Diptera Chironomidae Parametriocnemus sp. 22

Diptera Chironomidae Paraphaenocladius sp. 1

Diptera Chironomidae Paratendipes albimanus 2

Diptera Chironomidae Phaenopsectra obediens group 10

Diptera Chironomidae Phaenopsectra punctipes group 1

Diptera Chironomidae Phaenopsectra Tribelos complex 8

Diptera Chironomidae 'dilum A ' 2

Diptera Chironomidae Polvpcdilmi) lallax group 6

Diptera Chironomidae Polvpedilum flavum 3

Diptera Chironomidae Polvpedilum halterale group 1

Diptera Chironomidae Polvpedilum illinoense group 4

Diptera Chironomidae Polvpedilum scalaenum group 7

Diptera Chironomidae Polvpedilum tritum 18

Diptera Chironomidae Reomvia sp. 2

Diptera Chironomidae Rheotanvtarsus sp. 1

Diptera Chironomidae Stelechomvia perpulchra 4

Diptera Chironomidae Stenochironomus sp. 43

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae arsusD 1

Diptera Chironomidae irsusM 1

Diptera Chironomidae irsus O 9

Diptera Chironomidae •\.:, 9

Diptera Chironomidae Thienemanniella B 1

Diptera Chironomidae !
' 12

Diptera Chironomidae Tribelosjucundus 4

Diptera Chironomidae Tribelos sp. 1

Diptera Chironomidae Xestochironomus sp. 1

Diptera Chironomidae Xylotopus par 8

Diptera Phoridae Phoridae 1

Diptera Tipulidae Limnophila sp. 3

Diptera Tipulidae Tipula sp. 5

Ephemeroptera Ephemeridae Hexagenia limbata 3

Megaloptera Corydalidae Nigronia serricornis 4

Megaloptera Sialidae Sialis sp. 2

Odonata Calopterygidae Caloptervx sp. 4

Odonata Coenagrionidae Argia sp. 1

Odonata Gomphidae Gomphus sp. 5

Odonata Gomphidae Progomphus obscurus 4

Odonata Gomphidae Progomphus sp. 2

Plecoptera Capniidae Capniidae 25

Plecoptera Chloroperlidae Chloroperlidae 3

Plecoptera Leuctridae Leuctridae 5

Plecoptera Perlidae Perlinella sp. 7

Trichoptera Hydropsychidae Cheumatopsvche sp. 4

Trichoptera Hydropsychidae opsychesp. 8

Trichoptera Hydropsychidae 1 lydropsychidae 4

Trichoptera Hydropsychidae • iaflava 3
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Day Creek

65d-20

Trichoptera Eeptoceridae Eeptoceridae 1

Trichoptera Polyeentropodidae Polyeentropodidae 2

Roaring Branch

Creek

65d-39

Oligochaeta 1

Coleoptera Elmidae Stenelmis sp. 16

Coleoptera Psephenidae Eclopria sp. 2

Diptera Atherinidae Illnrix hintha 8

Diptera Ceratopogonidae Bezzia complex 3

Diptera Chironomidae Ablabesmyia mallochi 8

Diptera Chironomidae Ablabesmvia sp. 1

Diptera Chironomidae Brilliaflavifrons 3

Diptera Chironomidae Chironominae 1

Diptera Chironomidae Corviioiwiira 1 1

Diptera Chironomidae ( 'orvnoiwurasp. 24

Diptera Chironomidae ( 'nptochironomits sp. 2

Diptera Chironomidae 1 iikaih.-iiclLi clari/h-miis aroup 1

Diptera Chironomidae Krenopelopia hudsoni 1

Diptera Chironomidae l.iihriiHiUnia sp. 1

Diptera Chironomidae Orthocladiinae 1

Diptera Chironomidae Paramerina sp. 2

Diptera Chironomidae Parametriocnemus sp. 7

Diptera Chironomidae I'lWliplutCHOcllhlillS sp 1

Diptera Chironomidae Phaenopsectra obediens group 22

Diptera ( 'hironomidae Phaenopsectni Irihclns complex 14

Diptera Chironomidae I'olvpedilum A 4

Diptera Chironomidae Polypedilum aviceps 8

Diptera Chironomidae Polvpedilum flavum 64

Diptera Chironomidae I'olvpedilum tritum 2

Diptera Chironomidae Rheocricotopus robacki 1

Diptera Chironomidae Rheosmittia sp. 1

Diptera Chironomidae Rheotanvtarsus A 6

Diptera Chironomidae Rheotanvtarsus exiguus group 6

Diptera Chironomidae Rheotanvtarsus pellucidus 14

Diptera Chironomidae Rheotanytarsus sp. 1

Diptera Chironomidae Siempe/linella B 1

Diptera Chironomidae Sienipellinella sp. 1

Diptera Chironomidae Stenochironomus sp. 1

Diptera Chironomidae Svnorthocladius sp. 3

Diptera Chironomidae Tanvtarsus A 2

Diptera Chironomidae Tanytarsus sp. 6

Diptera Chironomidae 1 hicnemanniella simtiis 1

Diptera Chironomidae Thienemanniella sp. 1

Diptera Chironomidae I'luenenninniella xena 1

Diptera Chironomidae iliiencithiniiimviii tiroup 9

Diptera Chironomidae Tribelos jucundus 7

Diptera Simuliidae Prosimuliwn mixtion 7

Diptera Simuliidae Simuliidae 1

Diptera Simuliidae Siimilium sp. 72

Diptera Tipulidae Limonia sp. 1

Diptera Tipulidae Tipula sp. 6

Diptera Tipulidae Tipulidae 1

Ephemeroptera Baetidae Baetidae 13

1 pliemeroptera Caenidae Caenis sp. 1

Ephemeroptera 1 leptageniidae Heptageniidae 7

Ephemeroptera 1 leptageniidae Stenonema sp. 13

I leteroptera Corixidae Hesperocorixa sp. 1

Heteroptera Veliidae Microvelia sp. 1

Heteroptera Veliidae Rhagove/ia obesa 1
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Roaring Branch

Creek

65d-39

Isopoda Asellidae ( \u\ ulolca sp. 1

Megaloptera Corydalidae Corydalus comutus 3

Odonata Coenagrionidae Argia sp. 1

Odonata Gomphidae Gomphidae 2

Plecoptera Capniidae Capniidae 26

Plecoptera Leuctridae Leuctridae 2

Plecoptera Pcltoperlidae Peltopcrlasp. 1

Plecoptera Perlidae Acroih'iiriasp. 9

Plecoptera Perlidae Perlidae 2

Plecoptera Perlodidae Hvdroperlafugitans 2

Plecoptera Perlodidae Perlodidae 1

Plecoptera Perlodidae ) ugus sp 1

Plecoptera I aeniopterygidae laenioptervx sp. 19

Trichoptera 1 lydropsychidae ( \>ratopsvche alhedra 1

Trichoptera 1 lydropsychidae ( craiopsvche sp. 1

Trichoptera 1 Kdropsychidae ( \>ratopsvche sparna 12

Trichoptera 1 lydropsychidae ( 'heumaiopsyche sp.
' 26

Trichoptera Hydropsychidae 1Ivdropsvche betteni depravata complex 1

Trichoptera Hydropsychidae 1 Ivdropsvche sp. 1

Trichoptera llulropsvehidae 1 Iv drops vchidae 4

Trichoptera Philopotamidae ( 'hinuirrasp. 2

Veneroida Corbiculidae ( 'orbiculafluminea 2

Vcneroida Pisidiidae Pisidium sp. 1

Veneroida Pisidiidae Sphaerium sp. 1

Tributary to

West Fork

Deep Creek

65h-17

Oligochaeta 4

Amphipoda Crangonyctidae Crangonvx sp. 43

Amphipoda Talitridae 1 Ivalclhi azlccii 36

Basommatophora Planorbidae Gvraulus sp. 3

Coleoptera Dytiscidae Celina sp. 10

Coleoptera Dvtiscidae Dytiscidae 1

Decapoda Cambaridae Cambarinae 4

Decapoda Caniharidae luxonvllo clvpcata 2

Diptera Ceratopogonidae Ceratopogonidae 1

Diptera Chironomidae Brvopluieiiocludius sp. 2

Diptera Chironomidae I-Atkicffericlhi hrchmi m'oup 24

Diptera Chironomidae Eukiefferiella sp. 8

Diptera Chironomidae Heterotrissocladius cladwell/boltoni

complex

4

Diptera Chironomidae llvdruhiii'ims sp 1

Diptera Chironomidae Limnophves sp. 3

Diptera Chironomidae Mesocricotopus loticus 1

Diptera Chironomidae Orthocladiinac 2

Diptera Chironomidae Orthocladhts oliveri 3

Diptera Chironomidae Orihih Ith/ius sp. 5

Diptera Chironomidae raraiik-lrioi ik'iiins v/> 3

Diptera Chironomidae Polvpcdilum sp. 2

Diptera Chironomidae I'olvpt'dilwntritum 3

Diptera Chironomidae Psectrocladius sp. 1

Diptera Chironomidae Rlh'ocricotopus sp. 1

Diptera Chironomidae /diivhirsits \l 1

Diptera Chironomidae Tvetenia sp. 3

Diptera Chironomidae Aivivlinn-iti 1 1

Diptera Simuliidae Prosimuliwn mixtion 1

Diptera Simuliidae Sininlium sp. 6

Diptera Tipulidae Pilaria sp. 1

Diptera Tipulidae Tipulidae 2

Haplotaxida I.umbricidae Lumbricidae 6
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Tributary to

West Fork

Deep Creek

65h-17

Heteroptera Notoneetidae Notoneetidae 1

Isopoda Asellidae Asellidae 16

Isopoda Asellidae Caecidotea sp. 82

Isopoda Asellidae Lirceus sp. 25

Plecoptera Capniidae Capniidae 15

Trichoptera Limnephilidae icnarchus sp. 1

Trichoptera Polycentropodidae Polvcentropus sp. 3

Trichoptera Rhyaeophilidae Rhvacophila sp. 4

Veneroida Corbiculidae C 'orbicula fluminea 2

Horsehead Creek

65k- 102

Oligochaeta 1

Amphipoda Crangonyctidae Crangonvx sp. 1

Amphipoda Talitridae Hvalella azteca 29

Coleoptera Dytiscidae Hvgrotus sp. 1

Coleoptera Dytiscidae Thermonectus basillaris basillaris 1

Coleoptera Elmidae Ancvronvx variegatus 1

Coleoptera Helodidae ( \plum sp 30

Coleoptera Noteridae ' 3

Decapoda Cambaridae Procambarw sp. 10

Decapoda Cambaridae Proa imbarus spiculifer 1

Diptera Ceratopogonidae Bezzia complex 2

Diptera Chironomidae Ih/a/h'sim-iti unnuhiut 2

Diptera Chironomidae Ablabesmvia hauberi 1

Diptera Chironomidae Ablabesmvia matlochi 1

Diptera Chironomidae smyiasp. 5

Diptera Chironomidae Apedilum sp. 6

Diptera Chironomidae Chironominae 7

Diptera Chironomidae Clinotanvpus sp. 3

Diptera Chironomidae Cryptochironomus sp. 1

Diptera Chironomidae Hudsonimvia sp. 1

Diptera Chironomidae Labrundinia pilosella 5

Diptera Chironomidae Microtendipes sp. 13

Diptera Chironomidae Orthocladiinae 1

Diptera Chironomidae Paramerina sp. 7

Diptera Chironomidae •

1

Diptera Chironomidae Phaenopsecti 14

Diptera Chironomidae Potypedilnm aviceps 8

Diptera Chironomidae Polvpedilumflavum 1

Diptera Chironomidae Polvpedilum illinoense group 19

Diptera Chironomidae Polvpedilum scalaenum group 3

Diptera Chironomidae Polvpedilum sp. 8

Diptera Chironomidae Polvpedilum tritum 2

Diptera Chironomidae Rheocricotopus robacki 2

Diptera Chironomidae Rheocricotopus sp. 1

Diptera Chironomidae Rheotanvtarsus A 6

Diptera Chironomidae Rheotam•tarsus pellucidus 5

Diptera Chironomidae Stempellinella A 1

Diptera Chironomidae Stenochironomus sp. 1

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae Tanytarsini 5

Diptera Chironomidae Tanvtarsus M 2

Diptera Chironomidae Tanvtarsus S 2

Diptera Chironomidae Tanvtarsus sp. 17

Diptera Chironomidae Tanvtarsus T 2

Diptera Chironomidae Thienemannimvia group 16

Diptera Chironomidae Tribelosfuscicorne 7

Diptera Chironomidae Tribelosjucundus 5

Diptera Chironomidae Tribelos sp. 5
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Horsehead Creek

65k- 102

Diptera Chironomidae /'ri.wofH'lopin ogenniwi 2

Diptera Chironomidae Xvlotopus par 1

Diptera Tipulidae Tipula sp. 1

Kphemeroptera Kphemeridae Kphemeridae 1

Ephemeroptera Kphemeridae Hexagenia linibata 3

Kphemeroptera Heptageniidae Heptageniidae 4

Kphemeroptera Heptageniidae Stenonema modestum 10

Kphemeroptera 1 leptageniidae Stenonema sp. 14

Kphemeroptera Ixjptophlebiidae Keptophlebiidae 2

Heteroptera Veliidae i elia sp. 1

Megaloptera Sialidae Sialis .sp. 3

Odonata Calopterygidae Caloptervx maculata 1

Odonata Calopterygidae Caloptervx sp. 4

Odonata Coenagrionidae Argia sp. 4

Odonata Coenagrionidae Coenagrionidae 1

Odonata Coenagrionidae Ischnura sp. 2

Odonata Gomphidae Progomphus obscurus 1

Trichoptera 1 lydropsychidae Cheumatopsvche sp. 16

Trichoptera Leptoceridae Nectopsvche exquisita 1

Trichoptera Leptoceridae Setodes sp. 1

Trichoptera Polycentropodidae Polvcentropus sp. 2

Trichoptera Psychomyiidae !iversa 4

Stitchihatchee

Creek

65L-184

Oligochaeta 21

Amphipoda Crangonyctidae om'x sp. 65

Basommatophora Planorbidae Gvraulus sp. 5

Coleoptera Dytiscidae Agabus sp. 1

Coleoptera Dytiscidae Coptotomus sp. 3

Coleoptera Dytiscidae Dytiscidae 3

Coleoptera Dytiscidae Hvdroporns (Neoporus) sp. 15

Coleoptera Dytiscidae Rhantus sp. 1

Coleoptera Hydrophilidae hrus sp. 2

Coleoptera Hydrophilidae Hvdrochus rugosus 5

Coleoptera Hydrophilidae hus sp. 3

Coleoptera Hydrophilidae 'khJe\'i 8

Cyclopoida Cyclopidae Cyclopidae 9

Decapoda Cambaridae Cambarinae 34

Decapoda Cambaridae Procambarus sp. 38

Diptera Ceratopogonidae Bezzia complex 8

Diptera Ceratopogonidae Monohelea sp. 1

Diptera Chironomidae Chironomus decorus 1

Diptera Chironomidae Chironomus sp. 4

Diptera Chironomidae Corynoneura sp. 1

Diptera Chironomidae Eukiefferiella brehmi group 1

Diptera Chironomidae Hvdrobaenus sp. 24

Diptera Chironomidae Limnophyes sp. 7

Diptera Chironomidae Natarsia A 1

Diptera Chironomidae Paratendipes subaequalis 3

Diptera Chironomidae Polvpedilum tritum 5

Diptera Chironomidae Reomyia/Zavrelimyia complex 20

Diptera Chironomidae Tanvtarsus sp. 43

Diptera Chironomidae Tanvtarsus V 1

Diptera Chironomidae Zavrelimyia sp. 3

Diptera Culicidae Aedes sp. 25

Diptera Culicidae Culex sp. 3

Diptera Culicidae Culicidae 75

Diptera Ephydridae Ephydridae 1

Diptera Sciomyzidae Sciomyzidae 1
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Stitchihatchee

Creek

65L-184

Diptera Tipulidae Erioptera sp. 3

Diptera Tipulidae Limnophila sp. 5

Diptera Tipulidae Tipulidae 5

Heteroptera Belostomatidae Belostoma testaceum 1

Heteroptera Corixidae Hesperocorixa sp. 2

Heteroptera (ierridae Gerris alacris 1

Isopoda Asellidae Asellidae 16

Isopoda Asellidae Caecidotea sp. 56

Isopoda Asellidae Lirceus sp. 9

Odonata Cordulegastridae Cordulegaster sp. 2

Trichoptera Lepidostomatidae stoma sp. 1

Trichoptera Limnephilidae Ironoquia sp. 1

Trichoptera Limnephilidae Limnephilidae 3

Trichoptera Phryganeidae Phryganeidae 1

Trichoptera Phryganeidae Ptilostomis sp. 2

Veneroida Pisidiidae Sphaerium sp. 1

Olive Creek

65o-3

Amphipoda lalitridae Hvalella azteca 39

Basommatophora Ancylidae Ferrissia sp. 5

Basommatophora Planorbidae Gvraulus sp. 1

Coleoptera Dytiscidae Dytiscidae 5

Coleoptera Dvtiseidae Hydroporus (Neoporus) sp. 11

Coleoptera Dytiscidae Hvgrotus sp. 13

Coleoptera Elmidae ' {tphiasp. 13

Coleoptera Elmidae Elmidae 1

Coleoptera Elmidae Maeronychus glabratits 4

Coleoptera Flmidae ,U<r. 3

Coleoptera Haliplidae Peltoch'tes sexmaculatus 4

Coleoptera Hydrophilidae Sperchopsis tessellatus 1

Decapoda Cambaridae Procambarus sp. 2

Decapoda Cambaridae Procambarus spiculifer 1

Diptera Ceratopogonidae Bezzia complex 6

Diptera Chironomidae Ablabesmvia mallochi 9

Diptera Chironomidae Brvophaenocladius sp. 2

Diptera Chironomidae Chironominae 1

Diptera Chironomidae Chironomus sp. 1

Diptera Chironomidae Corvnoneura sp. 5

Diptera Chironomidae Cn'ptochironomus sp. 1

Diptera Chironomidae ' •. '

1

Diptera Chironomidae Labrundinia sp. 1

Diptera Chironomidae Paracladopelma sp. 3

Diptera Chironomidae Parakiefferiella sp. 5

Diptera Chironomidae Paralauterborniella nigrohalterale 1

Diptera Chironomidae Paraphaenocladius sp. 1

Diptera Chironomidae -omplex 2

Diptera Chironomidae Polvpedilumfallax group 2

Diptera Chironomidae Polvpedilumflavum 8

Diptera Chironomidae Polvpedilum halterale group 2

Diptera Chironomidae Polvpedilum scalaenum group 60

Diptera Chironomidae Polvpedilum tritum 12

Diptera Chironomidae Rheotanvtarsus exiguus group 17

Diptera Chironomidae Rheotanvtarsus pellucidus 2

Diptera Chironomidae Slenochironomus sp. 6

Diptera Chironomidae Tanvtarsus C 2

Diptera Chironomidae • arsus sp. 13

Diptera Chironomidae Thienemanniella sp. 1

Diptera Chironomidae 1

Diptera Chironomidae Thienemannimyia group 1
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Olive Creek

65o-3

Diptera Simuliidae Simulium sp. }

Ephemeroptera Caenidae Caenis sp. 6

Ephemeroptera 1 leptageniidae 1 leptageniidae 44

Ephemeroptera Heptageniidae S/cnonciHii sp 2

Isopoda Asellidae < 'acciilotea sp. 28

Odonata Calopterygidae ( 'nloptervx sp. 6

Odonata Coenagrionidae Chromagrion condition 5

Odonata Libellulidae Libellula sp. 2

Trichoptera 1 lydropsychidae Cheumatopsvche sp 16

Trichoptera 1 Ivdropsychidae Hydropsyehidae 3

Triehoptera Hydropsychidae l'o/tiin\iu/lava 1

Veneroida Corbiculidae C 'orbicula fluminea 3

Veneroida Pisidiidae Pisidiidae 1

Veneroida Pisidiidae Spluicrhim sp 2

Clyatt Mill Creek

65o-23

Oligochaeta 1

Amphipoda Talitridae llvuk'/lu azteca 14

Coleoptera Dytiscidae Dytiscidae 5

Coleoptera Dytiscidae llvgrolits sp 3

Coleoptera Elmidae Ancyronyx variegatus 5

Coleoptera Elmidae I hibiraphia sp. 1

Coleoptera Elmidae Elmidae 1

Coleoptera Elmidae Sh'ih'/mis sp. 1

Coleoptera Helodidae

(=Scirtidae)

Helodidae (=Scirtidae) 1

Decapoda Cambaridae
1

I'rocuniburus sp 1

Diptera Atherinidae Atherix lantha 2

Diptera Ceratopogonidae Bezzia complex 3

Diptera Chironomidae Ablabesmvia mallochi 18

Diptera Chironomidae Iblabesmyia sp. 5

Diptera Chironomidae Chironominae 1

Diptera Chironomidae ( '/inohinvpus sp. 2

Diptera Chironomidae < 'orvnoih'urasp. 15

Diptera Chironomidae Cryptochironomus sp. 1

Diptera Chironomidae Endotribelos hesperium 1

Diptera Chironomidae Labrundinia pilose/la 7

Diptera Chironomidae l.dbriintlinid sp. 1

Diptera Chironomidae \dnocldclius sp. 5

Diptera Chironomidae Orthocladius sp. 1

Diptera Chironomidae Paracladopelma sp. 1

Diptera Chironomidae I'ardiricrinasp. 8

Diptera Chironomidae Phaenopsectra obediens group 7

Diptera Chironomidae Pluiciiopsccird I'ribclos complex 1

Diptera Chironomidae rohpcdi/iim illiiiocusr eroiip 2

Diptera Chironomidae Pohpcdiluni scdldcmmi group 1

Diptera Chironomidae Pdhpcdilumsp. 12

Diptera Chironomidae Polypedilum trigonum 4

Diptera Chironomidae Polvpedilutn tritum 1

Diptera Chironomidae Rlwocricolopiis rohacki 2

Diptera Chironomidae Rheoldtivtdrsiis sp. 1

Diptera Chironomidae Sdt'lliL'riasp. 4

Diptera Chironomidae Saetheria sp. I 1

Diptera Chironomidae Slempellinclla A 2

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae Tanytarsus sp. 7

Diptera Chironomidae Tribelosjucundus 64

Diptera Chironomidae Tribelos sp. 2

Diptera Chironomidae 1'rissopclopid ogemawi 1
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Clyatt Mill Creek

65o-23

Diptera Empididae Hemerodromia sp. 2

Diptera Simuliidae Simulium sp. 5

Diptera I'ipulidac Hexatoma sp. 1

Diptera Tipulidae Pi/aria sp 5

Ephemeroptera Baetidae Baetidae 9

Ephemeroptera Caenidae ( \icnis sp 16

Ephemeroptera I leptageniidae 1 leptageniidae 15

Ephemeroptera lleptageniidae • masp. 22

Isopoda Asellidae C "aecidotea sp. 1

Megaloptera Sisyridae Climacia areolaris 1

Odonata Coenagrionidae Argia sp. 2

Plecoptera Perlidae Acroneuria sp. 1

Plecoptera Perlidae Hansonoperla sp. 5

Plecoptera Perlidae Perlesta sp. 12

Plecoptera Perlidae Perlidae 9

Plecoptera Taeniopterygidae Taeniopteryx sp. 1

Irichoptera 1 lydropsychidae Cheumatopsyche sp. 4

Trichoptera Leptoceridae Oecetis sp. 2

Trichoptera Eimnephilidae Pycnopsvche sp. 2

Hightower Creek

66d-43

Oligochaeta 2

Basommatophora Physidae Physa sp. 3

Coleoptera Elmidae \ hu romvfms glabratiis 5

Coleoptera Elmidae Optioservus sp. 19

Coleoptera Elmidae Oulimnius latiusculus 4

Coleoptera Elmidae Promoresia tardella 3

Coleoptera Psephenidae Psephenus herricki 1

Diptera Ceratopogonidae Bezzia complex 1

Diptera Chironomidae Brilliaflavifrons 2

Diptera Chironomidae BrMia sp. 2

Diptera Chironomidae Corynoneura sp. 5

Diptera iomidae Eukiefferiella brehmi group 15

Diptera Chironomidae Eukiefferiella sp. 1

Diptera Chironomidae Eukiefferiella tirolensis 3

Diptera Chironomidae Microtendipes pedellus group 1

Diptera Chironomidae .1/7(7 oicihlipcs r\ diiU'tisis group 1

Diptera Chironomidae Microtendipes sp. 1

Diptera Chironomidae Orthocladius obumbratus 2

Diptera Chironomidae Parachaeiocladius abnobaeus 4

Diptera Chironomidae H:\ :.! 1

Diptera Chironomidae Paraphaenocladius sp. 1

Diptera Chironomidae Polvpedilum aviceps 7

Diptera Chironomidae Polypedilum scalaenum group 3

Diptera Chironomidae Rheocricotopus sp. 3

Diptera Chironomidae Rheotanvtarsus pellucidus 7

Diptera Chironomidae Rheotam'tarsus sp. 2

Diptera Chironomidae Stempellinella sp. 1

Diptera Chironomidae Stenochironomus sp. 1

Diptera Chironomidae Stilocladius clinopecten 2

Diptera Chironomidae Thienemanniella sp. 2

Diptera Chironomidae Thienemanniella xena 4

Diptera Chironomidae Thienemannimvia group 2

Diptera Empididae Hemerodromia sp. 3

Diptera Simuliidae Simulium sp. 6

Diptera Tipulidae Helius sp. 1

Ephemeroptera Ephemerellidae Eurvlophella sp. 2

Ephemeroptera 1 leptageniidae I leptageniidae 6

Ephemeroptera Heptageniidae Stenonema sp. 20
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Hightower Creek

66d-43

Ephemeroptera Isonychiidae Isonychia sp. 30

Megaloptera Sialidae Sialis sp.

Odonata Calopterygidae Calopteryx maculata

Odonata Calopterygidae Caloptervx sp.

Plecoptera Capniidae Capniidae 57

Plecoptera Leuctridae Leuctridae

Plecoptera Perlidae Acroneuria ahnormis

Plecoptera Perlidae tcr;»u'/l,

Plecoptera I aeniopterygidae lacnioptervx sp.

Trichoptera Brachycentridae Brachvcentrus sp.

Trichoptera 1 lydropsychidae Ceratopsvche morosa

Trichoptera 1 lydropsychidae Ceratopsvche sp.

Trichoptera 1 lydropsychidae Cheumatopsvche sp. 25

Trichoptera Hydropsychidae 1 lydropsychidae

Trichoptera Eeptoceridae •khralis

Trichoptera Leptoceridae Triaenodes tardus

Trichoptera Limnephilidae /Yi nopsvche sp.

Trichoptera Philopotamidae

Trichoptera Philopotamidae '/( Ha sp.

I'richoptera Rhyacophilidae R/nun-ophilasp.

Coleman River

66d-44-2

Oligochaeta

Coleoptera Elmidae Optioservus sp.

Diptera Atherinidae Atherbe Iantha

Diptera Ceratopogonidae Bezzia complex

Diptera Chironomidae Brillia sp.

Diptera lomidae Corvnoneura sp.

Diptera Chironomidae Eukiefferiella brehmi group

Diptera Chironomidae i iella sp.

Diptera Chironomidae Microtendipes pedellus group

Diptera Chironomidae Orthocladiinae

Diptera Chironomidae "".'"

Diptera Chironomidae oronata

Diptera Chironomidae Parakiefferiella sp.

Diptera Chironomidae Parametriocnemus sp.

Diptera Chironomidae Platvsmittia sp.

Diptera Chironomidae Polvpedilum halterale group

Diptera Chironomidae Polvpedilum sp.

Diptera Chironomidae Polvpedilum tritum

Diptera Chironomidae Pseudorthocladius sp.

Diptera Chironomidae Stenochironomus sp.

Diptera Chironomidae Thienemanniella sp.

Diptera Chironomidae 2

Diptera Dixidae Dixasp. 1

Diptera Simuliidae Prosimulium mixtum 7

Diptera Simuliidae Prosimulium rhizophorum 4

Diptera Simuliidae Simulium sp. 38

Diptera Tipulidae Hexatoma sp. 1

Diptera Tipulidae Limnophila sp. 1

Diptera Tipulidae Pi/aria sp. 1

Diptera Tipulidae Tipulidae 1

Ephemeroptera Baetidae Baetis sp. 8

Ephemeroptera Baetidae Pseudocloeon sp. 2

Ephemeroptera Ephemerellidae Attenella attenuata 1

Ephemeroptera Ephemerellidae Ephemerellidae 1

Ephemeroptera Ephemerellidae 47

Ephemeroptera Heptageniidae Epeorus dispar 1

Ephemeroptera Heptageniidae Heptageniidae 10
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Coleman River

66d-44-2

Ephemeroptera Heptageniidae Sicnoncma sp 10

Ephemeroptera Eeptophlebiidae Eeptophlebiidae 6

Neotaenioglossa Pleuroceridae Elimia sp. 5

Odonata Cordulegastridae Cordulegaster sp. 1

Odonata Gomphidae Lanthus sp 1

Plecoptera Capniidae Capniidae 10

Plecoptera Peltoperlidae Peltoperla sp. 16

Plecoptera Peltoperlidae Tat'taper la sp. 29

Plecoptera Perlidae Acroneuria abnormis 3

Plecoptera Perlidae Acroneuria sp. 5

Plecoptera Perlidae Perlidae 1

Plecoptera Perlodidae lsoperla sp. 2

Plecoptera Perlodidae Perlodidae 1

Plecoptera Pteronarcyidae Pteronarcvs dorsata 1

Plecoptera Taeniopterygidae Taenioptervx sp. 19

Trichoptera Hydropsychidae Ceratopsyche sp. 1

Trichoptera Hydropsychidae Cheumatopsvche sp. 1

Trichoptera Hydropsychidae Diplectrona modesta 25

Trichoptera Hydropsychidae Hvdropsvche sp. 5

1 richoptera Hydropsychidae Hydropsychidae 3

Trichoptera l.epidostomatidae stoma sp. 5

Trichoptera Lepidostomatidae Theliopsvche sp. 2

Trichoptera Limnephilidae Hydatophylax argus 1

Trichoptera Limnephilidae Limnephilidae 1

1 richoptera Limnephilidae Pvcnopsvche sp. 5

Trichoptera Polycentropodidae Polycentropodidae 2

Trichoptera Polycentropodidae Polvcentropus sp. 1

Trichoptera Rhyacophilidae Rhyacophilaformosa 1

Trichoptera Rhyacophilidae Rhvacophilafuscula 1

Trichoptera Rhyacophilidae Rhvacophila sp. 11

Town Creek

66d-58

Oligochaeta 46

Coleoptera Elmidae Optioservus sp. 3

Coleoptera Elmidae Promoresia elegans 1

Coleoptera Elmidae Stenelmis humerosa 1

Diptera Atherinidae Alherix tantha 1

Diptera Chironomidae !/»<'<///, ;,'•'
,. 2

Diptera Chironomidae Brillia flavifrons 2

Diptera Chironomidae Brillia sp. 12

Diptera Chironomidae Chironomus sp. 3

Diptera Chironomidae Corynoneura sp. 8

Diptera Chironomidae Diamesa sp. 2

Diptera Chironomidae Diamesinae 2

Diptera Chironomidae Eukiefferiella brehmi group 8

Diptera Chironomidae Eukiefferiella sp. 3

Diptera Chironomidae Microtendipes pedellus group 9

Diptera Chironomidae Nanocladius sp. 6

Diptera Chironomidae Orthocladiinae 3

Diptera Chironomidae Orthocladius nightus 1

Diptera Chironomidae Orthocladius obumbratus 8

Diptera Chironomidae Orthocladius robacki 1

Diptera Chironomidae Orthocladius sp. 8

Diptera Chironomidae Parakiefferiella sp. 1

Diptera Chironomidae Parametriocnemus sp. 28

Diptera Chironomidae Paratendipes albimanus 1

Diptera Chironomidae Phaenopsectra obediens group 37

Diptera Chironomidae pedilum A 3

Diptera Chironomidae Polypedilum aviceps 40
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Town Creek

66d-58

Diptera Chironomidae Polvpedilum flavum 12

Diptera Chironomidae Polvpedilum sp. 1

Diptera Chironomidae Polvpedilum tritum 1

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae iliienenuinniello sp. 2

Diptera Chironomidae Thienemanniella xena 8

Diptera Chironomidae Thienemannimvia group 12

Diptera Chironomidae Tvetenia vitracies 2

Diptera Empididae Hemerodromia sp. 1

Diptera Tabanidae Tabanus sp. 1

Diptera Tipulidae Pilaria sp. 1

Diptera Tipulidae lipulasp 2

Ephemeroptera Ephemerellidae l.phemerdla sp. 13

Ephemeroptera lleptageniidae 1 leptageniidae 2

1 phemeroptera Heptageniidae Slenonema sp 5

Ephemeroptera Eeptophlebiidae Eeptophlebiidae 1

Megaloptera Corydalidae Nigronia serricornis 2

Plecoptera Capniidae Mhhupniasp. 31

Plecoptera Capniidae Capniidae 16

Plecoptera Peltoperlidae Pc/loperlasp. 1

Plecoptera Perlodidae Isoperlaclio 1

Plecoptera Perlodidae Isoperlasp 1

Plecoptera Perlodidae Perlodidae 1

Trichoptera Hydropsychidae Ceratopsyche sp. 10

Trichoptera Hydropsychidae Cheumatopsvche sp. 43

Trichoptera IKdropsvchidae Hvdropsvche scalaris 17

Trichoptera Hydropsychidae Hydropsychidae 7

Trichoptera Eimnephilidae Pvcnopsvche sp. 3

Trichoptera Philopotamidae ( 'liiniarni sp 7

Trichoptera Philopotamidae Dolophilodes sp. 4

Trichoptera Rhvaeophilidae R/ivtu -opinio atrata 1

Trichoptera Rhyacophilidae Rhyacophila Carolina complex 2

Trichoptera Rhvaeophilidae Rhyacophilafuscula 2

Veneroida Pisidiidae Pisidium amnicum 12

Veneroida Pisidiidae Sphaerium sp. 8

Nimblewill Creek

66g-23

Oligochaeta 13

Coleoptera Elmidae Elmidae 1

Coleoptera Elmidae Macromrlms iz/ahrafits 2

Coleoptera Elmidae Optioservus ova/is 4

Coleoptera Elmidae Optioservus sp. 10

Coleoptera Psephenidae l-.ctopv'ui sp 2

Coleoptera Psephenidae Psephenus herricki 9

Decapoda Cambaridae Cambarus sp. 2

Diptera Ceratopogonidae Bezzia complex 4

Diptera Chironomidae Apedilum sp. 12

Diptera Chironomidae Rrillia flovilrons 1

Diptera Chironomidae Chironomidae 2

Diptera Chironomidae Corvnoneura sp. 3

Diptera Chironomidae Cryptochironomus sp.

Diptera Chironomidae Djalmabatista puleher variant (5

toothed)

Diptera Chironomidae Heterotrissocladius marcidus

Diptera Chironomidae Hudsonimvia sp.

Diptera Chironomidae \ lie ropsectra A 4

Diptera Chironomidae Micropsectra E
Diptera Chironomidae Microtendipes pedel/us eroup

Diptera Chironomidae Microtendipes sp. 3
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Nimblewill Creek

66g-23

Diptera Chironomidae Orthocladiinae 1

Diptera Chironomidae Paracladopelma sp. 1

Diptera Chironomidae Paralauterborniella nigrohalterale 3

Diptera Chironomidae Parametriocnemus sp. 2

Diptera Chironomidae ParapliacnocUhlius sp 1

Diptera Chironomidae Phaenopsectra sp. 1

Diptera Chironomidae Polvpedilum aviceps 2

Diptera Chironomidae Polvpcdilum sp. 4

Diptera Chironomidae Pseudorthocladius sp. 2

Diptera Chironomidae Reomvia sp. 1

Diptera Chironomidae Stempellinella A 2

Diptera Chironomidae SicinpcHinclla II 5

Diptera Chironomidae Stcinpcllinclla sp. 14

Diptera Chironomidae Tanypodinae 3

Diptera Chironomidae Tanvtarsini 1

Diptera Chironomidae Thienemanniella lobapodema 1

Diptera Chironomidae riiiciicnitiiini. •

:

5

Diptera Chironomidae \violopus par 2

Diptera Dixidae Di.wi sp. 4

Diptera Simuliidae Simuliidae 1

Diptera Tabanidae Tabanidae 1

Diptera 1 ipulidae Limnophila sp. 1

Diptera Tipulidae Pilaria sp. 3

Diptera Tipulidae Tipula sp. 2

Diptera Tipulidae Tipulidae 2

Ephemeroptera Baetidae Baetidae 2

Ephemeroptera Baetiscidae Baetisca Carolina 2

Ephemeroptera Ephemerellidae lltcnc/la alh'imata 2

Ephemeroptera Ephemerellidae Dannella lita 1

Ephemeroptera Ephemerellidae Dannella sp. 6

Ephemeroptera Ephemerellidae Ephemerella argo 4

Ephemeroptera Ephemerellidae i.phi'incrclla sp 9

Ephemeroptera Ephemerellidae Ephemerellidae 2

Ephemeroptera Ephemerellidae / urvlophclLi doris complex 3

Ephemeroptera Ephemeridae Ephemera sp. 2

Ephemeroptera 1 leptageniidae Epeorus dispar 5

Ephemeroptera 1 leptageniidae 1 pcoi us pleura/is 7

Ephemeroptera Heptageniidae Epeorus sp. 3

Ephemeroptera Heptageniidae Ileptat-eniidae 3

Ephemeroptera Heptageniidae Stcnonema sp. 27

Ephemeroptera Leptophlebiidae Habrophlebiodes sp. 1

Ephemeroptera Leptophlebiidae Leptophlebiidae 7

Heteroptera Veliidae Microvelia sp. 3

Heteroptera Veliidae Rhagovelia obesa 1

Odonata Calopterygidae Caloptervx sp. 1

Odonata Calopterygidae 1 Iclacrina sp. 1

Odonata Cordulegastridae ( "ordulegaster sp. 2

( kionata Gomphidae 1 h-oniogoinphus spinosus 2

Odonata Gomphidae Gomphidae 4

Plecoptera Capniidae Allocapnia sp. 7

Plecoptera Capniidae Capniidae 9

Plecoptera Peltoperlidae Tallaperla sp. 1

Plecoptera Perlidae Acroneuria abnormis 7

Plecoptera Perlidae Icroneiiriasp. 1

Plecoptera Perlidae /'( iragueiiin i inuuarginata 1

Plecoptera Perlodidae Isoperla similis 1

Plecoptera Perlodidae Perlodidae 2
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Nimblewill Creek

66g-23

Plecoptera Perlodidae Yugus arinus

Plecoptera Pteronarcyidae Pteronarcys dorsata

Plecoptera Taeniopterygidae Oemoptervx complex

Plecoptera 1 aeniopterygidae Taeniopteryx sp.

Trichoptera 1 lydropsychidae Ceratopsyche sp.

Trichoptera I lydropsychidae Cheumatopsvche sp.

Trichoptera Hydropsychidae Diplectrona sp.

Trichoptera I lydropsychidae Ilvdrupswhc './>

Trichoptera Hydropsychidae 1 lydropsychidae

Trichoptera Hydroptilidae 1 lydroptilidae

Trichoptera Limnephilidae Hydatophylax argus

Trichoptera Limnephilidae Limnephilidae

Trichoptera Limnephilidae Pycnopsyche sp. 14

Trichoptera Philopotamidae Dolophilodes sp. 6

Trichoptera Philopotamidae Wormaldia sp. 2

Trichoptera Polycentropodidae Neureclipsis sp. 20

Trichoptera Psychomyiidae ' 2

Trichoptera Rhyacophilidae Rhvacophila sp. 7

Yellow Creek

66g-71

Oligochaeta 5

Coleoptera Curculionidae Anchvtarsus bicolor 1

Coleoptera Dytiscidae 1'Ivgrotiis farctus 1

Coleoptera Elmidae 1 msdlns 2

Coleoptera Elmidae Optioservus sp. 2

Coleoptera Elmidae Oulimnius latiusculus 2

Decapoda Cambaridae Procambarus sp. 1

Diptera Ceratopogonidae Bezzia complex 1

Diptera Ceratopogonidae Dasvhelea sp. 1

Diptera Chironomidae Ablabesmvia mallochi 4

Diptera Chironomidae lum sp. 4

Diptera Chironomidae Brillia flavifrons 1

Diptera Chironomidae Brillia sp. 2

Diptera Chironomidae Chironominae 1

Diptera Chironomidae icurasp. 1

Diptera Chironomidae Dicrotendipes sp. 2

Diptera Chironomidae Eukiefferiella brehmi group 2

Diptera Chironomidae riellasp. 3

Diptera Chironomidae Micro/cndipcs rwt'i 1

Diptera Chironomidae Nanocladius alternantherae 1

Diptera Chironomidae Orthocladius obumbratus 2

Diptera Chironomidae Parakiefferiella F 1

Diptera Chironomidae Parametriocnemus sp. 4

Diptera Chironomidae Paratanvtarsus dissimilis 2

Diptera Chironomidae Paratanvtarsus sp. 3

Diptera Chironomidae Phaenopsectra obediens group 1

Diptera Chironomidae Polvpeddum aviceps 1

Diptera Chironomidae Polvpeddumflavum 3

Diptera Chironomidae Potthastia sp. 1

Diptera Chironomidae Procladius (Holotanvpus) sp. 1

Diptera Chironomidae Rheotanvtarsus A 2

Diptera Chironomidae Rheotanvtarsus exiguus group 13

Diptera Chironomidae Rheotanvtarsus pelIin •/< ins 2

Diptera Chironomidae Rheotanvtarsus sp. 3

Diptera Chironomidae Stempellinella A 1

Diptera Chironomidae Stempellinella sp. 1

Diptera Chironomidae Stenochironomus sp. 2

Diptera Chironomidae Tanytarsini 1

Diptera Chironomidae Tanvtarsus M 9
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Yellow Creek

66g-71

Diptera Chironomidae Tanvtarsus sp. 3

Diptera Chironomidae Tanvtarsus W 5

Diptera Chironomidae I'hienemanniella sp. 1

Diptera Chironomidae Thienemanniellaxena 1

Diptera Chironomidae 1 lueticmannimyia group 12

Diptera Chironomidae Trissopelopia ogemawi 2

Diptera Chironomidae Zavrelimvia thrvptka complex 1

Diptera Empididae Empididae 1

Diptera Empididae Hemerodromia sp. 7

Diptera Simuliidae Prosimulium mixtum 2

Diptera Simuliidae Simuliidae 8

Diptera Simuliidae Simulium sp. 7

Diptera Tipulidae Antocha sp. 1

Diptera Tipulidae Tipula sp. 1

Diptera Tipulidae Tipulidae 1

Ephemeroptera Baetidae Baetidae 4

Ephemeroptera Ephemerellidae Attenella attenuata 1

Ephemeroptera Ephemerellidae Ephemerella argo 2

Ephemeroptera Ephemerellidae Ephemerella sp. 3

Ephemeroptera Ephemerellidae Ephemerellidae 1

Ephemeroptera Fphemerellidae Eurvlophella bicolor 1

Ephemeroptera Ephemerellidae Eurvlophella doris complex 1

Ephemeroptera Ephemeridae Hexagenia limbata 1

Ephemeroptera lleptageniidae 1 Ieptageniidae 3

Ephemeroptera 1 Ieptageniidae Stenacron pallidum 1

Ephemeroptera lleptageniidae Stenonema modestum 27

Ephemeroptera 1 Ieptageniidae 28

Ephemeroptera Heptageniidae Stenonema termination 1

Ephemeroptera Isonychiidae Isonychia sp. 17

Megaloptera Corydalidae Corvdalus cornutus 1

Odonata Coenagrionidae Argia sp. 1

Plecoptera Chloroperlidae Chloroperlidae 6

Plecoptera Nemouridae Nemouridae 1

Plecoptera Perlidae uria sp. 1

Plecoptera Perlidae Per/inella sp. 1

Plecoptera Perlodidae Isoperla holochlora 4

Plecoptera Perlodidae Isoperla sp. 3

Plecoptera Taeniopterygidae Oemopteryx complex 4

Trichoptera Hydropsychidae Cheumatopsvche sp. 53

Trichoptera I lydropsychidae psvche sp. 1

Trichoptera Hydropsychidae I lydropsychidae 3

Trichoptera Leptoceridae Leptoceridae

Trichoptera Leptoceridae Oecetis avara

Trichoptera 1 .eptoceridae Triaenodes tardus

Trichoptera Limnephilidae Hvdatophylax argus

Trichoptera Limnephilidae Pvcnopsvche guttifera

Trichoptera Limnephilidae Pvcnopsvche sp.

Trichoptera Philopotamidae ( lumarra sp.

Trichoptera Psvchomyiidae 1 vpe di versa

Trichoptera Rhyacophilidae Rhyacophilidae

Hothouse Creek

66J-19

Coleoptera Elmidae .......

Coleoptera Elmidae Optioservus sp.

Coleoptera Psephenidae Psephenus herricki

Diptera Atherinidae Atherix laniha

Diptera Ceratopogonidae Bezzia complex

Diptera Chironomidae Ablabesmvia mathehi

Diptera Chironomidae him sp. 9
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Hothouse Creek

66J-19

Diptera Chironomidae Brillia flavifrons 3

Diptera Chironomidae Brillia sp. 5

Diptera Chironomidae Corvnoneura lobata 1

Diptera Chironomidae Cotynoneura sp. 9

Diptera Chironomidae Cryptochironomus sp. 1

Diptera Chironomidae Demicrvptochironomus sp. 1

Diptera Chironomidae Diamesa B 1

Diptera Chironomidae Diamesa C 1

Diptera Chironomidae Diamesa sp. 1

Diptera Chironomidae Eukiefferiella brehmi group 11

Diptera Chironomidae Eukiefferiella devonica group 1

Diptera Chironomidae riella sp. 6

Diptera Chironomidae i'.uk

n

'/A t/( 7/< / lirolensis 2

Diptera Chironomidae Heterotrissoc/adius marcidus 4

Diptera Chironomidae Meropdopia sp. 1

Diptera Chironomidae Microlendipes pedellus group 4

Diptera Chironomidae adius sp. 3

Diptera Chironomidae Orthoeladiinae 3

Diptera Chironomidae Orthocliiduis obiimbratus 8

Diptera Chironomidae Ori/idc/iidius oliveri 1

Diptera Chironomidae tilDrum 3

Diptera Chironomidae Orthocladius sp. 15

Diptera Chironomidae Orlhoc/adius vaillanti 3

Diptera Chironomidae I'artikiefferiella h 1

Diptera Chironomidae Parakieffehellu sp. 4

Diptera Chironomidae ,• 19

Diptera Chironomidae 1

Diptera Chironomidae Phaenopsectra obediens group 1

Diptera Chironomidae Polvpedilum aviceps 2

Diptera Chironomidae Polvpedilumfallax group 1

Diptera Chironomidae Polvpedilum scalaenum group 1

Diptera Chironomidae Polvpedilum sp. 2

Diptera Chironomidae Polvpedilum tritum 16

Diptera Chironomidae Pseudorthocladius sp. 3

Diptera Chironomidae Rheotarrvtarsus exiguus group 2

Diptera Chironomidae Rheotanvtarsus pellucidus 1

Diptera Chironomidae Rheotarrvtarsus sp. 2

Diptera Chironomidae Stempellinella A 1

Diptera Chironomidae Stictochironomus devinctus 1

Diptera Chironomidae podinae 3

Diptera Chironomidae irsus sp. 2

Diptera Chironomidae Telopelopia okoboji 1

Diptera Chironomidae 2

Diptera Chironomidae Trissopelopia ogemawi 2

Diptera Chironomidae Tvetenia bavarica group 4

Diptera Chironomidae Tvetenia sp. 6

Diptera Chironomidae Xvlotopus par 1

Diptera Chironomidae Zavrelimvia sp. 4

Diptera Dixidae Pixel/a indiana 1

Diptera Simuliidae Prosimulium mixtion 2

Diptera Simuliidae Prosimulium rhizophorum 1

Diptera Simuliidae Prosimulium sp. 3

Diptera Simuliidae Simulium sp. 24

Diptera Stratiomyidae Stratiomyidae 1

Diptera Tipulidae Leptotarsus sp. 1

Diptera Tipulidae Limonia sp. 1

Diptera Tipulidae Tipula sp. 5
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Hothouse Creek

66J-19

Ephemcroptera Ephemerellidae l.pheiuerella sp. 10

Ephemeroptera Ephemerellidae Ephemerellidae 2

Ephemcroptera Ephemeridae llexagen'm linihtiiii 1

1 phemeroptera Ephemeridae Hexagenia sp. 1

Ephemeroptera 1 leplageniidae I leptageniidae 18

I {phcmcroptera 1 Icptageniidae Stenonema sp. 43

[Ephemeroptera Isonychiidae Isonvehia sp. 1

Ephemeroptera Neoephemeridae \eoepliemera purpurea 2

Odonata Calopterygidae ( 'aloplerv.x angiislipennis I

Odonata Calopterygidae C \iloptervx sp. 1

Plecoptera Capniidae Capniidae 2

Plecoptera Leuctridae Leuctra sp. 1

Plecoptera Peltoperlidae Peltoperla sp. 1

Plecoptera Perlidae Acroneuria abnormis 1

Plecoptera Perlidae Acroneuha internala 2

Plecoptera Perlidae Acroneuria sp. 4

Plecoptera Perlidae Perlesta sp. 1

Plecoptera Perlodidae Isoperla sp. 2

Plecoptera Pteronarcyidae Pteronarcvs dorsata 1

Plecoptera Taeniopterygidae Oemopteryx complex 2

Trichoptera Hydropsychidae Cheumatopsvche sp. 74

Trichoptera II \ dropsvehidae Hvilropsvchc sp 6

Trichoptera Hydropsychidae Hydropsychidae 8

Trichoptera Leptoceridae Leptocerus americanus 1

Trichoptera Limnephilidae I'venopsvche sp. 6

Moccasin Creek

66J-23

Oligoehaeta 3

Basommatophora Ancylidae Ferrissia rivularis 4

Basommatophora Ancylidae Ferrissia sp. 7

Coleoptera Dryopidae Helichus lithophilus 1

Coleoptera Elmidae Oplioservus sp. 11

Coleoptera Elmidae Oidiinniits latiuseuius 5

Coleoptera Hydrophilidae Helophorus linearis 1

Coleoptera Hydrophilidae Laccobius sp. 1

Coleoptera Psephenidae Psephenus herricM 7

Decapoda Cambaridac ( 'ambarus hiwasseensis 1

Diptera Ceratopogonidae Bezzia complex 3

Diptera Chironomidae Apctlilitin sp. 1

Diptera Chironomidae Brilliaflavifrons 2

Diptera Chironomidae Brillia sp. 12

Diptera Chironomidae Chaetocladius sp. 1

Diptera Chironomidae Chironomidae 5

Diptera Chironomidae Chironominae 4

Diptera Chironomidae Corynoneura sp. 12

Diptera Chironomidae i.itkiefferiella brehmi group 1

Diptera Chironomidae Eukiefferiella sp. 11

Diptera Chironomidae Microtendipes pedellus group 36

Diptera Chironomidae Mieroleudipes sp. 13

Diptera Chironomidae Orthocladiinae 3

Diptera Chironomidae Parakiefferiella sp. 1

Diptera Chironomidae Parametriocnemus sp. 6

Diptera Chironomidae Paratanvtarsus sp. 1

Diptera Chironomidae I'lhienopseetra sp. 1

Diptera Chironomidae Polvpedilum aviceps 1

Diptera Chironomidae Polvpedilum sp. 2

Diptera Chironomidae Rheocrieotopus sp. 2

Diptera Chironomidae Rheotanvtarsits e.xiguus group 1

Diptera Chironomidae Rheotanytarsus sp. 1
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Moccasin Creek

66J-23

Diptera Chironomidae Ianypodinae 3

Diptera Chironomidae Tanytarsus W 4

Diptera Chironomidae Thienemanniella sp. 1

Diptera Chironomidae Thienemanniella xena 10

Diptera Dixidae Dixa sp. 9

Diptera Simuliidae Simulium sp. 10

Diptera Tipulidae Dicranota sp. 1

Diptera Tipulidae Limnophila sp. 1

Diptera Tipulidae Molophilus sp. 2

Diptera Tipulidae Tipula sp. 6

Diptera Tipulidae Tipulidae 9

Ephemeroptera Ephemerellidae Kphemerella sp. 1

Ephemeroptera Ephemerellidae Ephemerellidae 3

Ephemeroptera 1 IcpUmeniidae 1 leptaueniidae 12

Ephemeroptera 1 leptageniidae Stenonema sp. 38

Ephemeroptera Isonychiidae Isonwhia sp. 13

Ephemeroptera Leptophlebiidae Leptophlebia sp. 2

( )donata Gomphidae Stylogomphus albistvlm 2

Plecoptera Capniidae Allocapnia sp. 4

Plecoptera Capniidae Capniidae 78

Plecoptera Chloroperlidae Chloroperlidae 1

Plecoptera Perlidae Acroneuria abnormis 1

Plecoptera Perlodidae Isoperla marlvnia 9

Plecoptera Perlodidae Perlodidae 1

Plecoptera Pteronarcyidae Pteronarcvs dorsata 1

Plecoptera Taeniopterygidae Oemoptervx complex 1

Plecoptera Taeniopterygidae I'di'iiioptervx sp. 9

Trichoptera 1 lvdrops\chidae Cheumatopsyche sp. 53

Trichoptera 1 [ydropsychidae Hydropsychidae 2

Trichoptera Eepidostomatidae Lepidostoma sp. 2

Trichoptera Eimnephilidae Hvdatophvlax argus 2

Trichoptera Eimnephilidae Limnephilidae 1

Trichoptera Eimnephilidae Pvcnopsvche sp. 5

Trichoptera Philopotamidae Dolophilodes sp. 6

Trichoptera Philopotamidae Wormaldia sp. 9

Trichoptera Polycentropodidae Neureclipsis sp. 2

Trichoptera Polycentropodidae Polvcentropus sp. 6

Trichoptera Rhyacophilidae Rhyacophila atrata 1

Trichoptera Rhvacophilidae Rhvth-ophilafuscula 3

Trichoptera Rhyacophilidae Rhyacophila glabcrrima 2

Trichoptera Rhyacophilidae Rhyacophila sp. 11

Veneroida Pisidiidae Pisidium sp. 14

Hemptown Creek

66J-25

Oligochaeta 3

Basommatophora Ancylidae l-'crrissia sp. 3

Coleoptera Elmidae Optioservus sp. 19

Coleoptera Psephenidae Psephenus herricki 1

Decapoda Cambaridae Cambarus hiwasseensis 1

Diptera Chironomidae Iblahcsuma mallochi 2

Diptera Chironomidae Bri/lia flavifrons 1

Diptera Chironomidae Brillia sp. 1

Diptera Chironomidae ( 'orvnoncurasp. 12

Diptera Chironomidae Eukiefferiella brehmi group 23

Diptera Chironomidae Eukiefferiella sp. 1

Diptera Chironomidae Microtendipes pcdcllus group 36

Diptera Chironomidae Nanocladius sp. 1

Diptera Chironomidae Orthocladiinae 4

Diptera Chironomidae Orthochitlhis ohiimhraltis 3
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Hemptown Creek

66J-25

Diptera Chironomidae Parametriocnemus sp. 6

Diptera Chironomidae Phaenopsectra obediens group 3

Diptera Chironomidae Polvpedilum jlavum 1

Diptera Chironomidae Polvpedilum scalaenum group 2

Diptera Chironomidae Polvpedilum sp. 1

Diptera Chironomidae Rheotanvtarsus sp. 2

Diptera Chironomidae Stictochironomus sp. 34

Diptera Chironomidae Stilocladius clinopecten 1

Diptera Chironomidae Thienemanniella sp. 3

Diptera Chironomidae Thienemanniella xena 7

Diptera Chironomidae Thienemannimvia group 1

Diptera Simuliidae Simulium sp. 42

Diptera Tipulidae Antocha sp. 2

Ephemeroptera Baetidae Baetidae 3

Kphemeroptera Baetidae Baetis sp. 6

Kphemeroptera Kphemerellidae Ephemerella sp. 6

Kphemeroptera Ephemeridae Kphemeridae 1

Kphemeroptera Heptageniidae 1 leptageniidae 7

Ephemeroptera lleptageniidae Stenonema sp. 16

Megaloptera Corydalidae Nigronia serricornis 1

Odonata Gomphidae Gomphidae 2

Plecoptera Chloroperlidae Chloroperlidae 1

Plecoptera Perlidae Aeroneuriasp. 3

Plecoptera Taeniopterygidae Taenioptetyx sp. 2

Trichoptera Hydropsychidae Ceratopsyche sp. 6

Trichoptera Hydropsychidae Cheumatopsyche sp. 20

Trichoptera Hydropsychidae Hvdropsvche sp. 6

Trichoptera 1 lulropsv chidae Hydropsychidae 3

Trichoptera Leptoceridae Keptoceridae 1

Trichoptera Philopotamidae Chimarra sp. 19

Trichoptera Rhyacophilidae Rhyacophilidae 1

Wolf Creek

66J-26

Oligochaeta 3

Coleoptera Curculionidae Anchvtarsus bicolor 6

Coleoptera Klmidae Ancvronvx variegatus 1

Coleoptera Elmidae nehus glabratus 1

Coleoptera Klmidae Optioservus ovalis 2

Coleoptera Elmidae Optioservussp. 1

Coleoptera Elmidae Promoresia elegans 1

Coleoptera Elmidae Promoresia tardella 2

Coleoptera Elmidae Imissp. 2

Coleoptera Gyrinidae Dineutus robertsi 1

Coleoptera Psephenidae Psepfienus herricki 2

Decapoda Cambaridae Cambarus sp. 3

Diptera Atherinidae Atherix 1antha 3

Diptera Chironomidae Apedilumsp. 2

Diptera Chironomidae Brilliaflavifrons 9

Diptera Chironomidae BrMia sp. 10

Diptera Chironomidae Corynoneura B 1

Diptera Chironomidae Corvnoneurasp. 13

Diptera Chironomidae Eukiefferiella brehmi group 15

Diptera Chironomidae feriellasp. 7

Diptera Chironomidae Eukiefferiella tirolensis 33

Diptera Chironomidae Heterotrissocladius marcidus 6

Diptera Chironomidae Limnophves sp. 3

Diptera Chironomidae Micropsectra D 2

Diptera Chironomidae Micropsectra sp. 1

Diptera Chironomidae Microtendipes sp. 1
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Wolf Creek

66J-26

Diptera Chironomidae Nanocladius sp. 1

Diptera Chironomidae Orthocladius rivulorum 2

Diptera Chironomidae Orthocladius sp. 1

Diptera Chironomidae Parachaetocladius abnobaeus 4

Diptera Chironomidae Parametriocnemus sp. 12

Diptera Chironomidae Parapluu, 2

Diptera Chironomidae Phaenopseclra punctipes group 1

Diptera Chironomidae Polvpedilum aviceps 1

Diptera Chironomidae Polvpedilum sp. 1

Diptera Chironomidae Polvpedilum tritum 1

Diptera Chironomidae Rheotanytarsus exiguus group 1

Diptera Chironomidae Rheoianvtarsiis sp. 2

Diptera Chironomidae Thienemanniella sp. 1

Diptera Chironomidae Thienemanniella xena 6

Diptera Chironomidae Thienemannimvia group 3

Diptera Chironomidae Zavrelia sp. 2

Diptera Chironomidae Zavrelimyia sp. 1

Diptera Dixidae Dixa sp. 4

Diptera Simuliidae Simulium sp. 12

Diptera Tipulidae Limnophila sp. 1

Diptera 1 ipulidac Tipula sp. 8

Fphemeroptera Baetidae Baetis sp. 2

Ephemeroptera crellidae Ephemerella sp. 1

Ephemeroptera 1 leptageniidae Heptageniidae 8

Ephemeroptera Heptageniidae Stenonema sp. 24

Ephemeroptera Isonychiidae Isonychia sp. 3

Ephemeroptera Leptophlebiidae Leptophlebiidae
[

l2

Megaloptera Corydalidae Nigronia serricornis 1

Odonata Calopterygidae Caloptervx maculata 1

Odonata Calopterygidae Caloptervx sp. 6

Odonata Cordulegastridae Cordulegaster obliquafasciata 1

Plecoptera Capniidae Capniidae 37

Plecoptera Chloroperlidae Utaperla sp. 3

Plecoptera Eeuctridae Leuctra sp. 8

Plecoptera Nemouridae Nemouridae 2

Plecoptera Perlidae Acroneuria sp. 1

Plecoptera Perlodidae Isoperla sp. 9

Plecoptera Pteronarcyidae Pteronarcvs dorsata 2

Plecoptera 1 aenioptervgidae Oemoptervx complex 7

Plecoptera Taeniopterygidae Taenioptervx sp. 4

Trichoptera Hydropsychidae Cheumatopsvche sp. 41

Trichoptera Hydropsychidae Ilvdropsvche sp. 1

Trichoptera Hydropsychidae 1 lydropsychidae 7

Trichoptera Limnephilidae Limnephilidae 20

Trichoptera Limnephilidae Pycnopsyche sp. 25

Trichoptera Philopotamidae Dolophilodes sp. 2

Trichoptera Rhyacophilidae Rhyacophila amicis 2

Trichoptera Rhyacophilidae Rhyacophilafuscula 6

Trichoptera Rhyacophilidae Rhyacophila sp. 5

South Fork

Rapier Mill Creek

66J-28

Coleoptera Elmidae Dubiraphia sp. 1

Coleoptera Elmidae Optioservus sp. 12

Coleoptera Elmidae Oulimnius latiusculus

Coleoptera Gyrinidae Dineutus robertsi

Coleoptera Gyrinidae Dineutus sp.

Coleoptera Gyrinidae Gyrinidae

Decapoda Cambaridae Cambarus sp.

Diptera Atherinidae Atherix Iantha
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South Fork

Rapier Mill Creek

66J-28

Diptera Ceratopogonidae Bezzia complex 2

Diptera Chironomidae Apedilum sp. 1

Diptera Chironomidae BrMia flavifrons 2

Diptera Chironomidae BrMia sp. 6

Diptera Chironomidae C 'anlopelopia gesta 1

Diptera Chironomidae Corvnoneura lobata 1

Diptera Chironomidae Corynoneura sp. 5

Diptera Chironomidae Eukiefferiella brehmi group 11

Diptera Chironomidae Eukiefferiella sp. 6

Diptera Chironomidae Krenopelopia hudsoni 1

Diptera Chironomidae ;ectra A 2

Diptera Chironomidae Micropsectra D 8

Diptera Chironomidae Microtendipes pedellus group 23

Diptera Chironomidae Nanocladius alternantherae 1

Diptera Chironomidae Nanocladius sp. 2

Diptera Chironomidae Odontomesafulva 1

Diptera Chironomidae Orthocladiinae 2

Diptera Chironomidae Orthocladius sp. 1

Diptera Chironomidae Parachaetocladius abnobaeus 7

Diptera Chironomidae Parakiefferiella F 1

Diptera Chironomidae Parakiefferiella sp. 1

Diplera Chironomidae Parametriocnemus sp. 14

Diptera Chironomidae Paratanytarsus quadratus complex 1

Diptera Chironomidae Paratanvtarsus sp. 1

Diptera Chironomidae Phaenopsectra obediens group 2

Diptera Chironomidae Polvpedilum aviceps 18

Diptera Chironomidae Polvpedilumflavum 1

Diptera Chironomidae Polvpedilum sp. 4

Diptera Chironomidae Potthastia longimana 1

Diptera Chironomidae Rheocricotopus sp. 1

Diptera Chironomidae Rheopelopia acra 1

Diptera Chironomidae Kln'oinuvtarsus A 1

Diptera Chironomidae i
' • 7

Diptera Chironomidae Stempellinella sp. 1

Diptera Chironomidae Thienemanniella sp. 2

Diptera Chironomidae 4

Diptera Chironomidae ihiciicmanninivia group 3

Diptera Chironomidae Zalutschia A 1

Diptera Chironomidae Zavrelimvia thryptica complex 2

Diptera Simuliidae Prosimulium mixtum 1

Diptera Simuliidae Prosimulium rhizophorum 1

Diptera Simuliidae Prosimulium sp. 2

Diptera Simuliidae Simulium sp. 8

Diptera Tabanidae Chrvsops sp. 1

Diptera Tabanidae Tabanidae 1

Diptera Tipulidae Pseudolimnophila sp. 2

Diptera Tipulidae Tipula sp. 2

Diptera Tipulidae Tipulidae 1

Ephemeroptera Heptageniidae Heptageniidae 3

Ephemeroptera Heptageniidae nemasp. 31

Ephemeroptera Isonychiidae Isomrlua sp. 4

Ephemeroptera Leptophlebiidae Leptophlebia sp. 19

Ephemeroptera Leptophlebiidae Leptophlebiidae 10

Neotaenioglossa Pleuroeeridae Elimia sp. 2

Odonata Aeshnidae Boveria vinosa 1

Odonata Calopterygidae Caloptervx maculata 1

Odonata Calopterygidae Calopteryx sp. 2
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South Fork

Rapier Mill Creek

66J-28

Odonata Gomphidae Gomphus sp. 1

Plecoptera Capniidae Allocapnia sp. 1

Plecoptera Capniidae Capniidae 30

Plecoptera Capniidae Paracapnia angulata 6

Plecoptera Chloroperlidae 1 taper/a sp. 10

Plecoptera Nemouridae Ostrocerca sp. 1

Plecoptera Peltoperlidae Tallaperla sp. 6

Plecoptera Perlidae Acroih'ttria sp 2

Plecoptera Perlodidae Isoperla clio 1

Plecoptera Perlodidae Isoperla similis 1

Plecoptera Perlodidae Isoperla sp. 4

Plecoptera Taenioptervgidae Taeniopteryx sp. 4

Trichoptera Uracils centridae Brachycentrus sp. 1

Trichoptera Calamoceratidae A nisocentropus pvraloides 1

Trichoptera I lydropsychidae Cheumatopsvche sp. 13

Trichoptera Lepidostomatidae riu'liopsvche sp. 1

Trichoptera Limnephilidae Hydatophylax argus ' 6

Trichoptera Limnephilidae Ac iiopsvchc divergens 2

Trichoptera Limnephilidae Pwnopswlie lepida complex 2

Trichoptera Limnephilidae Pvcnopsvche sp. 11

Trichoptera Philopotamidae Chimarra sp. 1

Veneroida Pisidiidae I'isidiumsp 2

West Fork

Little River

68c&d-7

Oligochaeta 21

Coleoptera Dytiscidae Dytiscidae 1

Coleoptera Dytiscidae 1 1\ groins farctus 4

Coleoptera Elmidae Dubiraphia sp. 3

Coleoptera Elmidae Elmidae 1

Coleoptera Elmidae Stenelmis sp. 7

Coleoptera Gyrinidae Gvrinus marginedus 1

Coleoptera Hydrophilidae Berosus sp. 2

Diptera Ceratopogonidae Alluaudomvia sp. 2

Diptera Ceratopogonidae Bezzia complex 7

Diptera Ceratopogonidae Dasyhelea sp. 1

Diptera Chironomidae Ablabesmvia mallochi 5

Diptera Chironomidae Ablabesmvia sp. 3

Diptera Chironomidae ApedUum sp. 1

Diptera Chironomidae Clinotanvpus sp. 5

Diptera Chironomidae Dicroteiidipes neoinoilesttts 1

Diptera Chironomidae Dicrotendipes sp. 8

Diptera Chironomidae nHilisia pulcher 1

Diptera Chironomidae Heterotrissocladius cladwell/boltoni

complex

24

Diptera Chironomidae I i/hniiidinia sp. 1

Diptera Chironomidae \laeropelopiti deeedeus 1

Diptera Chironomidae Microtendipes pedellus group 7

Diptera Chironomidae (' h-ili<k liiihtis obitmhrattis 3

Diptera Chironomidae Parokielferiellasp. 3

Diptera Chironomidae Parametriocnemus sp. 1

Diptera Chironomidae Paratanvtarsus D 1

Diptera Chironomidae Paratanvtarsus sp. 4

Diptera Chironomidae Phaenopsectra obediens group 21

Diptera Chironomidae Phaenopsectra/Tribelos comp 1ex 4

Diptera Chironomidae Polypedilum tritum 1

Diptera Chironomidae Potthastla longimana 1

Diptera Chironomidae Procladius (Holotanypus) sp. 1

Diptera Chironomidae Procladius sp. 3

Diptera Chironomidae Pseetroeladius clatus 1
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West Fork

Little River

68c&d-7

Diptera Chironomidae Psectrocladius octomaculatus 4

Diptera Chironomidae Psectrocladius psilopterus group 1

Diptera Chironomidae Pseudochironomus sp. 2

Diptera Chironomidae Stilocladius clinopecten 1

Diptera Chironomidae Tanypodinae 1

Diptera Chironomidae I'anvtarsus sp. 15

Diptera Chironomidae Thienemannimyia group 4

Diptera Chironomidae Tribelosjucundus 4

Diptera Chironomidae Unniella multivirga IS

Diptera Chironomidae Zaltitschia briani 10

Diptera Simuliidae Prosimuliumsp. 2

Diptera Tabanidae Chrvsops sp. 1

Diptera lipulidae Antocha sp. 1

Ephemeroptera Baetidae Baetis sp. 45

Ephemeroptera Ephemerellidae 1 iirvloplielhi doris complex 1

Isopoda Asellidae Uncus sp 1

Megaloptera Sialidae Sialis sp. 2

Odonata ( oenaiirionidae ( 'hroinagrion condituni 18

Odonata Corduliidae Didvmops transversa 2

Plecoptera Capniidae Capniidae 13

Plecoptera Taeniopterygidae I'aenioptervx sp. 2

Trichoptera Leptoceridae Mvstaeiiles sepulchriilis 1

Trichoptera 1 ininephilidae Hydatophylax argus 1

Trichoptera Limnephilidae Limnephilidae 6

Trichoptera Limnephilidae Platvcentropus radiatus 7

Trichoptera Phryganeidae Ptilostomis sp. 2

Veneroida Pisidiidae Pisidiidae 1

Reedy Creek

75 e-54

Oligochaeta 3

Amphipoda Lalitridae llvalella azteca 24

Coleoptera Dytiscidae Hvgrotusfarctus 32

Coleoptera Elmidae A nevronvx variega/us 2

Coleoptera Elmidae Dubiraphia sp. 4

Coleoptera Elmidae Elmidae 1

Coleoptera Elmidae \ licrocvlloepus pusilliis 1

Decapoda Cambaridae Pracambariis spiculifcr 3

Diptera Ceratopogonidae Bciziu complex 7

Diptera Chironomidae Ablabesmvia mallochi 8

Diptera Chironomidae Alotanypus aris 1

Diptera Chironomidae Apsectrotanvpusjohnsoni 3

Diptera Chironomidae Chironomidae 1

Diptera Chironomidae Chironominae 3

Diptera Chironomidae ( "hironomus sp. 2

Diptera Chironomidae ( 'on noneura sp. 5

Diptera Chironomidae ( lillotia alboviridus 1

Diptera Chironomidae Labrundinia pilosella 5

Diplera Chironomidae l.iihrimdiniasp. 10

Diptera Chironomidae Micropsectra D 1

Diptera Chironomidae Micropsectra sp. 1

Diptera Chironomidae Nanocladius alternantherac 1

Diptera Chironomidae Orthocladiinae 1

Diptera Chironomidae Orthocladius annectens 10

Diptera Chironomidae liens group 6

Diptera Chironomidae Phaenopseeirn I'ribelos complex 8

Diptera Chironomidae Polvpedilum illinoense group 1

Diptera Chironomidae ,>/:,-, .A'/'.",'." 15

Diptera Chironomidae I'olvpeililum sp. 3

Diptera Chironomidae Polvpedilum tritum 2
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Reedy Creek

75 e-54

Diptera Chironomidae Procladius (Holotanvpus) sp.

Diptera Chironomidae Procladius bellus var. 1

Diptera Chironomidae Procladius sp.

Diptera Chironomidae Rheotanvtarsw A

Diptera Chironomidae Rheotanvtarsus exiguus group 35

Diptera Chironomidae Rheotanvtarsus pellucidus

Diptera Chironomidae Stelechomyia perpulchra

Diptera Chironomidae Stciuhhironomus sp.

Diptera Chironomidae Tanypodinae

Diptera Chironomidae Tanytarsini

Diptera Chironomidae Tanytarsus A

Diptera Chironomidae Tanvtarsus C
Diptera Chironomidae irsus D
Diptera Chironomidae 12

Diptera Chironomidae Tanvtarsus V

Diptera Chironomidae ( irsus S

Diptera Chironomidae <m 'irsus sp. 12

Diptera Chironomidae Telopelopia okoboji

Diptera Chironomidae Thienemannielta sp.

Diptera Chironomidae Thienemanniella xena

Diptera Chironomidae i group 10

Diptera Chironomidae Tribelosjucundus

Diptera lomidae Unniella mult'rvirga

Diptera Empididae Hemerodromia sp. 10

Diptera Ephydridae Ephydridae

Diptera Simuliidae Prosimulium sp.

Diptera Simuliidae Simulium sp.

Ephemeroptera Ephemerellidae Ephemerellidae

Ephemeroptera Ephemerellidae Eurvlophella bicolor

Ephemeroptera Ephemerellidae Eurvlophella doris complex 35

Ephemeroptera I leptageniidae 1 leptageniidae

Ephemeroptera lleptageniidae lemasp.

Ephemeroptera Eeptophlebiidae Eeptophlebiidae

Isopoda Asellidae Lirceus sp 57

Megaloptera Corydalidae Nigronia serricornis

Odonata Aeshnidae Bowricj vinosa

Odonata Coenagrionidae Argiafumipennis

Odonata Coenagrionidae Argia sp.

Odonata Coenagrionidae Chromagrion conditum

Odonata Coenagrionidae Coenagrionidae

Odonata Coenagrionidae Ischnurasp.

Trichoptera isychidae Cheumatopsyche sp.

Trichoptera I lydropsvehidae Hydropsychidae 2

Trichoptera Leptoceridae Oecetis sp. 2

Trichoptera Eeptoceridae Triaenodes sp. 5

Trichoptera Leptoceridae Triaenodes tardus 4

Trichoptera Molannidae Molanna tryphena 2

Trichoptera Philopotamidae u irra sp. 12

Trichoptera Polycentropodidae Po/vcenlropus sp. 1

Trichoptera Psychomyiidae hype diversa 2

Trichoptera Psychomyiidae Psychomyiidae 2

Canoochee Creek

75f-50

Oligochaeta 60

Basommatophora Ancylidae Ferrissia sp. 1

Basommatophora Physidae Phvsella sp. 42

Basommatophora Planorbidae Planorbella magnifica 11

Basommatophora Planorbidae Planorbella sp. 41

Basommatophora Planorbidae Planorbidae 10
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Canoochee Creek

75f-50

Basommatophora Planorbidae Planorbula armigera 11

Coleoptera Dytiscidae Hydroporus (Neoporus) sp. 1

Coleoptera Dytiscidae Hygrotus sp. 1

Coleoptera Elmidae Stenelmis sp. 2

Diptera Ceratopogonidae Bezzia complex 33

Diptera Ceratopogonidae Ceratopogonidae 1

Diptera Chironomidae nnviasp. 1

Diptera Chironomidae Einfeldia A 1

Diptera Chironomidae Polypedilum tritum 5

Diptera Chironomidae Procladius (Holotanypus) sp. 3

Diptera Chironomidae Procladius sp. 1

Diptera Chironomidae Tanypus sp. 2

Diptera Tipulidae Pilaria sp 1

Odonata Coenagrionidae Chromagrion sp. 2

Odonata Coenagrionidae Coenagrionidae 3

Odonata Libellulidae Pachvdiplax longipennis 1

Veneroida Pisidiidae Pisidium sp. 15

Veneroida Pisidiidae Sphaerium sp. 100

Cathead Creek

75f-95

Oligochaeta 9

Amphipoda Talitridae Urulclia azteca 2

Coleoptera Dytiscidae Celina sp. 1

Diptera Ceratopogonidae Bezzia complex 3

Diptera Chironomidae Chironomus ochreatus 20

Diptera Chironomidae Chironomus sp. 13

Diptera Chironomidae Chironomus staegeri 1

Diptera Chironomidae it/us sp. 25

Diptera Chironomidae Phaenopsectra obediens group 7

Diptera Chironomidae Polypedilum bergi 5

Diptera Chironomidae Polvpedilum illinoense group 3

L
Diptera Chironomidae Polypedilum scalaenum group 2

Diptera Chironomidae . ,
, , 1 ;, • ;-,. : 17

Diptera Chironomidae Polypedilum tritum 90

Diptera Chironomidae Tribetosfuscicorne 4

Isopoda Asellidae .loteasp. 112

Pond Fork Creek

75h-70

Amphipoda Talitridae Hyalella azteca 1

Coleoptera Dytiscidae Hygrotusfarctus 36

Coleoptera Elmidae Stenelmis quadrimaculata 1

Coleoptera Helodidae Cyphon sp. 12

Diptera Ceratopogonidae Bezzia complex 3

Diptera Chironomidae besmyia mallocH 1

Diptera Chironomidae Ablabesmvia sp. 1

Diptera Chironomidae Chironomus sp. 3

Diptera Chironomidae Corynoneura sp. 1

Diptera Chironomidae Dicrotendipes sp. 20

Diptera Chironomidae Georthoclc delict) sp. 1

Diptera Chironomidae Glvptotendipes testaceus 4

Diptera Chironomidae Goeldichironomus sp. 1

Diptera Chironomidae '

• / -
.

.':. : 6

Diptera Chironomidae ndiniasp. 10

Diptera Chironomidae Orthocladius sp. 3

Diptera Chironomidae Parachironomus sp. 1

Diptera Chironomidae Paraphaenocladius sp. 1

Diptera Chironomidae Paratanvtarsus dissimilis 7

Diptera Chironomidae Paratanvtarsus sp. 8

Diptera Chironomidae Phaenopsectra obediens group 1

Diptera Chironomidae '•
: ;v,j>,; 1

Diptera Chironomidae Polypedilum halterale group 2
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Pond Fork Creek

75h-70

Diptera Chironomidae Polvpedilum sp. 1

Diptera Chironomidae Polvpedilum tritum 26

Diptera Chironomidae Procladius (Holotanypus) sp. 1

Diptera Chironomidae Procladius sp. 6

Diptera Chironomidae Reomvia sp. 3

Diptera Chironomidae Rheotanytarsus pellucidus 2

Diptera Chironomidae Rheotanvtarsus sp. 2

Diptera Chironomidae Tanypodinae 3

Diptera Chironomidae Tanvtarsus sp. 3

Diptera Culicidae Deinocerites sp. 1

Diptera Simuliidae Prosimulium sp. 1

Diptera Tabanidae Tabcmus sp. 2

Ephemeroptera Baetidae Baetidae 7

Heteroptera Notonectidae Notonectidae 1

Isopoda Asellidae Asellidae 5

Isopoda Asellidae ( 'uccidoteasp. 226

Isopoda Asellidae Lirceus sp. • 2

Odonata Calopterygidae < 'alopiervx angustipennis I

Odonata Coenagrionidae Coenagrionidae 1

Odonata Coenagrionidae Ischnura sp. 1

Odonata Corduliidae Corduliidae 3

Odonata Corduliidae Didvmops transversa 1

Odonata Corduliidae Macromia sp. 2

Odonata Eibellulidae i'.rvthemis simplicicoUis 1

Odonata Libellulidae Libellula incesta 1



www.manaraa.com


	The Effect of Sample Size on Rapid Bioassessment Scores and Management Efficiency
	Recommended Citation

	The Effect of Sample Size on Rapid Bioassessment Scores and Management Efficiency

