ICMR CONTRIBUTION SERIES, NO. ICMR-93-03

BENTHIC BIOCRITERIA ASSESSMENT of the LOWER
ROANOKE RIVER, NORTH CAROLINA
A Final Report to Weyerhaeuser Paper Company

JOHN E. COOPER and ROGER A. RULIFSON
INSTITUTE FOR COASTAL AND MARINE RESOURCES
EAST CAROLINA UNIVERSITY
GREENVILLE, NORTH CAROLINA 27858-4353
OCTOBER 1993

i

Benthic Biocriteria Assessment of the Lower
Roanoke River, North Carolina

Final Report
to
Weyerhaeuser Paper Company
Forestry Research Station
New Bern, North Carolina 28560

by

John E. Cooper and Roger A. Rulifson
East Carolina University
Institute for Coastal and Marine Resources
Greenville, North Carolina 27858

ICMR Contribution Series No. ICMR 93-03
31 October 1993

EXECUTIVE SUMMARY
Recent changes in environmental monitoring procedures of industrial activities
suggest that future environmental assessments will be made using biocriteria
methodology. Benthic macroinvertebrates have been the most often used group of
organisms in assessing water quality. This study was conducted to determine the present
composition of the benthic macroinvertebrate community and to evaluate the results using
several biological indices that will likely form the basis for the development of
biocriteria.
Sediments. The dominant sediment components of the ten stations sampled were
sand (31%) and silt (47%). The clay fraction was less than 30%. Stations 4 and 7 showed
extremes: station 4 had low percent sand (7.6%) and station 7 had high percent silt
(70.4%).
Organic content. Organic content ranged from 5.4% to 8.1% (average 0f 6.8%)
but there was no statistically significant difference between shallow and deep stations nor
was there any significant difference between organic values found in this study and those
reported previously.
Water quality. There was no evidence of temperature stratification during
September, February, or May. The lowest monthly mean temperature (5.5o C) occurred in
February and the highest occurred in September (27.4oC). Dissolved oxygen (percent
saturation) was lowest in September (43.0 to 54.5%) and highest in February (88.8 to
92.9%). pH ranged from 6.6 to 7.8 and was slightly higher in February than in September
or May. Salinity and conductivity were below the detection limit of the instrument used
(0.1 ppt; 500 µmhos, respectively) but salinity as high as 0.39 ppt has been documented
in recent years.
Macroinvertebrates. The macroinvertebrates, composed of predominantly
freshwater organisms, were dominated by three groups: Oligochaeta (53.6%), Mollusca
(20.4%), and Chironomidae (16.9%) which together accounted for 90.9% of the 62 taxa
collected. Oligochaetes were not identified beyond the phylum level.
Mollusca was composed of nine genera, five of which were bivalves. The
molluscs were dominated by Corbicula fluminea (Asian freshwater clam, 86.9%) which
was found at all stations. Recruitment of Corbicula occurred in the spring months. Two
juveniles of the unionid mussel genus Alasmidonta were collected above the Plymouth
mill discharge. This genus is represented in North Carolina by six species, all of which
are endangered, threatened, or of special concern. The small size of these mussels
prevented any identification to species.
The family Chironomidae was composed of 19 genera but was dominated by
Coleotanypus (11.3% of the total organisms collected) and Polypedilum (2%). Each of
the remaining chironomid genera accounted for less than 1% of the total organisms
collected. Previous studies agreed with the findings in the present study that
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Coleotanypus, Polypedilum, and Chironomus were the most abundant genera. There were
no genera collected in the present study that have not been previously reported.
Many of the taxa collected were low in abundance and could not be adequately
represented with the amount of sampling in this study. The abundant taxa were
adequately represented in the samples and would present a reliable view of the benthic
macroinvertebrate community.
Community indices. Eight indices commonly found in benthic evaluations were
utilized in this study. The Shannon-Weaver mean diversity index and the Shannon
diversity index both indicated a significant difference in diversity among months but not
among stations. Diversity was lowest in September; diversity in February and May were
not different from each other. There was no significant difference among stations for
evenness or dominance but richness was significantly higher at station 3 that at stations 4,
5, 7, and 8. Evenness was significantly higher in May and February than in September,
richness was significantly higher in February than in September (but not different from
that in May), and dominance was significantly higher in September than in either
February or May. The Hilsenhoff biotic index indicated that the stations sampled in this
study fell within the "fair water quality" range. There was no significant difference among
stations but the index for May was significantly lower than that for September and
February.
The indices reflected a seasonal shift from high dominance, low evenness,
richness, and diversity in September to low dominance, high evenness, richness, and
diversity in February and May. This is likely to be the result of recruitment during the
latter months. The majority of benthic macroinvertebrates collected in this study have a
wide range of tolerance to organic pollution and the Hilsenhoff index indicated only fair
water quality. Those organisms collected that were relatively intolerant of organic
pollution (Amnicola, Alasmidonta) were found in low abundance.
The Shannon-Weaver mean diversity index and the Shannon diversity index both
indicated that there was no significant difference in benthos among stations which would
be expected if similarly tolerant organisms were present at upstream and downstream
stations. The significant difference by month was attributed to seasonal changes with
recruitment occurring in February and May. The common taxa index did show a decline
in the number of taxa going downstream toward the discharge and a recovery at the
lowermost station. However, these indices do not take into account any biological
differences in microhabitat and, in addition, there may be unmeasured factors that
influence the macroinvertebrate community.
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Introduction
Recent changes in environmental monitoring procedures of industrial activities
suggest that future environmental assessments will be made using biocriteria
methodology. The term biocriteria refers to using the expected assemblage of organisms
characteristic of a unstressed environment to evaluate the present condition of a water
body. The biocriteria for North Carolina coastal streams are presently being developed.
Benthic macroinvertebrates have been the most often used group of organisms in
assessing water quality (Rosenberg and Resh 1993) and will be major contributors to the
establishment of biocriteria.
Little information is available on the benthic macroinvertebrates of the lower
Roanoke River system of North Carolina, particularly seasonal changes and locational
differences in community structure. Kirby-Smith and Van Dover (1979) examined the
benthic macroinvertebrate community of the Roanoke River near Plymouth, NC, for
Weyerhaeuser Paper Company but since then no comprehensive studies have been
conducted. Beginning in 1983, the North Carolina Division of Environmental
Management (NCDEM) has monitored the Roanoke River benthic community
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sampling one location near the State Highway 45 bridge in July (NCDEM 1991), but this
sampling scheme was not designed to assess seasonal changes in the macroinvertebrate
community or differences in community structure. The present study was designed to use
biocriteria methodology to determine if the Plymouth Pulp and Paper Mill discharge had
detectable effects on the downstream macroinvertebrate community, and to contribute to
our understanding of the macroinvertebrate community in the lower Roanoke River.

Methods

1

Station selection. Ten stations within the lower Roanoke River delta were
sampled beginning 11 river miles from the river mouth (Figure 1). Stations were paired:
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one location in relatively shallow water (0.9 to 3.0 m) and the other in deeper water (4.6
to 12.2 m). Four of the stations were upstream of the Plymouth mill effluent diffuser pipe
and the remainder were downstream of the pipe. Stations were selected to minimize
differences in substrate material to minimize confounding effects in data analysis.
Water quality measurements. At each station, dissolved oxygen (YSI oxygen
probe), temperature, salinity, and conductivity (Beckman salinometer) were measured at
the surface, mid-depth, and bottom. Surface water was measured for pH using a handheld digital meter.
Sediment characterization. Three replicate 120-ml samples were taken at each
station for grain size and organic content determination. Samples were stored at 38o F
until the analyses were performed. Techniques to determine sediment grain size followed
the procedure of Werme (1985). Briefly, a 10-g homogenized subsample was dried at
75o C for 24 hr, weighed, then passed through a 62.5-µm mesh screen with agitation
using sodium oxalate as a dispersant. Dispersant was added to the sample until no visible
particles passed through the sieve. The sieved material was collected in a graduated
cylinder and the total volume increased to 100 ml by adding dispersant. The remaining
sand was washed with deionized water to remove the dispersant, dried at 75o C for 24 hr
and weighed. The contents of the graduated cylinder were agitated with a stirring paddle
until the mixture was homogenous. After allowing the mixture to stand for 15 s, a 10-ml
sample was pipetted from the 25 ml mark in the graduated cylinder. This was emptied
into a microbeaker and constituted the silt fraction. The mixture in the cylinder was again
agitated and, after 22 min, a second 10-ml sample was pipetted from 1 cm below the
surface. This sample, representing the clay fraction, was placed in another microbeaker.
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A 10-ml sample of the dispersant was pipetted into a microbeaker and all microbeakers
were dried at 75o C for 24 hr, cooled, and then weighed. Weights of the silt and clay
fractions were corrected by subtracting the dispersant dry weight from them, then
calculated as percent dry weight of the original sample.
Organic content. A sample of sediment (7-17 g) was added to pre-weighed
aluminum pans, weighed, dried at 75o C for 24 hr, weighed again, then ashed in a muffle
furnace at 480o C for 8 hrs, cooled in the muffle furnace, and weighed a third time. The
loss in weight from the dry weight to the ashed weight was considered to be the total
weight of the organic material and was expressed as a percentage of the dry weight.
Macroinvertebrates.

Five replicate samples were taken at each of the ten

stations in September 1992, and February and May 1993, using a 15-cm square (0.02m2)
Ponar dredge with a maximum volume of 2000 cm3. One replicate from May (Station 8)
was improperly preserved and was therefore not used. Each replicate was emptied into a
4000 cm3 graduated bucket to determine sediment volume and then washed through a
500-µm mesh screen. The remaining material was preserved with 10% buffered formalin
containing rose bengal dye. In the laboratory, each sample was washed through a 250-µm
mesh screen to remove the formalin and then sorted twice to remove all organisms, which
were placed in 70% isopropyl alcohol. The effectiveness of this sorting procedure was
tested with 15 samples containing a large amount of detritus. Each sample was sorted
three times, recording the number of organisms found in each sort. No additional
organisms were found after the second sorting. An average of 4.9% (range: 0 to 10.7) of
the organisms were missed during the first sorting (Table 1; appendix).
All organisms were identified to the lowest practical taxon and counted. Clams
were measured for length (0.1 mm) using a dial caliper. Chironomidae identification was
made from permanent or temporary glass slide mounts viewed under an inverted
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microscope at 400X. The primary identification references were Mason (1973), Merritt
and Cummins (1984), and Pennak (1978).

Statistical Analysis. Statistical comparisons of our data with that of Kirby-Smith
and VanDover (1979) were performed using the following station groupings: R45 versus
stations 3 and 4 of the present study; R48 and R49 versus stations 5 and 6; R41 and R42
with stations 7 and 8; and R39 with stations 9 and 10. There were no corresponding
stations in Kirby-Smith and VanDover for our stations 1 and 2. Sediment composition by
station, mean diversity by station and month, and mean total density (log10-transformed
to normalize data distribution) by station and month were analyzed using PROC GLM
(SAS version 6.03, 1990). Multiple comparisons of stations and months were made using
the Tukey and Duncan procedures. Analysis of community indices was performed using
PROC GLM.

Community indices. The following eight indices were used to analyze the
benthos data: Simpson's dominance, richness, evenness, Shannon diversity, ShannonWeaver mean diversity, Hilsenhoff taxa index of organic tolerance, common dominants,
and common taxa. A discussion of these indices is given in the appendix.
Results

Sediment characterization. The dominant sediment components of the ten
stations were sand and silt. Stations 4 and 7 exhibited extreme values: sand ranged from
7.6% at station 7 to 67.8% at station 4 and correspondingly, silt ranged from 21.1% at
station 4 to 70.4% at station 7. The other stations averaged 31.1% sand, 46.8% silt, and
22.0% clay. Percent clay was less than 30% at all stations (Table 1). The values for the
individual stations are summarized in Figure 2.
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Organic content. Organic content ranged from 5.4% to 8.1% and averaged 6.8% (Table
1). The shallow water station sediments contained slightly more organic matter than the
deeper stations but the difference was not significant (One-way ANOVA, F = 2.1, P =
0.18). There was no significant difference between the organic values found by KirbySmith and VanDover (1979) and those in the present study (One-way ANOVA, F = 2.56,
P = 0.15) .

Water Quality. Monthly mean water temperature during the study ranged from a
low in February of 5.5oC to a high in September of 27.4oC. There was no evidence of
water mass stratification during any of the sampling months. Bottom water temperature
was <2oC lower than the surface in September and May. Water temperature was
homogeneous at all depths within each station during February. Dissolved oxygen (as
percent saturation) was lowest in September (43.0 to 54.5%) and highest in February
(88.8 to 92.9%). pH ranged from 6.6 to 7.8 and was slightly higher in February than in the
other two months. Salinity and conductivity were below the detection limit of the
instrument used (limits: 0.1 ppt and 500 umhos, respectively). Mean conductivity, as
recorded by NCDEM (Highway 45 bidge) averaged 171 umhos/cm (271 observations)
from 1981 to 1990. The highest recorded conductivity during this period was 2,135
umhos/cm in July 1985 (NCDEM 1991). A summary of water quality measurements is
given in Table 2 of the appendix.
Daily river flows peaked at about 20,000 cubic feet per second (cfs) for short periods
during January, May and June, 1992 (mean: 7,735 cfs) but were generally stable during
September (mean: 3,458 cfs). Flow rates increased from over 4,000 cfs in October to
16,658 cfs in January 1993. This high flow rate precluded any sample collection in
January. Flow rates decreased to 9,010 cfs for a ten-day period in February before
increasing again through April (mean: 32,762 cfs). River discharge decreased to an
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average of 13,183 cfs in May. The average flow rates during each sampling period were:
5,865 cfs (September), 9,010 cfs (February), and 20,000 cfs (May).
Macroinvertebrates. Variability among station replicates was examined for the
five most abundant taxa (see Table 4, appendix, for a list of common names) (Gammarus
fasciatus, Oligochaeta, Corbicula fluminea, Coleotanypus sp., and Polypedilum sp.) to
determine if the sampling procedure provided reliable estimates of individuals in each
replicate (Table 2). If the coefficient of variation (CV) was less than one (standard
deviation < the mean), the replicates were considered to be adequate. All replicates for
Oligochaeta were adequate, the highest CV being 0.75. The percentage of cases in which
the standard deviation was less than the mean for the other taxa were: Coleotanypus
(96%), Corbicula (92%), Polypedilum (91%), and Gammarus (77%). There was no
difference between month of collection and the value of the CV. The densities of the
remaining taxa collected were low and were not adequately represented between sample
replicates with the present study design.
Macroinvertebrates were dominated by three groups: Oligochaeta (53.6%),
Mollusca (20.4%), and Chironomidae (16.9%), which together accounted for 90.9% of
the total organisms collected. The remaining 9.1% was composed of 31 other taxa (Table
3). Oligochaetes were not identified beyond the phylum level except for Peloscolex sp.
which was distinctive.
The phylum Mollusca was composed of nine genera, five of which were bivalves.
Bivalves were dominated by Corbicula fluminea (86.9%) which was found at all stations.
There was no significant difference in the number of Corbicula collected in shallow water
versus deeper water (F = 2.46; P = 0.15) nor was there any significant difference between
stations upstream of the discharge or downstream of it (F = 0.5; P = 0.35). The majority
of Corbicula ranged in size from 19 to 34 mm (Figure 3). Recruitment occurred in the
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spring months; a large increase in the number of individuals collected in the 1 to 5 mm
size was observed in May.
Only two Rangia cuneata clams were collected (September and May) and both
were taken at station 10. This would appear to be the furthest upstream range of this clam
within the study area. Two specimens of the unionid mussel genus Alasmidonta were
collected, one at station 1 and the other at station 2 (identified by Arthur Bogan,
Freshwater Molluscan Research, Sewell, NJ). The small size of these mussels prevented
any determination of species.
The family Chironomidae was composed of 19 genera but was dominated by
Coleotanypus (11.3% of the total organisms collected) and Polypedilum (approximately
2%). Each of the remaining chironomid genera accounted for < 1% of the total organisms
collected.
Mean total density (log10-transformed data) was not significantly different
among stations (F = 1.94, P = 0.11) or months (F = 1.01, P = 0.38) and there was no
significant difference between stations above the discharge and those below it.
Differences in the species composition of stations were evaluated using the
Shannon-Weaver mean diversity index (Lloyd et al. 1968) and the Shannon diversity
index (Ludwig and Reynolds 1988). Both calculations use the number of individuals and
are affected by both the number of species (richness) and the spatial distribution of
species in the sample area (composition) (Figure 4). Both indices indicated a significant
difference in diversity among months (F = 24.9, P = 0.0001; F = 23.47, P = 0.0001,
respectively) but not among stations (F = 1.33, P = 0.29; F = 1.36, P = 0.27, respectively).
Both indices of diversity were significantly lower in September but those from February
and May were not statistically different from each other.
There was no significant difference among stations for evenness or dominance but
richness was significantly higher at station 3 than at stations 4, 5, 7, and 8 (Table 4).
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This apparent contradiction with the diversity indices is the result of the interaction of
richness and composition in the diversity indices. Evenness was significantly higher in
May and February than in September; richness was significantly higher in February than
in September but not significantly different than in May; and dominance was significantly
higher in September than in February or May (Figure 5).
The same observed values are used in the calculation of these indices and in the
Shannon diversity index and are thus correlated. The degree of correlation of richness and
evenness with diversity will indicate which variable was more important in the resulting
diversity index value for that month. Results of the correlation analysis (Table 5) shows
that evenness was more important in September than richness, nearly equal in February
and less important in May.
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The Hilsenhoff (1977) biotic index is designed to detect changes in community
structure based on the tolerance of various benthic organisms to organic pollution. Each
taxa collected is given a score (Klemm et al. 1990) and an index is calculated that ranges
from zero (excellent water quality) to four (severe pollution). The index for the stations
sampled in this study fell within the range of fair water quality (2.51 to 3.75). There was
no significant difference among stations (F = 1.20; P = 0.28) but the mean index for May
was significantly lower than that for September and February (F = 13.85; P = 0.0001).
The index for the latter two months were not significantly different (Table 6).

The dominants in common index (common dominants) is used for comparing
upstream sites to downstream sites. In this study, results from the three sampling months
were combined to minimize seasonal effects and each pair of stations were combined to
minimize sample depth differences. The eight most abundant taxa were used and the
index was calculated as the number of abundant taxa in common divided by the number
of abundant taxa at the upstream pair of stations. Since each of the eight abundant taxa,
with the exception of Chironomus at station 4 and Pisidium at stations 8 and 10, were
found at each station during the sampling period, the index value was always above 87%,
which indicated no impact.
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The common taxa index (similar but not identical to common dominants index)
uses the number of taxa in common at two sites as a percentage of the maximum number
of taxa at either site. Each pair of stations was combined and summed over the three
sampling months. The evaluation of the collected data followed the premise that if an
impact was present, the index value should decrease going downstream to the discharge
point and then recover as distance downstream increased. Stations 1 and 2 were used as
controls and were compared with each succeeding pair of stations with the following
results: 53.6% (sta. 3 and 4); 48.8% (sta. 5 and 6); 48.8% (sta. 7 and 8); and 65.8% (sta. 9
and 10). These values indicated a slight to moderate impact from the mill discharge on
the composition of the downstream macroinvertebrate community. The same procedure
was repeated using station 3 and 4 as controls: 64.5% (sta. 5 and 6); 51.6% (sta. 7 and 8);
and 54.0% (sta. 9 and 10). These values would indicate a slight impact.

Discussion
The macrobenthos of the lower Roanoke River is composed of predominantly
freshwater organisms with the exception of the euryhaline organisms Cyathura polita and
Rangia cuneata. The freshwater organisms that live successfully in the lower Roanoke
River must have some tolerance for salinity, at least at the stations nearest the river
mouth. Although no salinity was found in this study, salinity levels of 0.39 ppt have been
documented (Rulifson et al. 1992) upriver to river mile 7, just upstream from stations 5
and 6 in the present study. These periods of salinity intrusion were associated with the
presence of saline water in western Albemarle Sound.
There were seasonal shifts from high dominance, low evenness, richness, and
diversity in September to low dominance, high evenness, richness, and diversity in
February and May. This is likely to be the result of recruitment during the latter months,
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similar to that found in subtributaries of the Pamlico River (West 1985) but may have
been affected by increasing river flow during February, March, and April transporting
organisms from upstream areas to the sampling stations. The only index which showed a
statistical difference among stations was richness. The differences can be partly explained
by the differences in sediment type for stations 4 (sandy) and 7 (silty) but there is no clear
explanation for the differences between station 3 and stations 5 and 8.
Oligochaetes and Corbicula were the dominant taxa in the present study and that
of Kirby-Smith and VanDover (1979). Among the Chironomidae, both studies found that
Coleotanypus, Polypedilum, and Chironomus were the most abundant genera. Nine
genera of Chironomidae were collected in the present study that were not reported by
Kirby-Smith and VanDover (1979): Cladotanytarsus, Dicrotendipes, Endochironomus,
Nanocladius, Pagastiella, Parachironomus, Paralauterborniella, Phaenospectra, and
Xenochironomus. Kirby-Smith and VanDover sampled only during August and
September. Of the nine additional genera, only Nanocladius was collected in September
in the present study; thus these differences may reflect seasonal abundances. All of these
genera have been reported previously from the lower Roanoke River (NCDEM 1991).
There are further differences between Kirby-Smith and VanDover (1979) and the present
study: Cyathura polita was collected three river miles further upstream in the present
study in all months sampled; unionid clams and mayflies, which were abundant in 1978,
were not abundant in the present study.
Many of the taxa collected during the present study were low in abundance and
therefore estimates of their abundance could not be adequately represented within the
current budgetary constraints. These taxa comprised only a small precentage of the total
benthic macroinvertebrate fauna: the abundant taxa were adequately represented in the
samples and therefore would present a reliable view of the benthic macroinvertebrate
community.
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Only two juvenile Alasmidonta and no adults were collected in the present study.
The genus Alasmidonta is represented by six species in North Carolina, A. heterodon, A.
raveneliana, A. robusta ( all endangered), A. varicosa (threatened), A. undulata (special
concern), and A. viridis (special concern) (Williams et al. 1993). Clarke (1983) did not
find any unionid clams from six locations on the Roanoke and Cooper (1992) found only
one living unionid specimen in the lower river, Elliptio roanokensis. The asian clam,
Corbicula fluminea, has been reported as abundant in certain areas of the Roanoke River
(Kirby-Smith and VanDover 1979; Clarke 1983; NCDEM 1991). The size range (up to
38 mm) and mode (27 mm) of Corbicula was much greater in the present study than in
Kirby-Smith and VanDover (1979: up to 24 mm; mode of 2 mm).
The majority of benthic organisms collected in this study have a wide range of
tolerance to organic pollution (Klemm et al. 1990) and the resulting Hilsenhoff index
indicated only fair water quality. Those organisms collected that were relatively intolerant
of organic pollution (Amnicola, Alasmidonta) were found in low abundance. Mayflies
were also rare in the collections but not all habitats were sampled.
The answer to the question of the Plymouth mill's effluent having a demonstrable
effect upon the benthic fauna in the lower river must take into account that the upstream
sampling stations may be affected by upstream discharges. There are 14 NPDES
permitted discharges to the river and 41 within the watershed (Briggs 1991). These
discharges, as well as non-point sources such as agricultural and municipal runoff, could
affect the "control" stations used in this study. Thus, the indices used to predict changes
from upstream to downstream of the discharge could be comparing only those organisms
that have a similar tolerance.
The Shannon-Weaver mean diversity index and the Shannon diversity index both
indicated that there was no significant difference in benthos among stations, which would
be expected if similarly tolerant organisms were present at upstream and downstream
stations. The significant difference by month was attributable to seasonal changes with
20

increasing recruitment occurring in February and May. The common taxa index indicated
a decline in the number of taxa between the control stations continuing downstream to an
apparent recovery at the most downstream pair of stations. These indices do not take into
account any biological differences in microhabitat, and although the sediment types were
similar, there may be

unmeasured factors that influence the macroinvertebrate

community.
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GLOSSARY OF COMMUNITY INDICES
Notes and formulas for the community and biotic indices used in this report. All of the
values presented were based on taxa identification levels similar to that given in KirbySmith and VanDover (1979). Although more precise identifications may be possible, they
would notbe directly comparable using these indices. This would be true in comparing
these results to those of other studies as well.
Simpson dominance index: based on Simpson (1949) where it was proposed that two
individuals (taxa) drawn at random from a population could be assigned a probability of
belonging to the same taxa. The original form of the equation was of use only in finite
populations and thus another formula was proposed that gives an unbiased estimate

where ni is the number of individuals in the ith species or taxa; n is the total number of
all individuals; and s is the total number of species. This index does not take into account
that any or all of the taxa encountered may be aggregated by microhabitat, breeeding , or
behavior.
Richness: Margalef's index was used and has the form
R = (S-1)/ln N
where S is the number of taxa and N is the number of individuals. Richness generally
increases with increasing water quality but some areas may be naturally lower in
productivity. Variability of substrate is another confounding factor.
Evenness: This index is based on the J' of Pielou (1977) which expresses the
relationship that abundance of individual species have to the total abundance. When all
species are equally represented, the index would be at a maximum and would decrease as
the species diverge in abundance. The equation has the form

e = H'/logS
where H' is the Shannon index (below) and S is the number of species or taxa.

Shannon diversity index: this index is based on information theory and is a measure of
the average degree of "uncertainty" in predicting the identity of a randomly chosen
individual from a collection of S taxa and N individuals. The equation has the form
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where ni is the number of individuals in the ith species (taxa) of S species and n is the
total number of individuals in each sample. The estimate derived from this equation is
biased because the total number of individuals in the community will be greater than that
found in any single sample.
Shannon-Weaver mean diversity: this index summarizes the information collected on
species composition. This index utilizes the richness of taxa and composition of taxa, and
since these two parameters may vary independently of each other, may not detect subtle
changes in community structure. The equation has the form
d = C/N [ N log10 N - Σ (ni log10 ni)]
where C is a constant (3.321928) which converts the log10 to log2; N is the total number
of individuals; and ni is the total number of individuals in the ith species (taxa).
Hilsenhoff taxa index: This index relies on subjective values given to various benthic
taxa expressing their tolerance to organic pollution. These values are given in Hilsenhoff
(1977) and in Klemm et al. (1990). Those organisms that do not have values listed are
given an intermediate value of 3. The values are based on the following scheme: tolerant,
those organisms that are associated with gross organic contamination (values of 4 and 5);
facultative, those organisms that show a wide range of tolerance (values of 2 and 3); and
intolerant, organisms not associated with organic pollution or moderate reductions in
oxygen (values of 0 and 1). The equation has the form

HBI = Σ (ni ai)/ N
where ni is the number of individuals in the ith taxa; ai is the index value of that taxa; and
N is the total number of individuals in the sample. Index values below 1.75 indicate
excellent water quality, 1.76-2.50 indicate good water quality, 2.51-3.75 indicate fair
water quality, and 3.76-4.00 indicate poor water quality. Values over 4.00 indicate serious
water quality problems.
Common dominants index: this index is used to compare sites that are upstream of a
particular impact to sites downstream of the impact. This index requires that the
upstream site is similar in substrate, current, and water body size and that it be free of
external sources of contamination. The index is derived by dividing the number of
abundant taxa in common by the number of abundant taxa at the upstream site. The result
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is multiplied by 100 to form a percentage. This index is subjective in that the investigator
must determine which taxa are to be included in the abundant category. This index is used
by NC Division of Environmental Management. The levels of impact are 81-100% (no
impact), 51-80% (slight impact), 21-50% (moderate impact) and 20% or less (severe
impact).
Common taxa index: this index measures the number of taxa in common at two sites
relative to the maximum number of taxa at either site. It is derived by dividing the
number of taxa in common by the maximum number of taxa and the result is multiplied
by 100. The impact values are categorized as >70% (no impact), 50-70% (slight impact),
30-49% (moderate impact), and <30% (severe impact).
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