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Abstract. Benthic invertebrate samples were collected from 23 
pools in the Upper Mississippi River (UMR) and from one 
station in the Saint Croix River (SCR) as part of a study to 
assess the effects of the extensive flooding of 1993 on sediment 
contamination in the UMR system. Sediment contaminants of 
concern included both organic and inorganic compounds. 
Oligochaetes and chironomids constituted over 80% of the total 
abundance in samples from 14 of 23 pools in the UMR and SCR 
samples. Fingernail clams comprised a large portion of the 
community in three of 23 UMR pools and exceeded abundances 
of 1,000/m2 in five of 23 pools. Total abundance ranged from 
250/m* in samples from pool 1 to 22,389/m* in samples from 
pool 19. Abundance values are comparable with levels previ­
ously reported in the literature for the UMR. Overall frequency 
of chironomid mouthpart deformities was 3% (range O-13%), 
which is comparable to reported incidence of deformities in 
uncontaminated sediments previously evaluated. Sediment con­
tamination was generally low in the UMR pools and the SCR 
site. Correlations between benthic measures and sediment 
chemistry and other abiotic parameters exhibited few signifi­
cant or strong correlations. The sediment quality triad (Triad) 
approach was used to evaluate data from laboratory toxicity 
tests, sediment chemistry, and benthic community analyses; it 
showed that 88% of the samples were not scored as impacted 
based on sediment toxicity, chemistry, and benthic measures. 
Benthic invertebrate distributions and community structure 
within the UMR in the samples evaluated in the present study 
were most likely controlled by factors independent of contami­
nant concentrations in the sediments. 

The Mississippi River is the central catchment for a majority of 
the water runoff between the west side of the Appalachian 
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mountain range and the east side of the Rocky mountain range. 
This makes the Mississippi River system the largest in the 
United States, the third largest drainage worldwide, and the 
seventh largest average discharge worldwide (Van der Leeden 
et al. 1990). The river receives inputs from municipal, agricul­
tural, and industrial sources. Previous studies have examined 
the concentrations of organic and inorganic contaminants in the 
sediments from select pools in the Upper Mississippi River 
(Wiebe 1927; Bailey and Rada 1984; Wiener et al. 1984; Rada 
et al. 1990). Recently, some studies have reported a decline in 
the levels of contaminants in the sediments of the Upper 
Mississippi River (UMR) (Rada et al. 1990). 

The UMR, that part of the river north of the confluence with 
the Ohio River at Cairo, Illinois, is divided into a series of large 
runs and pools by 26 locks and dams constructed for naviga­
tional purposes (Rada et al. 1990). This lock-and-dam system, 
which runs from Minneapolis, Minnesota to St. Louis, Mis­
souri, provides areas for deposition of large quantities of 
fine-grained sediments during normal and low flows (Nielson et 

al. 	 1984). Contaminants are often associated with fine-grained 
sediments and settle along with these sediments (Forstner and 
Wittmann 1980; Hassett et al. 1980). Sediments often serve as a 
sink for an array of organic and inorganic contaminants when 
the water-to-sediment gradient is high, and these sediments can 
act as a source of contamination when the water-to-sediment 
gradient is low (Shimp et al. 1971; Oschwald 1972; Medine and 
McCutcheon 1989). 

Benthic macroinvertebrates inhabiting the sediments are 
presumably exposed continuously to any contaminants con­
tained in the sediments. Benthic macroinvertebrate abundance, 
community structure, and ecological function have long been 
used to characterize water quality in freshwater ecosystems 
(Davis and Lathrop 1992). Numerous studies have documented 
changes in benthic invertebrate community structure associated 
with the impacts of contaminants (Cook and Johnson 1974; 
Rosenberg and Wiens 1976; Hilsenhoff 1982, 1987; Water-
house and Farrell 1985; Clements et al. 1992). Most studies in 
lotic environments have examined the responses of benthic 
macroinvertebrate communities in riffle areas due to ease of 
collection and observed higher taxa richness. However, only a 
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limited number of assessments have been conducted in deposi­
tional soft-sediments (Canfield et al. 1996). 

The spatial and temporal distribution of resident organisms 
may reflect the degree to which chemicals in the sediments are 
bioavailable and toxic. Field surveys of invertebrates can 
provide an important component of biological assessments of 
toxicity associated with contaminated sediments for several 
reasons: (1) macroinvertebrates are abundant, relatively seden­
tary, easy to collect, and ubiquitous across a broad array of 
sediment types; (2) many indigenous benthic organisms com­
plete all or most of their life cycles in the aquatic environment 
and may serve as continuous monitors of sediment quality; and 
(3) results of an assessment of indigenous populations may be 
useful for quantifying resource damage (Cook 1976; Pratt and 
Coler 1976; Davis and Lathrop 1992). 

The United States Geological Survey (USGS) has been 
monitoring the UMR since 1987 to document the fate, trans-
port, and distribution of contaminated sediments (Moody and 
Meade 1995). Concern with regard to the fate of contaminated 
sediments in the UMR arose after the flood of 1993, because of 
the possible for reexposure of deeply buried, potentially highly 
contaminated sediments. Furthermore, the flood inundated 
numerous riparian areas known to contain both diffuse and 
concentrated (i.e. fuel tanks, warehouses) sources of contami­
nants. This study was designed to evaluate the current status of 
sediments in the UMR and is one chapter in a series designed to 
assess the extent of sediment contamination in the navigational 
pools of the river. The overall study consisted of the following 
components: (1) monitoring concentrations of contaminants in 
the Mississippi River sediments (Moody 1996); (2) toxicity 
testing with whole sediments collected from the river (Kemble 
et al. 1998); (3) bioaccumulation tests with whole sediments 
collected from the river (Brunson et al. 1998); and (4) analysis 
of benthic invertebrate community structure. The objective of 
this portion of the study was threefold: (1) describe distribu­
tions and abundances of benthic invertebrates in soft sediments 
from selected locations in pools of the UMR; (2) evaluate 
impacts of contaminants associated with these sediments using 
measures of benthic invertebrate community structure; and (3) 
evaluate the concordance of benthic invertebrate assessments to 
sediment toxicity and sediment chemistry using the sediment 
quality triad approach. 

Materials and Methods 

Sampling Locations 

Stations were selected for assessment of sediment toxicity, sediment 
chemistry, and benthic macroinvertebrate communities based on histori­
cal chemistry data (Moody 1996) and the availability of soft sediments 
(Kemble etal. 1998). UMR pools were sampled from June 11 to July 5, 
1994. Stations were located in 23 of 26 pools in the UMR from pool 1 
near Hastings, Minnesota to pool 26 near St. Louis, Missouri (Figure 
1). A complete description of the sampling locations in each pool is 
described in Kemble et al. (1998) and bioaccumulation data is 
contained in Brunson et al. (1998). 

Sediment Collection, Handling, and Storage 

Locations of stations for field sampling were determined with a Global 
Positioning System. A stainless steel standard Ponar grab (23 X 23 cm, 
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529 cm* area) was used to collect bulk sediments from about the upper 
6 to 10 cm of the sediment for chemistry analyses, laboratory toxicity 
assessments, and benthic invertebrate assessments at one station per 
pool (Kemble et al. 1998). Each sample was a composite of 8-20 grab 
samples for a volume of 35-80 L of sediment/station (identified as C 
samples in Kemble et al. 1998). Sediments were placed in a 120-L 
high-density polyethylene drum and mixed at low speed with a 
hand-held power drill and a stainless steel auger to allow complete 
mixing of sediment while leaving the animals undamaged. A 2.5-L 
subsample of sediment for evaluations of benthos was obtained from 
the composite C sample before subsamples were obtained for chemis­
try and laboratory analyses (Kemble et al. 1998). To isolate the 
benthos, these 2.5-L subsamples were sieved through an ASTM No. 30 
(533 pm) and an ASTM No. 60 (250 pm) bucket connected in series 
using screened river water for rinsing. Material containing benthos 
retained by the sieves was combined and transferred into 1-L high-
density polyethylene jars, preserved with 10% buffered formalin, and 
transported to the laboratory. Subsamples for use in toxicity and 
bioaccumulation testing (10 L), for chemical characterization (250 ml 
for metals, 250 ml for organics), and for physical characterization (250 
ml) were taken and stored in high-density polyethylene containers or 
amber glass I-CHEM bottles (chemical characterizations only). All 
samples were stored at 4°C in the dark (Kemble et al. 1998). For a 
description of chemistry analyses and laboratory toxicity assessments 
conducted on these sediments, see Kemble et al. (1998). 

Taxonomic Identification 

The preserved samples of benthos were placed in a sieve (250 pm) and 
rinsed thoroughly with tap water in the laboratory to remove formalin 
and excess silt or mud before sorting. The samples were drained of 
excess water, returned to the original jars, filled with 95% ethanol and 
allowed to soak for at least 24 h to facilitate extraction of volatile 
compounds. Aliquots of the sample were sequentially removed from 
the jar to sort benthic invertebrates until the entire sample had been 
sorted. 

A binocular dissecting microscope (4X to 12X power) was used to 
sort and pick invertebrates from the entire sample. Invertebrates were 
initially sorted and enumerated into the following orders or families: 
Oligochaeta, Chironomidae, Bivalvia, Gastropoda, Ephemeroptera, 
Odonata, Plecoptera, Hemiptera, Megaloptera, Trichoptera, Coleop­
tera, Diptera, Hirudinea, and Amphipoda. Taxa were identified to the 
lowest practical level using appropriate taxonomic keys (Wiederholm 
1983; Merritt and Cummins 1984; Pennak 1989; Thorp and Covich 
1991). The following benthic macroinvertebrate metrics were calcu­
lated: macroinvertebrate abundance (number/m*), species composi­
tion, and taxa richness (US EPA 1997). All taxa were either identified 
or verified by personnel at the Aquatic Resources Center in Franklin, 
TN. 

Chironomid larvae (midge) were examined for deformities in 
mouthpart structures. These deformities, which included various types 
of asymmetry, missing teeth, extra teeth, fusion among various teeth, 
and labial separation, have been described by several investigators 
(Saether 1970; Hamilton and Saether 1971; Hare and Carter 1976; 
Warwick et al. 1987; Warwick 1989). Individual midges were mounted 
on slides and their mouthparts were examined for deformities in the 
mentum and ligula (Tanypodinae only). Occurrence of deformities was 
expressed as a proportion of the total number of midges at each station. 

Physical and Chemical Characterizations of Sediment 

Sediment physical characteristics included the following: (1) sediment 
particle size, (2) total organic carbon, (3) inorganic carbon, and (4) 
percent water. Sediment chemical parameters included the following: 
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(1) chlorinated pesticides, (2) polychlorinated biphenyls (PCBs), (3) 
select aliphatic and polynuclear aromatic hydrocarbons (PAHs), (4) 
simultaneously extracted metals @EMS), (5) acid volatile sulfide 
(AVS), and (6) total metals. See Kemble et al. (1998) for additional 
information on chemical and physical characteristics of the sediments. 

Statistical Analyses 

Statistical analysis was performed with the Statistical Analysis System 
(SAS 1994). Comparisons between benthic invertebrate abundance and 
physical and chemical data were made with a Spearman Rank 
correlation and multivariate regression. If not reported, statements of 
statistical significance indicate p 5 0.05. 

Sediment Quality Triad Assessments 

The sediment quality triad (Triad) approach was used as an effects-
based approach to integrate data from chemical and physical analyses 
(e.g., PAHs, metals, grain size), laboratory sediment toxicity tests (e.g., 
Hyalella azteca survival and growth), and metrics of benthic commu­
nity structure and structural abnormalities (e.g., index of biotic 
integrity, taxa richness, midge mouthpart deformities) to evaluate the 
level of concordance between these three measures and the degree of 
contaminant-induced degradation in aquatic communities in soft-
sediment depositional areas (Chapman et al. 1992). Toxicity, benthos, 
and chemistry data were scored using procedures developed by Kreis 
(1988) and data were plotted using procedures described by Canfield et 
al. 	 (1994, 1996). Values for each individual variable for all samples 
were scaled proportionally between 1 and 100 (e.g., 1 is indicative of 
the lowest concentration or least impacted and 100 is the greatest 
concentration or most impacted). Scaling data retains proportional 
differences between measurements and results in an identical range for 
all variables. Typically, more than one variable is determined for a 
particular Triad component (e.g., H. azteca survival and growth). In 
these instances Kreis (1988) recommends: (1) scaling each individual 
variable among samples, (2) summing the scaled values for each 
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variable, and then (3) resealing the sums for all samples. This results in 
scaled scores (e.g., toxicity, benthos, or chemistry) between 1 and 100 
for each Triad component, which can be compared graphically or in 
tabular form. 

The high and low values used to establish scores for each of the sets 
of information for benthos, chemistry, and laboratory toxicity were 
previously reported in Canfield er al. (1996). To evaluate the extent of 
contamination of the UMR in the context of other areas with 
contaminant concerns in North America, we used data from three Great 
Lakes Areas of Concern (Canfield et al. 1996) and data from a study of 
the upper Clark Fork River, including Milltown Reservoir, in Montana 
(Canfield et al. 1994). Inclusion of these data sets provided a larger 
number of stations with a broad range in levels of contamination that 
could be used in the analyses of the relative responses of benthic 
communities in select sampling locations in the UMR and evaluate the 
relative contamination of sediments in the UMR sediments when 
compared to other areas. Six benthic invertebrate indices were used in 
the evaluation of the extent of sediment contamination in the UMR 
system: (1) total taxa richness, (2) chironomid genera richness, (3) 
chironomid mouthpart deformities, (4) chironomid biotic index, (5) 
chironomid/oligochaete ratio, and (6) oligochaete biotic index. A biotic 
index is used to evaluate habitat quality (water or sediment) based on 
measures of the relative abundance of various taxa present at a site and 
the associated tolerance value of these taxa combined to produce a 
numerical score (Chutter 1972; Hilsenhoff 1982, 1987). The Hilsenhoff 
index of biotic integrity (Biotic Index) was used to calculate the biotic 
indices for both the midges and oligochaetes. Species sensitivity within 
genera were obtained primarily from those assigned by Hilsenhoff 
(1982, 1987) and secondarily by Lenat (1993). 

To evaluate the chemistry portion of the Triad, we used effect-range 
median (ERM) concentrations calculated by Ingersoll ef al. (1996). An 
ERM is defined as the concentration of a chemical in sediment above 
which effects are frequently or always observed (Long et al. 1995). We 
used seven ERM values that correctly classify laboratory toxicity > 
70% of the time in H. azteca 28-day tests (Ingersoll er al. 1996). These 
seven ERMs would more closely identify cause and effect toxicity 
rather than correlative toxicity (Canfield er al. 1996). These ERMs 
included: cadmium, nickel, lead, zinc, chrysene, benzo(a)pyrene, and 
benzo(g,h,i)perylene. 
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To evaluate the laboratory toxicity portion of the Triad we used 
amphipod (H. azteca) 28day growth and survival to score laboratory 
toxicity (Kemble et al. 1998). Amphipods are sensitive to contami­
nated sediments and frequently exhibit reduced survival and growth 
following exposures to contaminated sediments (Burton et al. 1996; 
Ingersoll etal. 1996). Each sample was designated as toxic when either 
survival or growth of H.azteca was significantly reduced relative to the 
control or reference sediment (Kemble et al. 1994, 1998; Ingersoll et 

al. 	1996; US EPA 1993, 1994). Associations between benthic indices or 
laboratory toxicity tests and sediment chemistry were evaluated by 
plotting the scores of either the benthic indices or laboratory toxicity 
data against the sum of the ERM quotient @ERM-Q: ERM-Q = 
concentration of a chemical in sediment sample/ERM for that chemi­
cal) for all seven chemicals in a sample. This approach is similar to a 
toxic-unit approach. 

Well-defined guidelines have not been developed for distinguishing 
impacts of contaminant effects on benthos found in soft sediments in 
either lakes, streams, or rivers. Canfield et al. (1996) incorporated data 
plots (partitioned by using quadrants defined by “no effect concentra­
tion data”) and frequency analysis to examine the distribution of the 
data points to identify relations between sediment chemistry, laboratory 
toxicity, and benthic invertebrate distributions. This quadrant-
frequency analysis (essentially a frequency analysis to identify correct 
classification and Type I and Type II error) was conducted in order to 
evaluate which benthic indices were most sensitive to elevated 
contaminant concentrations. In this analysis, scores for benthic indices 
were plotted against scores for chemical contamination in sediments. 
Quadrants were then defined, which identified one of four possible 
conditions: (1) low chemical concentration and benthos not adversely 
impacted, (2) elevated chemical concentration and benthos adversely 
impacted, (3) low chemical concentration and benthos adversely 
impacted (Type II error, false negative), and (4) elevated chemical 
concentration and benthos not adversely impacted (Type I error, false 
positive). Various combinations of benthic indices were evaluated by 
adding the individual scores and restoring. These analyses were 
conducted for all possible combinations of the six scored benthic 
indices listed above. 

Sediment toxicity studies were conducted on sediments from all of 
the UMR pools (except pools 3 and 17) (Kemble et al. 1998). The 
results of the tests on the UMR sediments were combined with data 
from 19 Great Lakes sediment samples (Ingersoll et al. 1996) and 13 
Clark Fork River/Milltown Reservoir samples (Kemble et al. 1994) in 
order to evaluate the toxicity of the UMR sediments in the context of 
other samples previously evaluated. Based on previous plots of toxicity 
scores (Canfield et al. 1996), the vertical quadrant line, to the right of 
which no nontoxic samples were observed and where chemical 
contamination was considered “toxic, ” intersected the X axis at a sum 
of the ERM quotient of 39 (Figure 2). The horizontal quadrant line 
above which no “nontoxic” samples were observed intersected the Y 
axis at a laboratory toxicity score of 30. This selection procedure for 
establishing quadrant lines may not be the most environmentally 
protective because some of the samples that had a sum of the ERM 
quotient score less than 39 were toxic to H.azteca in the laboratory 
studies (Kemble et al. 1994, 1998; Ingersoll et al. 1996). 

Scores for each of the individual benthic indices and all combina­
tions of combined benthic indices were plotted against the sum of the 
ERM quotient. The position of quadrant lines for benthic indices were 
determined in three steps: (1) plotting the data, (2) drawing the vertical 
quadrant line at 39 for the sum of the ERM quotient, and (3) by 
evaluating the distribution of the data and selecting a benthic score 
(horizontal quadrant line), which maximized the number of points in 
quadrants that would be considered “correctly classified” and mini­
mized the number of samples with “Type I, false positive” and “Type 
II, false negative” error results. 

Raw data for sediment and tissue analyses, as well as benthic 
invertebrate assessments are presented in US EPA (1997) and are also 
available on the Web at our home page (http://www.ecrc.cr.usgs.gov/ 
puhs/umr.html). 
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Results and Discussion 

Benthic Invertebrate Assessments 

Abundance: Benthic invertebrates from the UMR exhibited a 

wide range of abundance values. Benthic invertebrate abun­

dance (number/m*) in samples ranged from 250/m* in sample 
IC to a maximum of 22,389/m* in sample 19C (Table 1). Total 
abundance values were less than 8,000/m* in 21 of 24 samples 
with the remaining three samples having abundance values two-
to threefold greater than any of the other samples. Oligochaetes 
were numerically dominant in 12 of 24 samples. Midges 
comprised the majority of the community in eight of 24 samples 
with the bivalves (two), mayflies (one), and nematodes (one) 
comprising the majority of the community in four of 24 samples 
(Table 1) (US EPA 1997). 

Oligochaete abundance ranged from 63/m* in sample SC to 
12,111/m* in sample 19C (Table 1). There were order of 
magnitude differences in abundance values among the pools. In 
general, oligochaete abundance was lowest in samples from the 
upper pools (1 through 7) and higher in the lower pools (Ta­
ble 1). We expected these differences to be explained by organic 
carbon and grain size, however, no significant correlations 
among these variables were observed with this data set (Ta­
ble 2). 

Chironomid abundance ranged from zero in samples from 
station 7C to 8,889/m* in samples from station 1X (Table 1). 
Distribution of midges was fairly even across this range. These 
values for chironomid abundances were generally higher than 
those reported from contaminated sediments in Milltown 
Reservoir/Clark Fork River (Canfield et al. 1994) or the Great 
Lakes (Canfield et al. 1996). 

Community Composition: Samples from the UMR had a 
moderately diverse benthic invertebrate community (Table 1). 
Overall taxa richness was greater in samples from the lower 
two-thirds of the river than in the upper eight pools. Oligo­
chaetes accounted for 590% of the total abundance in all 
samples. Oligochaetes and midges together accounted for 
8-100% of the total abundance in all samples, with the Bivalvia 
and Ephemeroptera accounting for most of the remainder of the 
benthic community. 

The oligochaete community was comprised of two families, 
five genera, and nine species (US EPA 1997). Samples from 
20C and 11C had the highest number of species, while samples 
from lC, 4C, and 5C each had only one species. Except for 
lOC, the oligochaete community was made up entirely of the 
family Tubificidae. Limnodrilus spp., generally considered 
tolerant of organic and metal contamination (Kennedy 1965; 
Brinkhurst et al. 1972; Burt et al. 1991), was the most common 
genus occurring in samples from the UMR. 

The midge community was comprised of four subfamilies 
(Chironomini, Tanipodinae, Tanytarsini, and Orthocladinae) 
and 18 genera (US EPA 1997). The sample from station 1OC 
had the highest number of genera present (eight), while the 
sample from station 7C had no midge present. Chironomus spp. 
was the most abundant genus present in 17 of 24 samples, while 
Procladius spp. was the most abundant in 3 of the remaining 
samples. 
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Table 1. Percent contribution of each taxa to the overall total abundance estimatesa 

Taxa 

Sample OL CH BIVL EPHM ODON HEM TRI DPT HR AMP NEMA HDRNID Total 

see 32 63 2 0 0 0 0 0 0 0 2 0 2,133 
1c 33 67 0 0 0 0 0 0 0 0 0 0 250 
2c 43 36 0 20 0 0 0 0 0 0 0 0 2,933 
4c 18 3 0 3 0 0 0 0 0 0 15 1 3,381 
5C 11 33 22 22 0 0 11 0 0 0 0 0 563 
6C 53 26 3 5 0 2 0 I 0 2 2 0 1,611 
7c 12 0 62 22 0 0 1 0 0 1 1 0 4,222 
8C 43 35 0 18 1 0 0 2 0 0 0 0 4,m 
9c 5 3 71 9 0 0 1 0 2 4 0 0 21,611 

1oc 46 51 2 0 0 0 0 0 0 0 0 0 4,07 1 
11c 63 29 1 5 0 0 1 0 0 0 1 0 2,581 
12c 7 30 19 35 0 1 0 2 1 1 4 0 7,611 
13c 39 27 14 6 0 0 0 0 10 5 0 0 7,294 
14c 75 20 2 0 0 0 0 2 0 0 0 0 5,500 
15c 53 44 1 1 0 0 0 1 0 0 1 0 20,222 
16C 46 53 0 0 1 0 0 0 0 0 0 0 3,909 
18C 28 69 3 0 0 0 0 0 0 0 1 0 5,583 
19c 54 25 6 15 0 0 0 0 0 0 0 0 22,389 
2oc 90 6 1 2 1 0 1 1 0 0 0 0 1,702 
21c 16 60 0 18 3 0 0 3 0 0 0 0 2,429 
22c 67 30 2 0 0 0 2 0 0 0 0 0 3,389 
24C 13 75 2 6 0 0 0 4 0 0 0 0 2,ooo 
25C 78 16 3 3 0 0 0 0 0 0 0 0 4,808 
26C 55 45 0 0 0 0 0 0 0 0 0 0 2,286 

a Values for total abundance (Total) are actual numbers of organisms estimated in each sample standardized by unit area (mZ) 
HEM-Hemiptera; TRI-Trichoptera;OL-Oligochaeta; CH-Chironomidae; BIVL-Bivalvia; EPHM-Ephemeroptera; ODON-Odonata; 

DPT-Diptera; HR-Hirudinea; AMP-Amphipoda; NEMA-Nematoda; HDRNID-Hydrachnida 
Sample numbers designate the pools in the Upper Mississippi River where the samples were taken. The sample number SCC corresponds to the 
sampling site in the Saint Croix River 

The Bivalvia (clams) and aquatic insects (excluding midge) ble 1). The Bivalvia were present in 17 of 24 samples. Bivalvia 
comprised a large part (> 20%) of the community collected in abundance was greater than or equal to 1,000/m* in five of 24 
11 of 24 samples (US EPA 1997). Bivalvia abundance ranged samples. Bivalvia abundance of 16,722/m2 in sample 9C is one 
from zero in seven samples to 16,722/m2 in sample 9C (Ta- to two orders of magnitude greater than all other samples 
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Table 2. Spearman rank correlation for whole sediment measured naphthalene (NAPH), chrysene (CHRYS), benzo(a)pyrene (BAP), cadmium 

(Cd), nickel (Ni), lead (Pb), zinc (Zn), percent water (%H*O), percent sand (%SAND), percent silt (%SILT), percent clay (%CLAY), total organic 

carbon (TOC) with oligochaete abundance (OL), chironomid midge abundance (CH), bivalve abundance (BIVL), mayfly abundance (EPHM), total 

abundance (Total), number of oligochaete taxa (OTAXA), number of chironomid midge taxa (MTAXA), oligochaete biotic index (OLBI), 

chironomid midge biotic index, ratio of oligochaetes to chironomid midge (MGOLRAT), chironomid midge mouthpart deformities (MGDFRM), 

chironomid midge genera richness (MGRICH), and total taxa richness (TXRICH) 

Metric NAPH CHRYS BAP Cd Ni Pb Zn %H20 %SAND %SILT %CLAY TOC 

OL 0.21 0.15 -0.09 -0.23 0.07 0.11 0.13 -0.07 -0.32 0.17 0.29 0.09 
CH 0.04 0.03 -0.01 -0.06 -0.08 0.24 0.32 -0.17 -0.39 0.07 0.48* 0.11 
BIVL 0.28 -0.04 -0.25 0.09 0.21 0.38 0.37 -0.24 -0.33 -0.17 0.49* 0.19 
EPHM 0.34 -0.21 -0.01 -0.10 0.16 0.0 0.04 -0.22 -0.43* 0.09 0.47* 0.03 
Total 0.39 0.08 0.0 0.10 0.26 0.39 0.46* -0.31 -0.54* 0.09 0.59* 0.29 
OTAXA -0.20 -0.14 -0.21 -0.60* -0.33 -0.33 -0.29 0.34 0.0 -0.04 0.03 -0.24 
MTAXA 0.08 -0.33 -0.24 -0.23 -0.20 -0.02 0.07 -0.12 -0.34 0.03 0.46” -0.12 
OLBI 0.06 0.45* 0.30 0.42* 0.16 0.12 0.16 -0.12 0.16 0.0 -0.31 0.33 
MGBI 0.17 0.22 0.0 0.05 0.29 0.29 0.25 0.02 0.22 -0.08 -0.23 0.24 
MGOLRAT -0.17 -0.12 -0.02 0.16 -0.19 0.03 0.08 -0.07 -0.09 0.0 0.19 0.0 
MGDFRM -0.25 -0.06 0.14 -0.15 -0.19 0.09 0.14 0.0 -0.14 0.05 0.25 -0.09 
MGRICH 0.08 -0.33 -0.24 -0.23 -0.19 -0.02 0.07 -0.12 -0.35 0.03 0.46* -0.12 
TXRICH -0.08 -0.46* -0.41* -0.54* -0.41* -0.26 -0.16 0.16 -0.09 -0.23 0.23 0.27 

a Significant correlations are designated with an asterisk (*; p 5 0.05) 

collected and comprises 77% of the overall community abun­
dance (Table 1). The Bivalvia community was made up almost 
entirely of Musculium transversum. 

The Ephemeroptera (mayflies) were present in 16 of 24 
samples. Ephemeroptera abundance ranged from absent in eight 
samples to 3,278/m’ in sample 19C (Table 1). Ephemeroptera 
abundance was greater than or equal to 500/m2 in six of 24 
samples, but were entirely absent in eight of 24 samples. The 
Ephemeroptera community was comprised of two families, two 
genera, and three species. The majority of the insect community 
(chironomidae excluded) was comprised of Hexagenia sp. 

The estimated abundance values of benthic invertebrates 
collected in this study are consistent with the estimated 
abundance values of invertebrates collected in previous studies 
of the UMR (Eckblad et al. 1977; Butts and Sparks 1982; 
Neuswanger et al. 1982; Eckblad 1986; Jahn and Anderson 
1986; Hombach et al. 1989). Although there is some variation 
among studies, estimated abundance values were within the 
same numeric range regardless of the study. In 1991, the 
Environmental Management Program, Long Term Resource 
Monitoring Program (LTRMP) issued an observation bulletin 
(Eckblad 1991) that reported on the observed decline in 
abundance of macroinvertebrate communities (primarily the 
fingernail clams) in the UMR. Data from our study do not 
support the trends reported in the LTRMP report. Benthos 
abundances were above the low-level warnings issued in the 
LTRMP report. Differences in abundances may be due to 
natural spatial or temporal variation in the invertebrate commu­
nities, difference in methods of sampling, or conditions in the 
river and sediments have changed between the time when the 
LTRMP report was issued and when we conducted our study. 

Deformities in Chironomids 

The frequency of mouthpart deformities in the midge commu­
nity ranged from a low of zero in samples from 11 stations to a 
maximum of 13% in sample 20C (Figure 3). Deformities were 

present in 13 out of 24 samples in the UMR, although only four 
of 24 samples had deformities that could be considered above 
the identified background levels of 3-4% (Dickman et al. 
1992). 

Different genera of midge exhibit different levels of suscepti­
bility or tolerance to contaminants (Hamilton and Saether 197 1; 
Hare and Carter 1976; Wiederholm 1984; Warwick 1985, 
1988). Some genera, such as Pagastia spp., Prodiamesa spp., 
and Stempellina spp., are quite intolerant and are eliminated 
from locations with relatively low levels of contaminants, while 
other genera such as Procladius spp., Chironomus spp., and 
Cryptochironomus spp. are more tolerant and may persist in 
contaminated locations (Warwick 1985; Bode 1988). An asso­
ciation between increased contamination and the presence of 
midge deformities has been observed by several investigators 
(Hamilton and Saether 1971; Tennessen and Gottfried 1983; 
Cushman 1984; Wiederholm 1984; Warwick 1985; Diggins and 
Stewart 1993). Deformities reported in these studies include 
thickening of the exoskeleton, enlargement and darkening of 
the head capsule, asymmetry in mouthparts, missing or fused 
lateral teeth, and antenna1 deformities. None of the specimens 
examined in the present study exhibited antenna1 deformities. 
Deformities observed in this study occurred only in Procladius 
spp. and Chironomus spp. 

The occurrence of midge deformities is reportedly less than 
1% in nonimpacted or preindustrialization communities (Wied­
erholm 1984; Warwick et al. 1987). Background levels have 
been estimated at 3% to 4% (Dickman et al. 1992), and 
investigators have suggested that frequency of deformities in 
the range of 5-25% or greater are generally associated with 
moderate to severe contamination (Wiederholm 1984; Warwick 
et al. 1987). Based on these criteria, deformities in midge from 
the UMR indicate that sediments from only four samples would 
be classified as “moderately contaminated” (Figure 3). Defor­
mities of midges in samples from the UMR were considerably 
lower than those from contaminated sediments in studies from 
either the Milltown Reservoir/Clark Fork River (Canfield et a2. 
1994) or the Great Lakes (Canfield et al. 1996). These data 
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1 2 5 7 9 11 13 15 18 20 22 25 Fig. 3. Comparison of chironomid deformities (%) for 
samples from the UMR samples. Solid line (-) repre-

SC 4 6 8 10 12 14 16 19 21 24 26 sents the 1% historical background level of deformities 

POOL # 
-	 l%, HISTORICAL BACKGROUND LEVELS 

---I-- 4%, CURRENT BACKGROUND LEVELS 

indicate that overall the sediments in the UMR are uncontami­
nated relative to other locations with documented occurrences 
of deformities in midges. 

Correlation Data 

Spearman rank correlations were used to compare associations 
of physical and chemical measures to benthic responses be-
cause of non-normal distribution of data (Snedecor and Co­
&ran 1982). Few significant correlations were detected be-
tween benthic parameters and either contaminants or abiotic 
factors evaluated (Table 2). Significant negative correlations 
were observed between total Ephemeroptera abundance 
(r = -0.43) and total abundance (r = -0.54) with percent 
sand. Conversely, significant positive correlations were ob­
served between clay and total numbers (r = 0.59), bivalve 
abundance (r = 0.49), chironomid abundance (r = 0.48), 
Ephemeroptera abundance (r = 0.47), number of chironomid 
genera (r = 0.46), and number of chironomid taxa (r = 0.46). 
Positive correlations with clay and negative correlations with 
sand imply that hydrological factors such as current velocity 
may have been determinants of benthic distributions. For 
example, clay-dominated areas may support greater benthic 
nymphs due to increased stability of physical habitat and 
increased deposition of organic matter compared to sandy areas. 
However, abiotic causality is difficult to infer without additional 
manipulative studies. 

With respect to measures of chemical contamination, signifi­
cant positive correlations were observed between total abun­
dance (TOTAL) and zinc (Zn), and between the oligochaete 
biotic index (OLBI) and both chrysene (CHRYS) and cadmium 
(Cd). Significant negative correlations were observed between 
number of oligochaete taxa (OTAXA) with cadmium (Cd) and 
total taxa richness (TXRICH) with chrysene, benzo(a)pyrene 
(BAP), cadmium, and nickel (Ni) (Table 2). Although these 
correlations were significant, they explain no more than 35% of 

(based on analysis of core samples of preindustrialization 
sediments) and the dashed line (- - - - - -) represents the 4% 
current background levels from modem day studies of un­
contaminated sediments 

the total variability. Furthermore, the number of positive and 
negative correlations varied within a particular chemical. This 
makes interpretation difficult, but may not be unexpected given 
that the measured chemicals in almost all the sediments were 
extremely low compared to sediments in other locations in the 
United States and the relative weakness of nonparametric 
correlations as statistical tools. 

Sediment Quality Triad 

Spearman rank correlations described above were used to make 
initial comparisons between measures of the benthic inverte­
brate community and measures of sediment chemistry or 
overlying water quality at the sampling stations. While rank 
correlation analysis can be used to demonstrate association 
among variables, this ranking of data eliminates proportional 
relationships among variables by reranking data to simple rank 
order (e.g., 1, 2, 3). Thus, this ranking can not be used to 
adequately evaluate dose-response relationships. For these 
reasons, we evaluated benthic community and laboratory 
toxicity data using a quadrant classification approach described 
below (see also Canfield et al. 1996). 

Results of toxicity and chemistry evaluations of UMR 
sediments presented in Kemble et al. (1998) indicate these 
sediment samples were relatively uncontaminated compared to 
other locations in the United States (Kemble et al. 1994; 
Ingersoll et al. 1996). We used the sediment quality triad 
approach in order to evaluate how benthic communities sampled 
from the UMR compared to other locations in the United States 
we previously have evaluated (Canfield et al. 1994, 1996). 

Scores for various benthic indices relating benthic alterations 
to contaminant levels were previously identified using data sets 
from the Great Lakes (Canfield et al. 1996) and the Clark Fork 
River in Montana (Canfield et al. 1994). These scores were used 
to evaluate the scores for samples from the current study. In the 
present study, benthos samples were not classified as impacted 
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Table 3. Summary of quadrant analysis for scores of individual benthic measures and combined benthic metrics for the sum ERM-quotients 

(SERM-Q: ERM-Q = concentration of a chemical in sediment sample/ERM for that chemical) as a score of chemical contamination. Benthos 

quadrant score is the score which maximized the number of points in quadrants which would be considered “correctly classified” and minimized the 

incidence of false-negative error (low chemical concentrations and benthos adversely impacted) and false-positive error (high chemical 

concentrations and benthos not adversely impacted) as established in Canfield et al. 1996. Error-SERM-Q is the combined false positive and false 

negative error rate (%) 


Number of 

Benthic Error- Oligochaete Midge- Midge Midge Total 

Indices Benthos SERM-Q Biotic Oligochaete Biotic Midge Taxa Taxa 

in Score Score (%) Index Ratio Index Deformities Richness Richness 


1 80 
1 80 
1 80 
1 15 
1 81 
1 15 
2 80 
3 81 
3 81 
3 81 
3 80 
Total 

59 X 
35 X 
35 X 
19 X 
34 X 
34 X 
28 X X 
18 X X X 
15 X X X 
24 X X X 
19 X X X 

1 4 5 1 4 5 

Table 4. Summary of sediment quality triad dataa 

Chemistry Toxicity Benthos Pool Number % of Samples Possible Conclusions 

+ + + None 0 Evidence of contaminant-induced degradation 
- _ _ All pools except 4.7, and 26 88 No evidence of contaminant-induced degradation 

_ -+ None 0 Contaminants not bioavailable 
_ _+ 26 4 Chemicals not measured or conditions exist with poten­

tial to cause degradation 
_ _ + 7 4 Benthos response not due to contaminants 

_+ + None 0 Contaminants may be stressing system 
_ + + None 0 Unmeasured chemicals or other conditions causing deg­

radation 
_+ + 4 4 Chemicals not bioavailable or response not due to 

chemistry 

a A plus (+) for chemistry indicates a concentration of contaminants that exceed a SERIvi-Q score of 39. A plus (+) for laboratory toxicity is based 
on a Hyalellu azteca 28-day growth and survival score of >30. A plus (+) for benthos is based on a combined metric of midge-oligochaete ratio, 
midge taxa richness, and total taxa richness score of >8 1 

or nonimpacted a priori, rather, samples were considered to be 
classified as “incorrect” only if the scores were in the false-
positive or false-negative error quadrants as established in 
Canfield et al. (1996) (Figure 2). 

Four benthic indices (midge biotic index, midge richness, 
percent midge deformities, and taxa richness) were previously 
found to provide some degree of discrimination among samples 
from the Great Lakes with differing degrees of contamination 
(Canfield et al. 1996). In the present study, midge deformities 
had the smallest combined false positive and false negative 
error rate (19%) relative to the sum of the ERM quotient score 
(Table 3). Midge oligochaete ratio, midge biotic index, midge 
taxa richness, and total taxa richness had a combined false 
positive and false negative error rate of 34-35%. A benthos 
score required to obtain this degree of discrimination was 
always 27.5%. 

In addition to assessments using single indices, the combined 
scores of benthic indices were evaluated, which provided the 
best classification (smallest combined false positive and false 
negative error). Quadrant classification using the sum of the 

ERM quotient scores of two to three combined benthic indices 
reduced the false positive and false negative error rate to 
19-24%, which is less than all individually scored benthic 
indices except midge deformities (Table 3). The various combi­
nations of four to all six benthic indices were not included in or 
discussed because the accuracy of classification did not increase 
with combinations of more than three benthic indices (Table 3). 
The combinations were restricted so that the benthos score 
required to minimize false positive and false negative error was 
no greater than 80-81. We were unable to identify a combined 
score of less than 80 that minimized both false positive and 
false negative error. The combined metric of midge oligochaete 
ratio, midge taxa richness, and total taxa richness provided the 
combination that had the lowest false positive and false 
negative error of 19% (Table 3). 

Table 4 summarizes the classification of sediment samples 
based on eccedences of scores for toxicity, chemistry, or 
benthos by quadrant analyses as described in Canfield et al. 

(1996). Twenty-one of 24 samples (88%) showed good agree­
ment (i.e., all “minuses”) among all three measures of the 
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Triad, which indicated that no contaminant induced degradation 
was observed (Table 4). None of the samples were scored with 
all pluses (i.e., evidence of contaminant-induced degradation). 
In one of the 24 (4%) samples, laboratory toxicity and sediment 
chemistry measures were in agreement, however the benthic 
component was not in accordance. Similarly, in one of the 
samples sediment chemistry and benthos response are in 
agreement, yet toxicity did not occur. High concordance among 
laboratory toxicity, chemistry, and benthos is evidence that 
these sediment samples from the UMR were relatively low in 
contamination or toxic effects compared to other locations we 
have previously evaluated (Canfield et al. 1994, 1996). 

Conclusions 

Benthic invertebrate abundance and community composition 
values in sediment samples from the UMR were comparable in 
numeric magnitude and overall range of variability to values 
reported from relatively uncontaminated sediments. The per-
cent composition of the benthic invertebrate community also 
indicates a relatively healthy community compared to more 
contaminated locations. Oligochaetes and chironomids consti­
tuted over 90% of the benthic invertebrate communities col­
lected in 10 of 24 samples from the UMR, which is expected 
given the predominance of soft sediments. However, most of 
the UMR pools had a relatively high diversity of representatives 
from orders other than the oligochaetes and chironomids, which 
is different from observations from other highly contaminated 
areas (Canfield et al. 1994, 1996). Further, benthic community 
indices were only weakly correlated with sediment contami­
nants. 

The occurrence of midge deformities ranged from 0 to 13% 
in the UMR pool samples, which was relatively low compared 
to those chironomids from more highly contaminated sedi­
ments. Sediment quality triad analyses classified a high percent-
age of the samples (88%) to be not impacted. These data 
indicate that these sediment samples were relatively uncontami­
nated. 

Additional studies are needed to evaluate specific contami­
nant, biotic, and abiotic factors controlling benthic communi­
ties in soft sediments associated with backwater areas of both 
lotic and lentic environments. Studies designed to evaluate 
benthic distributions in relation to factors influencing variation 
on a local micro habitat scale are necessary in order to reduce 
the variation in the relations between sediment chemistry, 
habitat, and measures of benthic invertebrate communities. 
These studies should greatly expand our ability to evaluate 
environmental quality of ecosystems such as the UMR. 
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