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ABSTRACT

High metal concentrations are a serious threat to
aquatic biota in many areas of Colorado, particularly in
the mineral belt where many inactive mines contribute
metal-laden drainage. During 1987, a study was conducted
to assess the impact of metals from mine drainage and
natural sources on stream macroinvertebrates in two
tributaries to the Snake River near Montezuma, Colorado.
Peru and Deer Creeks are alpine-upper subalpine streams
that were chosen for the study because they are
characterized by a wide range of metal concentrations in
the water, depending on location. Peru Creek is impacted
by acid mine drainage, while Deer Creek is relatively clean
but does have natural sources of metal input. Water and
benthic macroinvertebrate samples were collected from both
creeks and analyzed for metals. The invertebrates were
identified to family then genus and sorted inteo functional
feeding groups and major families. Insect samples were
found to have accumulated metal concentrations greater than
100 times those of corresponding water samples.
Relationships were noted between specific metal exposure
and accumulation. Species diversity, populations of major

macroinvertebrate groups, and community structure
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deteriorated with worsening water guality.
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EFFECTS OF HEAVY METALS ON BENTHIC MACROINVERTEBRATE
COMMUNITIES IN TWO HIGH ELEVATION STREAMS,
COLORADO FRONT RANGE

Introduction

Throughout the United States, coal and mineral mining
has affected streams and rivers. Over a 40-year span,
approximately 3.7 million acres of land have been mined for
coal, sand, gravel, and minerals (Starnes, 1985). Since
1972, the natural course of over 200,000 miles of streams
have been modified by mining activities (Wesche, 1985) and
in many cases water gquality has been degraded. While oil
and gas fuels become more scarce and as mineral demand
increases, there will be increased mining for coal and
minerals. This will result in more potential damage to
water quality.

Given the concern and expense for clean drinking and
recreational waters, there is a great need for maintaining
and restoring these flowing water bodies. Fortunately, the
Surface Mining Control and Reclamation Act (SMCRA) was
passed in 1977 which helped generate funds to reclaim
abandoned coal and some mineral mines. This Act also
regulates new mining and is intended to prevent further

damage to the environment.
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Impacts of Mining

Major watershed disturbances, such as surface and
underground mining, can have a significant impact on
aquatic systems. Habitats and aquatic communities have
been changed where polluted mine waters have entered
aquatic ecosystems. These impacts can extend several miles
downstream from mine sites, and principally include
sedimentation and acid mine drainage (AMD) (Starnes,

1985).

Sedimentation affects the aquatic ecosystem directly
and‘indirectly. Increased turbidity from suspended solids
diminishes light penetration and reduces the overall
productivity of the stream. Sedimentation also directly
destroys the benthic habitat, damages fish gills and other
external body parts, and smothers eggs and nests. Indirect
impacts range from elimination of preferred food sources to
destruction of reproductive habitat for fish and aquatic
invertebrates (Starnes, 1985).

Acid mine drainage is one of the most enduring
environmental pollution problems in the United States.
Mines that have been abandoned for several decades still
impact thousands of miles of streams and rivers (U.S.

Bureau of Mines, 1985 and Starnes, 1985). Therefore, in
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many streams good water quality and aquatic life habitats
have been eliminated. AMD primarily is associated with
mining coal and sulfide minerals. The mechanism involves
oxidation of pyrite (iron sulfide) and other sulfides.

The general oxidation reaction of sulfide to sulfate
proceeds as follows:

FeS, + 7/2 O, + H,0 ————~ > Fe™ + 280, + 2H'. (1)

Iron is then oxidized and hydrolyzed in the reaction below:
Fe® + 5/2 HO + 1/4 O, ——~—- > Fe(OH),(s) + 2H". (2)

In each reaction, equal amounts of acid are produced
by the oxidation of sulfide to sulfate and by the oxidation
and hydrolysis of the ferrous iron (Monticello and
Finnerty, 1985 and Kleinmann and Erickson, 1983). As the
pH declines, the reaction chemistry begins to change.

Reactions 3 and 4, which are biologically mediated then

continue;
Fe*™ + 1/4 O, + H" ————- > Fe®™ + 1/2 H,0, and (3)
FeS, + 14Fe®> + 8H,0 —-—-- > 15Fe™ + 250, + 16H'.  (4)

The above reactions (1, 2, 3, and 4) cause a
significant increase in acidity and iron concentrations.
In addition to elevated iron concentrations, the acidity
increases the solubility of toxic heavy metals in the
drainage.

Acid mine drainage is characterized by low pH, and
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subsequent increase in solubility and transport of metals.
The transport of a trace metal through an agquatic system is
contingent on many variables. Some of these include
temperature, flow rate, amount and type of other chemicals
present, and the nature of any suspended materials. This
dependency causes some chemical species to be toxic and
some less toxic (Babb and Pagenkopf, 1985). Lowered pH can
be directly toxic to species as well as indirectly by
releasing metals, such as aluminum and manganese (Starnes,
1985). In the case of mineral mining, the major impacts
are the increased acidity and the associated high
concentrations of free metal ions. In many areas of
Colorado, particularly in the mineral belt where many
inactive mines contribute AMD, the high metal
concentrations are a serious threat to aquatic biota.

Most field studies concerning the effects of high
metal concentrations on stream macroinvertebrates have been
conducted in the coal mining regions of the eastern United
States (Gore and Johnson, 1979 and Starnes, 1985). Little
comparable work has been done in Colorado where about 2100
km-(1300 mi) of stream have been adversely affected by
elevated concentrations of heavy metals (Lewis et al.,
1987). An in situ study of macroinvertebrates as they

respond to metal mine drainage in high altitude streams in
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. Colorado should assist resource managers concerned with
reclaiming streams damaged by metal mine drainage. During
the fall and early winter of 1987, this study was conducted
to characterize the effects of metals from mine drainage
and natural sources on stream macroinvertebrates.

Stream ecosystems are composed of the biological,
chemical, and physical components, which all interact with
one another within a given area of the stream. These
interacting elements produce a unique but characteristic
community of organisms that changes with time until it is
in equilibrium with the surrounding gpemical and physical
components. This successional change of communities is
usually in the direction of increasing structural -
complexity, with the "equilibrium" community frequently
being composed of a few species having many individuals and
many other species having only a few individuals (LaBounty,
et al., 1975). A disturbance of the ecos¥§Fem, such as
pollution stress, usually results in twg,changes in the
community structure: first, a reduction of'fhe total
number of species (species digg;sity)'due to the
elimination of those species that are intolerant to the
diéturbance; and second, because competition is reduced,
the numbers of individuals of the those species that

survive the disturbance usually increase in numbers (Cairns
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et al., 1973).

The interaction of the biotic elements with the
chemical and physical characteristics of the environment
has important implications for assessment of water quality.
Tests for specific chemical and physical water quality
parameters can overlook synergistic or antagonistic
effects, undetected chronic effects, or acute effects
between sampling periods. However, organisms within the
stream communities respond to their total environment. As
a result, their relative health as reflected by their
community structure and its changes, is a good indicator of
the overall health of the stream. Therefore, it is
valuable to supplement the standard physical and chemical
tests with some information on the stream community
(LaBounty et al., 1975).

Physical and chemical measurements of a water body as
well as the benthic macroinvertebrate community are major
components used for defining its water quality. By
qualifying the benthic macroinvertebrate community in
relation to other similar communities, more information can
be obtained about a particular stream system. Furthermore,
since the insect population supports the fisheries, the
insect community structure and health is an important

issue. Table 1 summarizes studies which use biotic
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communities as indicators of point and nonpoint sources of
pollution.

The benthic macroinvertebrate community was chosen as _
the subject of this study because of its proven ability as &
an indicator of.habitat guality, limited mobility,
relatively long developmental period for many of these
organisms, relatively low cost of this procedure compared

with chemical analysis, and ease of sampling the

macroinvertebrates (Nehring, 1976).

Research Objectives

This study, conducted during the fall and early winter
of 1987, examined the relationship between two high
altitude streams with respect to water quality and the
benthic macroinvertebrate communities. Specific research
objectives were:
1. to assess the effects of mine drainage and heavy metal
input on water quality aﬁd the aquatic macroinvertebrate
community structure and
2. To evaluate different diversity indices which could be

used to determine metal impacts in streanms.
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Methods and Materials

Description of Study Areas

The study was conducted on Peru and Deer Creeks,
located in the Front Range portion of the Colorado Mineral
Belt, approximately 100 km (60 mi) west of Denver, Colorado
in eastern Summit County. Peru Creek and Deer Creeks are
two tributaries of the Snake River near the town of
Montezuma. This particular region is generally composed of
granite bedrock with intrusive igneous rock. Information
concerning mean annual flows are unavailable, however, both
creeks are major tributaries to the South fork of the Snake
River which annually discharges about 45.7 million m’
(34,500 ac ft) of water into Dillon Reservoir (Holm, et
al., 1979).

These two creeks were chosen because of their
elevation, presence of metal input, physical similarity,
and accessibility. Both streams are at high elevation,
approximately 3000 m (10,000 ft), and have similar
watersheds, stream gradients, and stream substrates.
Although both watersheds have been mined, the effects of
mining on Deer Creek were minor and no visible‘mine
drainage reaches the stream. 1In contrast, several mines

contribute drainage to Peru Creek, including the

T o -
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Pennsylvania Mine and Shoe Basin Mine. Both streams are
easily accessed by four-wheel drive roads during the summer

and fall.

Peru Creek

The Peru Creek watershed ranges in elevation from 4350
m (14,270 £t) at the summit of Gray’s Peak to the north to
aboﬁt 3000 m (9,800 ft) at the confluence of Peru Creek and
the Snake River. The watershed area is approximately 4015
ha (9,920 ac) with Peru Creek running for a distance of 11
km (7 mi). The stream substrate is composed predominantly
of medium gravel to small boulder-size stones. The
geologic bedrock is granite and schist. Colorado Water
Quality Control Commission classifies Peru Creek as
Aquatic-Class 1 cold (intended goal) and Recreation-Class
2.

The Pennsylvania Mine is an abandoned silver mine, and
discharges approximately 454 lpm (120 gpm) from an adit 244
m (800 ft) from Peru Creek. Furthermore, the average metal
concentrations of Al, Fe, Mn, Cu, and Zn for this effluent
are 11.07 mg/l1, 40.97 mg/l, 17.88 mg/l, 4.61 mg/l, and
24.23 mg/l, respectively (Huskie, 1987). Of all the
abandoned mine sites within the two watersheds, the

Pennsylvania Mine is considered to have the most
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significant impact on water quality (Holm et al., 1979).
Deer Creek

The Deer Creek watershed ranges in elevation from 4845
m (12,615 £t) at the summit of Teller Mountain to the
southeast to about 3200 m (10,560 ft ) at the confluence of
Deer Creek and the Snake River. The watershed area is
approximately 1425 ha (3,520 ac) with Deer Creek running
for a distance of 7.2 km (4.5 mi). The stream substrate is
composed predominantly of medium gravel to large boulder-
size stones. The geologic bedrock is granite and schist.
According to the Colorado Water Quality Control Commission,
Deer Creek has been classified as Recreation-Class 1 and

Aquatic Life-~Class 1 cold.

Site Selection

Five sites were chosen on each creek for data
collection and sampling (Figure 1). In Peru Creek, two
stations were above the Pennsylvania Mine effluent (PC 1
and PC 2) and three stations were below (PC 3, PC 4, and PC
5). Station PC 3 was located 427 m (1,400 ft) below the
Pennsylvania Mine effluent. This location was chosen
because at this point there was assumed to be complete

mixing of the mine discharge and Peru Creek water. Since
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Figure 1.
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Deer Creek did not have a defined point of mine discharge
like Peru Creek, sites were chosen for their accessibility
and characteristic similarity to the Peru Creek stations.
Deer Creek stations are denoted as DC 1, DC 2, DC 3, DC 4,
and DC 5. The station elevations on Peru Creek ranged from
3374 to 3106 m (11,070-10,190 ft) and on Deer Creek from

3456 to 3219 m (11,340-10,560 ft).

Data Collection
Sampling was conducted in September and October 1987,

a low-flow period. During low-flow periods, the diluting
capabilities of the stream is reduced and thus is
considered to be a period of poor water quality. At each
creek, the chemical, physical, and macroinvertebrate
samples were collected twice during this period. The time
between station visits ranged from four to seven days.
During this period there was no appreciable precipitation
that would influence metal concentration and increase creek
flow.

Sampling was conducted in the riffle area where the
cobble ranged from 3 to 15 cm (1 to 6 in) in size. This
size substrate is regarded to be a productive habitat for
macroinvertebrates (Pennak R.W., personal communication/

correspondence 1987). Variation among sites was minimized

R L,
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by selecting sampling locations with similar water depth,
substrate, and current. In addition, sites were selected

for accessibility and homogeneity of the substrate.

Physical-Chemical Parameters

Water quality measurements included temperature, pH,
conductivity, and flow rate. Water samples for analysis of
dissolved metal concentrations were collected and filtered
through 0.45 micron glass fiber filters and immediately
placed in 250-ml Nalgene polyethylene bottles that were
pre-acidified with nitric acid. The nitric acid
preservative lowered the water pH to less than two. This
low pH kept the metals soluble and stopped metal complexes
frbm precipitating onto the container surfaces. Filtering
removed metals ions that were complexed with suspended
materials and could be mobilized by the acidity. As a
result, the dissolved metal concentrations were measured.
The acidified samples were kept under refrigeration until
analysis. The Colorado State University (CSU) Soils
Testing Laboratory at Ft. Collins, Colorado, analyzed the
samples using inductively coupled atomic plasma emission

spectrophotometry (ICAPES) methods.
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Macroinvertebrates

The macroinvertebrates were collected with a Surber
Sampler (net mesh 250 um). The instrument sampled 929 sq
cnm (1 sq ft) of substrate. To increase sample size, the
macroinvertebrate sample at each station was actually a
composite of three Surber samples from cobble substrate no
larger than 15 cm (6 in) in size. The composite sample
increased the sample area to 0.28 m®* (3 sq ft). Live
insects were placed in plastic bottles containing ambient
creek water and refrigerated at approximately 4 degrees C.

In the laboratory, aquatic insects were separated from
other debris and preserved in glass vials containing 88-90%
ethanol solution. The organisms were identified to genera
when possible. Following identification, the
macroinvertebrate composite samples were sent to the CSU
Soils Testing Lab to be analyzed for heavy metals by ICAPES

methods.

Data Analysis

There are several methods available which evaluate the
"biological element" and in this study, rapid bioassessment
techniques (EPT Index and Taxa Richness) were used (Plafkin
et al., 1987). The primary goal of rapid bioassessment is

to provide guidance to those who wish to perform
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qualitative biological surveys for impact assessment by
using time-efficient and cost-effective methods. This
information can supplement chemical and physical analyses.
These methods also generate numerical data so statisical
analysis can then be applied. Bioassessment has
demonstrated:

1) point- and nonpoint-source_impacts,

2) the effectiveness of control actions,

3) supported use-attainability analysis (together with
analysis of fish populations), and

4) characterized the biota for ecoregions (Plafkin et al.,
1987).

The average EPT Index and Taxa Richness were
calculated for every station. These two procedures
converted actual "counts" of organisms into numerical data
which could supplement water quality data. Taxa Richness
included reporting the average total number of organisms
and the average total number of taxa at each station.
Since the richness reflects health of the community through
the variety or diversity of taxa present, these values
should increase with increasing water quality (Plafkin et
al., 1987). EPT Index is the. total number of distinct taxa
within the groups Ephemeroptera, Plecoptera, and

Trichoptera, divided by three. The index summarizes the
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taxa richness within the groups that are generally
considered to be sensitive to pollution. Thereforé, the
index should increase with increasing water quality
(Plafkin et al., 1987).

Simpson’s index and the Shannon~Weiner formula are two
widely used equations that estimate species diversity.
Both are sensitive to changes in the numbers of species and
to changes in the distribution of individuals among the
species (Smith, 1980). Simpson’s index of diversity is
based on the number of samples of random pairs of
individuals that must be drawn from a community to provide
at least a 50 percent chance of obtaining a pair with both
individuals of the same species. A community containing
only one species would have a value of 1.0. The index
would increase to an infinite value in which every
individual belongs to a different species. The Simpson’s
~index is calculated by the formula:

D = N(N-1) / E:n(n-l)

where: D = the diversity index

N

total number of individuals of all species

n = number of individuals of a species.
The Shannon-Weiner formula describes the degree of
uncertainty of predicting the species of a given individual

picked at random from the community. As the number of
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species increases and as the individuals are more equally
distributed among the species present, the more the
uncertainty increases. Therefore, the larger the value,
the greater the diversity. Shannon-Weiner formula is
calculated by the equation:
S
H = -3 (p,)(1log p,)

where: H = the diversity‘ikdex

s = number of species

i = species number

p, = proportion of individuals of the total sample

belonging to the ith species.

The macroinvertebrates were separated into functional
feeding groups; shredders, collectors, scrapers, and
predators. The objective is to quickly assess the food
base of a stream ecosystem by focusing on the functional
roles played by the macroinvertebrates present (Cummins et
al., 1985). Numbers within each functional feeding group
will vary with geographic region, season, stream size, and
degree of stream disturbance. Therefore, these values are
supplemental data which would allow comparison of
relatively undisturbed streams with those that have been
altered, in the specific region when the observations are

being made.
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Past field and laboratory studies (Nehring, 1976 and
Nehring et al., 1979) have determined that aquatic insects
could serve as biological monitors of heavy metal
pollution. Most benthic macroinvertebrates are more
tolerant of metals than fish, accumulate metals in relative
proportion to the metal concentration in the water, and
concentrate the metal by some predictable factor. In those
studies, certain macroinvertebrate species concentrated Pb,
Cu, 2n, and Ag predictably. This predictable factor, the
"concentration factor", is determined by dividing the
average concentration in water into the average metal
hconcentration found in the insects. This relationship is
useful for estimating chronic metal exposures that may not
be detected by conventional chemical analysis and "slug"
exposures which may cause fish kills. The metal
concentrations in the benthic fauna have been found to be
at least 100 times the metal concentration in the water
column (Nehring, 1976).

In order to detect and define relationships between
Peru and Deer Creeks and among the ten stations,
multivariate analyses were performed on the quantitative
data. Portions of the raw data were ranked using the
Spearman Rank Order Correlation Coefficients then grouped

using unweighted pairs cluster analysis as discussed by
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Sneath and Sokal, (1973) and Pielou, (1984). Cluster
analysis groups those variables that are highly correlated
and similar to each other and excludes from clusters those
variables that are unlike (Sokal and Rohlf, 1981). The

cluster analyses were plotted as dendrograms.

e T JON o RS
GOLDEN, cowm“me CoeaE



T-3819 Page 22
Results and Discussion

Physical-chemical Parameter

Benthic community responses to metal mining pollution
‘are related to the toxicity of the pollutant load and the
chelating capacity of the receiving waters. The greater a
system’s ability to neutralize acidity (a function of total
alkalihity), and reduce the biocavailability of free metal
ions (a function of alkalinity, hardness, and organic
matter) the more it is buffered against chemical and
biological disruption from AMD. A stream that exhibits
relatively low pH, alkalinity, and hardness values suggests
a system especially vulnerable to mining effluent.
Reporting emphasis is placed on differences and
similarities within and between streams.

Although some metal contamination was indicated at the
upper Peru Creek stations (PC 1 and PC 2), immediately
below the Pennsylvania Mine outfall there was a slight
increase in hardness, pH decreased by two orders of
magnitude, and the conductivity increased by an order of
magnitude (Figures 2 and 3). Also noted, the benthic
substrate was covered with ferric hydroxide precipitate

[Fe(OH) however, proceeding downstream the amount of

3 (s)]l

precipitate decreased. These physical parameters were

ARTIUR LAYES LIFDAR:
COLCARDO SCHOOL of BINRE
COLDEN, CCLORADO £840%
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accompanied with notable increases of Al, Fe, Mn, Cu, and
Zn at PC 3, 4, and 5 (Figure 4). Downstream, there was an
increase in water quality concerning Fe, Mn, Cu, and 2n,
however, the Al concentration at PC 5 was higher than PC 3.
Station PC 5, the furthest downstream station, is located 5
km (3 mi) from PC 1 and 4 km (2.5 mi) from the Pennsylvania
Mine effluent. There was a slight increase in pH, and a
decrease in conductivity and hardness at PC 5, locaéed
below Chihuahua Gulch, a tributary that provided
significant dilution characterized by very low metal
concentrations.

Throughout the Deer Creek stations, the hardness, pH,
and conductivity remained relatively constant with average
measurements of 44.3 mg/l, 8.1, and 84.7 umhos,
respectively (Figure 2 and 3). Unlike Peru Creek, the
average metal concentrations of Al, Fe, Mn, Cu, and Zn did
not substantially increase between stations (Figure 4).
There was, however, measurable increases of Fe at stations
DC 1 and DC 4, and Mn at DC 3, 4, and 5.

Similarity among sampling stations with regard to
dissolved stream metal concentrations was analyzed by
cluster analysis, with the results shown in Figure 5. A
relatively high degree of similarity (0.83 to 1.0) was

shown among all Deer Creek stations, except DC 1 which
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cluster at 0.41, and was the highest in elevation Peru
Creek station. Station DC 1 had higher Fe concentrations
which could be attributed to the lower similarity
coefficient. The most metal-laden sites, PC 3, 4, and 5,
represented a second majqr cluster of high similarity
values, along with PC 2, which had higher zinc and

manganese concentrations than PC 1.

Macroinvertebrates

A total of 53 taxa were collected from both Peru and
Deer Creeks (Table 2). No organisms were found at PC 4.
Excluding PC 3, 4, and 5, there were only four taxa in
common between the remaining seven stations. Total taxa
numbers ranged from 24 to 26 in Deer Creek while Peru Creek
numbers ranged from 0 to 19. Deer Creek had higher numbers
of organisms and genera than were found in Peru Creek, even
at the PC 1 and PC 2 stations (Figure 6). The Colorado
Water Quality Control Commission designates numeric water
quality standards for Peru and Deer Creeks. Table 3 shows
only PC 1 and PC 2 possibly exceeding water quality
standards for Cd and Pb and not exceeding any other
standard. The ICAPES detection was not sensitive enough to
measure the Cd and Pb standard levels. Throughout Deer

Creek these observations were the same. However, Deer
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Table 2. Genera list and distribution

Station

INSECTA

Ephemsroptara
Amnelatus sp. LT EL S

Attenella sp. Ve e e e vk e e e
Centroptilum sp. ke

Choroterpes sp. Ve e e e Ao e

Cinygqmulia sp. e o e e e e e e v e o A v o o e v v e

Drunella sp.

Epeorus sp. LT T T T
Ephamere]_lj_dae e sle de e e oo ol e o o o ol e o ol e e ol ole o ol ol ol ol o o ol ok ol ol ol o ol ol e ol ol o o ol ke o ke o e o o

Heptageniidae
Paraleptophlebia sp. e sk v o e e

LI A A2 TR P 2l sl rdd)dl

Ve o e g o o e o o vle o ok v ol ol o e o e WO Ve O e O o o ol o e ol Wl S o o e O e o ol o o e e e o o e ok o ok e e e

dhe oy e oy sy oo ol o o e oo o ol ol o o0

Rhithrogena sp.
Stenonema sp.

Tiwpanoga sap.

Plecoptera
Alloperla sp.
Chloroperlidae
Despaxia sp.
Diura sp.
Doddaia sp.
Bucapnopsis sp.
Isogenoides sp.

Isoperla sp.
Leutridae

Malenka sp.

Megarcys sp.
Nemouridae

Paraperia sap.
Perlodidae
Skwala sp.
Taenionema sp.

Zapada sp.

Trichoptera
Amiocentrus sp.
Anagapetus sp.
Apatania sp.
Ecclisomyia sp.
clossosoma sp.
Gumaga sp.
Lepidostoma sp.
Mayatrichia sp.

Paeudostenophylax sp.

Rhyacophila sp.
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Table 2. Genera list and distribution (continued,

Coleoptara

Gyrinidae sp.
Haliplidae

Heterlimnius sp.

o e e e ok oo o o
o v e o o vy o e o o o O T e T T o e e e o e o o W e W e ol o o e o e

o v e o e o o o o e o o e o o o e o o e e o e o e o v ok e

28

Diptera

Athericidae Yo e e e ok e v

Ceratopogonidae P2 )

Chironomidae ARARATRA NN AN AR AR AR R ARARARRAAA R Rk ke e e e b
Prosimulium sp. dr el

Tipulidae LI T T
Tanyderidae o o e ok o o

Oligochaeta e e ol o e s e o sl o e o e s e o o o sl oA o ok o ol ol ol o ol o o o o ol e ol sl e e o ole vl e o e o ok

MMrodinea P TI T Y ARRhAkAR ARRRAAARAR AR ANR

Bemiptera e v e vl e ke o s
Lepidoptera e sl s ke ok e ok sl
TOTAL NUNBER OF TAXA 26 26 24 24 24 17 19 3 4
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Figure 6. Taxa richness, average number per 0.28 m’ (3 sq
ft) of genera and organisms at all stations

Creek had higher numbers of organisms and genera than PC 1
and PC 2. As a result, the Water Quality Standards may not
be strict enough to allow for community diversification.
Station ‘similarity with respect to macroinvertebrate
communities is shown in the dendrogram in Fiéure 7. In
general, Deer Creek stations clustered into a single group
with a biotic similarity of 0.5 to 0.83. The Peru Creek
stations formed a second cluster linked by similarity

coefficients of 0.25 to 0.45. Moreover, PC 1 and PC 2 had
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Table 3. Stream classifications and exceeded water quality

standards for metals

PERU CREEK -~ Stream Classifications

Recreation-Class 2 :
Aquatic Life-Class 1 cold water (goal)

Exceeded Water Quality Standards (mg/l)

Peru Creek Station 1 Average
Sample 1 Sample 2

cd =<0.01 cd = <0.01 cd = <0.01
Pb =<0.05 Pb = <0.05 Pb = <0.05
Peru Creek Station 2 Average
Sample 1 Sample 2

Ccd = <0.01 cd = <0.01 cd = <0.01
Pb = <0.05 Pb = <0.05 Pb = <0.05
Peru Creek Station 3 Average
Sample 1 Sample 2

cd = 0.01 cd = 0.01 cd = 0.01
Cu = 0.27 Cu = 0.24 Cu = 0.26
Fe = 1.12 Fe = 0.94 Fe = 1.03
Mn = 1.44 Mn = 1.44 Mn = 1.44
Pb = <0.05 Pb =<0.05 Pb =<0.05

Zn 1.99 Zn 2.12 Zn 2.06

Page 30

Standard
cd = 0.008
Pb = 0.015

Standard
Ccd = 0.008
Pb = 0.015

Standard
Ccd = 0.008
Cu = 0.03
Fe = 1.0
Mn = 1.0
Pb = 0.015
Zn = 0.35



T-3819 Page 31

Table 3. Stream classifications and exceeded water quality
standards for metals (continued)

Peru Creek Station 4 Average Standard
Sample 1 Sample 2

cd = 0.01 Cd = 0.01 Cd = 0.01 Cd = 0.008
Cu = 0.23 Cu = 0.21 Cu = 0.22 Cu = 0.03
Mn = 1.40 Mn = 1.36 Mn = 1.38 Mn = 1.0
Pb =<0.05 Pb =<0.05 Pb =<0.05 Pb = 0.015
Zn = 1.83 Zn = 1.95 Zn = 1.89 Zn = 0.35
" Peru Creek Station 5 Average Standard
Sample 1 Sample 2

Ccd = 0.01 Cd =<0.01 cd = 0.01 cda = 0.008
Cu = 0.10 Cu = 0.08 Cu = 0.09 Cu = 0.03
Pb =<0.05 Pb =<0.05 Pb =<0.05 Pb = 0.015
Zn = 1.18 Zn = 1.19 Zn = 1.18 Zn = 0.35
DEER CREEK - Stream Classifications

Recreation-Class 1

Aquatic Life-Class 1 cold water

Water supply

Agriculture ARTIUR
ARINUR LAKES Lizpas
CQLQ;HE-E&DO FCHOOL w?ﬁ}?fm
GOLDEN, COLORADO  pocos

Violated Water Quality Standards (mg/1) ‘ o

Deexr Creek Station 1 Average Standard
Sample 1 Sample 2

¢d =<0.01 Ccd =<0.01 Cd =<0.01 CcCd = 0.0012
Pb =<0.05 Pb =<0.05 Pb =<0.05 Pb = 0.005%

Same for the rest of the Deer Creek Stations
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Figure 7. Dendrogram showing similarity of sites based on
macroinvertebrate community composition

less than 30 percent of their taxa in common while Deer
Creek had over 60 percent of its taxa in common. The
sparse population within PC 3 and PC 5, and the smaller
percent of common taxa are the probable reasons for the low
similarity values among the Peru Creek stations. However,
the communities of both streams were variable, not only
because of metals, but undoubtedly because of habitat

variability, as well as sampling error.
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In Peru Creek, the Taxa Richness decreased downstream
(Figure 6). The genera numbers ranged from 11.5 to zero,
while the total number of organisms ranged from 76 to zero
per 0.28 m® (3 sq ft). In Deer Creek there was a greater
fluctuation in total numbers of organisms between each
station, 191 to 46,-whi1e the numbers of genera only ranged
from 12.5 to 16.5 per 0.28 m° (3 sq ft). The Taxa Richness
values reflected closer similarities between Peru Creek
Stations 1 and 2, and Deer Creek Stations 1 and 5.

The EPT index was calculated for each station (Figure
8). While the Deer Creek value was fairly constant
throughout the stations, the average EPT value from Deer
Creek (3.7) was three times greater than the average Peru
Creek value (1.1). Furthermore, the EPT value for Deer
Creek was approximately 1.5 times higher than the average
EPT value for PC 1 and PC 2 (2.4).

There was some fluctuation in the Simpson’s index
throughout Deer Creek (Figure 9). 1In general, the species
diversity decreased downstream at Peru Creek. However, due
to the nature of Simpson’s equation PC 3 and PC 5 had an
infinite diversity. By definition, even though there were
only two to three individuais found at these stations,
every indi§idual belonged to a different species. 1In

Figure 9, infinity is represented by the arbitrarily chosen
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index value of 100. At Deer Creek, the index ranged from
11.67 to 6.43 with an average of 8.45. Disregarding PC 3
and PC 5, the Peru Creek index ranged from 4.67 to 0 with
an average of 2.44. The average species diversity value
for Deer Creek was three times greater than the average
Peru Creek value. In addition, the average value for Deer
Creek was two times greater than the average value for PC 1
and PC 2 (3.65).

Throughout Deer Creek, the Shannon-Weiner index
remained relatively constant (Figure 10). Similar to the
Simpson’s index, the species diversity decreased downstream
at Peru Creek. The average valge (2.27) was three times
greater than the average value calculated for Peru Creek
(0.82). Furthermore, the Shannon-Weiner formula value for
Deer Creek was approximately 1.5 times greater than the
average value for PC 1 and 2 (1.6).

Figure 11 shows the average number in each functional
feeding group for each station. Deer Creek had higher
numbers within functional feeding groups than Peru Creek.
In many cases, some Deer Creek groups had two to three
times the numbers compared with corresponding groups in
Peru Creek. Station PC 2 had higher numbers of scrapers
compared to the other functional feeding groups.

Furthermore, the scraper group was primarily composed of
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one genera. This community structure could possibly be
explained by pollution stress where the survivors of a

disturbance increased in numbers due to the reduction in

THUR Lagrs L
» Ny Faa IBB 1
C(?é,&?@)@ .?’CHOOL of iﬁ;\’E
. ’C‘OLOR}%DO &;’;4015
Metals :

Throughout both Creeks, the average metal
concentration in the macroinvertebrate samples were notably
higher than the average water concentration (Figure 12).
Furthermore, there were fluctuations of metal
concentrations between stations and streams. Stations
below the Pennsylvania mine outfall did not have higher
metal concentrations than upstream stations. It also
should be noted that PC 3 and PC 5 had a small
macroinvertebrate sample size compared to the upstream
stations. This may reflect the low metal concentrations in
these samples. Since there were no organisms collected at
PC 4, there were no metal values.

Similarity among sampling stations with regard to
metal concentrations within the macroinvertebrate samples
was analyzed by cluster analysis. The results are shown in
Figure 13. A high degree of similarity was shown among all
Deer Creek stations and PC 2 with an average similarity of

0.90 to 1.0. PC 1 and PC 3 formed a second cluster which
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Figure 12. Average concentration of Al, Fe, Mn, and Zn in
macroinvertebrate samples from all stations
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Figure 13. Dendrogram showing similarity of sites based on
metal concentrations in macroinvertebrates
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linked at 0.90 similarity coefficient. Station PC 5 linked
with the two clusters at 0.17 similarity.

The benthic fauna samples contained average metal
concentrations 100 to 100,000 times the level of
corresponding water samples except for Mn at stations PC 3
and PC 5. This relationship is reflected in the
concentration factors listed in Table 4. Analysis of
concentration factors shows a similarity coefficient of
0.65 to 1.0 for Stations DC 1, DC 3, DC 4, DC 5, and PC 1
(Figure 14). Station DC 2 linked with this cluster at
0.22. Stations PC 2, PC 3, and PC 5 formed a second
cluster linked by similarity coefficients of 0.90 to 0.60.

These two main clusters did not link until 0.01.

Table 4. Average Concentration Factors

Station
DC1 DC2 DC3 DC4 DC5
Al >13550 >103000 >33250 >24150 >18500
Fe 25955 65468 71321 69250 75467
Mn 257000 72550 57000 66417 36425
Cu >6250 >3950 >4400 >4150 >3100

Zn >48250 37100 >37250 >34750 >60900
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Table 4. Average Concentration Factors®(continued)

Station
PC1 PC2 PC3 PC5
Al >26000 >69200 3111 694
Fe 138350 443250 3681 1921
Mn 50100 8812 71 21
Cu >6350 >9250 817 975
Zn 66567 7306 232 773

" There were no organisms found at PC4; therefore, the
metal concentration factor could not be calculated.
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Figure 14. Dendrogram showing similarity of sites based on
metal concentration factor
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Conclusion

In general, there was a decrease in water quality and
benthic fauna numbers and diversity at stations PC 3, 4,
and 5. These observations parallel the increased
sample concentrations of the metals Al, Fe, Mn, Cu, and Zn
measured at these stations. The water quality of Peru
Creek improved with distance from the Pennsylvania Mine,
primarily due to in-stream neutralization of acidic
effluents and dilution from uncontaminated tributaries
(Chihuahua Gulch). However, there still remained eievated
concentrations of Al, Fe, Mn, Cu, and Zn within the
effluent 4 km (2.5 mi) below the mining outfall. These
results indicate that chronic exposure to relatively
moderate concentrations of heavy metals can severely reduce
benthic macroinvertebrate abundance and community
structure. Moreover, the absence of significant
macroinvertebrate recovery at Peru Creek may illustrate the
vulnerability of stream fauna located in igneous watersheds
that lack the buffering capability to neutralize metal
mining effluents. |

Disregarding PC 3, 4, and 5, Deer Creek still
contained more taxa (greater species diversity) and greater
numbers within taxa than the upper portion of Peru Creek.

This conclusion was supported by the rapid bioassessment
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techniques; EPT index and Taxa Richness, as well as
Simpson’s index and the Shannon-Weiner formula. Since EPT
index and Taxa Richness have the ability to characterize
the relative health of a community and are time-efficient
and cost-effective, it is suggested that these two methods
should be used to supplement chemical and physical
analyses.

In addition, there were more taxa in common between
the Deer Creek stétions than between the Peru Creek
stations. These results reveal that PC 1 and PC 2 did not
exhibit as diverse a community structure as Deer Creek.
When looking at the effluent metal concentrations, PC 1 and
PC 2 did not exceed the Water Quality Criteria Standards
for metals. This suggests that these standards may not be
strict enough to support optimum benthic community
structure in Peru Creek.

The concentration factor revealed metal concentrations
within macroinvertebrate samples to be for the most part
100 to 100,000 times that of the average water
concentration. Furthermore, the concentration factor
cluster analysis for DC 1, DC 3, DC 4, DC 5,'and PC 1 had
relatively high similarity coefficients as well as PC 2, PC

3, and PC 5.
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METAL CONCENTRATIONS IN MACROINVERTEBRATES!
(mg/kg)

DEER CREEK STATION 1

Sample 1 Sample 2 Average
Al 1560 1150 1355
Fe 2990 2720 2855
Mn 4040 1100 2570
Cu 58 67 62
Zn 449 516 482
Ni 22 8 15
Mo 3 3 3
cd 4 4 4
Cr 65 30 48
Sr 9 19 14
B 37 39 38
Ba 45 71 58
Pb 35 34 34
DEER CREEK STATION 2

Sample 1 Sample 2 Average
Al 2400 1820 2110
Fe 5580 4895 5238
Mn 542 909 726
Cu 47 32 40
Zn 412 330 371
Ni 6 8 7
Mo 3 2 2
cd 5 2 4
Cr 21 11 16
Sr 10 12 11
B 57 21 39
Ba 80 49 64
Pb 24 25 24
! Sample Area 3 ft2 (0.28 m2)
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METAL CONCENTRATIONS IN MACROINVERTEBRATES
(mg/kg)
DEER CREEK STATION 3
Sample .1 Sample 2 Average
Al 2000 4650 3325
Fe 3230 7720 5474
Mn 648 3984 816
Cu 55 33 44
Zn 433 312 372
Ni 19 9 14
Mo 2 4 3
Cd 4 4 4
Cr 21 21 21
Sr 12 15 14
B 51 25 38
Ba 94 89 92
Pb 38 31 34
DEER CREEK STATION 4
Sample 1 Sample 2 Average

Al 2650 2180 2415
Fe 6660 5810 6235
Mn 1360 1750 1555
Cu 41 42 42
Zn 311 384 348
Ni 4 7 6
Mo 3 3 3
cd 3 4 4
Cr 10 16 13
Sr 15 15 15
B 37 38 38
Ba 70 81 76
Pb 36 30 33
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METAL CONCENTRATIONS IN MACROINVERTEBRATES
(mg/kg)
DEER CREEK STATION 5
Sample 1 Sample 2 Average
Al 2080 1620 1850
Fe 4080 4160 4120
Mn 741 716 728
Cu 28 34 31
Zn 546 672 609
Ni 8 11 10
Mo 2 2 2
cd 11 3 7
Cr 9 12 10
Sr 14 10 12
B 44 29 36
Ba 42 40 41
Pb 26 28 27
PERU CREEK STATION 1
Sample 1 Sample 2 Average

Al 2910 2290 2600
Fe 4010 3810 3910
Mn 351 651 501
Cu 67 60 64
Zn 2260 1734 1997
Ni 12 9 10
Mo 4 3 4
Cd 12 7 10
Cr 21 18 20
Sr 36 34 35
B 29 32 30
Ba 71 60 66
Pb 68 84 76
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METAL CONCENTRATIONS IN MACROINVERTEBRATES
(mg/kg)
PERU CREEK STATION 2
Sample 1 Sample 2 Average
Al 9430 4500 6965
Fe 12590 5140 8865
Mn 1560 675 1118
Cu 94 91 92
Zn 651 664 . 658
Ni 27 12 20
Mo 9 4 6
cd 18 5 12
Cr 27 13 20
Sr 15 23 19
B 39 20 30
Ba 112 55 84
Pb 152 90 121
PERU CREEK STATION 3
Sample 1 Sample 2 Average

Al NIF2 2800 -———-
Fe - 3460 ————
Mn —-—- 102 -
Cu - 196 ————
Zn ——— 492 —
Ni - 19 -————
Mo -——— 3 ———
Ccd - 4 ————
Cr - 50 -——
Sr - 57 -
B —— 298 -———
Ba -——- 25 ———
Pb -—- 41 —-———
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METAL CONCENTRATIONS IN MACROINVERTEBRATES

(mg/kg)

PERU CREEK STATION 4

Sample 1 Sample 2 Average
Al NIF?2 —-———— —-————
Fe - ———— —_——
Mn - —_——— -
Cu - -——— —_———
Zn - ———— ————
Ni - ———— ———
Mo -—— _——— ————
cd - ——— —_———
Cr —-——- ———— ————
Sr -——- ———— ————
B —— ———— ————
Ba -——- -——— ————
Pb — —_—— ————
PERU CREEK STATION 5

Sample 1 Sample 2 Average
Al NIF32 694 -———-
Fe - 538 ———
Mn -——— 17 -———
Cu -—= 78 -————
Zn - 920 —-———-
Ni - 16 —_———
Mo - 2 —_—
cd - 7 —_————
Cr - 48 ———-
Sr —-—— 3 —-———
B -——= 171 -———-
Ba ——— 21 ———
Pb - 27 -———-

2No Invertebrates Found
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FLOW RATE
(ft/sec)

Station Sample # Reading 1 Reading 2 Reading 3 Average

DC 1 1 0.47 0.27 0.62
2 1.03 1.00 0.67
DC 2 1 0.13 0.42 0.25
2 1.03 0.67 0.62
DC 3 1 0.92 0.72 0.25
2 0.57 0.90 0.73
DC 4 1 1.12 1.30 1.50
2 1.12 0.33 0.55
DC 5 1 1.30 2.25 1.45
2 0.68 0.63 0.63
Deer Creek Total Average; High/Low -- 0.81l; 1.16/0.52
PCk 1 1 0.32 0.47 0.77
2 1.82 2.17 2.27
PC 2 1 0.35 0.48 0.55
2 0.73 1.12 1.33
PC 3 1 0.53 0.30 0.62
2 1.43 1.92 1.67
PC 4 1 0.50 0.65 0.33
2 1.08 1.17 1.40
PC 5 1 0.33 0.78 0.67
2 0.18 0.53 0.77

Peru Creek Total Average; High/Low -- 0.91; 1.30/0.54
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Water pH, Conductivity, Temperature, and Hardness

Station Sample # " pH Cond. Temp. Hardness*
(umhos) (deg F)
DC 1 1l 7.69 80.5 45.2 42.5
2 8.15 92.4 33.4 42.2
Average 7.92 86.4 39.3 42.4
DC 2 1 7.64 83.1 48.4 43.2
2 8.43 93.5 32.8 45.0
. . &
Average 8.04 88.3 40.6 44.1
DC 3 1 7.69 70.3 49.2 43.8
2 7.97 95.5 33.3 46.2
Average 7.83 82.9 41.2 45.0
DC 4 1 8.30 88.3 41.0 45.1
2 8.04 86.8 34.2 45.1
Average 8.17 87.6 37.6 45.1
DC 5 1 8.60 72.2 35.0 44 .4
2 8.22 84.7 35.3 45.0
Average 8.41 78.4 35.2 44 .7
PC 1 1 6.10 78.0 45.0 38.3
2 8.24 80.2 46.5 38.5
Average 7.17 79.1 45.8 38.4

* Hardness equals the mg equivalent CaCOs /L = 2.97[Ca,mg/L]
+ 4.118[Mg,mg/L];
~Standard Methods, 15th ed., 1980.
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Table cont.

Station Sample # pH Cond. Temp. Hardness*
(umhos) (deg F)
PC 2 1 6.80 80.6 47.1 35.0
2 8.15 83.3 47.5 35.8 .
Average 7.48 82.0 47.3 35.4
PC 3 1 5.62 147.9 47.8 57.4
2 5.18 158.6 48.5 58.9
Average 5.40 153.3 48 .2 58.2
PC 4 1 4.86 154.2 41.4 57.1
2 5.70 157.4 47.7 58.4
Average 5.28 155.8 44.6 57.8
PC 5 1 5.40 140.0 42.2 52.0
2 6.03 137.5 45.5 52.7
Average 5.72 138.8 43.8 52.4

RRTHUR LARRS LIBRARY
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Species Genera and Functiopal Feeding Groups

Deer Creek Station 1, Sample #1 (9/27/87).
Sample area 0.28 m® (3 sq ft).

Functional
Order Family Genus Feeding Group Quantity
Plecoptera (nymph) Nemouridae Zapada Shredder 3
Ephemeroptera(nymph) Heptageniidae Rhithrogena Scraper 1

Ephemeroptera(nymph) Leptophlebiidae Paraleptophlebia Gather—Collector 3

Ephemeroptera (nymph) Leptophlebiidae Choroterpes Gather-Collector 4
Ephemeroptera (nymph) U 1
Trichoptera (larva) Rhyacophilidae  Rhyacophila Predator 5
Trichoptera (larva) Sericostomatidae Gumaga Scraper 1
Coleoptera (adult) Haliplidae Predator 1
Diptera (larva) Simuliidae Prosimulium Filter—Collector 1
TOTAL 20

* Undetermined
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Deer Creek Station 1, Sample #2 (10/4/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemerﬁptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Coleoptera (adult)
Diptera (larva)

Diptera (larva)

Family
Nemouridae
Chloroperlidae
Taeniopterygidae
Perlodidae
Perlodidae
Siphlonu;idae
Ephemerellidae
Heptageniidae
Heptageniidae

Heptageniidae

Glossosamatidae
Rhyacophilidae
Sericostomatidae
Hydroptilidae
Limnephilidae
Haliplidae
Tanyderidae

Chironomidae

Class Oligochaeta (earth worm)

TOTAL

* Undetermined

** Ten percent are Predators.

Genus
Zapada
Paraperla
Taenionema

Skwala

Ameletus
Drunella
Stenonema

Cin a

Glossoscma
Rhyacophila
Gumaga
Mayatrichia
Apatania

Functicnal
Feeding Group

Shredder
Predator
Shredder
Predator
Predator
Filter—Collector
Gather—Collector
Scraper

Scraper

Scraper

U*

Scraper

Predator

Scraper
Gather-Collector
Scraper

Predatdr

Predator

Gather—Collector**

U

.Page 56

Quantity

11

5

72
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Deer Creek Station 2, Sample #1 (9/27/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)
Coleoptera (larva)
Coleoptera (adult)

Diptera (larva)

Family
Nemouridae

Nemouridae

Chloroperlidae

Perlodidae

Perlodidae

Taeniopterygidae
Heptageniidae
Heptageniidée
Ephemerellidae
Heptageniidae

Rhyacophilidae

Elimidae
Haliplidae

Athericidae

Class Oligochaeta (earth worm)

Class Hirudinea (leach)

TOTAL

* Undetermined

Genus
Zapada
Malenka
Paraperla
Isogenoides

Taenionema

Stenonema

Heterlimnius

Page 57

Functional
Feeding Group  Quantity
Shredder 32
Shredder 4
Predator 5
Predator 2
Predator 1
Shredder 1
Scraper 23
Scraper 6
Gather—Collector 3
Scraper 1
Predator 4
Gather—Collector 5
Predator 2
Predator 1
il 19
u 2

m
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Deer Creek Station 2, Sample #2 (10/4/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Coleoptera (larva)
Coleoptera (adult)

Diptera (larva)

Family
Nemouridae
Nemouridae
Chloroperlidae
Perlodidae
Perlodidae
Perlodidae
Taeniopterygidae
Ephenerellidae
Baetidae
Heptageniidae
Heptageniidae

Heptageniidae

Rhyacophilidae
Glossosomatidae
Glossoscmatidae
Elimidae
Haliplidae

Chironomidae

Class Oligochaeta (earth worm)

TOTAL
* Undetermined

** Ten percent are Predators.

Genus
Zapada
Malenka
Paraperla

Isogenoides
Skwala

Taenionema
Drunella
Centroptilum

Stenonema

Rhithrogena

Rhyacophila
Glossosoma
apetus

Heterlimnius

Page 58
Functional
Feeding Group Quantity
Shredder 50
Shredder 7
~ Predator 25
Predator 6
Predator 1
Predator 3
Shredder 3
Gather—Collector 6
Gather-Collector 1
Scraper 21
Scraper 16
Scraper 5
|t 1
Predator 2
Scraper 2
Scraper 1
Gather-Collector 17
Predator 5
Gather—Collector** 6
U 62
250
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Deer Creek Station 3, Sample #1 (9/27/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)

Ephemeroptera (nynph)

Ephemeroptera (nymph)

Ephemercptera (nynph)
Ephemeroptera (nymph)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Coleoptera (larva)

Coleoptera (adult)

Diptera (larva)

Family
Nemouridae

Nemouridae

Chloroperlidae

Perlodidae

Perlodidae

Taeniopterygidae
Ephemerellidae
Ephemerellidae
Heptageniidae
Heptageniidaé

Heptageniidae

Rhyacophilidae
Sericostomatidae
Glossosomatidae

Brachycentridae

Elimidae
Haliplidae

Chironomidae

Class Oligochaeta (earth worm)

TOTAL

* Undetermined

** Ten percent are Predators.

Genus

Zapada

Taenionema

Drunella

Rhithrogena

Stenonema

Rh ila
Gumaga
Glossoscma

Amiocentrus

Heterlimnius
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Functional
Feeding Group Quantity
Shredder 2
Shedder 1
Predator 6
Predator 2
Predator 1
Shredder 1
Gather-Collector 3
U~ 2
Scraper 8
Scraper 4
Scraper 4
U 8
Predator 7
Scraper 2
Scraper 3
Filter-Collector 1
Gather—Collector 5
Predator 8
Gather-Collector** 1
U 14

83
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Deer Creek Station 3, Sample #2 (10/24/87).
Sample area 0.28 m? (3 sq ft).

Order
Plecoptera
Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemercptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)

Trichoptera (larva)

Trichoptera (larva)

Coleoptera

Coleoptera

(nymph)
(nymph)
(nymph)
(nymph)
(nymph)
(nymph)

(larva)

(adult)

Diptera (larva)

Family

Nemouridae
Nemouridae
Perlodidae

Perlodidae

Taeniopterygidae
Chloroperlidae
Heptageniidae
Heptageniidae
Heptageniidae
Heptageniidae
Ephemerellidae
Ephemerellidae
Rhyacophilidae
Glossoscmatidae

Glossosomatidae

Elimidae

Haliplidae

Chironomidae

Class Oligochaeta (earth worm)

TOTAL

* Undetermined
** Ten percent are Predators.

Genus
Zapada
Malenka

Isogenoides

Tasnionema
Paraperla
Cin a
Stenonema

Rhithrogena

Drunella
Timpanoga
Rhyacophila
Glossosoma

apetus

Heterlimnius

Functional
Feeding Group

Shredder
Shredder
Predator
Predator
Shredder
Predator
Scraper
Scraper
Scraper

Scraper

Gather—Collector

Scraper
Predator
Scraper

Scraper

Gather—Collector

Predator

" Page 60

Quantity
48

5

17

4

15

2

17

7

Gather—Collector** 64

Uk

10

223
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Deer Creek Station 4, Sample #1 (10/1/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera {(nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Epheneroptera(nymph_)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Coleoptera (larva)
Coleoptera (adult)
Diptera (larva)

Diptera (larva)

Family
Nemouridae
Chloroperlidae
Chloroperlidae
Taeniopterygidae
Perlodidae
Perlodidae
Perlodidae
Heptageniidae

Ephemerellidae

Rhyacophilidae
Glossosomatidae
Giossosomatidae
Lepidostomatidae
Elimidae
Haliplidae

Chironomidae

Class Oligochaetae (éarth worm) ‘

Class Hirudinea (leach)

TOTAL

* Undetermined

** Ten percent are Predators.

Rhithrogena
Drunella

Rhyacophila
Glossosama
Anagapetus

Lepidostcma

Heterlimnius

Functional
Feeding Group

Shredder
Predator
Predator
Shredder
Predator
Predator
Predator

Scraper
Gather—Collector
u*

Predator

Scraper

Scraper

Shredder
Gather—Collector

Predator

Gather-Collector**

U

¢]
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anti

33

112

36

235
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Deer Creek Station 4, Sample #2 (10/4/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)

Plecoptera (nymph)

Plecoptera (nymph)

Ephemeroptera (nynph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Coleoptera (larva)

Diptera (larva)

Family
Nemouridae
Perlodidae
Chloroperlidae
Ephemerellidae
Heptageniidae
Heptageniidae

Heptageniidae

Rhyacophilidae

Limmephilidae

Genus

Zapada
Isogenoides

Paraperla

Drunella

Rhithrogena

Stenonema

Rhyacophila

Apatania

Lepidostomatidae Lepidostoma

Sericostomatidae Gumaga

Glossoscmatidae Glossoscma

Glossosomatidae

Elimidae

Chironomidae

Class Oligochaeta (earth worm)

TOTAL

* Undetermined

** Ten percent are Predators.

Anagapetus

Heterlimnius

Functional

Feeding Group

Shredder

Predator

Predator

Gather—Collector

Scraper
Scraper
Scraper
u*
Predator
Scraper
Shredder
Scraper
Scraper

Scraper

Gather—-Collector

Gather-Collector**

U
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Quantity

31

1

4

11

17

12

19

b

14

18

148
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Deer Creek Station 5, Sample #1 (10/4/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)
Coleoptera (larva)
Coleoptera (adult)

Diptera (larva)

Family Genus
Nemouridae gaia_d_a
Perlodidae Isogenoides
Perlodidae Margarcys
Perlodidae Diura

Chloroperlidae Paraperla
Heptageniidae Rhithrgg' ena
Heptageniidae Stenonena

Ephemerellidae Drunella

Leptophlebiidae Paraleptophlebia
Limnephilidae Ecclisomyia
Elimidae Heterlimnius
Haliplidae

Chircnomidae

Class Oligochaeta (earth worm)

TOTAL

* Undetermined

** Ten percent are Predators.

Functional

Feeding Group
Shredder
Predator

Predator

‘Predator

Predator

' Seraper

Scraper
Gather—Collector
Gather—Collector
Scraper
Gather—Collector
Predator
Gather—Collector**

o

Page 63

Quantity
13
2

2

67
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Deer Creek Station 5, Sample #2 (‘10/4/87).
Sample area 0.28 m® (3 sq ft). '

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Trichoptera (larva)
Trichoptera (larva)
Trichoptera (larva)
Coleoptera (larva)
Coleoptera (adult)

Diptera (larva)

Family
Nemouridae
Nemouridae
Perlodidae
Chloroperlidae
Taeniopterygidae
Heptageniidae
Heptageniidae
Heptageniidae
Ephemerellidae
Rhyacophilidae
Lepidostomatidae
Glossosomatidae
Elimidae
Haliplidae

Chironomidae

Class Oligochaeta (earth worm)

TOTAL

* Undetermined

** Ten percent are Predators.

Genus
Zapada
Malenka
Isogenoides
Paraperla
Taenionema

Rhithrogena

Stenonema

Drunella
Rhyacophila
Lepidostoma

Glossosoma

Heterlimnius

Page 64
Functional
Feeding Group Quantity
Shredder 29
Shredder 1
Predator 2
Predator 2
Shredder 1
Scraper 15
Scraper 3
Scraper 2
Gather—Collector 1
Predator 2
Shredder 3
Scraper 1
Gather—Collector 17
Predator 5
Gather—Collector** 8
U 20

112
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T-3819

Peru Creek Station 1, Sample #1 (9/24/87).
Sample area 0.28 m? (3 sq ft).

Order
Quantity

Plecoptera (nymph)

Plecoptera (nymph)

Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera (nymph)
Ephemeroptera {nymph)
Trichoptera (larva)

TOTAL

* Undetermined

Family

Nemouridae
Chloroperlidae
Heptageniidae
Heptageniidae

Leptophebiidae

Rhyacophilidae

Genus

Zapada
Alloperla
Rhithrogena
Epeorus

Paraleptophebia

Rhyacophila

Functional
Feeding Group
Shredder
Predator
Scraper

Scraper
Gather—Collector
U*

Predator
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[ 353
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Peru Creek Station 1, Sample #2 (10/01/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera {(nymph)
Plecoptera (nymph)

Plecoptera (nymph)

Ephemeroptera (nymph)
Ephemeroptera {nymph)
Ephemercptera (nymph)
Ephemeroptera (nymph)

Trichoptera (larva)
Coleoptera (adult}
Diptera (larva)

Diptera (larva)

Family
Nemouridae
Chloroperlidae
Perlodidae
Perlodidae
Ephemerellidae
Heptageniidae

Leptiphlebiidae

Rhyacophilidae
Gyrinidae
Chironomidae

Ceratopogonidae

Class Hirudinea (Leach)

TOTAL

* Undetermined

** Ten percent are Predators.

Genus
Zapada

Mloperla

Is ides

Attenella

Rhithrogena

Paraleptophlebia

Rhyacophila

Tan inae

Functional
Feeding Group

Shredder

Predator

Predator

Predator
Gather—Ccllector
Scraper
Gather—Collector
19

Predator

Predator
Gather—Collector**
Gather—Collector**

4}
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Quantity
18
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16
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Peru Creek Station 2, Sample #1 (9/24/87).
Sample area 0.28 m® (3 sq ft).

Order
Plecoptera (nymph)
Plecoptera (nymph)
Plecoptera (nymph)

Plecoptera (nymph)

Trichoptera (larva)
Trichoptera (larva)

Trichoptera (larva)

Diptera (larva)

Diptera (larva)

Family
Nemouridae
Perlodidae
Taeniopterygidae
Leuctridae
Rhyacophilidae
Limnephilidae
Limnephilidae

Tipulidae

Class Oligochaeta (segmented worm)

Class Hirudinea‘ (1each)

TOTAL

* Undetermined

Genus
Zapada

Isoperla

Doddsia

Despaxia
Rhyacophila
Ecclisomyia
Pseudostenophylax

ARTHUR LAKES LIRHAR

Functional
Feeding Group

Shredder
Predator
Shredder
Shredder
Predator .
Scraper
Scraper
Shredder
U*

U
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Quantity
15

1

28
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Peru Creek Station 2, Sample #2 (10/01/87).
Sample area 0.28 m® (3 sq ft).

Order

Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera

Plecoptera

(nymph)
(nymph)
(nymph)
(nymph)
(nymph)

(nymph)

{nymph)
Ephemeroptera (nymph)

Trichoptera (larva)

Trichoptera (pupa)

Diptera (larva)

Diptera (larva)

Hemiptera (adult)

Hemiptera (larva)

Family

Nemouridae

Taeniopterygidae

Capniidae

Leuctridae

Leuctridae

Perlodidae

Heptageniidae

Limnephilidae

Chironomidae

Class Hirumiinea (leach)

TOTAL

* Undetermined
** Ten percent are Predators.

Genus
Zapada
Taenionema
Eucapnopsis

Despaxia

Rhithrogena

Ecclisomyia

Functional
Feeding Group

Shredder

Shredder

_ Shredder

Shredder

Shredder

Predator

U

Scraper

Scraper

U
Gather—Collector**
U

Predator

Predator

Page 68
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Peru Creek Station 3, Sample #1 (9/24/87).
Sample area 0.28 m (3 sq ft).

No Macroinvertebrates Found

Peru Creek Station 3, Sample #2 (10/01/87).
Sample area 0.28 m (3 sq ft).

Functional

Order Family Genus Feeding Group Quantity
Plecoptera (nymph) Nemouridae Zapada Shredder 1
Trichoptera (larva) Rhyacophilidae Rhyacophila Predator 1
TOTAL 2
Peru Creek Station 4, Sample #1 (9/27/87).
Sample area 0.28 m® (3 sq ft).
No Macroinvertebrates Found
Peru Creek Station 4, Sample #2 (10/01/87).
Sample area 0.28 m?2 (3 sq ft).
No Macroinvertebrates Found
_Peru Creek Station 5, Sample #1 (9/27/87).
Sample area 0.28 m* (3 sq ft).
No Macroinvertebrates Found
Peru Creek Station 5, Sample #2 (10/4/87).
Sample area 0.28 m? (3 sq ft).

' Functional
Order Family Genus Feeding Group Quantity
Plecoptera (nymph) Nemouridae Zapada Shedder 1
Plecoptera (nymph) Taeniopterygidae Taenionema Shredder 1
Lepidoptera (larva) (aquatic moth) Scraper 1

TOTAL 3
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METAL CONCENTRATIONS IN WATER

(mg/L)

DEER CREEK STATION 1

Sample 1 Sample 2 Average
Al 0.1 <0.1 <0.1
Fe 0.11 0.11 0.11
Mn 0.01 0.01 0.01
Cu <0.01 <0.01 <0.01
Zn <0.01 <0.01 <0.01
Ni <0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
cd <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.04 0.04 0.04
B <0.01 <0.01 <0.01
Ba 0.02 0.02 0.02
Pb <0.05 <0.05 <0.05
DEER CREEK STATION 2

Sample 1 Sample 2 Average
Al <0.1 <0.1 <0.1
Fe 0.08 0.08 0.08
Mn 0.01 0.01 0.01
Cu <0.01 <0.01 <0.01
Zn <0.01 <0.01 <0.01
Ni <0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
cd <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.04 0.05 0.04
B <0.01 <0.01 <0.01
Ba 0.02 0.02 0.02

Pb <0.05 <0.05 <0.05
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METAL CONCENTRATIONS IN WATER

(mg/L)
DEER CREEK STATION 3
- Sample 1 Sample 2 Average
Al <0.1 <0.1 <0.1
Fe 0.07 0.08 0.08
Mn 0.01 0.02 0.02
Cu <0.01 <0.01 <0.01
Zn <0.01 <0.01 <0.01
Ni <0.01 <0.01 <0.01
Mo Q.01 <0.01 <0.01
cd <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.04 0.05 0.04
B 0.03 <0.01 <0.02
Ba 0.02 0.02 0.02
Pb <0.05 <0.05 <0.05
DEER CREEK STATION 4
Sample 1 Sample 2 Average

Al <0.1 <0.1 <0.1
Fe 0.12 0.07 0.10
Mn 0.03 0.02 0.02
Cu <0.01 <0.01 <0.01
Zn <0.01 <0.01 <0.01
Ni <0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
cda. <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.05 0.05 0.05
B <0.01 <0.01 <0.02
Ba 0.01 0.02 0.02

Pb <0.05 <0.05 <0.05
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METAL CONCENTRATIONS IN WATER

(mg/L)
DEER CREEK STATION 5
Sample 1 Sample 2 Average
Al <0.1 <0.1 <0.1
Fe 0.05 0.06 0.06
Mn 0.02 0.02 0.02
Cu <0.01 <0.01 <0.01
Zn «0.01 <0.01 <0.01
Ni <0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
cd <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.04 0.05 0.04
B <0.01 <0.01 <0.01
Ba 0.01 0.01 0.01
Pb <0.05 <0.05 <0.05
PERU CREEK STATION 1
Sample 1 Sample 2 Average

Al <0.1 <0.1 <0.1
Fe 0.02 0.05 0.04
Mn 0.01 0.01 0.01
Cu <0.01 <0.01 <0.01
Zn 0.03 0.03 0.03
Ni <0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
cd <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.14 0.15 0.14
B <0.01 <0.01 <0.01
Ba 0.04 0.04 0.04
Pb <0.05 <0.05 <0.05

ARTHUR LAREs LIBRAR
1] BR
COLOREDO SCHOOL of Aﬂtr'vgs
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METAL CONCENTRATIONS IN WATER

(mg/L)

PERU CREEK STATION 2

Sample 1 Sample 2 Average
Al <0.1 <0.1 <0.1
Fe 0.02 0.02 0.02
Mn 0.13 0.12 0.12
Cu <0.01 <0.01 <0.01
zn 0.09 0.09 0.09
Ni <0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
ca <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.12 0.12 0.12
B <0.01 <0.01 <0.01
Ba 0.03 0.03 0.03
Pb <0.05 <0.05 <0.05
PERU CREEK STATION 3

Sample 1 Sample 2 Average
Al 0.8 0.9 0.8
Fe 1.12 0.94 1.03
Mn 1.44 1.44 1.44
Cu 0.27 0.24 0.26
Zn 1.99 2.12 2.06
Ni 0.01 0.01 0.01
Mo <0.01 <0.01 <0.01
cd 0.01 0.01 0.01
Cr <0.01 <0.01 <0.01
Sr 0.17 0.18 0.18
B <0.01 <0.01 <0.01
Ba 0.03 0.03 0.03

Pb <0.05 <0.05 <0.05
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METAL CONCENTRATIONS IN WATER

(mg/L)
PERU CREEK STATION 4
Sample 1 Sample 2 Average
Al 1.3 1.3 1.3
Fe 0.76 0.65 0.70
Mn 1.40 1.36 1.38
Cu 0.23 0.21 0.22
Zn 1.83 1.95 1.89
Ni 0.01 0.01 0.01
Mo <0.01 <0.01 <0.01
cd 0.01 0.01 0.01
Cr <0.01 <0.01 <0.01
Sr 0.16 0.17 0.16
B <0.01 <0.01 <0.01
Ba 0.03 0.03 0.03
Pb <0.05 <0.05 <0.05
PERU CREEK STATION 5
Sample 1 Sample 2 Averade

Al 1.0 1.0 1.0
Fe 0.28 0.28 0.28
Mn 0.88 0.81 0.84
Cu 0.10 0.08 0.09
Zn -1.18 1.19 1.18
Ni 0.01 <0.01 <0.01
Mo <0.01 <0.01 <0.01
cd 0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01
Sr 0.13 0.13 0.13
B <0.01 <0.01 <0.01
Ba 0.02 0.02 0.02

Pb <0.05 <0.05 <0.05
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T-3819

Average quantity of each genera within sampling station

DCS PC1 PC2 PC3 PCS

DC1 DC2 DC3 DC4
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PCl PC2 PC3 PCS

DC1 DC2 DC3 DC4 DC5

Trichoptera

T-3819
Table cont.
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Table of Simpson's Index

Station Index Average Within
Stations

Deer Creek 1-1 8.64

Deer Creek 1-2 14.7 11.67
Deer Creek 2-1 6.27

Deer Creek 2-2 7.72 7.0
Deer Creek 3-1 14.0

Deer Creek 3-2 6.74 10.37
Deer Creek 4-1 3.65

Deer Creek 4-2 9.21 6.43
Deer Creek 5-1 6.52

Deer Creek 5-2 7.02 6.77
Deer Creek Average 8.45
Peru Creek 1-1 4.31

Peru Creek 1-2 5.03 4.67
Peru Creek 2-1 3.50

Peru Creek 2-2 1.76 2.63
Peru Creek 3-1 0

Peru Creek 3-2 infinity infinity
Peru Creek 4-1 0

Peru Creek 4-2 0 0
Peru Creek 5-1 0]

Peru Creek 5-2 infinity infinity

Peru Creek Average 2.43
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Table of Shannon-Weiner Index

Station Index Average Within
Station

Deer Creek 1-1 1.99

Deer Creek 1-2 2.71 2.35
Deer Creek 2-1 2.15

Deer Creek 2-2 2.38 2.26
Deer Creek 3-1 2.70

Deer Creek 3-2 2.31 2.50
Deer Creek 4-1 1.80

Deer Creek 4-2 2.37 2.08
Deer Creek 5-1 2.15

Deer Creek 5-2 2.19 2.17
Deer Creek Average 2.27
Peru Creek 1-1 1.62

Peru Creek 1-2 1.91 1.76
Peru Creek 2-1 1.73

Peru Creek 2-2 1.15 1.44
Peru Creek 3-1 0

Peru Creek 3-2 0.69% 0.35
Peru Creek 4-1 0

Peru Creek 4-2 0 0
Peru Creek 5-1 0

Peru Creek 5-2 1.10 0.55

Peru Creek Average 0.82
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EPT Index
EPT (Genus/Order) Average Within

Stations

Deer Creek 1-1 6/3 = 2.0

Deer Creek 1-2 13/3 = 4.3 3.2
Deer Creek 2-1 11/3 = 3.7

Deer Creek 2-2 13/3 = 4.3 4.0
Deer Creek 3-1 11/3 = 3.7

Deer Creek 3-2 13/3 = 4.3 4.0
Deer Creek 4-1 11/3 = 3.7

Deer Creek 4-2 12/3 = 4.0 3.8
Deer Creek 5-1 10/3 = 3.3

Deer Creek 5-2 11/3 = 3.7 3.5
Deer Creek Average 3.7
Peru Creek 1-1 6/3 = 2.0

Peru Creek 1-2 7/3 = 2.3 2.2
Peru Creek 2-1 7/3 = 2.3

Peru Creek 2-2 8/3 = 2.7 2.5
Peru Creek 3~-1 0/3 = 0.0

Peru Creek 3-2 2/3 = 0.7 0.4
Peru Creek 4-1 0/3 = 0.0

Peru Creek 4-2 /3 = 0.0 0.0
Peru Creek 5-1 "0/3 = 0.0

Peru Creek 5-2 2/3 = 0.7 0.4
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