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Abstract

Periphyton and benthic invertebrate assemblages were studied at the confluence of two Rocky Mountain
streams, Deer Creek and the Snake River near Montezuma, Colorado. Upstream from the confluence the
Snake River is acidic and enriched in dissolved trace metals, while Deer Creek is a typical Rocky Mountain
stream. In the Snake River, downstream from the confluence, the pH increases and hydrous metal oxides
precipitate and cover the streambed. The algal and benthic invertebrate communities in the upstream reaches
of the Snake River and in Deer Creek were very different. A liverwort, Scapania undulatravar. undulata, was
abundant in the Snake River, and although periphyton were very sparse, there were as many benthic
invertebrates as in Deer Creek. Downstream from the confluence, the precipitation of hydrous metal oxides
greatly decreased the abundance of periphyton and benthic invertebrates. This study shows that in streams
metal precipitates covering the streambed may have a more deleterious effect on stream communities than

high metal-ion activities.

Introduction

Growth of periphytic algae and benthic inverte-
brates in streams can be affected by the nature of
the surfaceavailablefor growthand by the chemistry
of the overlying aquatic medium. In streams re-
ceiving acid mine drainage or otherwise metal-
stressed, two factors responsible for decreases in the
abundance and diversity of periphyton communi-
ties are: (1) Toxicity resulting from acid conditions
and high concentrations of dissolved trace metals;
and (2) destabilization of the substrate by flocculent
metal precipitates (Parsons, 1968; Warner, 1971;
Lampkin & Sommerfield, 1982). Similarly, low pH
and deposition of iron hydroxide have been shown
to limit the abundance and species of benthicinver-
tebrates (Hynes, 1970). Our purpose in this study
was to determine which of these two factors had a
more adverse effect in the Snake River, a small
Rocky Mountain stream.
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Study area

The confluence of the Snake River and Deer
Creek in the Rocky Mountains, near Montezuma,
Colorado, is at an elevation of about 3230 m above
sea level. These streams are very steep and rocky
and were first studied by Theobald er al. (1963). The
watersheds of both streams are underlain by Pre-
cambrian igneous and metamorphic rocks that
have been intruded by granitic rocks of Tertiary age
(Theobald et al., 1963). Mineralized veins contain-
ing iron, zinc, lead and silver sulfides are found
scattered throughout the watersheds. There are
many old mine workings, but currently there has
been little mining activity (Moran & Wentz, 1974).
The four sites sampled in this study are shown in
Fig. 1. As indicated in the hydrograph for water
years 1980 and 1981 at a Snake River site 10 km
downstream from site 4 (Fig. 2), in the winter the
streams are covered by snow (1 to2 m deep) under-



16

14

12

10

DISCHARGE, m3-s—!
-]

T

0 meters 20

—

1 kilometer

Snow cover

J1 1

/
WD

Fig. I. Location of sampling sites in Deer Creek and the Snake
River.

lain by about 0.5 m of ice. In June and July, melting
of the snow pack results in large increases in stream
discharge. Open water, low flow conditions occur
from August through mid-October and at that time
the streamflow at sites 1 and 2 is between 0.06 and
0.28 ms!. The peak discharge in the Snake River
during June and July of 1981 was much less than
usual because of the low snowfall during the pre-
vious winter.

The water chemistry at sites 1-4 on August 18,
1980 is shown in Table 1. These values are represen-
tative of low flow during the late summer and au-
tumn. Upstream from the confluence with Deer
Creek, the Snake River has a low pH (3.5-4.3) and
high concentrations of filtrable trace metals (Al =
4.0mgl!and Fe =0.7 mg!-!). The low pH and high
Fe concentration result from the weathering of py-
rite disseminated in the rocks of the watershed; the
high Al concentration is a result of solution of
aluminous minerals by the acidic waters. Chemical
equilibrium calculations using MINEQL, a compu-
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Fig. 2. Stream discharge for water years 1980 and 1981 in the Snake River 10 km downstream from the confluence with Deer Creek
(Colorado Water Resources District, U.S. Geological Survey, written communication, 1982).




Table 1. Chemical characteristics of water at sampling sites on
the Snake River and Deer Creek on August 18, 1980 (ion con-
centrations in mg/L).

Property or Deer Creek Snake River
constituent (Site 1)
Site 2 Site 3 Site 4
pH 7.3 3.75 5.2 6.4
T(°O) 6 4 5 4
Ca 10.6 8.7 10.5 13.2
Mg 1.8 4.35 33 34
Na - 3.2 2.6 2.6
SO4 10.4 70.6 42.2 43.5
Cl 9 .34 .25 32
*Al .04 2.36 .22 .095
Fe .06 .66 .29 .19
Zn .003 45 .27 .28
Mn .005 93 .53 .38
Cu .002 018 012 .004
NO; 01 .00S .01 .005
**PQy, .002 .002 .005 011
DOC mgC/L 9 .6 2 4

* August 4, 1980.
** Filtrable ionic phosphate.

ter program (Westall ez al., 1979), show that at the
pH and Al and Fe concentrations in the Snake
River upstream from the confluence (site 2), the two
major chemical species for Al should be A3t (45%)
and AISO, (aq) (48%) and for Fe the major chemi-
cal species should be, Fe(OH){ (49%) and Fe(OH)2*
(12%), and precipitated iron hydroxide, Fe(OH),
(s) (37%). This result indicates that some of the Fe
passing through the 0.4-um Nuclepore* membrane
is actually colloidal and not truly dissolved. Deer
Creek, which has approximately the same dis-
charge as the Snake River upstream from the con-
fluence, has a pH between 6.5 and 8.0, with lower
pH values occurring during spring snowmelt. Deer
Creek also has low concentrations of filtrable trace
metals. The rocky streambed in the Snake River has
a hard, red, iron oxide coating and in Deer Creek
the rocks have a hard, black, iron and manganese
oxide coating (Theobald er al., 1963). Downstream
from the confluence the pH is between 5.5 and 6.5
and the streambed is covered with a thick (up to 1
c¢m), flocculent, brownish-white precipitate of hy-
drous Aland Fe oxides coprecipitated with aquatic
humic substances (Theobald er al., 1963). The cov-

* The use of trade names in this report is for identification
purposes only and does not constitute endorsement by the U.S.
Geological Survey.
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ering of the rocks with a hydrous metal oxide pre-
cipitate extends several kilometers downstream,
even though the concentrations of filtrable Al and
Fe decrease rapidly. There does not appear to be
significant accumulation of this flocculent precipi-
tate from year to year; this is probably a result of the
scouring action of the moving bed load (gravel to
large rocks) during the high flow conditions in June
and July.

Methods

Moran & Wentz (1974) found that the harsh
climatic conditions in the Colorado Rocky Moun-
tains prevented reliable collection of periphyton
and benthic invertebrates during the winter and
snowmelt period, which includes about nine months
of the year. For this reason, in this study, biological
samples were obtained during low-flow, open water
conditions, in August and September of 1980, and
August of 1981 (Fig. 2). These samples are satisfac-
tory for indicatig major differences in the stream
biota at the four sites, but are not representative for
all seasons.

Initial reconnaissance of the sites showed that
natural periphyton on the rocks at sites 2, 3, & 4
were extremely sparse, or impossible to collect.
Therefore, artificial substrates for periphyton col-
onization were used to obtain data that could be
compared quantitatively. The artificial substrates
used in this study were 5 X 20 cm opaque Mylar
plastic strips suspended in the stream, with nylon
rope anchored to a rock in a design similar to that
described by Chessman & McCallum (1981). Mo-
ran & Wentz (1974) found that glass or brick artifi-
cial substrates generally were unsuccessful in rapid-
ly flowing Rocky Mountain streams because of
breakage by saltating rocks; however, they found
Mylar strips were satisfactory. At each site three
Mylar strips were left in riffles for about two weeks,
as shown in Fig. 2. The only Mylar strip not
recovered was one at site 3 in September, 1980.
Upon removal from the stream, each strip was cut
in half and one half was preserved with Lugol’s
solution for algal identification and counting and
the other half was frozen for chlorophyll analysis.
The periphyton scraped from the three strips at
each site were combined before analysis. Benthic
invertebrates were collected by using a 929 cm?
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(1-ft2) Surber stream-bottom sampler with a 210-
um mesh size (Greeson er al., 1977). In 1980 and in
1981, three Surber samples were collected near
the center of the streams at each site, and after
sorting, the organisms from the three samples
were preserved with alcohol in a jar. The replica-
tion of the composite periphyton and benthic
invertebrate samples was not tested. Samples of
Scapania undulata var. undulara, a liverwort,
were collected from several places upstream on
the Snake River.

Chlorophyll a concentrations were determined
by high-pressure liquid chromatography, with an
Aminco-Bowman spectrofluorometer following the
method described by Lium & Shoaf (1979). Identi-
fication and counting of periphyton were done by
first scraping the strips into the original streamwa-
ter and diluting to 80 or 100 ml; placing the entire
sample or a subsample in an Uhteromdhl settling
chamber; and after allowing 24 hrs for settling,
examining the sample with a Wild M-40 inverted
microscope (Greeson et al., 1977). Identification of
algal species was done at 1000 X magnification with
oil immersion and counting was done at 400 X
magnification. The amount of sample placed in the
settling chambers varied because of the extreme
range in the abundance of periphyton on the artifi-
cial substrates, and because the artificial substrates
at site 3 were covered with hydrous metal oxide
precipitate. At site 1 the periphyton were abundant
and a 17 ml subsample of each 80 ml sample was
placed in a settling chamber. For sites 2 and 4,
where the periphyton were scarce and precipitate
was not a problem, the entire 80 ml of each sample
was used. For site 3, each sample was diluted to 100
ml and several 12 or 15 ml subsamples were placed
in a settling chamber and examined microscopical-
ly. For site 1 a minimum of 10 fields were counted,
for the other sites the entire area of the settling
chamber was counted because of the scarcity of the
periphyton. Periphyton abundance in cells per unit
area was calculated using the measured area of the
plastic strips as described by Greeson et al. (1977).
Benthic invertebrates were counted and identified
using a stereoscopic microscope as described by
Greeson et al. (1977).

Samples for chemical analysis were collected in
250-mL acid-washed plastic bottles that had been
rinsed three times with streamwater; samples for
inorganic analysis were filtered through 0.4-pm

Nuclepore filters with a Millipore syringe filtration
unit; samples for cation and trace metal analysis
were acidified with 0.5 mL of Ultrex nitric acid.
Samples for dissolved organic carbon (DOC) anal-
ysis were filtered through 0.45-um Selas silver
membranes and stored at 4 °C. Anion concentra-
tions were determined with a Dionex ion chroma-
tograph, cation and trace-metal concentrations
were measured with a Jarrel-Ash inductively-
coupled plasma spectrometer, DOC concentrations
were measured with a Technicon auto analyzer and
pH was measured with an Orion combination pH
electrode.

Results
Periphyton

The abundance and diversity of the periphyton
assemblage colonizing the artificial substrates in
the Snake River and Deer Creek are listed in Table
2. The periphyton assemblage on the artificial sub-
strates may have been different from the periphyton
actually present on the rocks at each site; however,
the data can be compared quantitatively and indi-
cate the extreme differences among the sites. The
most abundant diatom species identified at each
site are listed in Table 3, and the occurrence of all
identified species at the four sites are compared in
Table 4. The major species at each site are presented
diagramatically in Fig. 3.

Periphyton in Deer Creek were much more
abundant than in any of the Snake River sites. The
dominant diatom species in Deer Creek was Han-
nea arcus Kiitzing, which is commonly found in
Rocky Mountain streams (L. J. Britton, U.S. Geo-
logical Survey, written commun. 1980). In August
1981, several species of the genus Synedra and sev-
eral chlorophytes also were abundant. Upstream in
the Snake River (site 2) the chlorophyll and algal-
cell concentrations were two or three orders of
magnitude less than in Deer Creek. The dominant
diatom species at site 2 were Eunotia exigua (Bréb.)
Grunow in 1980, and Eunotia tenella (Grun.) Hus-
tedt and Melosira italica (Ehrenberg) Kiitzing in
1981. On all three sampling occasions, Hannea ar-
cus, the dominant species in Deer Creek, also was
found in the Snake River, but was much less
abundant; however, in September, 1980, it was the
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Table 2. Characteristics of stream communities in the Snake River and Deer Creek (NS = no sample. N = no intact cells on artificial

substrate).
Periphyton Benthic-invertebrates
Chlorophyll a Abundance Diversity Abundance
{mg m 2) (cells cm 2) Ha Organisms m 2

August 1980

Sites

| 0.598 NS NS 242

2 005 0.305 280

3 .001 100 613 145

4 .001 NS NS 11

September 1980

Sites

i 593 14 481 311 NS

2 .001 450 NS

3 .001 N N NS

4 .001 N N NS

August 1981

Sites

1 238 24 294b 0.76b 344

2 .003 289 .46 406

3 001 N N 43

4 001 .78 79

N

a Calculated from the formula H'= X p, log p; where s = total number of species and p; = relative abundance of species in the area.

b Includes three green-algal species. '

second most abundant species in the Snake River.

The differences in total primary productivity be-
tween Deer Creek and the Snake River upstream
from the confluence may not be as great as indicat-
ed by comparison of periphyton abundance, be-
cause of the abundant growth of a liverwort, Sca-
pania undulata var. undulata, in the entire up-
stream reach of the Snake River. This species of
liverwort also was found by Say & Whitton (1980)
in Gillgill Burn, England. Scapania appears to be
growing in iron-oxide precipitate accumulated be-
tween rocks of the streambed in the Snake River.
Neither Scapania, nor any other aquatic bryo-
phytes, were found in Deer Creek or in the down-
stream reaches of the Snake River.

Although a great difference in periphyton abun-
dance occurs between Deer Creek and the Snake
River, there is no consistent difference in diversity
(Table 2). A total of 15 species were identified at
each site and 7 species occurred at both sites. Al-
though the dominant species in Deer Creek, Han-
nea arcus, also was present in the Snake River, none
of the major species in the Snake River, Eunotia

exigua, E. tenella and Melosira italica, were found
in Deer Creek, indicating that these species are
adapted to the acidic, metal-enriched conditions of
the Snake River.

For all three sampling periods, after two weeks in
the stream the plastic strips for periphyton coloni-
zation at the two sites downstream from the conflu-
ence (sites 3 & 4) were covered with hydrous metal
oxide precipitate. The precipitate covering the
strips was much thicker at site 3 than at site 4.
Chlorophyll @ and cell-count data for the artificial
substrates at sites 3 & 4 generally show an even
lesser abundance of periphyton than in the up-
stream reach of the Snake River (site 2). There were
only diatom fragments and no intact diatom cells in
two of three samples from site 3, and in one of the
two samples from site 4.

In August, 1980, there was a significant periphyt-
ic population at site 3 and the dominant species was
Hannea arcus from Deer Creek. Of the 12 species
identified at that time, 4 were found at both up-
stream sites, 5 were found only at the upstream
Snake River site, 1 was found only in Deer Creek,
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Table 3. Composition of diatom assemblages on artificial substrates in the Snake River and Deer Creek (NS = no sample, n = no intact

cells on artificial substrate, NF = not found).

Species August 1980 September 1980 August 1981
cells cm 2 % cells cm 2 % cells cm 2 %
Deer Creek (site 1)
Achnanthes minutissima Kitz NS NS 538 3.7 239 1.1
Cymbella minuta Hilse ex Rabh. NS NS 641 44 611 2.8
Gomphonema clevei Cleve NS NS 513 35 478 2.2
Hannea arcus Kiitz. NS NS 12 102 83.4 11031 50.3
Svnedra famelica Kiitz. NS NS 282 20 NF NF
Synedra rumpens Kiitz. NS NS NF NF 4333 19.8
Svynedra ulna (Nitz) Ehr. NS NS 385 2.6 4492 20.5
Synedra sp. Ehr. NS NS Trace Trace 744 34
Snake River (site 2)
Eunotia exigua (Bréb.) Grun. 42 87.3 22 71.0 NF NF
Eunotia tenella (Grun.) Hust. NF NF NF NF 145 529
Hannea arcus 1 2.0 6 19.0 4 1.5
Melosira italica (Ehr.) Kiitz.2 3 6.2 0.6 2.0 117 427
Snake River (site 3)
Achnanthes minutissima 5 5.6 N N N N
Cymbella minuta 8 8.9 N N N N
Hannea arcus 61 68 N N N N
Nitzschiq sp. (Hass.) 3 33 N N N N
Pinnularia braunii (Grun.) Cleve 11 12.2 N N N N
Snake River (site 4)
Cymbella minuta N N N N 3 12.5
Hannea arcus N N N N 3 12.5
Melosira granulata (Ehr.) Ralfs N N N N 8 333
Melosira italica N N N N 3 12.5
Navicula sp. Bory N N N N 3 12.5
Nitzschia sp. N N N N 3 12.5

a Number of cells in colonies.

and 3 were not found at any of the other sites. Given
the much greater abundance of periphyton in Deer
Creek, one might expect more algal species from
Deer Creek than the Snake River at the confluence.
The observed poor representation of algal species
found only in Deer Creek illustrates the extreme
effect of the hydrous metal oxide precipitate.

In August, 1981, when intact algal cells were
found at site 4, the farthest downstream site, 4 of the
7 identified algal species, including the most abun-
dant species, Melosira granulata (Ehrenberg) Ralfs,
were only found at that site. Two of the other
species were found at all upstream sites; one species
was found at all sites in the Snake River. The results
from the two downstream sites show that the cover-
ing of the artificial substrates with hydrous-metal
oxide severely limits periphyton colonization. The
failure to collect periphyton from the rocks during
the initial reconnaissance of sites 3 & 4 indicates

that the precipitate also limits periphyton growth
on the rocks in the streambed.

Benthic invertebrates

In many aspects, the benthic-invertebrate distri-
bution shows the same pattern as the periphyton
distribution. There were two distinct benthic-inver-
tebrate assemblages in the upstream reach of the
Snake River (site 2) and in Deer Creek (site 1); and
there was a much lesser abundance of benthic inver-
tebrates in the downstream reaches of the Snake
River (sites 3 & 4). In Deer Creek, a total of 12
species were identified in 1980 and 1981, and during
both summers the community was dominated by
mayfly nymphs, Baetis sp., Cinygmula sp., and
Epeorus grandis, and by a stonefly of the family
Chloroperlidae. Merrit & Cummins (1978) describe
all these benthic invertebrates as collectors-gather-
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Table 4. Distribution of algal species on artificial substrates in the Snake River and Deer Creek (+ = present, - = not found).

Species Deer Creek (site 1)

Snake River (site 2)

Snake River (site 3) Snake River (site 4)

BACILLARIOPHYTA
Achnanthes lanceolata Bréb.
Achnanthes minutissima Kiitz.
Anomoeneis serians (Bréb.) Cleve
Cvmbella minuta Hilse ex Rabh.
Diatoma hiemale (Lyngb.) Heib
Eunotia exigua (Bréb.) Grun -
Eunotia tenella (Grun.) Hust.
Fragilaria construens (Ehr.) Grun. - -
Gomphonema sp. | Agardh
Gomphonema sp. 2 Agardh +
Gomphonema clevei Cleve +

+ o+
+ +

+ o4+

+

Gomphonema truncatum Ehr., -

Hannea arcus Kiitz. + +
Melosira granulata (Ehr.) Ralfs -

Melosira iralica (Ehr.) Kiitz. - +
Meridian circulare Agardh +

Navicula cryptocephala Kitz. + -
Navicula halophila (Grun.) Cleve - +
Navicula radiosa Kiitz. - -
Navicula sp. Bory - -
Nitzschia sp. Bory + -
Pinnularia braunii (Grun.) Cleve +
Rhopalodia gibba (Ehr.) O.Miill. -
Surirella ovata Kutz. . +
Synedra famelica Kiitz. +

Synedra rumpens Kiitz. + -
Synedra ulna (Nitz.) Ehr. + +
Svnedra ulna var. oxyrhynchus Kiitz. +

Svnedra sp. | Ehr. - +
Svnedra sp. 2 Ehr.

Tabellaria flocculosa (Roth) Kiitz.

+ +
+ !

+
|

+ o+t

+ o+
oo

ers or scrapers. The numbers of benthic inverte-
brates per unit area in Deer Creek were similar to
numbers found by Pennak and van Gerpen (1947)
in another Colorado Rocky Mountain stream.
More individuals were found in the Surber samples
in August 1981 than in August 1980, which may be
due to the lower flow conditions in 1981.

In the upstream reach of the Snake River the
same three species were found in the summers of
1980 and 1981. The most abundant species was a
stonefly, Zapada frigida, and the other two species
were chironomids, Diamesa latitarsis and Eukieffe-
riella bavarica. The genus Zapada is described as
shredders-detritivores, whereas the two chironom-
ids are described as collectors-gatherers (Merrit &
Cummins, 1978). The stonefly Zapada frigida was
not unique to the upstream reach of the Snake

River; in both years a few individuals also were
found in Deer Creek. As in Deer Creek, more ben-
thic invertebrates were found in 1981 than in 1980.
However, in contrast to the much lesser abundance
of periphyton in the Snake River than in Deer
Creek, the abundance of benthic invertebrates was
about the same in the Snake River and in Deer
Creek. The abundant and distinctive benthic inver-
tebrate assemblage at site 2 suggests that these spe-
cies are well-adapted to acidic, metal-enriched
streamwater, and that the liverwort Scapania undu-
lata may provide a food source or habitat that
compensates for the scarcity of periphyton.

For both years of the study, there were fewer
benthic-invertebrates at the downstream sites than
at the upstream sites (Table 2). The deposition of
iron hydroxide has been found to restrict benthic
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[4]
EXPLANATION

mrlater chemistry: pH 6.5-8.0
filtrable trace metals:<0.1 mgL—1

Aquatic community:
Diatoms (abundant): Hannea arcus
Mayflies: Baetis sp.

mﬂater chemistry: pH 3.54.0
filtrable trace metals:
Al=4.0, Few0.7, Mn«1.0, Zn=0.5 mgL—1
Aquatic community:
Liverwort (abundant): Scapania undulata

Diatoms (sparse): Eunotia exjgua or E, tenella
Stonefly: Zapada frigida: and chironomids

@ater chemistry: pH 5.0-6.3
Precipitated hydrous Al and Fe oxides

filtrable trace metals;
Al=0.4, Fes0.3, Mn=0.5, Znx0.25 mgL—1
Aquatic community: extremely sparse

ater chemistry: pH 5.5-7.0
Precipitated hydrous Al and Fe oxides
filtrable trace metals;
Alx0.1,Fev0.2, Mn=0,5,Zn=0.2 mgL—1
Aquatic community: extremely sparse

Fig. 3. Summary of the water chemistry and major aquatic
organisms at the four sampling sites.

invertebrate assemblages in other stream environ-
ments (Thorup, 1966; Hynes, 1970). Throughout
both summers, most of the individuals found at the
confluence (site 3) were from the same species as
individuals found at one or the other of the up-
stream sites. These may have represented drift,
rather than individuals actually inhabiting the con-
fluence. However, in both years there were a few
individuals from species not found upstream. In
August, 1980, only one stonefly, Zapada frigida
and one chironomid, Eukiefferiella bavarica, were
found at site 4 farthest downstream from the con-
fluence, and these may have drifted from upstream
in the Snake River. In 1980, there also were no
intact algal cells found on the periphyton collectors.
However, in 1981, when there was a significant and
distinct periphyton assemblage at site 4, there were

also more benthic invertebrates and the dominant
species, a chironomid Eukiefferiella claripennis,
was only found at this site. Differences in the ben-
thic invertebrates between 1980 and 1981 were
probably caused by the differences in hydrologic
conditions.

Discussion

A significant advance in understanding the toxic-
ity of trace metals to aquatic organisms was the
demonstration by laboratory experiments that the
toxicity of trace metals is a function of the activity
of the free metal ion rather than the total metal
concentration (Sunda & Guillard, 1976; Anderson
& Morel, 1978). In a study of the CuSO, treatment
of Mill Pond, a reservoir used for drinking water
supplies, McKnight (1981) found that there was
good agreement between laboratory results and ac-
tual changes in algal populations when compared
on the basis of the measured cupric ion activity.
However, it can be argued that because of the im-
portance of the streambed surface, stream envi-
ronments are inherently more complex than labor-
atory flasks or the epilimnion of a lake. Therefore,
the effect of trace-metal stress on stream communi-
ties may not be a simple function of the free metal-
1on activity in streamwater. In the study presented
here, we see that the periphyton and benthic-inver-
tebrate community is more adversely effected in the
downstream reach of the Snake River, where hy-
drous metal oxide precipitate covers the rocks of
the streambed, than in the upstream reach where
the ion activities of Al, Fe, and Zn are much higher.
In the upstream reach, there is a stable community,
comprising a liverwort, several algal species, a sto-
nefly, and two chironomids species, that has adapt-
ed to the acidic, metal-enriched stream-water. How-
ever, in the downstream reach of the Snake River
the continuous thick covering of the rock substrate
by metal precipitate appears to have prevented the
development of a stable stream community. An
example of the adverse effect of the metal precipi-
tate is absence of any intact algal cells on the major-
ity of the artificial substrates at the downstream
sites.

Most of the algal species and the liverwort found
at the upstream Snake River site have also been
found in other acidic environments, which supports



the conclusion that these species are adapted to
these conditions. The taxonomy and ecology of
Eunotia exigua and E. tenella are discussed in detail
by van Dam ez al. (1981). These diatom species are
commonly found in many acid habitats, including
acid mine drainage, and van Dam et al. (1981)
suggest that E. exigua may be the most metal-toler-
ant diatom. For example, Eunotia exigua was
found by Say & Whitton (1980) in Gillgill Burn,
England, a stream contaminated with high concen-
trations of Zn from a nearby abandoned lead mine;
by Hargreaves et al. (1975), in several acidic English
streams; and by Warner (1971) in an acid mine-
drainage-contaminated stream in West Virginia,
U.S.A. Eunotia tenella was the dominant algal spe-
cies in the reach of Lynx Creek adjacent to an
abandoned copper mine in Arizona, U.S.A. (Lamp-
kin & Sommerfield, 1982). Bennett (1969) found
Eunotia tenella was abundant in mine-contaminat-
ed streams in West Virginia, U.S.A.

The chemistry of the Snake River upstream from
the confluence with Deer Creek is similar in several
ways to the chemistry of streams in the northeastern
United States and Canada that are becoming acidi-
fied from the atmospheric transport of fossil fuel
and mining pollutants. The two major similarities
are the low pH, an excess of SO, ions, and high
concentrations of dissolved Al and Fe from weath-
ering of rocks under acid conditions (Cronan,
1980). Cronan & Schofield (1979) reported average
dissolved-Al concentrations of 54 and 67 eq/L in
soil water and springs in the Adirondack Moun-
tains. As acid streams join streams draining terrain
with a greater ability to buffer strong acids in rain-
fall, the pH eventually will increase to a value where
many dissolved metals from the acid streams are no
longer soluble. Results of the study presented here
suggest that in addition to changes in stream com-
munities in the acid streams, there may be changes
in stream communities where Al and Fe precipitate
as hydrous metal oxides, because of changes in
stream chemistry, or because of mixing of stream
waters of dissimilar chemistry downstream from
confluences.

Summary and conclusions

The data presented here illustrate the major dif-
ferences in the stream biota at the four sites of the
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study; however, the data are limited by the restrict-
ed sampling schedule and the use of artificial sub-
strates for periphyton colonization. In the head-
waters of the Snake River, a small naturally acidic,
metal-enriched stream in the Rocky Mountains, the
stream community is composed of one liverwort
species, Scapania undulata var. undulata, a sparse
periphyton assemblage dominated by diatoms of
the genus Funotia, abundant populations of the
stonefly, Zapada frigida, and the chironomids, £u-
kiefferiella bavaria and Diamesa latitarsis. In Deer
Creek, a small stream of neutral pH that joins the
Snake River, the abundant periphyton assemblage
is dominated by a common Rocky Mountain dia-
tom, Hannea arcus, and the most important ben-
thic invertebrates are several mayflies, Baetis sp.,
Cinvgmula sp., and Epeorus grandis. Downstream
from the confluence of the Snake River and Deer
Creek, the concentrations of dissolved metals are
much lower than upstream in the Snake River and
hydrous Al and Fe oxides cover the rocks of the
streambed, which greatly decreases the periphyton
and benthic-invertebrate assemblages. Some of the
few species of periphyton and benthic invertebrates
found downstream from the confluence also were
found upstream from the confluence and others
only were found in the reach where the bed material
was covered with metal precipitate. This study
shows that destabilization of the rock surface in a
stream by hydrous metal-oxide precipitation can
have a more adverse effect on stream communities
than low pH and high concentrations of free metal
ons.
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