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Abstract

Heavy metals, primarily antimony, arsenic and manganese from antimony mines
in Denali National Park, Alaska impacted all levels of the stream ecosystem. Decreased
algal, moss and macroinvertebrate abundance (but not changes in macroinvertebrate
trophic organization) were all clearly associated with mining activity in Slate and
Eldorado creeks. Crustacea, Chironomidae (Diptera), Hydracarina (Arachnida),
Nemouridae (Plecoptera), and Zapada (Nemouridae) decreased in relative abundance
with metal pollution while Capniidae (Plecoptera), Nemoura (Nemouridae), and
Podmosta (Nemouridae) increased in relative abundance at mine sites. The data from
Stampede Creek demonstrated that mineralized but unmined stream reaches may be
impacted by heavy metals. Unexpectedly higher selenium levels upstream of the mine
may account for the general lack of substantial differences in macroinvertebrates and
periphyton upstream and downstream of the mine. However, macroinvertebrate and
periphyton abundances were lower at both sites on Stampede Creek than at the unmined

control stream, Jumbo Creek.
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INTRODUCTION

While streams and rivers receive a tremendous variety of pollutants, heavy
metals are of particular concern because they may be toxic at very low concentrations
and are not biodegradable. Industrial and mining activities are common sources of
heavy metal pollution. Contamination of drinking water supplies and food organisms
is of direct concern to human health while changes in the community structure and
productivity of aquatic food chains affect management of aquatic ecosystems.

Forstner and Wittmann (1981), Moore and Ramamoorthy (1984), and Whitton
and Say (1975) collectively provide an excellent introduction to metal pollution in
aquatic environments and the remarks below are largely derived from these sources.
While there exists a large literature on heavy metals in aquatic ecosystems, several
factors have severely hindered basic understanding of the ecological consequences of
heavy metal pollution. Much research has been concerned with setting toxicity
standards from a human perspective, e.g. allowable concentrations of heavy metals in
drinking water or food organisms. The relevance of such standards to the protection of
lotic organisms varies, with some aquatic organisms more sensitive than humans and
some less so. Estimation of the environmental hazards of a particular chemical has
largely been based upon single or, more recently, multiple species toxicity tests but such
tests are unlikely to provide an adequate assessment of ecosystem consequences given
the complexity of predator-prey and competitive interactions (Cairns 1983). Sorting out
causal relationships in studies of perturbed ecosystems (e.g. upstream-downstream or
even before and after comparisons) is likewise difficult. Both mining and industrial
activities generally result in inputs of several heavy metals with the composite toxicity
sometimes controlled by complex synergistic and antagonistic effects. Toxic effects and

chemical speciation of metals are partially determined by physical and chemical factors



(e.g. temperature, pH, and hardness) so that changes in pH (common in acid mine
situations) further complicate understanding. It seems likely that progress will depend
upon increasingly sophisticated toxicity testing (tests of ecosystem structure and
function) as described by Cairns (1983) as well as many more studies of perturbed
ecosystems using recent technological, statistical and conceptual advances (Cairns and
Pratt 1986).

Regions strongly dependent upon resource development for economic well-
being (e.g Alaska) face the conflict of promoting mining while simultaneously insuring
that other resource values (e.g. potable water, fisheries, and aesthetics) are not
unacceptably impacted. Although heavy metal pollution is a frequent consequence of
both placer and lode mining, very few studies have examined the consequences of metal
pollution in Alaskan waters. E.V.S. consultants (1983) and Dames and Moore (1982)
examined streams in the Red Dog Creek drainage, a site of extensive mineral deposits
and potential mining. Natural inputs of several metals (aluminum, cadmium, iron, lead,
and zinc) allowed examination of impacts on drinking water quality, benthic
macroinvertebrate communities, and fish mortality. LaPerriere et al. (1985) examined
heavy metal concentrations in streams subject to placer mining. Concentrations of
arsenic, lead, zinc, and copper are significantly higher in placer mined streams than in
streams never mined and below inactive mine sites. Algal standing crop and
productivity is reduced in streams affected by placer mining (Van Niewenhuyse and
LaPerriere 1986); macroinvertebrate density is reduced in response to water quality
degradation (Wagener and LaPerriere 1985) and the Arctic grayling (Thymallus arcticus)
avoids streams with high placer mining activity in the watershed (Simmons 1984).
West (1982) and West and Deschu (1984) examined metal concentrations in the

Kantishna Hills Region of Denali National Park and Preserve. Upstream-downstream



comparisons of heavy metal concentrations showed higher concentrations downstream
of active mining in 83 % of comparisons although naturally high concentrations were
found in some streams. Also in the Kantishna Hills, Brown and Oswood (1985)
investigated benthic macroinvertebrates along a stream gradient associated with an
inactive antimony mine and hypothesized that longitudinal changes in functional group
and taxonomic composition were related to heavy metal concentrations. Clearly more
extensive investigation of the effects of mining and heavy metal contamination is needed
for realistic multiple use of Alaska's rivers and streams.

This study is concerned with the biological properties of streams associated with
active and inactive antimony mines. Study sites were located in the Kantishna Hills
region of Denali National Park and Preserve, Alaska (Figure 1). This region was
incorporated into the park by the Alaska National Interest Lands Conservation Act of
1980. The Kantishna Hills region has been an area of active mining since the early
1900's of placer deposits of gold as well as lode deposits of antimony, copper, gold,
lead, silver, and zinc (Bundtzen 1978). Continued mining within the new park
boundary is controversial (Hunter 1985). In highly mineralized regions such as the
Kantishna Hills, surface and ground waters may be naturally contaminated by heavy
metals. However, oxidation and leaching of mine wastes may result in still higher
inputs of heavy metals to streams. There are three antimony mines and 16 known
antimony prospects in the Kantishna district, with antimony lodes found as stibnite-
bearing quartz veins (Salisbury and Dietz 1984). I studied streams in the vicinity of two
of these mines as well as a stream in a nearby region with no present or past mining. I
hypothesized that both active and inactive antimony mines would be associated with
decreases in abundance of both benthic macroinvertebrates and periphyton due to heavy

metal (especially antimony) toxicity or other factors (e.g sedimentation). I further



hypothesized (see also Brown and Oswood 1985) that mining would be associated with
changes in macroinvertebrate community structure, specifically a decrease in the relative

proportion of grazers caused by a decrease in periphyton abundance.
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Figure 1. Location of Kantishna Hills study area. Dashed line indicates
original boundary of Mr. McKinley National Park, now Denali National Park.
Dark ine indicates 1980 additions with Kantishna Hills in north. Study sites
located on Eidorao, Slate, Jumbo and Stampede creeks.



METHODS AND MATERIALS

Study Site

The Kantishna Hills of Denali National Park and Preserve is a region of low
mountains (maximum elevation approximately 1500 m) in the Kantishna River Basin.
This basin is tributary to the Tanana River, in turn tributary to the Yukon River. The
landscape and environmental features of the Kantishna hills are summarized below from
detailed information in "Environmental Overview and Analysis of Mining Effects"
(National Park Service 1981). Streams of the Kantishna Hills are clearwater (fed by
precipitation and subsurface flow rather than glaciers) with maximum flow in spring (ice
and snowmelt) or during heavy summer rains and minimum flow in early spring
beneath ice cover. Winters are long and very cold with a yearly average air temperature
of 24 °F (-4.4 °C). Stream drainages are dominated by bottomland spruce-hardwood
forest consisting of open stands of white spruce (Picea glauca) with thick undergrowth
of balsam poplar (Populus balsamifera), alder (Alnus crispa) and willow (Salix spp.).
Shrub communities of alder, birch (Betula spp.) and willow as well as tundra
communities occur at higher elevations and upper reaches of drainages.

The Eldorado and Slate creeks study site is located in an incised valley at
approximately 610 m elevation (Figure 2). Slate Creek is a tributary of Eldorado Creek
(Figure 2) and both are first order streams based on USGS (1: 63,360) maps (although
Slate Creek has several small perennial tributaries and Eldorado Creek may have a small
perennial tributary). An antimony lode mine (active summers of 1983 and 1985 but not
1984) is located at the headwaters of Slate Creek and mine spoil piles are present near
the stream. The Slate Creek mine produced high-grade antimony ore as early as 1916

(Bundtzen 1978). Our study site on Slate Creek, approximately 3.5 km downstream



from the mine, was chosen to examine the direct effects of this antimony mine. Sample
sites were located on Eldorado Creek and Slate Creek approximately 140 m and 70 m,
respectively, upstream of the Slate Creek/Eldorado Creek confluence and 70 m
downstream of the confluence (Figure 2). These sites are given throughout this report
as Eldorado Creek, Slate Creek (m), and Eldorado Creek (m) where m = mined and
indicates a site potentially affected by upstream mining. The Eldorado Creek site
provides a paired comparison to Slate Creek (m) while the Eldorado Creek (m) site
should be intermediate in characteristics due to mixture of Eldorado Creek and Slate
Creek (m) waters. These three sites provide measures along a continuum of mining
impacts from the heavily impacted Slate Creek (m) to Eldorado Creek (m) to unimpacted
Eldorado Creek.

The Stampede Creek study site (Figure 3) is located at Stampede Mine (elevation
approximately 610 m) approximately 56 km from the Eldorado/Slate Creek study sites.
Although development of the antimony deposits at Stampede Creek began in 1916,
active mining did not begin until 1936. During the late 1930's and early 40's, Stampede
Mine "...accounted for a considerable percentage of U.S. domestic antimony production
during this time" and by 1941 was the largest antimony producer in Alaska (Bundtzen
1978). Mining ceased during the early 1970's. A settling pond at the mine site is
immediately adjacent to Stampede Creek and at times a small rivulet (pH 2.5) runs from
the settling pond to the stream with noticeable discoloration of the stream substrates
directly downstream. Sample sites were located approximately 140 m upstream and 100
m downstream of the mine site and are given in this report as Stampede and Stampede
(m) respectively. The upstream site had no obvious disturbances but may have been
affected by early placer mining (Bundtzen 1978) or mine construction activities or

natural mineralization in the immediate area. Stampede Creek is a second order stream.









































































































































































































































































































