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Abstract:

The macro-invertebrates and water chemistry of the Dry Fork of Belt Creek drainage were studied from
May, 1973 through May, 1974 to determine the degree and extent of acid mine pollution. The numbers
of individuals and taxa, compositional balance, and average individual diversity of macro-invertebrates
from multi-plate, artificial substrate samplers decreased upon downstream progression on Galena
Creek and the Dry Fork of Belt Creek while Tendipedidae increased their dominance. The biotic
parameters for collections on Belt Creek showed a slight reduction with downstream progression.

Seepages along Galena Creek increased the specific conductance and concentrations of copper, iron,
magnesium, manganese, sulfate, and zinc and decreased the alkalinity and pH in the stream. Water
from Galena Creek increased specific conductance and concentrations of calcium, copper, iron,
magnesium, manganese, sulfate, and zinc and decreased the alkalinity and pH in the Dry Fork of Belt
Creek immediately below their confluence. Further downstream on the Dry Fork of Belt Creek, there
was a progressive decrease in the concentrations of iron, magnesium, manganese, sulfate, and zinc and
an increase in alkalinity, pH, and the concentration of calcium. Specific conductance and
concentrations of copper fluctuated in the lower reaches of the Dry Fork of Belt Creek. Specific
conductance and zinc levels increased but copper concentrations decreased in Belt Creek below the
entrance of the Dry Fork of Belt Creek.

Of the chemical parameters measured, apparently only copper and zinc had a major effect on the
macro-invertebrates. On the Dry Fork of Belt Creek, mats of vegetation, water temperature, and other
factors may have contributed to the downstream decrease in biotic parameters since water chemistry
generally showed improvement. The acid mine pollution added to Belt Creek by the entrance of the
Dry Fork of Belt Creek did not have a discernable negative effect on that stream’s
macro-invertebrates.
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ABSTRACT

The macro-invertebrates and water chemistry of the Dry Fork of
Belt Creek drainage were studied from May, 1973 through May, 1974 to
determine the degree and extent of acid mine pollution. The numbers
of individuals and taxa, compositional balance, and average individual
diversity of macro-invertebrates from multi-plate, artificial sub-
strate samplers decreased upon downstream progression on Galena Creek
and the Dry Fork of Belt Creek while Tendipedidae increased their
dominance. The biotic parameters for collections on Belt Creek showed
a slight reduction with downstream progression.

Seepages along Galena Creek increased the specific conductance
and concentrations of copper, iron, magnesium, manganese, sulfate,
and zinc and decreased the alkalinity and pH in the stream. Water
from Galena Creek increased specific conductance and concentrations
of calcium, copper, iron, magnesium, manganese, sulfate, and zinc and
decreased the alkalinity and pH in the Dry Fork of Belt Creek immedi-
ately below thelr confluence. Further downstream on the Dry Fork of
Belt Creek, there was a progressive decrease in the concentrations of
iron, magnesium, manganese, sulfate, and zinc and an increase in
alkalinity, pH, and the concentration-of calcium. Specific conductance
and concentrations of copper fluctuated in the lower reaches of the
Dry Fork of Belt Creek. Specific conductance and zinc levels .increased
but copper concentrations decreased in Belt Creek below the entrance
of the Dry Fork of Belt Creek.

Of the chemical parameters measured, apparently only copper and
zinc had a major effect on the macro-invertebrates. On the Dry Fork
of Belt Creek, mats of vegetation, water temperature, and other
factors may have contributed to the downstream decrease in biotic
parameters since water chemistry generally showed improvement. The
acid mine pollution added to Belt Creek by the entrance of the Dry
Fork of Belt Creek did not have a discernable negative effect on that'
stream's macro-invertebrates.




INTRODUCTION

Acidic drainage from idle mines is limiting the biologicdl pro-
duction in much of Galena Creek and subsequently in the Dry Fork of
Belt Creek downstream from its confluence with Galeng Creek (Zollman,
1970). Hardrock mining for silver with its accompanying Eopper; lead,
and zinc flourished aloﬁg Galené Creek from the 1880's ﬁntil fhe mid-
1890's (Schafer, 1935). Most mines have been inactive since 1900 %ith )
the exceptions of thé largé Block P Mine,'which was worked during the
periods from 1927 ‘to 1930 and 1941 to 1943, and a few small,
sporadically operated mines (Zollmén, 1970). ‘

The Montana Department of Héalfh and -Department of Fish and Game
have conducted (1) chemical'aﬁalyses of water samples collecéed from
Galena and the Dry Fork of Belt creeks in 1963, 1965, and 1966, (2)
short-term, limited surveys of the bottom fauna in the Dry Fo;k of
Belt Creek in 1965 and 1966, and (3) a éurvey of fish distribution in
the Dry Fork of Belt Creek in 1966. Summarizing the ;esﬁlts of these
investigations, Boland (1966) stated faunal survéys demonstrated a
reduction in both numbers and variety of macro-invertebrates and the
presence of only ome fish in several miles of‘the Dry Fork of Belt
Creek below the entrance of Galena Creek. He further sfated chemical
analyses indicated high levels of acidity, iron, and zing’apd con~

cluded these factors alone or in combination were limiting the
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biological community. The specific sources of pollution were located
on Galena Creek from additional studies of.&ater chemistfy in 1968 and
1969. Apparently surface water—percolates throuéh mine spoils, in-
filtrates ming adits, and emerges with acid and heavy metals as
seepages (Zollman, 1970), which flow into Galena Creek at severgl
locations upstream from its confluénce with the Dry Fork of Belt
Creek.

The primary purpose of this study was to determine the severity
and extent of the effects of acid mine pollution on the benthic macro- -
inveftebrates of.the Dry Fork of Belt Creek drainage. The‘effecés of
pollution from the‘Dry Fork of Belt Creek on Belt Creek were also
investigated. I conducted field research from May 4, 1973 through
May 17, 1974. 1In March, 1973 a study was begun by the Montana De-
partment of Natural Resources and Consérvation under funding by the
Environmentél Protection Agency to:determine the feasibiiity of using
present methods of mine sealing and water treatment to reduce the acid
_ mine pollution of Galena Creek. The information from ny study should
also establish biologica; baselines for the determination of bossible
imprévements in the streams' benthic macro¥inverte5rate populations

resulting from future pollution abatement.




DESCRIPTION OF STUDY AREA

The study area lay princiﬁaily in Cascade County (T15N, R7E and
R8E) on the northern edge of the Little Beit Méuntains-in céntral
Moﬁtana. These mountains form a low, piéteau-like range.of‘the
Rockles, having a maximum altitude of 2,797 m abovevméan éea level.’
They.have a base of Pre—Cambrian'gneiss ana schist progressi%ely
covered by Neihart duartzite and several strata of Paleozoic sedimeﬁts
including éandstone, shale, and limestone (Weed, 1899); Igpeoﬁs
intrusions in some instances have férmed laccolithic peaks rising'up
to 300 m ébove the plateau. The plateau itself is at an elevation
of about 2,400 m and has been heayily eroded by the.radiating drain~
ages of the Judith, Musselshell;‘andemith rivers and Dry Wolf énd
Belt creeks (Schafe;, 1935). This erosion in the abséﬁce of
glaciation has created narrow, V-shaped valleys Qdcasioﬁélly‘lying
600 m Eelow the rim of the plateau. .

.The area studied consisted of portion; of Galena, the Dry Fork
of Belt, and Belt creeks (Figure 1). Galena Creek originates,
according to USGS maps, at an. altitude of about 2,256 m on the north
slope of Mixes Baldy Peak It flows southwardly, traveling approxi—
mately 5.8 km before emptying into the Dry Fork of Belt Creek at an
elevation of 1,646 m. 1Its overall gradienf is abbut 105 meters per
stream kilometer, and flows recorded dqring the study (Table 1)

showed the maximum spring discharge at its mouth (Station 3) was
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TABLE 1. FLOWS (M3/SEC) MEASURED AT STATIONS ON GALENA CREEK (1-3)
AND THE DRY FORK OF BELT CREEK (4-8).

Date
1973 1974

Station 5/18 6/6 7/5 8/5 9/7 10/8 4/5 5/16

1 0001505003 50,004 05003

2 0.016,.40<015; 70,016 0,014

3 1.280 0,368 "0:148 0:034 .0.061" 00294 0:043" 0z174

4 1040, '0.492 60182 20,177 -0:100 0.456

5 4.000 0750550222 0,228 2051640 0151103766

6 1,009 0197 0,286 0:188 0.877

7 25520 Ls281810,342:10:4647 0102337 1052810 115262

8 5+ 700: 125427 103950052477 1 0:206 0,175 1158

over 44 times as large as its minimum in the fall. The study section
on Galena Creek covered the 4.3 km of stream from a point on the
Green Creek fork of Galena to its confluence with the Dry Fork of
Belt Creek. This section included the major site of acidic mine
seepage, the Block P Mine's spoil dump (Montana Department of Natural
Resources and Conservation, 1974), which lies between 3.5 and 3.8 km
upstream from Galena's mouth. The bottom type of Galena Creek at
higher elevations is principally gravel and sand but changes to a
semi-fused mixture of boulders and rubble near its mouth.

Aerial photographs by the U. S. Forest Service and USGS maps
indicate the Dry Fork of Belt Creek (referred to as the Dry Fork
hereafter) originates on the slopes of Big Baldy Mountain at an
elevation of about 2,500 m. It flows northwesterly 29.8 km to the

town of Monarch where it joins Belt Creek at an altitude of 1,402 m.
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The 10.5 km of the Dry Fork lying above 1,707 m in elevation have
many small triButafies_and an overall gradient of aboﬁt 76 m/km. The
remaining 19.3 km of the stream, lyiﬁg below'i,707 m apd comprising

the studj section on the Dry Fork, have an overall gradiént of 16

‘m/km and receive five permanent tributaries including Galena Creek,

which enters at a point 18.3 km upstream from Belt Creek. The highest
recorded discharge near the mouth of tﬁe Dry Fork (Stafion 8) 9ccdfred
in.the epring and was about 33 times greater than that of the lowest
fall measurement (Table 1). Weed (1899) feﬁorted a water loss in the
lower reaches of the Dry Fork énd.attributed it to the poroﬁs lime-
stone stréam bed. Fiows decreased from Station 7 to Stafion 8 dufiﬁg
Lhis ?tudy. The stream bottom of the'sfudy section on tﬁé Dry Fork
is composed largely of boulders and rubble. Konizeski (1970) stated

a fishable pépﬁlatibn of cutthroat trout (Salmo clarki) is presenﬁ in
the Dry Fork above Galena Creek.

On USGS maps, Belt Creek begins in‘the area of King's Hill and

* flows north out of the Little Belts to join the Missouri River about

20 km east of Great Falls. The discharge just downstream from.

.. Monarch averaged 5.1 m3/sec over a 2l-year period and had a 1972

maximum of 34.4 m3/sec in June and a minimum in December wheén .ice
jams blocked all flow (USGS, 1973). The 12.5 km section of Belt Creek
upstream from the mouth of the Dry Fork has an overall gradient of

12 m/km. In the study section located just upstream and downstream
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from this confluence, the bottom type is comprised of boulders and
rubble. Rainbow (Salmo gairdnert) and brown trout (Salmo trutta)
populations exist iﬁ Belt Creek in fishable numbers (Konizeski, 19705.

Ten stations were es£ablished in the study area (Figgre 1) as
sites for the collection of both aquatic ﬁauna and water .samples.
Station 1 was located on the Green Creek fork of Galena Creek 4.3
km above the mouth of Galena Creek and served as the control station
for Galena Creek. Station 2 wés"situated on Galena.Creek 4.0 km up-
stream from its mouth and 0.2 km above the Block P spoil dump.
Station 3 was on Galena Creek 0.2 km upstrean from its mouth. S;ation
4 was on the Dry Fork 19.3 km upstream from its mouth and 1.0 km up
from its confluence with Galena Creek; It served as the control for
the Dry Fork. Statiom 5 waé located on the Dry Fork 18.2 km upstream
from its mouth and 0.1 km below the entranée of Gélena Creek, a
distance which should have allowed thorough mixing of the two streams.
Stations 6, 7, and 8 were located on the Dry Fork 13.2, 7.2, and 1.4
km upstream from its mouth, respectively, providing approximately
equal interstational distances of five to six kilometers betweeﬁ
"Stations 5 through 8. Station 9 was located on Belt:-Creek 0.3 km
upstream from the entrance of the Dry Fork and served as the control
for Belt Creek. Stafion 10 was on Belt Creek 0.6 km downstream from

the mouth of the Dry Fork.




METHODS

Benthic macfo—invertebrates were collected using multi~plate,
artificial substrate éamplers° Theée samplers were simiiar to the
.type described'in Standard Methods for the Examination of Water and
Wastewater (APHA, 1971), but'wigh the radial dimensions of the large
plates uniformly increased to provide.a total surface-area'of approxi-
mately 0.2 m? for each sampler. Four samplers were used at each
station on Galena Creek and the Dry Fork while two were uéed per
station on Belt Creek. All samplers were placed in areas of visually
similar current, usually riffles, and were positioned by clamps and
anchor rods so they were located just above the substrate with their
plgtés lying parallel to it. An attempt was made té collect samples
at four-week intervals, but because of weather and stream conditions,

. some intervals between sampling dates ranged up to six weeks. However,
_the colonization périod was equal fér all samplers collected in a
givén month.

On each collection date the material from each recoverea sampler
was scraped into a separate jar, and enough formalin was added to make
a 107 concentration for preservation: These samples .were taken to
Montana State Uniyersity where they were individually washed on a US
Series Number 30 screen. Faunal organisms were then hand picked from

the material retained by the screen and preserved in 50% isopropyl
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"alcohol. Bénthic macro-invertebrates in each sample were identified
to the lowest practiéal taxon using keys by Usinger (1971) and Ward
and Whipple (1959) and counted. '

The individual diversity based on Brillouin's interpretation of
inférmation theory, maximum individual diversity, and evenness of the
collection were calCulated for the collection from each éampler using
the formglae of Pielou (1969). An'average was computed fof each of
these divgrsi;y indices from the individual collection values at each

" station on a given date, and the resulting_éverages were used in the
inter-stational comparisons. Data were calculated at the Montaha
State University Computer Center utili;ing'a computer program written
by personnel of the Math Department, M. S. U.

A cage bioassay of 48 hours duration was initiated on-September
4, 1973 at Statiéqs 2 through 8 using fingérling rainbow trout ob- -
tained from the Fiéh Cultural Develqpment Center at Bozeman, Montana.
Station 1 was not included becaﬁse its depth was insufficient. Two
groups of 10 fish each were held in Wire minnow traps and were checked
for mortalities every 24 hours. A fish was considered dead when no
gilling or other body movement was apparent.

Selected physical and chemical parameté;s were measured monthly
on Galena Creek and.the Dry Fork from May, 1973 through May, 1974
except during Febrgary and March of 1974. The water chemistry of

Belt Creek was studied in September and November of 1973. During
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months when macro-invertebrates were sa@pled,_physical'ahd.chemical
measurements or water samples were obtained within 24 hours of the
benthos collection.,. |

étream temperatureé were'taken'wifh é pocket thermdﬁeter uéuélly
at 0.3 m. Flows were determined from.measurements.madé approxiﬁately
every 0:5 m on a franséct,across the stream. A Scientific Instruments
graduated mounting rod and a Gurley Model 622 current meﬁer‘wﬁre used
to measure the depth and the velocity at a poihtrlying‘60% o£ thé
depth below the surface. Dissolved oxygen determinations were'madé_‘
with a Hach Model DR-EL portable water énalysiS'kif.foliowing Hach
procedures. The pH was measured with an Orion Ionalyzer Model 407
ion ﬁetér.

All other tests were conducted~at Montana Staté‘Universi£y from
water saﬁples. Determinations of copper, iron, and manganése.from
acidified water samples and sulfate from filtered samples were made
colorimetrically. All colorimetric tests were performed on a Bausch-
and Lomb Spectronic 20 colorimeter using Hach reagents and procedures
(Hach, 1969). Concentrgtions of total.hardness and calcium hardness:
from unmodified samples and chloride from filtered samples were deter-
mined by titrations using Hach reagents and procedures from Standard
- Methods for the Examiﬁatiqn of Water aﬁd.Wastewater (APHA, 1971).
Determinations of total alkalinity, ﬁagnesium, specific conductance,

sodium, potassium, and zinc were also made using procedures from
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Standard Methods (APHA, 1971). Total alkalinity and specific con;
ductance were run from cooled Water.samples within 24 hours of
collection. Alkalinity was done potentiometrically on a Beckman
Expandomatic pH méter, and specific conductance was measu;ed‘with-a
Y. S. I. Model 31 con@uctivity bridge. Magnesium was calculated from
other determined parameters. Potassium and sodium were determined by
flame photometry from acidified water sémples using a Beckman Model
2400 DU spectrophotometer. Zinc was determined from acidified water
'samples by atomic absofption on the.spectrophotometer using a Beckﬁan3

atomic absorption accessory.




RESULTS

Biotic

The numbers 6f benthic.maéré-invertebrates collectéd from-each
recovered multi-plate samﬁler are given by taxon, sampling station,
and date in Appendix Tables 8 through 16. The total huﬁbef of
invertebrates obtained was 10,548, of which 9% were'frdmlGalena Creék,
52% were from the Dry Fork, and 39% were from Belt C;eek.

A pattern of declining total numbefs of benthic macro—inverteﬁ‘
brates with dowustream progression was generally present throughout
the study. This pattern was best demonstrated on Galena Creek and the
Dry Fork during the'months of July, August, September, and October
wﬁen sampling success was uniform. On Galena Creek the numbers of
invertebrates collected from Stations 1, 2, and 3 comprised approxi-
mately 59%, 38%, and 2%, respectively, of the stream's collection for
those months. On the Dry Fork, Stations 4, 5, 6, 7, and 8 had approki—
mately 77%, 9%, 11%Z, 3%, and 1%, respectively, of that stream's total
number for the four-month period. Especially prominent was the large
decline that occurred at Station 5 immediately below the confluence
of Galena Creek with the Dry Fork. Of the totai number of'ﬁagfo—
invertebrates collected during August, Sep;ember, October, and -
November on Belt Creek, Station 9 had 64% and Station 10 hgd 36%.

However, the greater number of individuals at the upstream station
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on Belt Creek probably.represented sampling ef;or and ﬁdt an inter-
stational trend sinée it was primarily c;used by an ungsually iarge
colléc;ion-qn a singlé sampler in August (Appendix Table 16) that
comprised 35% of the Eelt Creek total bf’itself. | }

Seasonal trends in the fotai.numbers of individuals collected
were not well defined. However, during the July thfough October
period of equal sampling pressure, pohthly total numberé coilected
from Galena Creek increased while those from tﬁe.ny Fork generally
decreased.‘ From Auguét thfough November,’moﬁthly total numbers oﬁ
Belt Creek also generally‘decreased. Seasonal. patterns were probably
caused-by several factors including differences in the life histories
of.insects,_nérmal sampling varilations, and changes in ﬁhysical and.
chemical coﬁdifions,

Members of the class Insecta comprised 98% of the total number
of macro-invertebrates with 10,325 individuals,.léaving 223 organisms
or 2% of the total not in that class. A total of 50 different taxa
was collected during the entire study, of which 46 were insects.
Insect taxa were distributed among eight orders, howeyer, the
Ephemeroptera, Plecoptera, Trichoptera, and Diptera contained 277%,
8%, 29%, and 367, respectively, of ;he total number of iﬁsects ob-
tained during the study and accounted for over 99% of the class.

Members of each of these four predominant orders were collected in

every month sampling ﬁas conducted. The largest mohthly-collection ‘
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~of dipterans, plecopterans, trichopterans, and ephémeropterans occurred

in Augugt, Septembgr, Septémber, and October, respectively,:but these_ .
were also the months with the greatest samﬁler reéovéry success;

Each.of the'four major'inséct_or&ers were dominated by certain
genera. Baetis and Ephemerella accqunged for 697 and 13%, respectively,
of the total ephemeropteran collection. Nemoura made up 53% of thé
number of plecopterans collected while each of the othér taxa in the
order represented 10% or less. Trichopterans were domina#ed gy
Brachycentrus and Lepidostoma with 40% and 367, respectively, of‘the
individuals in the order. The dipteran families fendipedidae and
Simuliidae comprised 577% and 41%, rgspectively, of the order's total
number.

Four of the 50 taxa qollected during the study were not insects, -
and only two of these taxa had more thén five members each. The class
Turbellaria had 177 individuals or 79% of the non-insect numbers, and
the subclass Ostracoda of the cléss Crustacea had 38 members or 17%.

Allitﬁrbellarians were collected during August, September, and October

" while all but one of the ostracods were obtained during September and

October.

The maximum number of taxa found at any station on a single
sampling date was 20. A general pattern of decreasing.numbérs of taxa
upon downstream progression was evident throuéhoup the study. For

Galena Creek énd the Dry Fork, this trend was best deﬁonstratgd during

¥
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the period of Julyfthrapgh October wh?n sampling pressure was equéi.
For this period, Stations 1, 2, agd 3 on Galena Creek had a monthly
average of 12; 5, and 2 taxa, respectively, ané on the Df& Fork,
Statiops 4 tﬁrough 8 had an avérage of;16,-9,‘7,‘5;.and 2'taxa per‘
month, respectively. On Belt Crgek, the total ﬁumber of taxa at :
Station 9 exceeded thét at Station 16 duriﬁg thfee of ghé four months
sampled. However,.the difference iﬁ éhe ﬁumﬁér of taxa between the
. t&o stations was ﬁever greater than four. For each month from Auéust
through October, the total number of taxa at Station 9 was comparablé'-
to the respective value at Stations 1 or 4, ﬁhe othe¥'contrpls.

‘The community éomposition of each station's_macro—inQertebrate"
collection by major taxonomic groups.is presented in Téble 2 for the
‘periods of uniform sgmpling success on each stream. Communities
composed of numerous taxonomic groups balanced in theiy'representation.
'are considefed indicative of unpolluted conditions while those ha%ing
only one or two taxa containing large numbers of individuals and a
few other taxa with small numbers suggest an effect by pollution,
especially if the taxa having large numbers are known to be tolerant
of pollution. Ephemeroptera and Plecoptera were.copsidéred by Robéck
and Richardson (1969) and Méckenthum (1969).tp be more susceptible to
acid mine pollution than the Trichoptera.and Diptera. Oiiff (1963)
found Centroptilum more resistant to acid mine pollution. than ofhér'

mayfly:nymphs. Nemoura have been observed to be tolerant of acid mine




TABLE 2. NUMBERS AND PERCENTAGE COMPOSITION (in parentheses) OF BENTHIC MACRO-INVERTEBRATES
. BY MAJOR TAXA AT STATIONS ON GALENA CREEK (1-3) AND THE DRY FORK OF BELT CREEK
(4-8) FOR THE JULY THROUGH OCTOBER COLLECTION PERIOD AND ON BELT CREEK (9 & 10)
FOR THE AUGUST THROUGH NOVEMBER COLLECTION.PERIOD.

Station 1 2 3 4 5 6 . 7 8 .9 - 10
Téxa _ ; . L
Ephemeroptera 77 9 4 1182 30 7 5 - 0 305 135
o ‘ 15 (3 a7n ¢n (10 (2) (4 (0 a2 ¢9»
Plecoptera 164 22 0 233 15 7 7 5 36 23
32) (D (0 (9 (5 (2 (6 (11) (1) -(2)
Trichoptera . 98 6 2 331 - 30 98 58 5. -.1082 1075
' ' ' (19) (2 (9 @3) (10) (27) (51) (@11) (41) (72)
Diptera - 119 145 15 765 206 243 42 - 34 1199 - 258
- ‘ (23)  (43) (65) (30) (72)  (68) (37) " (76) (46)  (17)
' Turbellaria 20 153 0 0 2 0 1 .1 0o 0
o (4) (6) (0 (0 (1) (0 (1) (2 (0 (o0
Ostracoda 37 0 0 0. 0 0 .0 0 0 -0
(7) (0 (0 (0 (0) (0 (0 (0 (0 (0
Other _ 1 1 2 6 3 2 1 0 6 0
; ' =) (1) (9 (D) (1 (1 (H (B < (O
Total o 516 336 23 2517 286 357 114 45 2628 1491

(100) (101)* (100) (99)* _(99)# (100) (100) (100) (100) (100)

*Rounding gave values unequal to 100%.

=91~
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pollution in Europe (Koryak et al., 1972). Tendipedidae were found by
Roback and kichardson (1969) and Koryak et al. (1972) to be unusually
resistant to acid mine pollution. Simuliidae, however, have been
reported by‘Mackenthum (1969) to often be absent from areas with aci&
mine bollution. The compogitional trends shown in Table 2 an& Appendix
Tables 9 through 12 and 16 indicate the severity and extent of the
effect of pollution on the biota of the three study streams.

Compositional_balance-géﬁerall& decreased upon downstream pro-
gression on Galena Creek. Proportions of trichopterans and pleéoptErans
decreased, and the proportion of dipterans inéreased at both spafions
downstream from Galena's control. Often the well represented insect
genera were the ones of their respective'orders known to be tolerant
of acid mine p&llution. THese patterns were best demonstrated in the
following analysis of the July through October period of equal<sampiing
success.

At Station 1, the ephemeropterans, ﬁlecopterans, trichoptefansa‘
and dipterans. each contributed 15% or more to the station's collection
for the period. Plecopterans had the greatest proportion of the total
with 32%. Nemoura comprised 52% of the plecopterans, tendipedids made
ﬁp 95% of the dipterans, and the ephemerapteran genus Centroptilun
represented 967 of that order for the period. All but oﬁe ostracod
were found - -at Station 1 during this period. Their presence probablj

was due to the small volume of flow (Table 1) and the san& bottom at
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this stationﬂ.

At Station 2 only dipterans and turbellarians contfibuted over
10% of the number of individuals. Dipterans had.43%, and turbellariané
had 46%. Tendipedidé weré the only dipterans at Station 2, and all
ephemeropterans were Baetis. Nemoura cqmprised 50% of the plecopterans
collected at the station during this perigd. About 867 of the turbel-
larians obtained'during the entire study wére from this_station. This
probably reflects the pool-like nature of the stationm. .

Ephemeropterans with 17% and the‘dipterans with 65% were thelonly
major groups contributing over 10% of Station 3's number of iﬁdividuals
for the pefiod. All ephemeropterans were C%nygmula, énd all but one
of the dipterans collected during this period were tendipedids.

Data from stations on the ny Fork showed that with downstream
progression the balance initially declined below Galena Creek's
entrance, then improved slightly, and declined again at the stream's
mouth. All stations downstream from the control had lower compositions
of ephemeropterans and higher compositiops of dipterans for the July
through October periéd of ‘equal sampling pressure. | .

The ephemeropterans, plecopterans, trichopterans, and dipterans
at Station 4, the Dry Fork contfol, each coﬁtribufed 97 or more to the'
total number of individuals for the period. Ephemeropteraﬁs dominaped.‘.
the collection with 47%. Two-thirds of that order were'Baetislwhich

accounted for 31% of the station's four—montﬁ total. Nemoura
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vcontributed 72% to the élédoptérén total, an& tendipedids‘comprisédA-
almost 78% of the diptefans while éimuliids were 22% of the o?der.

At Station. 5, the first Dry Fork station beiow the confluence
with Galena Creek, ephemeropterans, trichopterans, and dipterans each
accounted for 107 or more .of the station‘é collection for the period.
Dipterans were decidedly.dominant'with 72% df.the total number, and
tendipedids comprised 88% of the order. | |

Only dipterans with 68% and trichoptérans with 27% contributed
over 2% of the total number of indiViduals for the period a£ Station
6. Tendipedids doﬁinated the dipterans with 93% of the order, and
Brachycentrus comprised 88% of the triqhépterans. All ephemeropterans
were Baetis.

Trichopte;ans'and dipterans were the only major groups at Station
7-tha£ contributed over 6% to the station's‘collection for the péfiod.
Trichopterans were the most numerous with 51%, and dipterans'&eclined
from:6SZ éf the total .composition af Station 6 to 37%-at.this station.
The proportions of ephemeropterans and piecopterans were greater than
at the prgVious statién, the first such gain observed for these orders
énd an indication of slight improvement. Brachycenirus cémprised 97%
of the trichopterans, and tendipedids represented 98% of the dipterans.

The plecopterans, trichopterans, and dipterans eaéh confributed.
over 10% of the total number of individuals collected during the

period at Statibn_S. However, the diptérans clearly dominated with
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767 of the total, thg highest peréentage for any major group observed
at any station. Theldipterans collected_dufing the period Weré 9%%'
tendipedids, and the tfichopterans wefg'Bbz Brachycentrus.
The compositional balance 6f the Béit Creek collections madé froﬁ
August through November had an apparentvdecline from Station 9 to
Station 10. This resulted from an incrgased propo;tion of tfighoﬁ—

terans and a decreased proportion of dipterans at the downstream

station. \

At Station 9 ephemeropterans, trichopterans, and dipterans each
contributed over 107 to the total number of individuals for the period,
and the latter two taxa dominated with 417 and 462, respedtivély._. |
Baetis comprised 98% of the ephemeroptgraﬁs collecte&, and'Braéhycentrus
and Lepidostoma, respectively, accéunted for 54% and 397% of the tri-~
-chopterans. Six percent of the dipte¥ans were tendipedids while
simuliids made up 92% of the ordér.. Eggliéhaw and Morgan (1965).
stated high densities of simuliids are a common occurrence because of.
their current specificity aﬁd recommended they be exclﬁded from sample
analysis. One sampler in the Augusf collection (Appendix Table 16)
contributed aﬁ extraordinarily large nﬁmber of simuliids which biased
the station's compositional balance. If simuliids were.excluded,

ephemeropterans, trichopterans, and dipterans would have had 20%, 717,

and 6%, respectively, of the total number of individuals at Station 9.
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Station 10 had three orders, ephemeropterans, trichopterans, and
dipterans, making.uﬁ 9% or more of its total number 6f-individﬁals for
the period. Trichopterans dominated with 72% of the céllection, and
Brachycentrus and Lepidostoma coﬁprised 36% and 57% of that order,
respectively. The dipterans had tendipedids én& simuliids, respec-
tively, accounting for 33% and 64% of the order. All éphemeropterans
were Baetis. Exclusion of simuliids from counts at this station would
have increased the trichoptéran proportion to 827% and reduced the
dipteran proportion to 6%, making the adjusted ordinal balanceé éf
Stations 9 and 10 more comparable.

The average individual diversity and'evennessvof the distribution '
of individuals into the taxa present'at each station on each sampling
* date are given in Table 3. The diversity index t&pically rises as the
wealth of taxa inqreases; Values theoretically range from zero to any
poéitive number but are usually below 10. The evenness parameter
measures the equality of the distribution of individuals into the taxa
present and can thedfetically range from zero to one with equal distri-
bution of individuals among the taxa being represented by the value of
one (Pielou,.l969). A stable, climaétic commuﬁity free of pollution
would typically have a large number of taxa with relatively few
individualé per taxom, giving it a high diversity ana_a relatively
even distribution. A community subject to péllution would show domi—

nance by resistant taxa and the absence of some more susceptible ones.




TABLE 3. THE NUMBER OF SAMPLERS (S) RECOVERED, THE TOTAL NUMBERS OF BENTHIC MACRO-INVERTEBRATES (N) AND OF TAXA (T) FROM THE SAMPLERS,
AND THE AVERAGE INDIVIDUAL DIVERSITY (D) AND EVENNESS (E) FOR THE STATIONS ON GALENA CREEK (1-3), THE DRY FORK OF BELT CREEK
(4-8), AND BELT CREEK (9 & 10) ON EACH SAMPLING DATE.

Date 6/5/13 7/4/73 8/4/73 9/6/73 10/7/73
Station T e ) E i B D E S B T D E g Y ) E R P D E
1 - - - - = & '72 6. .1.67 0.722 4 70 9 1.34 0.74 4 24518 2.42 0.83 & 124 17 2.44 0.88
2 4 17 5 0.53 0.91. & /9 & 0.51 0.93 & 135 & 0.67 0.56 & 35 4 0.66 0.80 . & 152 8 1.25 0.68
3 3 S & 0-29 300" & 7 3 0.51 0.89 4 1 1 0.00 * 4 12 2 0.00 £ K732 9.25 160
4 4 49519 1.95 0.60 4 85815 2.05 0.60 4 50516 1.80 0.58 4 561 20 2.72 0.80 4 59315 1.80 0.57
5 4 5014 1.61 0.83 4 11516 2.10 0.82 & 61 8 0.8 0.5 4 108 9 0.74 0.42 & 2 1 0.00 *
6 o - - - - 4 117 5 111 0.66 & 79 T 0.51 0.38 & 124 8 ©0.63 0.40 & 37 7 0.8 0.77
7 4 79 6 0.53 0.60 &4 38 4 0.74 0.81 & 17 4 0.35 0.77 4 23 8 1.01 0.90 4 36 4 0.28 0.66
8 2 20 2 023 055 & 19 2 022 1007 &°11 & 0.45 1.00 4 8 & .03 1.00° & - 7 2. 8.13 1.00
9 s = = BT o v = 21530 11 1.44 0.48 2 604 17 2.01 0.57 2 45215 1.66 0.50
10 = e - - - - = - - 2 598 8 1.95 0.70 2 33813 1.94 0.63 2 52115 1.29 0.38
11/3/73 12/14/73 1/16/74 5/17/74
1 4 4310 1.14 0.88 - - - - - - - - - - - - - - -
2 § W5 03 072 - - == 1= - - e - - - - - -
3 e L = o e o = = S e e - 4 18 5 0.57 0.79
4 4 46220 2.60 0.75 4 39817 1.90 0.59 4 29216 1.76 0.57 2 142 10 2.12 0.76
5 1 =00 * - - - - - - e - & 211 0.87 0.93
6 4 16 6 0.54 0.90 4 19 4 0.62 0.8 0 - =- - - 4 51 6 0.55 0.53
7 & 5 & 0:.17 200 2 110500 * - - - - - 4 40 5 0.74 0.82
8 4 3 3 0.00 * 0 - - - - = e | e - 2 21 5 0.61 0.65
9 2 42 9 1.8 0.86 - - - - - — et - - - - - -
10 23K 6 10 0LEE =i = ey = - - - - - - - - - - -

*Undefined

-.z:z-
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and consequently would -have lower diversity and evenness values.

Based on the numbers of individuals and faxa coileéted during
this study, the maximum individual diversity possible was 3.79.
Actual diversity values ranged from 0 to.2.72 during.the study, and a
péttern of decreasing diversity with downstream progression was gener-—
ally present on each of the three streams. The_most comple;e docu~
mentation of this pattern occurred during the period from July through.
October for Galena Creék and the Dry Fork and from'August through
November for Belt Creek when sampler recoveries were equal. Diversity
on Galena Creek for the period ranged froﬁ 1.07 té 2.44, 0.51 to 1.25,-
and 0 to‘O.Sl for Statioms 1, 2, and 3, respectively. The average
diversity was 1.82, 0.78, and 0.19 fof Stations 1, 2, and é, respec-
tiveiy. Diversities ranged ffom 1.80 to 2.72; 0 to 2.10, 0.51 to 1.11,
0.28 to 1.01, and 0.13 to 0.45, respectively, duriﬁg £he period for
Stations 4 through 8 on the Dry Fork, and the averages for Stations 4
through 8, respectively, were 1.84, 0.92, 0;78, 0.60, and 0.29. On
Belt Creek diversities .ranged from 1.44 to 2.01 at Station 9 and from
1.01 to 1.95 at Station 10 with an averagelof 1.74 and 1155 at étations
9 and 10, respectively. |

Eveﬁness values observed during the study ranged froem 0.38 to
1.00 with considerable fluctuation between stgtions on a specific date
and between dates fof a particular stétion. During the months of

equal sampling success, a trend of decreasing evenness upon downstream
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progression was present for Stations 1 and 2 on Galena Creek. On Ehe
Dry Fork, Stations 4, 5, and 6 also had a decrease in evenness upon
downstream progression dufing the months of August and September. The
evenness-values at Station 3 on Galena Creek aﬁd Stations 7 and 8 on
the bry Fork usually increased in relation to those at respectivé ﬁp—
stream stations. Each of these three stations ha& less than 50 indi—
viduals in every mbnth of the period gnd seémed to éhow a bias towardé
high evenness values that may have been due to their small sample
sizes. The average of defined evenness values was 0.79, 0.74, and
0.95 at Stations 1, 2, and 3, respectively, for Galena Creek during
the period. On the Dry Fork, Statloms 4 through 8 averaged 0.64, 0.60,
0.55, 0.79, and 1.00, resﬁectively, for the period. On Belt Creek'for
the August through November period, Station 9 had an avefage of_d.60
and Station 10 had 0.65. This increase in average evenness with down-
stream progression was probably due to the previously noted simuliid
dominance at Station 9 in the August collection which would lower that
station's evenness.

| Fingerling rainbow trout showed increased mortality upon down-
stream progression for Galena Creek du?ing the 48-hour field bioassay.’
Station 2 had a total mortality of 75%‘of the 20 test fish while
Station 3 had 100% mortality occurring within the first 24 hours of
the test.' On the Dry Fork mortality increased from Station 4 to

Station 5, below Galena Creek's entrance, and then diminished downstream
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from there. Station 4 had no mortaiity. Stations 5 and 6 -had 100%

mortality, occurring within 24 hours and 48 hours, respectively.  The

‘48-hour mortality at Statioms 7 and 8 was 70% and 407, respectiﬁely.

Physical and Chemical

Measurements of pH, temperature, and dissolved oxygen concen-
tration on Galena Creek and the Dry Fork are given in Téble 4. Also
included in this table for each station and date is the percentage of
dissolved oxygen saturation, deriyed in paft from dissolved oxygen
concéntration and temperature data.

The pH of water in Gélena Creek fluctuated slightly between
Staﬁions 1 and 2 but always decreaséd upon downstream progression to
Station 3 which.had the lowest pH obéerved at any station on each
sampling date. The pH on the Dry Fork decreased between Stations 4
and 5 and generally.increased downstream from Station 5 with an
eventual partial or full recovery to control levels in four and six
months, réspectively. The reduction in pH between Stations 4 an& 5
was at least one-~half uﬁit each month and-was the result of the entry
of Galena Creek.

The pH measurements ranged from 6.30 to 8.54 with a maximum
difference between stations on any one sambling date of 1.96 units.
Gaufin (1973) suggested water with a pH range of 6.0 to 8.5 "should

protect most cold water lotic insects," indicating that the observed




TABLE 4. THE pH, TEMPERATURE (T) IN °C, DISSOLVED OXYGEN CONCENTRATION (DO) IN MG/1, AND
THE PERCENTAGE OF DISSOLVED OXYGEN SATURATION (% DO), ADJUSTED FOR ALTITUDE AND
TEMPERATURE, OF WATER SAMPLES TAKEN FROM STATIONS ON GALENA CREEK (1-3) AND THE
DRY FORK OF BELT CREEK (4-8).

Date
6/6/73 7/5/73 8/5/73 9/7/73
Station pH T DO #DO pH £ DO %D0 pH T DO #D0 pH T DO %D0

1 - -— - - Te2:0 10 9 100 722 8 9 94 8.05 9 8 86
2 7.12 5 36 98 7.48 10 9 100 7.48 8 10 105 8.07 10 8 89
3 6.59 8 9 92 655 215 7 82 6-51 -15 i 85 6:58. " 15 8 97
4 8.01 &gl ¥ 4 109 8.02 9 9 98 8.14 9 9 98 8.18 11 8 91
b 7.43 8 10 103 7.46 10 9 97 7.62 "13 8 91 7780 12 9 102
6 7.56 9 9 94 7.66 10 10 107 8.00 16 8 100 188 12 9 101
7 T d 8" L1 9 97 764" 1% 9 97 8:21 17 7 88 8.40 15 8 94
8 7481 v 12" 10 106 739615 7 83 8.00 18 7 86 8.54 18 7 86

10/8/73 11/4/73 12/14/73 1/16/74
i b 8.14 6 8 80 - —— —— — —— -— - —-— - -
= 8.26 6 i 70 7.65 — — - - —-— -- — - -— —— -
3 6.83 7 9 92 6.97 0 6 50 6.60 0 - — 6.30 -- -— ——
4 8.43 6 6 61 8.01 0 ¥ 60 8.03 1 - —-= 7.94 0 - -
D 7.68 7 8 80 7+:13 0 -— - 7.08 —-— -—- - 7.13 -—-— -—- -
6 7.94 7 7 68 8.20 1 - - 7.85 == -- - 8.04 - -—- -
7 8.31 ) Vi 67 8.10 0 - - 8.01 0 -- - 7.66 - -—- -
8 8.46 6 6 58 8.40 0 7 57 - 0 -- - - - - -

4/5/74 5/16/74
3 H.31 TRl 102 6.30 2 D 106
4 7.74 2 - - 4+95 3313 113
5 6.89 6 - - 735 2..-12 105
6 7.60 7 - - P it G 120
7 7.88 8 9 89 7.80 g i1 106
8 7.90 7 - - 7.83 7: 19 98

_9z-
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pH ievels were proBably not detrimental to tne general benthos:
Ephemeroptera is the insect order most sensitive to low pH (Bell and
Nebeker, 1969; Gaufin, 1973; Kimmel and Hales, 1973) Gaufin (1973)
.determined that hathrogena robusta was the most sensitive of the
six ephemeropterans he studied with a 96—hour median tolerance limit
at the pH of 6.35. .This species was found in the study atea but not at
Station 3, which had.pH values below 6.35 in 3 of 10 determinetions.
This absence could have been caused by the low pH levels.

Water,temperatureé generally incteaeed with downstream progression
on both Calena Creekxend the Dry Fork.‘ Exceptions to this pattern
occutred from ﬁovember through Januarj, when the etream had extensive
ice cover, and during April and October, when Station 8 had a lower
temperature than Station 7. This latter exception was probably due to
the occurrence of a considerable degree of evening cooling before the
water temperature was determined et Station 8? |

Water temperatures ranged from 0° to 18° C during the study with
a maximum difference between stationslon any one sampling date of 10°
C. Tne highest temperature obserned did not excee& the 18.3° C cited
by Gaufin (1973) as the upper limit for the maintenance of several of
the least temperature tolerant species of Ephemeroptera, Plecoptera,
and Trichoptera. However, temperatures occasionally 'did exceed the
96-hour median tolerance limits he determined for Cinygmyld (11.70° -

C), Ephemerella (15.45° C), and Isogenus (16.15° C) s0 a temperature-— .
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related limitation 4uriné three of the four moqfhs of unif&rm sampling -
success was gtill poésible. bn_ohe occasion during this study, :
Cinygmula was found at 14° C.

No inter-stational trends were préseﬁt for dissolved oxygen con- '
centrations or percentages of dissolved o#ygen saturation'bbsgrved |
during the study. Dissolved oxygen conéeh;rations'ranged from'6't6 13
mg/l with a maximum variation between stations on any one sampliﬁg
date of 3 mg/l. Six miiiigrams pef liter is theuminimum that Gaufin
(1973) considered conducive to long~term survival of aquatic insects.
The minimum ievel of 6 mg/l measured in £his study was apparently
adequate for the benthos since one coilection made at this concen-
tration had the greatest number of ihdividuélé and the second largest
ﬁumber of téxa for that sampling date.

Of the 50 dissolved oxygen gaturation determinations, all were
at 507 saturation or above, 40 were above 80% saturation; and 16 were
supersaturated. Gaufin (1973) cited Work by Per Brink on Swedish
streams showing saturation values below 40% brought serious population.
reductions for Plecoptera so they were probably'ﬁot seriously affected
by the saturation levels present. Ephemeroptérans have been found to
be more sensitive to low oxygen saturationé than plecqpterans (Gaufin,
1973), but it is also unlikely they were adversely éffectgd‘since they
were found to be numerous at soﬁe of the lowest diésolved.oxygen

saturation levels observed.
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The concentrationsAof'chloridé; potaséium, and sodium determined
for water samples from stations on Galena Creek and the Dry Fork are
presented in'Appendix Table 17. The oqu evident'patte¥n'for thege
three paramepers &as one of higher sodium concentrations'in Galena
Creek than in the Df& Fork. vThisimay have been due to the weathering
of more:feldspar along Galena Creék_because of the syenetié geological
formationé there. . |

Chloride, potassium, and sodium éoncentrations ranged from 0.3_‘
to 1.7 mg/l, 0.4 to 1.0 mg/l, and 1.6 to 4.6 mg/l, reSpectively. The -
-maximum differences in chloride, pétassiﬁm, and sodiuﬁ,concentratioﬁs
between stations on any one sampling date were only 1.3, 0.5, and
2.2 mg/l, respectively, and the maximum combined concentration of
potassium and sodium was 4.6 mg/l. Ihe concentrations for all three
parameters were considerably below toxic levels found in studies cited
by McKee and Wolf (1963) in Water Quality Criteria.

Thg total alkalinity, as CaCOS, and spgcific'conductance detgr—,
minations for samples from Galena Creek and.tﬁe Dry Fork are given by
station and sampling date in Appendix Table 18.. On Galena-Creek, the
total alkalinity, a measure of the water's hydrdgen ion buffering
capécity, generally decregsed upon downstream progregsion, indicating :
an increased acid load in the étréam. On the Dry Fork, total
alkalinity decreased from Station 4.to Stafibn 5 and then usually

increased with downstream progression to levels that exceeded the
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control. The reduction at Stgtion 5 was probably due to the influence
of water from Galena Creek, entering the Dry Fork just upséream. . The
downstream recovery was due to the replacement of bicarboﬁafe from the
limestone (CaCOB) that largely comprised the drainage.

Total alkalinit§ ranged from 10.5 to 116.0 mg/l with a maximum
difference between stations on any one saﬁpling date of 98f5 mg)l.
Station 3 had the lowest total alkalinity -of all_staﬁions on 9 of 10
sampling dates, and 7 of its 10 measurements were below the 20 mg/l
level established by the NTAC (1968) as a minimum for satisfactory
buffering capacity. Other stations were generally Well above that
" level. | |

Specific conductance,‘an estimation of the total dissdlve&
ionizéble solids present, increased on Galena Creek upon downstreaﬁ
progression, showing the addition of acid mine drainage. The highest
determinations of any stationvqécurfea at Statién 3 during 9 of 10 .
months sampled, -an indication‘of ﬁhe large effect the pollution had.
on the stream in tﬂat area. On tﬁe Dry Fork, specific conductance
increased between Stations 4 and 5 and became variable downstream
from Station 5. Station 4 had thellowest measured specific conducténce
fqr each of the 10 samples with water from Galena Creek alwayslin;
creasing the conductaﬁce at Statioﬁ'5.4

The range of specific conductance eﬁcountered Was'148.5.to'502.i

umhos/cm at 25° C, which approximated the normal range for US waters
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kEllis, 1937). The maximum difference Between stations on any one
.sampling date was 294.6 umhos/cm. Between Stations 5 and 8, the
maximum monthly difference did not exéeed 40 ymhos/cm, iﬁ&icating a
retention qf.total dissolved ionizable solids.‘ In addition, an
estimation of the concentration of total dissolved ionizable solids
from the specific conductance showed that the study area had hard

water as defined by Reid (1961), since all values were above the 50
mg/1 minimﬁm concentration.

' Neither total alkalinity nor specific conductanée are specific
toxic factors that would have adversely affected the Benthos.. Rather °
they indicated the quality of the water and the degree and distribution
of pollution.

Total hardness and calcium hardness determinations, each as CaC03,
for stationé on Galena Creek and the Dry Fork are presented in
Appendix fabie 19. Total hardness increased in a downstream direction
‘on Galena Creek on five of the six sampling dateé when all its stations
were sampled. The highest monthly total hardness wés recorded ét
Station 3 on 9 of 10 sampling dates. On tﬁe Dry Fork, concentrations
progressively increased from Stations 4 through 7 during‘6 of 10
months. The lowest total hardness occurred at Station 4 on every
sampling date. Consequently, pért of the increase observed on éhe:

Dry Fork between Stations 4 and 5 was due to the enfrance of‘watér

from Galena Creek. Total hardness rénged from 54.4 to 233.4 mg/l,




~32-
and the maximum differehce between stations on'any one -sampling dage’
was 127.4 mg/1l.
Total hardness minus total alkalinity (Appendix Tébie 18) eduais
the non-carbonate hardness. The calchlapion of this parameter, under

the observed pH levels, indicated the presence of substantial amounts

‘of anions other than bicarbonates and carbonates in the water at all

stations but Station 4. Non—carbdnéte hardness ranged frbm 50.0 to
215.9 mé/l at Galena Creek stationms. At'Stgtion 4 it ha& a maximum
vaiué of 6.8 mg/l and was not definable (when total alkalinity éx—
ceeded total hardness) on 5 éf-the 10 sampiiﬂg @atgs, S0 thislstation
generally had a carbonate-bicarbonate type of water. The nonfcarboﬁate
hardness ranged from 12.1 to 86.5 mg/l at Stations 5 through 8 on:the

Dry Fork with the increase from the level at Station 4 due to acid

mine pollution entering from Galena Creek.

Calcium.hardngss increased upon downstream progression in fépr of
six samples on Galena Creek and in 9 of iO samples for Stations 4
through 7 on the Dry Fork. It ranged. from 38.6 to 126.4 mg/l, and
the maximum difference between stations on any one sampling datg was
56.0 mg/1. | |

The concentrations of calcium apd magneéium present at the Ga;ena
Creek and Dry Fork stations were calculated in part from the hardness
determinations and are given in Table 5. ﬁecéuse calcium.levels were

obtained directly from calcium hardness values, their trends were




TABLE 5. THE CALCIUM (Ca) AND MAGNESIUM (Mg) CONCENTRATIONS IN MG/1 OF WATER SAMPLES TAKEN
FROM STATIONS ON GALENA CREEK (1-3) AND THE DRY FORK OF BELT CREEK (4-8).
Date
6/6/73 7/5/73 8/5/73 9/7/73 10/8/73
Station Ca Mg Ca Mg Ca Mg Ca Mg Ca Mg
1 - - 23.7 7.8 30.6 12.0 310 15.3 39.4 11.4
2 25.0 8.2 31.8 9.3 48.2 6.4 45.4 13.0 46.8 10.5
3 22.0 7.3 37.6 13.4 46.9 16.3 46.3 15.6 50.6 13.8
4 15.4 5.7 18.6 4.6 25.8 6.0 30.6 3.6 28.7 5.8
5 17.0 4.6 22.8 9.7 30.8 8.8 31.4 8.8 34.1 10.0
6 17.8 4.3 25.4 6.9 35.2 8.5 35.8 8.5 38.8 8.9
7 19.4 4.8 28.0 6.9 37.8 9.0 40.0 8.1 43.7 8.7
8 19.4 4.5 272 6.6 39.2 8.8 39.8 8.1 42.1 9.9 ;
11/4/73 12/14/73 1/16/74 4/5/74 5/16/74 ;
1 40.6 8.1 - - — - - - e e’
2 45.8 10.6 - - - - - - - s
3 0.5 1.1 §8:3 - 18.2 40.8 16.0 43.5 .- 18.3 32.5 10.9
4 33.4 5.4 29.6 5.7 28.6 &L 33.6 6.2 25.0 2.6
5 39.0 12.2 3.9 " -11.2 35.2  10.1 38.8 . 12.7 23.0 3
6 46.8 9.7 1.2 10.2 36.5 8.7 52.2 0.0 25.9 6.5
7 50.3 6.6 46.0 9.8 38.2 7.9 45.6 9.0 28.4 6.9
8 59.2 10.0 - - - - 42.6 9.0 29.0 6.2
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iaentical. Station 3 had the highest monthly concéntration observed
on 7 of 10 samples, showing again that water from Galéna Creek was
in part responsible for the increase in concentration observed between
~ Stations 4 and 5 in 9 of the 10 samples. However, in the case of
calcium, the influence of Galena Creek on the Dry Fork was probably
not as direct as with some other parameters because the limestone
basin of the Dry Fork also caused the increase in calcium aé Stations
5, 6? aﬂd 7.

Obéerved calcium concentrations ranged from 15.4 to 59.2 mg/l,
and the maximum difference between stations on any one sampiing date
was~25.8 mg/l. In low flow periods,. Stations 6 and 7 reached or
exceeded saturation levels for calcite, and all other stations except
Station 3 approaéhéd saturation. Although Station 3 had.high concen-
trations of calcium, it remaineé far below calcite saturétion because
its high concentrations of other dissolved ionizable solids resulted
in léw ionic activity. None of thg observed levels of calcium
approached‘the 300 mg/1 miniﬁum cbncenfration found to be‘toxic to
fish in research cited by McKee and Wolf (1963). 'Becauée calcium has
an anfagéﬁistic action towards the toxic effects of heavy.metais
(Lloyd,‘i962; McKee and Wolf, 1963), it was probably beneficialvto
the benthic macro-invertebrates instead of detrimental.

Levels of maénesium did not hafe consistent downstreém pattern

between the three stations on Galena Creek, but Station 3 had the

\
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highesg monthly cbncéntration in 9 of 10 samplgs. On the Dry Fork,
concentrations increased from Station 4 to Station 5 with a progressive
downstreaﬁ decrease gelow Station 5 occurring on 7 of_the'lO sampling
dates. -Statioﬁ 4 had the lowest concentration each of the 10 months
so water from Galena Creek always increased the level of magnesium
at étation 5. |

Magnesium céncentrations ranged from 3;7 to 21.1 mg/l, and the
maximum differegce.between statipns on any one sampling date was 15.7_'
mg/l. Magnesium levels Qe;e below the 100 mg/1 concentrafion found
toxic to fish and probably had a beneficial effect on the benthos
becausenof its.antagonistic action towards heavy metal toxicity (McKee
and Wolf, 1963).

The selected physical and chemical determinations made on Belt
Creek in November, 1973 are presented iﬁ Abpendix Table 20. There
were no essential differences between Stations 9 and 10 in the levels
of pH, spgcific conductance, total alkalinity, total hardness, calcium

hardness,‘calcium, magnesium, and sodium, and all were well within the
'respecfive ranges-préviously presented for Galena Creekland the Dry
Fork. However, specific conductance increased slightly upon down-
stream progressioﬁ, indicating an addition of dissolved ionizable
solids frém the Dry Fork. The volume of water in Belt Creek apparentiy

minimized the influence of water from the Dry Fork.
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The concentrations of total iron and manganese determined during
the study are given in.Table 6. Total iron concentra;ioné on Galena
Cfeek géneraliy increased with downstream progression. On 10 of'll
sampliﬁg dates, Station 3.had the highest monfhly iron level. On the
Dry Fork, concentrations incréased-from Station 4 té Sfation 5 and
thén'generally decreased ‘with dgwnstream progression. Station 4 had
the lowest éoncen£ratidns of total iron on 10 of the 11 &ates-so
water from Galena Creek consequently incfeased the concentrations at
Station 5 dgring all But one month of the study. - There was no differ-
ence betﬁeen tﬁe two Belt Creek stétions in thefr irgn cpncentrations.

-For all statibns on Galena Creek and fhe Dry Fork,.theré aﬁbarently
was a relation between high tota; iron concentrations and high stréam |
flows (Table 1). The'highest levels of -total iron reco;ded at Stations
2 through 6 occurred duriﬁg May, 1973, coinciding with the peak of
spring runoff that year. This felatiohship was probably due to the
increased suspension and downstreaﬁ transportation of pfe?iously de- .
posited ferric hydroxide (or ferric oxide hydroxide) precipitate from
upstream areas. Chadwick (1974) reportéd'a similar increase in ;ogal
iron,concentrétions'&uring high flows at two of his stations.

Concentrations of total iron range& from 0.02 to 1.64.mg/l'with
a ma#imum difference between sﬁations on‘any oné sampling date of 1.54.
. mg/l. On Galena Creek, iron levels at Stations 1 and 2 did not gxcggd

0.13 mg/1 and 0.33 mg/l, respectively, and Station 3 had iron values




TABLE 6. THE TOTAL IRON (Fe) AND MANGANESE (Mn) CONCENTRATIONS IN MG/1 OF WATER SAMPLES
TAKEN FROM STATIONS ON GALENA CREEK (1-3) AND THE DRY FORK OF BELT CREEK (4-8).
5/18/73 6/6/73 7/5/73 8/5/73 9/7/73 10/8/73
Station Fe Mn Fe Mn Fe Mn Fe Mn Fe Mn Fe Mn
1 - - 0.13:50.30 0 10. 0: 25 0.08 0.40 0.06 0.35 0.03% 0.25
2 033 - 0.3%1 040 0.08 6.30 0.08 0.30 0:30- - 0:35 0.06 0.30
3 1.64 - 1.12 0.46 0.60 0.68 0.58 0.68 0.60 0.80 0.91 0.58
4 0.10 - 0.08 0.25 0.08 0.25 0.06  0.35 0.06 0.46 0503 0.30
5 Ee22 - 0.22 0.40 0.20 0.46 027 "9.5L 8.29 7051 0.31 0.51
6 0.7k - 0.24 " 0.35 Q.15 . 0.35 010 0651 0.29  0.40 0.06  0.51
s 0.24 - 0.10° 0.35 0:13 0.35 0.08 0.40 U.10 “0.35 0.06 0.30
8 0.31 - 0.16  0.25 0.06  0:.35 0508 -0.20 0.06 0.35 0:03  0.25
9 - - - - - - - - 0.06 0.30 - -
10 - - - - == - — - 0:06. .'0.25 - -
11/4/73 12/14/73 1/16/74 4/5/74 5/16/74
1 0.08::.0.35 - - - - - - —= -
2 0.12 030 - - — — - - - -
3 1:08- 0.35 91351035 0.55 0.63 0:40° *0D.51 0.31  9.30
4 0202 0325 0.03 0.20 0:03" 025 0.02 0.20 0.03 "0.30
5 0+35 0530 010 50:35 0.91 0.46 0.13 0.46 020 0435
6 0:12 - 0.30 0.06 =0.25 0.205°0.30 0:43. ..0.40 0.18 0.40
7 0.06 0.20 0.06 0.30 1.08 0.30 0.10: 0.25 0.08 0.58
8 0.63% 0.35 - - 0.71 0.40 0.08 - "0.30 Q12000551
9 0:031%0:20 - - == —— - - - -
10 003" ~0.30 - - - - - - - -
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of 0.60 mg/l or below on 7 of the'il sampling dates. On the Dry Fork,
Station 4 did not have iron present in excess of 0.10 mg/l. On 11
sampling dates, an iron concentration of 0.35 mg/l was exceede& twice -
at Stations 5 and 8 and once at Stations 6 and 7. Levels in Belt
Creek were below 0.06 mg/l. Roback and Rlchardson (1969) found a well |
developed insect fauna with a balanced assemblage of species in each
order in an area having iron concentrations usual;y ranging between
0.60 and 0.83 mg/l but once having a measurement of 4.97 mg/1.
: Chadwick (1974) had similar results; detecting no effect on benthic
macro-invertebrates by total iron concentrations of approximately 0;80
mg/1 With one‘deternination of 1.70 mg/1. Consequently, iron concen-
" trations in the range observed in this study should not have beena
~detrimental to benthic macro-invertebrates present.

Manganese increased in concentration upon downstream progression
on Galena Creek on three of the six sampling dates allAthree stations
were sampled, and the highest montniy concentrations occurred‘at
Station 3 on 9 of 10 sampling dates.. Water fron Galena Creek increased
the manganese concentration of Fhe Dry Fork from Station 4 to Statien
5 during all 10 months of sampling. At Stations 5 through 8, manganese
concentrations decreased with downstream nrogression on 5 of the 10
sampling dates but fluctuated without pattern between those stapions.
dnring tne other five months. Stations 9 and 10 on Belt Creek also

had no consistent pattern.
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Manganese concgntrations ranged from 0.20 to 0.80 mg/l, and the
maximum difference between stations on-any one date was 0.33 mg/1.
Roback and Richardson (1969) reported a manganese level of 1.12 to
2.73 mg/1 at a station that had 65 taxa and was ''reasonably diverse
and well balanced". Levels as.high as 15 mg/l were foﬁnd harmlesé to
insect larvae over a 7-day ekposuré.in work pitéd by McKee and Wolf
(1963). Since concentrations 6f manganese in this study did‘ﬁot_
approach these levels, they should not have beén toxic fo the bénthos;ﬂ

The determinations of copper, sulfate, and zinc concentrationg
are given in Table 7. Copper increasedlon'Galena Creekiin.a doﬁnstream
progression during three of the six months when all three séations were

| .

sampled. On 9 of 10 sampling dates, Station 3 had the highest obsefved
monthly level of any station in thg study. For the Dry Fork, values
of copper increased with downst;eam progression between Stations 4‘and
5 during-all months due to the entrance of Galena Creek. Concen-
trations at Stations 6 through 8 usually fluctuated without pétterﬁ a;
levels somewhat lower than observed at Station 5. Belt dreek had a
reduction in copper concentrations ﬁith downstream progréssioﬁ,'evi—
dently due to dilution by the Dry Fork. |

Concentratioﬁs of copper rangéd from'0.08 to 0.79 mg/l, and the
maximum difference between stations on any one sampling aate was 0;64
mg/1. Station 3 had concéntrations-over 0.60 mg/l in 7 of 10 samples.

- No other station had a level greater than 0.42 ﬁg/l.




TABLE 7. THE COPPER (Cu), SULFATE (SO4), AND ZINC (Zn) CONCENTRATIONS IN MG/1 OF WATER
SAMPLES TAKEN FROM STATIONS ON GALENA CREEK (1-3) AND THE DRY FORK OF BELT
CREEK (4-8).
Date
6/6/73 7/5/73 8/5/73 9/7/73 10/8/73
Station Cu S04 Zn Cu S04 Zn Cu S04 Zn Cu S0y Zn Cu S04 Zn
3 @.315 -- 0.13 0.17 44.:0.09: 0.15 62 0.13 0.25 720,07 0.11 72 . '0.10
2 0.36 100 0,68: .0:20: 106 0:50 °.0G515 875 0:-32 Q.17 0.¥52 0.32 70317 - 0.24
3 0.34 Bl 3.40° 0,63 112 . '6:25 '0.79 26738270 -0.79 - 228--9:20+ 0.72- 236> 9.85
4 0.17 9 -0:.05 "0.17 9°—0:.07 015 31 =0:05 0.20 9=9:02 6. 11 9 0.04
5 0.20 234 0:73"0.35 3rn1.23. 0,21 53 1369 0:29 54 U 75010 29 69 1.90
6 0. 17 22 2054 - O 29 0.88 0.24 43 063" 0.20 51 w0.87 017 54 0.94
7 0.27 19 0.45 0.17 28 " 070 020 43 10.32 0.15 47' 0.36- 0.15 21 10.38
8 0:2% 19 0545 0.15 28 0.43 0.27 40" 013 - 045 51 . 0.15: 70317 51 0325
9 - - — - - - - - - 0.27 - 0.09 - - -
10 - —— e - - - - - - 0.24 - 0.10 -- - -
11/4/73 12/14/73 1/16/74 4/5/74 5/16/74

3 0:13 67 0.10 - — — — = —— = = == e e -
2 029 159 041 - = == == e = — == S i - -
3 0.72..270 11,75 0.20 ..200 :9.80.°0.32 200 670" 0.61 228 8:55--0.75 " 165 " 5:80
4 0.11 10 70.01 . 0,13 9 -:0.02 - 0:15 30°-0.03 *0.13 70203 0:.317 75 0.02
5 0.29 k23,46 10,20 87 =2.315 - 5kT 87 2:42 -09:17. 137 2259 70,52 40 1.26
6 0.20 62 - 1.09 . 0.20 67 .1.28 0.1} 61 . 2:.07" 0.7 87 S XsFl D21 32 0.93
7 0.13 54 #0537 90,15 58" 0.60 6515 51:10,97 - 0.20 51 1.10 0.24 30, 071
8 0.08 54 0.32 - - - 0.15 40 =0:26" 0.37 43 0.54 0.29 34 0.65
9 0.15 -—- 0.01 - — e = = == == = = - - —
10 0,131 -- 0.06 - — — == = == — == = = - -

_Of’_
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Research results on the toxicitj of copper are variable. Warnick

and Bell (1969) found median tolerance limits at copper concentrations

of 0.32 mg/l for ephemeropterans in 48 hours, 8. 3 mg/l for plecopterans
in 96 hours, and 32 mg/l for trichopterans in 14 days. quever,
Sprague et al. (1965) concluded that all macrb—ihverteb;ates would . be
absent from water having copper concentrations'ef 0,19.mg/l; Vivier
and Nisbet (1962) rebortee that a 6-day exﬁosure to 0.65'mg/1 of -
copper resulted in 100% mortality.for ephemeropterans althoegh tri-
chopterans were still active. Other resea;ch on the toxicity of
copper to aquatic organisms including insects demonstrated effects at
concentrations as low as 0.015 mg/l (McKee and Wolf, 1963). Vari-
ability of test results was probably due to the use of different texa
and test conditions. Copper toxicity is modified by changes in water
temperature; hardness, dissolved oxygen concentration,.and the p;esenée
of other heavy metals (Lloyd, 1962). In this study the magnitede of
the influence’of copper on the benthbé was difficult.to:iso}ate,
especially from the effeet of zinec. However, I feel'that copper had
soﬁe effect at all stations except pdssibly Stations 1l.-and 4.

Sulfate concentrationS'increased‘in a‘downstream difection on
Galena Creek during the four months all three stations were sampled
Station 3 had the highest observed monthly level on 9 of 10 sampllng
dates. With downstream progression, the sulfate levels on the D;y

Fork increased betweeh Stations 4 and 5 but decreased from Station 5
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to Station 7 on'each of;lO sampling dates. Station 4 had the lowéSt
level each month so the entrance of Galena Creek probably caused the
increase observed at Station 5. Concentrations of sulfate were
generally highest duriné the months having low flows (Table 1), which
was the opposite of the trend noéed for iron concentrations.

Sulfate ranged from 7 to 270 mg/l dﬁring the study, and the
maximum difference'bgtween statioﬁs gn a given sampling date was 269
mg/l. Sulfate probébiy originated from the oxidation onQarioﬁs
_sulfidés and constituted the major anion iﬁdicgted by the non-
.carbonate hardness. Station 2 had levels usually above 90 mg/l, and

Station 3 had values above 200 mg/1 on 7-of 10 éampliﬁg dates. ALl
other stations.geﬁerally were below 90 mg/1.

Little has apparently been published about the toxicity of sulfate
to benthic macro-invertebrates. Roback and Richardson £1969) récoraed
sqlfate-levels of 236 to 330 mg/l at‘a-statioﬁ having good benthic.
representation and balance. Using these'levéis as a'guide,.only
benthos at Station 3 might have been affected.by sulfate. This efféct
would have been mino; since Warnick and Bell (1969) felt the effects |
of sulfate anions were not as detrimental as those of the aséociated
heavy metal cations of copper and zinc.

Zinc condentrations in Galena Creek increased with downstream
progression with Station 3 having the highest observed level during '

_each of the 10 months sampled. Concentrations increased on.the Dry




-3

Fork from Station 4 to Station 5 on every sampling date and then pro-
gressively decreased downstream from Station 5. Station 4'had the
1owe§t values each sampling date so ‘the eﬁtrance of Galena Creek
probably caused the increases at Station 5. Beit Creek had a do@n—
sfream increase in éinc,concen;rations_between Stations 9 and 10,
probably due to the entrance of the ﬁry Fork. During thé months of
high flows (May, June; and July,in Table 1), Stations‘3 and 5vhad
their lowest observed concentraéions of zinc while Stations 2, 7, and
8 usually had high concentrations. The latter seasonal pattern .of
zinc levels was similar to that of iromn and probably was alsé due to-
the increased transportation of precipitated matérials.

Zinc concentrations ranged'from‘0.0l to 11.75 mg/1 during the
study,.and the difference between these two-levelé was also the maximum
‘ observed difference between stafions on any given sampling date.
Station 3 did pot have a concentration below.3.40 mg/l on any sampling
date whiie Stations 1 and 4 and‘the Belt Creek stations .did not exceed
0.13 mg/l any month. Specific levels of toxicity for zinc could not be
determined from the literature because of varied test results. Wurtz
and Bridges (1961) found a 96~hour median tolerance limit of 1.46 mg/l
for tendipedids, and Sprague et al. (1965) considered 2.4 mg/l of zinc.
sufficient to eliminate all macro-invertebrates. However, Warnick and
Bell (1969) had a 10-day median tolerance limit for trichopterans at

32 mg/l. The reduced numbers and diver31ty of macro-invertebrates and-
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the high zinc concentrations at Station 3‘suggest zinc had a major
influence on the benthos there. Zinc also could have caused the re-
ductions in benthos and compositional balance at Station 5 and may
have been partly responsible for the depressed biotic parameters at

stations further downstream on the Dry Fork.




SUMMARY AND DISCUSSION

Depressed communities of macro-invertebrates were found to;e#tend
at least 4.0 km on Galena Creek and 18.3 km on the Dry Fork. A severe
reduction in total number of individualé, total number 6f taxa,'and
diversity of benthés and increased doﬁination by pollution tolerant
forms, particularly Tendipedidae, were evident in collections from
these areas. The biotic parameters 6n Beik'Creek beléw the entrance
of the'bry Fork were slightly reduced from those observed above the>
entrance.

The changes observed in the biotic parameteré for’stations on
Galena Creek and the Dry Fork were similar to.those found by bombach
and Olive (1969) in acidic streams and by Chadwick (1974) in areas
having high concentrations of sulfate énd iron, ferric hydroxide.&epo—‘
sition, but pH values usually above 7. In this study, acidity (as
measured by pH) may have been a problem in Galena Creék adjacent to
" the seepages, but it was well neutralized before.reaching any sampling
station. Consequently, its effect on benthos collections should have
been negligible, supporting statements by Koryak et al. (1972) and
: Kimmél and Hales (1973) that many biological problems éssociated with
acid mine pollutionlare not caused by acidity alonme.

/ Because a complex series of physical and chemical changes occurrgd'
over the affected areas, it was impossible to spécifically identify |

any one factor in the acid mine drainage as the cause of the biotic
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changes. However, copper and zinc with their aﬁditive or possibly
synergiétic interactions (Lloyd, 1962; McKee aﬁd Wolf, 19635 seemed tb
be the major toxicants to the benthos; The levels of eithér copper or
zinc at Station 3 were probably sufficient to have caused the observed
benthic reductions although deposition of ferric hydroxide, and other
materials may also have been.detrimeﬁtal at that station. At Station -
5, the parameters for the benthos decreased as flows drofped and con-
centrations of copper and zinc increased. A dramatic reduction in
benthos occurred in October at Station 5, possibly indiéating éopper
and zinc concentrations had achieved a lethal threshold. Lloyd (1962)
has shown a lethal threshold exists for these heavy metals Witﬁ regard
to rainbow trout. Areas dowﬁstream from Station 5 on the Dry Fork
showed progressively reduced concentrations of zinc and severalzother
measured chemical parameters. The downstream decrease .in ﬁortéliéy of
rainbow trout fingerlings indicated an improvement in water quality
along the Dry Fork below the entrance of éalega Creek. This improve-
ment, however, was nog observed to .a similar degree in the parameters
of the benthic macro-invertebrates, which usually continued to decrease.

The persistence of detrimental levels of copper may account for
the lack of improvement in invertebrate numbers, taxa, gnd diversity
below Station 5, but that alone QOQS not explain the_progressive dbwn;‘
stream decreased in these paramgtefé; Extensive, thick mats of vege-

tation comprised of various bacteria and algae formed on the stream
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bottom at Stations 5 through 8 affer spring runoff and may"havé.reduced
the diversity of the habitat and Erought other detrimental changeé.
These mats could.not be directly related to the acid mine drainage but
may result from an input of nutrients. Increadsed water tempefaturés
and reduced flows probably further apcounted for the reductions in
benthos, especially at Station 8 from July through Oqtober.’

On Belt Creek the inter-stational differencés in total number.of
individuals and community compogition were largely attriﬁutable to
sampling bias and not to persistent acid mine pollutants entering froﬁ
the Dry Fork. Pollution from the town 6f Monarch may also have con-’
tributed to the remaining biological differences between Stations 9
~and 10.

// The reduction or elimination of copper and zinc cohcentrétions
entering Galena Creek should be a principal consideration of future
pollution abatement projects/‘ While this may not mitigate all detri—‘
mental factors, it shogld bring improvement to the benthic macré—

invertebrate communities in the Dry Fork drainage.
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TABLE 8.

NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M2 SAMPLER RECOVERED AT STATIONS

(1-3) AND THE DRY FORK OF BELT CREEK (4-8) ON JUNE 5, 1973. Hyphens indicate zero counts.

Station

Sampler

3

Taxa

Ephemeroptera
Ephemerella
Epeorus
Rhithrogena
Cinygmula
Baetis

Plecoptera
Nemoura
Capniinae
Aeroneuria
Arcynopteryx
Isogenus
Paraperlinae
Alloperla

Coleoptera
Elmidae

Trichoptera
Parapsyche
Rhyacophila
Brachycentrus
Lepidostoma
Neothremma
Oligophebodes

Diptera
Dieranota
Pericoma
Tendipedidae
Simuliidae

Collembola

Nemata (Nematoda)

Total

=W

[ e

20

N o

..(;17..

Lol - O )
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TABLE 9. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M“ SAMPLER RECOVERED AT STATIONS ON GALENA CREEK (1-3)
AND THE DRY FORK OF BELT CREEK (4-8) ON JULY 4, 1973. Hyphens indicate zero counts.

_()g..

Station 1 Ik 2 3 o 4 S 6 7 N
Sampler 1 2 3 “ 1 2 3 4 1 2 3 4 1 2 3 - 1 2 3 4 1 2 3 4 1 2 3 4 1
Taxa
Ephemeroptera
Ephemerella wme et e e w se sl e = e 36 G660 40 3F O3 33 = Jm e we m e = e e
Epeorus R R R T e S e ST e T e A e L - S ot e e R S
Rhithrogena L w e e e e e T E e R mr . me e e | Bl s WIS Samh e B e e STy i
Cinygmula e e e e el e e (8 R T - 970020 33 20 6T 3 R g e T e = R
Baetis T A S A S o S S T 1 - 1 1 2 g 2 -
Centroptilum Q- 5.1 3 @ S g e e S e e o S Y K e S s =V TS e i L S TS T m S o
Plecoptera
Peltoperla e T e e s e e o e s D e s B o
Nemoura - - - L5 = "= - - = - - - 7 ¢ 8 3 = = B - - = = - - = - -
Aeroneuria - - - - - - - - - - - - 1 Be B Lt ek i st et LT e e ) e e | e
Areynopteryx 2 2 3 3 - - = = = = = = 1 = 3 - - - 1 - - - - - - - -
Isogenus - - - - = - - - - - - - 3 - - 5 § = 1 = = = = = - - -
Isoperla R L R SR R e SR e e e CaR R P R ST SRR e e R
Alloperla R S R U e e NS e S e e R e B
Coleoptera
Elmidae - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - -
Trichoptera
Parapsyche T R T L i i S T e - 3 B SRy el e T s e i el e
Rhyacophila AR~ TR G S P R T o, S e i e < M L Wt S S TR U S
Brachycentrus N e Lt i N —Rle E (RS TR BN B [ S & 4 12 -
Oligophebodes Ll e R e e et e e i e Bl e [ | (e e DRl et e - = ot ke
Imania T B R e LR e T = R s R L S R Rt e
Eeclisomyia - - - = e L S ST TR R e R R = P ¢ e G e, SRt e e, e - ke
Lepidoptera - - - - - - - - - 1 - - - - - = = - - - - - - - - - - - -
Diptera
Tendipedidae 2 5. 5260 K2 2 1 3 == = = 2 - 85 113 85 162 8 14 7 16 7 7 28 4 4 6 - 12
Simuliidae - - - - - - 6 60 1 1 = 1 1 8 - - - - - - - - s
Nemata (Nematoda) - - - - = = e i s R e e S ey R S e e -
Total 13 12 32 20 4 0 168 263 173 254 19 40 20 36 35 21 16 45 3 6 9 20 0 12




TABLE 10. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M-
FORK OF BELT CREEK (4-8) ON AUGUST 4, 1973. Hyphens indicate

SAMPLER RECOVERED AT STATIONS ON GALENA

Zero counts.

(1-3)

&

AND THE DRY
Station
Sampler 1
Taxa
Ephemeroptera
Ephemerella -
Epeorus -
Cinygmula -
Baetis 1
Centroptilum -
Plecoptera
Brachyptera -
Nemoura 10
Aeroneuria -
Arcynopteryx -
Isogenus -
Alloperla -
Hemiptera -
Coleoptera -
Trichoptera
Parapsyche -
Hydroptilidae -
Rhyacophila -
Brachycentrus -
Oligophebodes -
Imania 1
Limnephilus -
Diptera
Heleinae -
Tendipedidae 6
Simuliidae —
Turbellaria -
Total 18

- = ok

a0 K SO S
s BT )) - B
L e B
oo S e S
= st 1
PR
e T " T i
ol S N T
AR o e L
e L S T
- 26 20 7 28
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!
4

4 4
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TABLE 11. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M’ SAMPLER RECOVERED AT STATIONS ON GALENA CREEK (1-3) AND
THE DRY FORK OF BELT CREEK (4-8) ON SEPTEMBER 6, 1973. Hyphens indicate zero counts.
Station 1 = iyt - S8 S e =8 6 8
Sampler 1 2 3 4 | 3 4 1 2 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 -
Taxa
Ephemeroptera
Ephemerel la = e - = - - = RS R o U o e, e el e R L e e e o
Epeorus P TR IR e g e raemlie a4 Sy S gl A e e e E e o e =l Sl AR e
Cinygmula el Rl [ b N s S e i e e R N
Baetis = - - - - - - - - - =£33:.26 15 37 - 1 1 - - - - - - - - - e -
Centroptilum & X2 1 - A e e R B e B P o i S =
Plecoptera
Peltoperla R s tea o S R R i T e e Rl e e L PO R - Sl Lo <
Brachyptera e LI = A e e e s Rl e S | e e e T ST Vet i rer, et i S R
Nemoura 17 26 13 10 1 * - - - - I8 35 .16 26 - - - - - - - - - - - - = = - =
Capniinae =~ 2 = = = = = - = = - = = ™ = = B - = = = - - = - - - - - -
Acroneuria -, o a7 el e L T - Jeyidig . e el et S e o s Al L e e DD I
Arcynopteryx T-oog= = S TR e Pl Reistapte . =t SR et s TR st S S T A
Isogenus - - = - - - - - - - Ko il o, Tl R ket i e S N U et e e S S
Isoperla SCRE) N SRR N - = = = st b e TR e e el IS e o e T SN N
Paraperlinae - 2 = = - - - - = - - - - - = - - - - = = = - = = = = ~ e
Alloperla 30, S X 2 - - - - -l el i YW e ol e L T e e e e, st S SEES
Coleoptera
Dytiscidae = - - = - - = = < v = - — = o = - - = - - - = a i &= = . e ==
Elmidae = = = - = = = = =~ = e 2 3 = = = - = Sy = - = A = L < ) -
Trichoptera
Parapsyche - - - - = S e = GIARNT T8 i g ey e . e e il e b RNt T
Arctopsyche = Fos s SRS - - - - =" 1L &5 2T B4 =l S = heF e e oce e ~ RSN TR S
Rhyacophila - - = - = e = O8O REA SIS T St o O e e T v St ol Sl i L e,
Agapetus - - - - = - el - il 1 - - - - - = - - - - - - - - - - - -
Brachycentrus - = == - el e T e =aMedars. Fel =Nl B v lay kS S i M e - W= - -
Lepidostoma e s TR e ey - - - R e Tl RS T S e e T e S
Limnephilidae =~ 2 ~°2' % 2Fr = - rer A s e e - - - ST et = e - - = s - - A e
Neothremma e R A o S A e R e R e R R A I ST
Imantia 10 11 6 = - - - = - - - - - - - - - - B - - - - - - - - - = =
Diptera
Dieranota SR P - - - - =4 e aMEL. RIS iz Ui e M, L R NIRRT e T R S e
Hexatoma 5 - - - - - - - - - - - - - - - - - - - - - - = = A e S = -
Heleinae - - - - - - - - - - - 1 1 2 - - 1 2 - - - - - o - =
Tendipedidae 2 4 4 2 - 8 19 g 16 13..25 16 36 33 o 32 .76 2 1 2
Simuliidae - - - - = - = == - - 3 S 1 5 2 1 1 1 - 8 - - - - - - - -
Empididac - - - - - - - - - - - - - - - - 1 - - - - ~ = = ~ . & =
Turbellaria - 12 - YondlS 4 4 - - - - - - = - - - - - - - - = — 1 = - = 1 -
Ostracoda 25 6 - - - - - - - - = - = = - = = = - = ~ s - 2 - £ - - = =
Acari - - - - - - - - - - - - - 1 - - - - - - = - - = = < - & L -
Total 80 90 30 45 19 g S 43 I 97 1907 Bou¥SAT 2. 28 19740 3F 9737 B2 .9 16~ % EAE 2343




TABLE 12. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M2 SAMPLER RECOVERED AT STATIONS ON GALENA CREEK (1-3)
AND THE DRY FORK OF BELT CREEK (4-8) ON OCTOBER 7, 1973. Hyphens indicate zero counts.

~

Station 1 2 3 - 5 6

Sampler re 2 3 4 SR 3 -8 r: 2 2 N Tl ! 2 - S 3 2 3 &2 3 4 1 27 Sy k-

Taxa

Ephemeroptera

Ephemerella = L= e el e et e cw el em e e & Te TR e e el e S 2 e e e S e e e =
Epeorus - - - - - - - - - - - - 2 1 - - - - - - _ = =2 ~ = = ~ . X
Cinygmula = S  HL okl e Tea Wi oSl f s e 8 R R W . et s el i TR e e, e
Baetis - L ST e LA e s = 370 T P9 RS s N TR T e & BN R e o WS
Centroptilum =

w
v
-
v
|
[
|
|
[
1
|
|
|
'
|
|
|
I
'
]
|
1
|
|
|
!
1
'

Plecoptera

Brachyptera S ey . TR AR mR S DL e e T e g T T A L e e A e~ = =
Nemoura | LTI 2 e ea= el TR A SNE N Slie F Y Sl e IR T e e
Capniinae 5 - 1 2 1 - - 1 - - - - - - - -~ - - - - - - — - = 1 = - =
Acroneuria - = = = = = = = = = = . 2 . mowk o Feommmenlr oW S R ALe o RS T s S
Arcynopteryx Lo T S e R TR SR e R R ARET B R e et R R e SRR e
Isogenus e Tl ke e Lt M e e il R e R v DS SO O SN R e e o ey T D e
Isoperla - e e e fim e e emi e e em e e e e o e e e e ame e o odes e e i e
Alloperla 3 5 - e R R e e e i o el e S el R T el e et SRS S

Trichoptera
Parapsyche
Arctopsyche

'
|
!
I
1
1
1
1
|
1
|
|
&

|
1
|
|
'
1
1
|
1
|
o
L™
=N W
NN
|
|
|
|
|
|
[ |

Rhyacophila s | i e
Brachycentrus B rmigm S e e sl e e et e B Sl

Lepidostoma 23 G Sqadeyt w ) = U e RS e - e e e R e o e =
Limnephilidae 1 - - 3" = - - L - 3 - - - - - - - - & e wl - = e T
Neothremma - SRR SUNC SRR e I R e e s
Oligophebodes § -t Y e Ga¥ o el Vs G e’ s W ST s e D B L e i e e | e e S
Imania ' T T R - Sty Lo e SR ST et S TR e SRR e, e W SR SIS e SRS L D
Ecelisomyia F.E = mm o el Lt T T T e i SR A e e e s Aol gty st TaRE o) i
Diptera

Pericoma et e A B Sk S e B e R Ry S Yy - BEPS TRER. -=  IRERE. © e

N~
~
®
™
|
-
|
1
&~
w
~
-
|
|
|
1
v
1
w
|
N
|
w

Tendipedidae 9 8
Simuliidae - - - - - - - = - - - -'33 Y9200 12 = Bl s - S - = s = -

Collembola - - - - - = 3 - - - - - - - - e e e it e e ot B PN
Turbellaria 2 2 = I 14 27 68 15 = =L = Er e e e e e e Wl e e i et e et oy 1 i Ama
Ostracoda s | 4 - 1 - - - - - - S = = >, 5 = % = % = = = i X e e _ _ i

Acari - - - - - - - - - - - - - - - - - - - - - - X - - - - - -

ol
~N
ol
[
N
w
w
e
w
-
—
N
w
g
N
-
ol
o
-
-
w
N
-
&
o
P
w
S
|
|
w

Total 36 37 16 35 25" 3562 .35

..i: S; -




TABLE 13. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M? SAMPLER RECOVERED AT STATIONS ON
GALENA CREEK (1-3) AND THE DRY FORK OF BELT CREEK (4-8) ON NOVEMBER 3, 1973. Hyphens indicate zero counts.

Station 1 & 4 5 6 7

Sampler 1 2 ¥ & 1 2 < 1 2 3 4 1 1 2 3 4 1 2 3 4

Taxa

Ephemeroptera
Ephemerella - - - = - = - -
Epeorus = = = - gl o= S
Rhithrogena -~ = = = e
Cinygmula i e
Baetis SR B R et -
Centroptilum - -

~
[ V. I S )

N
[ NI
&~
I =1 &~
&
[V S - )
1
1
|
|
|
|
1
1
1

-
w
]

1
|

Plecoptera

Brachyptera - -
Nemoura - -
Capniinae -
Aeroneuria -
Arcynopteryx - - - 1 - - - -
Igogenus - - - = - - - -
Isoperla = w3 = =t
Alloperla - - - 1 VR e

|
o
~N
-
o
—
-
I ==l oN
3
| ©
-
&~
|
1
[
1
|
|
1
1
1

(- |

1

I

|

|
L= 1NN w

1
1
|
|
1
1
1
1
[
'

!

1

'

'

|
L}

|
-

|

1

|

1
Coleoptera - - - - - - - - - - - - - RS = - = S 1
Elmidae - - - - e e i

=
1
'
-
|
|
1
|
1
|
1
|

Trichoptera
Parapsyche N T s NS
Arctopsyche - - - - eI T
Rhyacophila P SN i
Brachycentrus - - = - P Wy~
Lepidostoma - J = B gt SR
Oligophebodes 7 - 1 = St R L R s S, -

s ww

Diptera
Antocha - - - = - - - - - - - = - = =S i Sy e Y
Tendipedidae - 2 2 10 6 12 28 - - - - - & = = =
Simuliidae - - = = - = = - 11 14 1 4 - - - - - ey s
Empididae - - - - - - - - - - - 1 - = = - = - - = &

=
w
-
[

Collembola - - - - - 1 - - - - - - - - - - 1 - - == 7

Acari - - - - - - - - - - 1 - - - - - = - = - x

|
~N
w
~
o
N
[
N

152 79115116 0

~|
-
(=]
|
<
-
<)

Total 7 8 21

_'75..

=l




TABLE 14.

~55-

NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED
FROM EACH 0.2 M? SAMPLER RECOVERED AT STATIONS ON THE DRY
FORK OF BELT CREEK ON DECEMBER 14, 1973. Hypens indicate
zero counts.

Station

Sampler

Taxa

Ephemeroptera

Ephemerella
Epeorus
Rhithrogena
Cinygmula
Baetis

Plecoptera

Brachyptera
Nemoura
Capniinae
Acroneuria
Arcynopteryx
Tsogenus
Isoperla
Alloperla

Trichoptera

Parapsyche
Rhyacophila
Brachycentrus
Lepidostoma

Diptera

Tendipedidae
Simuliidae

Total

NI NN

I =M1 HOP&

—

NSNS
= o s

I WHFENOW
I =N

I
|

N W
|

108

136

111 43
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oo

wu|

v

ol

=




TABLE 15. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M SAMPLER RECOVERED AT STATIONS ON GALENA CREEK
(1-3) AND THE DRY FORK OF BELT CREEK (4-8) ON JANUARY 16, 1974 AND MAY 17, 1974. Hyphens indicate zero counts.

Date 1/16/74 5/17/74
Station - 3 - 5 6 7 8
Sampler 1 2 3 4 r -2 3% 1 2 1 - 1 2 3 4 D 3% 1 2

~N
w

Taxa

Ephemeroptera
Ephemerella
Epeorus
Rhithrogena
Cinygmula
Baetis 2

|

|

|

|
w

|
|
|
|
VWi Nw
-
W Ne
|
[ B
|
|
|
|
|
'
|
|
|
1
|
|

L
@®
oN I W
N W
W NN

|

|

1

1

w
~

Plecoptera
Brachyptera
Nemoura
Acroneuria
Arcynopteryx
Isogenus
Isoperla -
Paraperlinae - -
Alloperla - - -

Trichoptera
Parapsyche
Rhyacophila
Brachycentrus - - - - - - - = - - - - -
Lepidostoma - - - - - - - - - - - - -

Wil we
I =1 WY
=1 N0

I e R I
|
|
'
[
1
'
|
|
-
|
'
I
|
|
|
1
|
1
|

=N
w
N -
1
g1y
|
~ |
gk
wN
(5
B
(&
[
'
Ve
'

[ |
-
I
1
I =
w
w
I
&

Diptera
Tendipedidae 2 3 4 - 3 4 j 4 5 13 18 1 1 "
3

N
~
©
-
S
—
o
N
-
=~
=
=
~
e
~

Simuliidae - 2 - = - e e
Atherix == = e,

Collembola o R T S T |

Ostracoda - = = = - = - = - - BT e S - - - - - - - - - -

N
o
e}
-
o
=
|
w
-
~N
)
&
e
=
[
w
~N
—
&)
w
—
o
e
o
N
| d
o

Total 40 117 76 59 5 5
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TABLE 16. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED FROM EACH 0.2 M2 SAMPLER RECOVERED AT
STATIONS ON BELT CREEK. Hyphens indicate zero counts.

Date 8/4/73 9/6/73 10/7/73 11/3/73
Station 9 10 9 10 9 10 9 10
Sampler 1 2 il 2 1 2 1 2 1 2 1 2 ¥ 2 ;i 2

Taxa

Ephemeroptera :
Epeorus - - - - - - - - - - = = 1 4 Z e
Baetis g 56 1 29 8 68 16 54 4 - 13 117 Qa1 11 6 =15

Plecoptera
Pteronarcella 3 7 - -
Nemoura - - - -
Capniinae - - - -
Acroneuria - 2 - -
Arcynopteryx - - - -
Isogenus - - - -
Isoperla - - - - -
Alloperla - 1 - 2

[

I
]
—
|
I
|
|

-
I
(=
|
[
|
|
|

I
|
I
|
|
|
o

I I ]
| N esw
I 1 =W |
I
I =1 N
W

[ |
N

|

|

I

(=

|
|
I
|
1
|
|
|
[
]
I
|

Coleoptera - - - -
Dytiscidae - - - - 1 - = - e - - . - ... = -
Elmidae - - - - - - - - = 1 = = - 12 o e
Curculionidae - - - - - 2 - - - - = = 2 S k= N

Trichoptera
Arctopsyche -, 10 2 9 13 538 41 15 15 4
Hydroptilidae 1 - - - - - - - - - - - - - - -
Rhyacophila - - - - - i - - - 4
Agapetus = - — = = =
Brachycentrus 20 200 76 185 156 130 59 24 280042 6 - 38
Lepidostoma 109 4 32038 202, 1T 76 TN 1S AT 2900 96
Limnephilidae - - - - - 1 1 2 - - - -

I weN |
I »vw

Diptera
Antocha = =1 - - -
Tendipedidae 3 5
Simuliidae 12 1042 26 136 - 42 i § - - 3
6 3

[
| b
LI S |
| S|
A

Atherix
Empididae = = - -

|
I
I
|
!
-
|
I
|
|
1
|

Nemata (Nematoda) - = = S

Total 210 1320 154 444 299 305 214 124 235 217 315 206 = 22 20 C )
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THE CHLORIDE (Cl), POTASSIUM (K), AND SODIUM (Na) CONCENTRATIONS IN MG/1 OF WATER

SAMPLES TAKEN FROM STATIONS ON GALENA CREEK (1-3) AND THE DRY FORK OF BELT CREEK

(4-8).

TABLE 17.

Date
8/5/73

10/8/73

9/7/73

7/5/73

6/6/73

Na

Cl

Na

Cl

Na

Cl

Na

Cl

Na

Cl

Station

o

0.8 0.5

29

30 10052054

B 1oty S e s L e B T e R
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TABLE 18. THE TOTAL ALKALINITY (T A), AS CaCO3, IN MG/1 AND THE SPECIFIC CONDUCTANCE (Cond.)
IN pmhos/cm AT 25° C OF WATER SAMPLES TAKEN FROM STATIONS ON GALENA CREEK (1-3)
AND THE DRY FORK OF BELT CREEK (4-8).
Date
6/6/73 7/5/73 8/5/73 9/7/73 10/8/73
Station T A Cond. TA Cond. T A Cond. T A Cond. Thi Cond.
1 - - 62.0 214.5 88.5 299.5 92.5 302.6 96.0 297.2
2 16.0 332.2 %3.5 307.1 64.5 35543 575 362.0 90.0 306.4
3 19.0 304.5 1225 392.2 15.0 496.0 3105 429.5 2555 455.9
4 575 152:2 70.0 148.5 94.0 201.4 92.0 181:1 94.5 170.4
5 5135 193.8 64.0 200.7 83.5 24720 82.0 248.3 80.5 272.3
6 47.0 193.8 74.0 212.6 97.0 287.8 92.0 263.8 - 96.0 269.4
7 L 193.8 82.0 225.7 105.0 305:1 102.5 285.2 109.5 278.8 :
8 58.0 207.6 80.0 221.8 110.5 299.5 100.0 266.4 108.0 284.0 s
1
11/4/73 12/14/73 1/16/74 4/5/74 5/16/74
1 100.5 302.4 - - = - —— — - -
2 53.0 372.0 - - - - — - - -
3 1755 502:1 24.5 470.3 30.0 379.6 17.5 457.2 13.0-  326.0
4 107.0 219.4 98.0 208.4 93.0 183.6 103.0 225.4 70.5 150.5
5 73.5 316.8 79.0 295.5 66.5 27155 69.5 343.7 56.5 1923
6 96.0 303.4 98.0 3123 81.0 247 .4 84.0 324.3 62.5 198.3
7 116.0 307.9 1320 3139 89.5 259.8 100.0 322.8 #3:5 206.9
8 103.5 313.5 — - - - 99.5 315.8 72.0 209.1




TABLE 19.

THE TOTAL HARDNESS (T H) AND CALCIUM HARDNESS (C H), AS CaC03: IN MG/1 OF WATER
SAMPLES TAKEN FROM STATIONS ON GALENA CREEK (1-3) AND THE DRY FORK OF BELT CREEK
(4-8).

Date
6/6/73 7/5/73 8/5/73 9/7/73 10/8/73

Station TH CH T-H C H i H CH T H C H T B CH

&k - - 92.0 59.2 126.8 76.4 141.4 1.4 146.0 98.6

2 98.4 62.6 119.0 79.4 148.0 120.6 168.0 FE3.6 161.0 117.0

3 93.2 55.0 161.0 94.0 199.8 31317.2 196.4 115.8 201.1 126.4

4 54.4 38.6 66.0 46.4 90.0 64.6 92.2 76.4 96.0 78

5 63.6 42.4 100.6 57+0 117-.0 77.0 118.8 78.6 130.8 85.2

6 64.0 44.4 94.0 63.6 124.8 88.0 127.0 89.6 136.0 97.0

7 69.8 48.6 100.4 70.0 132.8 94.4 134.6 100.0 146.0 109.2

8 68.4 48.6 96.6 68.0 134.8 98.0 133.6 99.6 146.8 105.2

11/4/73 12/14/73 1/16/74 4/5/74 5/16/74

1 135.8 101.4 -— - - - - - - -

2 159.2 114.4 — - == = == s - -

3 233.4 126.2 211.4 120.8 180.0 102.0 198.6 108.8 136.0 81.2

4 106.0 83.4 98.0 74.0 97.2 71.6 109.8 84.0 1328 62.6

5 154.0 97.4 137.4 87.2 135.6 88.0 154.2 97.0 90.6 57.6

6 159:.2 117.0 147.2 103.0 1332 91.2 150.0 105.6 93.8 64.8

7 154.0 125.8 156.8 135.0 132.0 95.4 153.2 114.0 101.6 73.0

8 190.0 148.0 - - - - 145.0 106.4 100.0 72.4
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TABLE 20. SELECTED PHYSICAL-CHEMICAL DETERMINATIONS MADE AT BELT
CREEK STATIONS ON NOVEMBER 4, 1973.

Station
Determination Units 9 10
pH - 8.10 7.99
Specific Conductance umhos/cm 204.1 21Y.7
Bt 2500
Total Alkalinity mg/l as 89.0 88.5
CaCoO
3
Total Hardness mg/l as 99.4 102.2
CaCo
3
Calcium Hardness mg/l as 76.0 74.8
CaCo
3
Calcium mg/1 30.4 29.9
Magnesium mg/1 5id 6.7

Sodium mg/1 2.4 245
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