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1. INTRODUCTLON AND SCOPE OF STUDY

1.1. Introduction

Ecological communities are dynamic systems which are in a continual
state of flux. The distribution and abundance of component species
varies in response to complex changes in their environment. These
fluctuations in comnunity structure may be brought about by natural
environmental changes such as those caused by .seasonal and annual
variation in climate, or may be man-induced such as changes resulting

from the construction and operation of a mine.

Copper-nickel mining and associated development in northeastern
Minnesota could have a major impact on the region's aquatic ecosystems.
As a result of this potential for environmental impact, a regional

environmental impact study and monitoring system was instituted for

the purpose of:

1) characterizing the environmental conditions in the study area;

2) predicting the potential regional impacts of copper-nickel

mining and associated developments upon the present environmental
conditions;

3) collecting baseline data for future assessment of regional
environimental changes induced by copper-nickel mining and associated
development. ’

The aquatic biology study had the responsibility for collecting infor-

mation on the study area's aquatic biota (except fishes). An aquatic

bio]ogy monitoring system and survey was implemented to provide data for
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the regional characterization, ilmpact prediction, and establishment of

a baseline for future assessments of Twpacts on aquatic ecosystems.

1.1.1. Regional Characterization

Regional ecosystems will be described by combining aquatic biological
data with water quality and fisheries data to provide the following

information:

1) describe interrelationships within the regional aquatic ecosystems;

2) categorize the aquatic ecosystems with respch to community structure
and species associations;

3) identify impacted regional aquatic ecosystems;

4) identify aquatic ecosystems which should not be subjected to any
disturbances;

5) determine relative assimilative capacities of aquatic ecosystems.

B
[

1.1.2. Impact Analysis

Based on information provided by the mining technology group, a list

of potential effluents, land uses, and population changes will be
developed. Applying bioassay data and information from the literature
to the regional aquatic biology characterization, determinations can

be made on the relative effect of potential effluents, land uses, and
population changes to aquatic ecosystems. By'using the ecosystem
approach, impacts upon one portion of the biota can be shown to directly

or indirectly affect other portions of the biota.
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No quanti’ ' ve estim&tes.of the impact of copper-nickel mining oy
associated development can be expected because of complex interactions
within aquatic ecosyStems;' Determination of impacts to the region's
aquatic ecosystems will be based upon the professional judgement of the
aquatic bioiog} staff and staff advisors, and their knowledge of the

systems involved.

1.1.3. Baseline Monitoring

- The monitoring system provides the basis for assessing the actual

regional impacts of copper-nickel mining and its aésociafed developments
in the future. Because aquatic organisms integrate the total environment,
aquatic biological monitoring is important in determining the regional
impacts on water quality and 1in providing data for developing models of
interréiationships within aquatic ecosystems. The regional monitoring
program does not replace site specific monitoring, but provides the
capability to assess cumulative impacts of development within watersheds

and serves as a model for future site specific studies.
1.2. Scope of Study

The study provides quantitative ahd qualitative baseline data on the
aquatic ecosystems within the potential copper-nickel development region.
Because of the region's size, much of the sampling is qualitative. At
key points, monitoring of a quantitative nature is undertaken along with

the qualitative survey work. The remainder of this manual describes the



Styeams, Page 4
/

stream camnling proo: The lake sampling program is described in a

separate manual.
1.2.1. Periphyton

Periphyton {attached algae) are essentially the only primary producers
in streams, and are of prime importance to stream ecosystems. Periphyton
can be sampled to provide a measurce of primary production (chlorophyll a),
and to determine the community composition in a given siream. Because
periphyton grow attached to the substrate, they can provide a valuable

biological monitor to detect subtle changes in water quality.

1.2.2. HMacrophytes

Macrophytes were assigned a low samp1iﬁg priority in the stream studies
because they are of limited ecological importance in these streams.
Their regional distribution is limited, they are difficult to sample
quantitatively, and they lack prime importance in stream food chains.
For this study, the macrophytes' most important function is as heavy

metals monitors because they concentrate metals in their tissues.

1.2.3. Benthic Invertebrates

Benthic invertebrates play an important role in the transfer of energy
from primary producers (periphyton) and allochtonous materials to fish.
Therefore, the benthic community is sampled to facilitate detection of

biological changes which might indicate changing envivonmental conditions.
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1.2.4. Heavy Metals

Increases in heavy metals.concentrations in streams may be reflected in
the tissue of aquatic organisms. Analysis for heavy metals in periphyton,
macrophytes, and invertebrate tissues may be valuable in developing

models of heavy metals movement through the ecosystem and in selecting
organisms to serve as biological monitors of Tong term changes in heavy

metals concentrations.

1.3. Time Schedule Chart

A time schedule for the overall aquatic biology study appears in Table 5-1.

2. STUDY AREA AND SAMPLING STATIONS

2.1. Study Area

The study area encompassed approximately 700 square miles. Ely was

on the northern edge of the ares while Aurora and Hoyt Lakes‘were situated
on the southern edge. Sampling was designed to monitor the region's

major watersheds, which include areas to be directly affected by copper-

nickel mining, areas affected by related development, and unaffected areas.

2.2. Sampling Stations

Sampling stations were  selected to closely coincide with the water
“quality sampling stations, thus facilitating correlation of physical
and biological data. [xact locations were determined during on-site

inspections. An attempt was made to locate sample sites in riffle
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areas up~troam from any bridge or dam structures; although sometimes this
was not possible. Sampling station locations and designations are 1isted

[§

in Table S-2. Justification Tor each station is Tisted in Table $-3.

Primary, secondary, and teftiary station designations were assigned to
indicate sampling priority (see Table S$-3). Primary sites monitored over-
a]T'conditions of major watersheds. There were four quantitative and
qualitative sampling periods at primary sites (Table $S-4). Priority was
assigned to the analysis of the first and third sets of samples. Semi-
annual qualitative surveys were ﬁade at the tertiary sites. Although
tertiary sites have the possibility of impact at a later date, they

were considered less importanf in the overall region. Other qualitative

samples were collected in small tributaries as time permitted.

2.2.1." Regional Maps

A regional map showing locations of sampling sites appears in Appendix S-1+

3. METHODOLOGY

3.1. Techniques

3.1.1. Justification of Techniques

There is no standard quantitative method for sampling aquatic ecosystems;
therefore, artificia1‘substrate samplers were selected as the primary
quantitative method for periphyton and benthic invertebrate collection.
These samplers were designed to standardize and simplify quantitative

field sampling, and used because traditional quantitative devices are
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susceptible to human bias ‘and cannot be used under all conditions.
Artificial substrates cqualize sampling effort at all stations‘and

reduce the variability within quantitative data under most conditions.

The‘major drawback in using artificial substrates is their selective
nature. No matter what type of substréte is used, colonization by all
organisms found in a given eébsystem will rot occur. However, even
natural substrates are selective, and unless a quantitative boltom
sample can be collected from each natﬁra? substrate type,-bottom
samples would not produce a more reliable estimate of the natural

community structure.

Artificial substrates, which may or may not mimic the natural substrates,
are qoionized by aquatic orgénisms, These colonizing organisms are
subjecteﬁ to all the f]uctuations‘in chemical and most physical parameters.
Because theisamp1ing effort at each étation is similar, changes 1in wafer
quality, as related to the biota, may be observed. Beak et é]. (1973)

reviewed the uses of artificial substrates for biological monitoring.

Various types of arfificia? substrate samplers have been developed for
sampling benthic invertebrates. ‘These substrates include concrete slabs
(Moon, 1935), hardware cloth brush boxes (Wene and Wickliff, 19?%),
multiple plate éamp1ers (Hester and Dgndy, 19623 Fallner, 1971), and rock
filled baskets (Henson, 1965). Artificial substrates for collecting

periphyton generally consist of glass or plexiglass plates, although

there have been experiments with styrofoam and polyethylene strips. A
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variety of methods have been proposed Tor suspending these substrate
materials in Takes and streams. The Titerature on artificial substrate

sampling for periphyton has been reviewed by Sladeckova (1962).

Drifting benthic invertebrafes were collected also. Predation and
population estimates (E11i0t, 1970), and secondary production (Waters,
1962) may be derived from drift data. Although heavily studied ’
(see Waters,‘1972 for Titerature review), drift has rarely been used
in biological monitoring. Because invertebrate drift originates‘from'
various upstream habitats, a widé variety of organisms are captured;
thus giving drift prémise as a valuable monitoring tool in the future.
Biologists may use these data for faunal surveys or as an addtional
monitoring method for detecting biological changes (Larimore, 1974;
Wallace and Hynes, 1975). A complete review of drift methods and

their applications was done by ElTliot (1970).

We carried out qualitative sampling to: develop complete species Tists;
survey areas that time constraints prevent sampling quantitatively; and
sample those species not collected in guantitative samples due to the

-selectivity of artificial substrates and drift nets. Weber (1973) fully

outlines the rationale and methods for qualitative sampling.
3.1.2. Procedures

General field and laboratory procedures are outlined in Appendix S-2.

An outline of sampling techniques and analyses used in the aquatic
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biology mc © sving system follows. Details of procedures are found in

appendixes.
3.1.2.1. Periphyton

Artificial subétrates consisting of glass siides were used to quanti-
tatively sample periphyton (Weber, 1973; American Public Health -
Association, 1975). Three racks which hold four slides were suspended
approximately 30 cm below the water surface for a three;week colonization
~period. In addition,‘a qualitative survey of the naturally occurring
periphyton was carried out. All natural substrates were observed and

any growth collected. Sampling frequencies are indicated in Table S-4.

Complete field and laboratory procedures are outlined in Appendix S-3.
3.1.2.2.. Macrophytes

Macrophytes~were qualitatively sampled in the‘streams during the peak
growth period which normally occurs in August. Macrophytes Qere

collected for identification and for heavy metals tissue analysis at
selected stations (see Section 3.1.2.4.). Samples were col]eéted by
pu11ingbmacrophytes from the bottom substrate and placing them in

plastic bags. Whole plants were éo]1ected including flowers and seed
pods; and roots, rhizones, or tubers if present. In addition, in an

effort to collect both common and rare species, all habitat types were

sampled. No semi-aquatic plants were collected during this survey.
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3.1.2.3. T nthic Invertebrates

Modified Hester-Dendy samplers (Meber, 1973) weve the artificial
substrate samplers empToyed Tor benthic invertebrates collection. Unlike
most other tyves of artificial substrates, these samplers provide a
known area of colonization. Sampling with Hester-Dendy samplers is -
casy because of collection and pfocessing simplicity. Three samplers
were suspended in the streams at approximately mid-depth for a six-week
colenization period (Weber, 1973). Iﬁ cases of low water, samplers
were placed on the stream bottom. Thyee replicate samplers were placed
at each primary and secondary site as reported in the sample schedule
in Table §-5. A standard #40 sieve was employed to separate benthic

invertebrates from fine debris in 211 sample collections.

25 Tength of 2.4 m, and

Drift;ﬁéts witﬁ an upstream opening of 0.025 m
440 pm mesh were placed in the streams for 24 hours, beginning during
daylight hours. Because maximum drift occurs between sunset and sun-
rise, and is extreme?y low during the day, the exact starting time was
not critical. Sampling followed the same 'schedule as the Hester-Dendy

o

sampling outlined in Table S-5.

Because Hester-Dendy samplers and drift nets are selective in their
sampling, qualitative invertebrate samples were collected to compile

a species list of the entire natural community. Sampling consisted of
examiniﬁg, for two man-hours, atl the various stream habitat types

such as pools and riffles, various size rocks, logs, and silt. Quali-
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tative sampling followed the schedule listed in Table S-5H. Complete
field collection and laboratory methods for benthic invertebrate

samples are included in Appendix S5-4.

3.1.2.4. Heavy lMetals Tissue Analysis

Periphyton, macfophytess and invertebrates were collected for heavy

metals analysis in conjunction with the qualitative survey work. These
samples were coT]ected in August at the primary stations and secondary
stations KC-1, BB-1, F-1, and BI-1. At the laboratory, samples were

split with the first portion remaining at the field station for identi-
fication and the remainder shipped for analysis. HMacrophytes and peri-
phyton were shipped in water from the sampling stdation, while inverte-
brates were frozen. Complete procedures for collection and processing

of heavy‘meta]s samples are included in Appendix $-b.

3.1.2.5. Permanent Archiﬁe

A reference collection of the aquatic invertebrates and aquatic:
macrophytes found in the study region has been made. This cd11ectioﬁ
contains representative individuals of each species found. Inverte-
brates were preservved in 70 percent ethanol, except for chironomids
which were mounted on slides using CMCP-10 mounting media. In addition
to the reference collection, each sample was preserved in 70 percent
ethanol for possible inclusion in the archives. Hyrax diatom mounts

and CMCP-10 mounts made directly on periphyton slides may also
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be included in the archives.
Portions of samples analyzed for hecavy metals were preserved for future
reference. Macrophyte and periphyton samples were dried, ground, and
stored in Teflon vials. Invertebrate samples were freeze-dried and

’

stored in vials.

3.1.3. Information Inputs From Other Programs

Information and data from the water quality and fisheries studies were
necessary to analyze aquatic biology data for the regional characteri-
zation. Qater quality data were obtained through ?he Operations and

Data Coordination staff. Fisheries data weré obtained directly from

the. Fish Study Project group. Data from leaching and bioassay programs
were needed for impact analysis, and also obtained through the Operations
" and Data Coordination staff.

!
3.2. Sampling Frequency

L)

Sampling frequencies are given in Table S-4. For secondary samples,
collection occurs at the same frequency as primary samples. However,
the even set of secondary samples (second, fourth, etc.) will not be

analyzed unless time and budget permit.

3.3. Equipment

An equipment 1ist is given in Appendix S-6. Drawings of the Hester-
Dendy sampler, periphyton sampler, and anchor for samplers appear in

Figure S-1.
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3.4. Quality Control Provisions

’

3.4.1. General

Al11 aquatic biology personne} underwent a field training program before
regu1ar sampling began. This program was used to demonstrate the collection
techniques employed in the aquatic biology sampling program. Al personnel
had a working knowledge of all procedures even though they were not dirvectly

involved with each phase of the project.

Personnel were required to follow procedures_out?ined in this

operations manual. Because the aquatic biology study was expected to evolve,
field personnel were encouraged to develop new techniques, procedures, and
parameters to be sampled. These new technigues were approved by the head

of the aquatic biology program before implementation. Under unus&a] field
‘condit16n53 senior personnel vere expected to take appropriate action. All
changes in sampling routines were recérded in the field notebook. Compliance
checks with field and Taboratory procedures were made by the project head to

ensure that sampling was carried out efficiently and accurately.

To ensure sample integrity, samples were recorded as they were collected.
Additional checks were made at the time samples were placed into storage
and analyzed. Data sheets were developed for following the movement of

samples from stream to data within the final document.

To ensure taxonomic quality, selected periphyton and invertebrate samples
were sent to consulting taxonomists for analysis. Further verification of

reference species was carried out by experts in the various taxonomic areas.
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For invertcbrate samﬁ1es,‘these experis were:  P.A. Lewis, USEPA, Cincinnati,
Ohio (Stenonema and Stengcron); W. McCafferty, Purdue University
(Ephemeroptera); Unzicker, I1linois National History Survey (Trichoptera);

W. Hilsenhoff, University of Wisconsin-Madison (Plecoptera); E.F. Cook,
University of Minnesota (Diptera, Odonata, and Hemiptera); R.W. Gundersen,
St. Cloud State University (Coleoptera); and William Beck, Fibrida A and

M University (Chironomidae). Selected periphyton slides were sent to

Dr. Charles Reimer,'Ph11adeTphia Academy of Natﬁra] Sciences. In addition,
some periphyton samples were exchangéd between project taxonomists, and

slides reanalyzed to detect errors.

3.4.2. Calibration, Maintenance, and Testing of Equipment

Equipment manuals are found in the Hennepin Square and Kawishiwi Field
_Lab offices. These manuals give procedures for operation, maintenance,

and calibration of equipment.

4. RECORD KEEPING AND DATA TRANSMISSION

No specific data notebook was kept. Instead, numbered sheets were used
and bound in a notebook upon completion of the monitoring program. A
spiral-bound notebook was kept for following the movement of samples
from stream to Taboratory to analysis to final report. Pencil was used
to make all recordings in the field. Abbreviations are explained in
Appendix S-7. Sample data sheets also appear in Appendix S$-7. Aquatic
biology data were transmitted to the Operations and Data Coordination

staff on a monthly basis.
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5. RESULTS, ANALYSTS, AHD REPORTS

5.1. Numerical Analysis

The following numerical mcasures may be used for analysis for both

periphyton and benthic invertebrate data:

1) species Tist--identification to the Towest possible taxonomic level

2) density-~individuals/unit area calculated as a total and for
individual species; this could also be expressed as numbers/sampler

3) relative abundances

4) diversity index, d = - z(Ni/N) Tog Ni/N (from WiThm and Dorris, 1968)

5) redundancy, r = g?ﬁfﬁ:¥§§-m (from Wilhm and Dorris, 1968)
dmax - dmin :

6) coefficients of similarity

e = 2(pd)
tPi + IPj

(from Burlington, 1962)

where:

P (prominence value) = density x frequency at all stations

1

XP1 sum of Tower of two P values the two stations have in common

zPi sum of P values at ith station

nPj = sum of P values at jth station

7

min (Xia,Xib)
;27 Mmax (Xia, Xib)

[ne]

b)> B = 1/k (from Pinkham, 1976)

where:
k = number of comparisons betwcen two stations

Xia,Xib = number of individuals in the ith taxon at stations a and b
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¢) CC = ﬁmg—ﬁw (from Roback et a1, 1969)
whevre:
P = number of matches

M = number of taxon present at one station and absent at another

11

7) Chlorophyll a (ug/m)

Depending on the magnitude of the variability in the parameters listed
above, statistical and graphical interpretation methods may be employed

to characterize the streams.

-5.2. Progress and Fina] Reports

Quarterly reports were written about the agquatic biology study's status.

In addition, monthly reporté of data were provided when available.

6. STUDY STAFF

Resumes of the aquatic biology staff are in Appendix S-8.

7. ASSOCIATED PERSONMNEL

Dr. Thomas Waters of the University of Minnesota, Department of Entomology,
Fish, and Wildlife was the only advisor to the stream aquatic biology

program for the 1976 field program.
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Table S-1. Tentatfve Schedule for Aquatic Biology Study
(As of April 1977)
Date . Items

April and May 1976 -complete monitoring program design

May 17, 1976
October 1, 1976

December 1, 1976

Decembey 15, 1976
January 17, 1977

Februghy 1977
April 1, 1977

May 1, 1977

May 15, 1977

October 1, 1977

November 1, 1977

April 1, 1978

~hire staff

~-start field monitoring program

~all heavy metal identifications complete
-1976 field work essentially complete
~taxonomic analysis of qualitative samples

-qualitative samples finished
-begin preliminary report on qualitative data

-preliminary report completed
~Titerature scarch completed
~-quantitative analysis begins

~January vorkshop
~begin developing plans for 1977 monitoring
program

-winter field monitoring

~complete quantitative analysis
-begin final draft of overall report and data
interpretation for 1976 sampling

~complete report on overall 1976 monitoring
program
~-complete plans for 1977 monitoring program

~-begin-1977 field sampling
-continue taxonomic analysis work

~complete field work

-aquatic biology staff moves to Minneapolis

~qualitative and quantitative analysis vork
continues

-all literature review work completed

~data interpretation in progress
~all field samples analyzed

-staff reduction

~-begln final preparation of aquatic biology
section of environmental impact study and
monitoring reports
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Table S-1. Tentative Schedule for Fauatic Biology Study
(N5 of January 1977).  (contd.)

Date . Liem
July 1, 1978 ~draft cnvivonmental impact study report
completed

~staftf*reduction

December 1, 1978 ~final environmental fimpact study report
completed

January 1, 19/9 ~Regional Copper-Nickel Study complete



Table S=-Z. Regional Blologlecal Monitoring Stations,

Nzze : f Location ‘Tovmghin Paneca Secrien Rank
3 Outflow from Fall Lake, 100 yerds 3N 1w 3 Frimary X
upstream of Newton Laks
Squaw Creck, north of Wintoa, E3N 1w 18 {a) Sl
tetween Cedar, Bass, and Fall -
Lakes
Shagewsz 4 OQutflow £ 53N 128 28 Secondar B2
stream 10
crossing
.
Xa 5 Ouvtfiow from Garden Lake, at 530 11w G Teviiary
Highway 169
Qutflow from Whilte Iron Laks, =t 63N 11w 32 Tertlavy
Highway 16
Gaging statlon, Kawishiwi River E3N o 24 Tertiary
aging scvation outh Xawishiw 52} 1w 2 ereiax
Caging station, South Kawishiwi §2N 119 23 Tertiary
River
Scuth Kawdighiwi River, zapproxi- ez Lol 6§ Privary
mately 200 yards inside Boundary

Waters Cance Area boundary

w

ration, not part of regular monitoring prograk.




Teble 5~2. Reglonzl Biological Monitering Stations. (contd.)

Townshio Rangze Section Rank

hway 1 62y 2w 23 Secondary

Isabella 7 Gaging station at dnfliow tc Bald 51N oW 5 : Tertiazy
Eagle Lzke
Little Isahella River at East §IN oW 29 {2)
Tomahawk Road, USFS Road 424
Tilssz Creek 3 touth of Filson Creek approwi~ YA 119 24 Szcondary
g
mately one~elghth mile upstrzam
from coniluence with Kawishiwi
g Birch River ac Highway 21 B34 13w 27 €]
. Caging staticn inflow to White &2N 1w 19 Secondary
Iron Lake, 150 yards downstreanm
- from Birch Lake dan
Sa Inflow to Bob Bay (Birch Lake) ©EIX i2w 38 Szcondary
;
9b Youth of Keeley Craek (Birch Lake) 61N 1w i7 Secondary
{a) b 2ram.

{a) Addiclonal station, not part of regular monitoring pro

'
i




.egional Blologilcal Monitoring Stations. (cenzd.)}

Page 3 of 5

Stetion Desiematrion

Location Township Range Section Rank
Gaging station adjacent to 60N jva) .8 Primary -1
Highway 112
Upstream; same as LMAX upstream 60 12w 27 Tertiary D=2
slite

Stony 11 Adjzcent to Roaring Stony Resort 61N 11w 30 Primary SR-1
Gaging station st USFS Road 424 60N 11w 8 Tertiary SR=-2
Locataed (0.8 miles upstrean from 60N 10w 28 Secondary SR-3
Highway 1 crossing
At USFS Road 105 50N oW 31 Tertiaxy SR~-4
Outflow from Greemwood Lake, SON 10w 21 Tertiary SR~3
about one mile downstrecanm

" Between Stations SR-3 and SR-4, 60N 100 - () SR-6

close to Lake County Road 2

Sz, Louils 13 Gaging station at Highway 100 58N 159 21 Primary SL-1
At USFS Road 133 56N 130 30 Terciary SL-2
Immediataly upstreanm from Reserve 58N pavae] 22 Secondary SL=3
Railrcad Crossing

(e) &ddizfomel station, not part of regular moultoring pregram.
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Teble S-2. Regional Biological Monitoring Stations. {contd.)

Sctzcion Rank #
ary 7
ndary 10
fzry v 13 .
tional 6
b 36
Note: All primary and secondary sites are in riffle aress unless otherwise specified.
Tertiary sites include all habitat types.
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Table S-3.

I"

Watershed Station Rank

Fall Lake K-1 Primary

Shagawa K-2 Secondary
Kawishiwi K-3 Tertiary
Kawishiwi K-4 Tertiary
Kawishiwi K-6 Tertiary
Kawishiwi K-7 'Tertiary
Kawishiﬁi K-8 Primary

Bear Island BI-1 Secondary
isabel?a I-1 Tertiary
Filson Creek F-1 Secondary
Birch Lake K-5 Secondary
Unnamed Creek BB-1 Secondary
Keeley Creek KC-1 Secondary

Page 1 of

Selection of Biological Vonitoring Stations.

Justification

Overall biological conditions;
inflow to BWCA; cumulative effect
of all development north of
Laurentian Divide.

Potential population crowth in
Ely, existing impact from Ely
sewage treatment plant.

Summation of North and South
Kawishiwi. ' ’

Background information; summation
of Bear Island and South
Kawishiwi rivers.

Background information in control
ared. :

Backaground information; potential
effect from INCO site.

Upstream control station;
monitors outflow from BWCA.

Overall biological conditions of
drainage basin with JTow potential
impact.

Background information in control
area.

Potential site of INCO open pit,
drainage of INCO site into South
Kawishiwi.

Summation of South Kawishiwis;
downstream of proposed mining and
Birch Lake outflow (potential and
present development).

Only known significant heavy
metals input within study area.

Potential runoff from INCO
tailing basin.

3



)

Table $-3.
Watershed Station Rank
Dunka D-1 Primary
Dunka D-2 Tertiary
Stony SR-1 Primary
Stony SR-2 Tertiary
Stony SR-3 Secondary
Stony SR-4 Tertiary
Stony SR-5  Tertiary
~St. Louis | SL-1 Primary
St. Louis SL-2 Tertiary
St. Louis SL-3 Secondary
Partridge P-1 Primary
Partridge p-2 Secondary
Partridge P-3 Tertiary
Partridge P-4 Tertiary

£

Page 7 of 3

Selection of Biological Fonitoring Stations. (contd.)

Justification

Overall conditions of drainage
basin; downstream of present and
potential mining.

Backaround information on upstream
arca of Dunka River and check on
AMAX monitoring.

Overall biological conditions of
drainage basin, proposal Tor
tailing basin upstream.

Background information.

Upstream area of watershed below
confiuence of Stony and Greenwood
rivers.

Background information.
Background information.

Describes bicloaical conditions in
the Partridge and St. Louis systems,
and the interaction between those
systems.

Background information.

Background conditions for head-
waters area; potential tailing
disposal site upstream.

Overall biological conditions 1in
Partridge River; potential for
population fincrease in Aurora
and Hoyt Lakes.

Potential mining development
upstream; also upstream monitoring
station for Aurora and Hoyt Lakes.

Background information in area of
potential tailing basin.

Background information in areca of
potential tailing basin.



Table S-3.

I

Page 3 of 3

Selection.of Biological Monitoring Stations. (contd.)

.

Matershed Station

Partridge p-5

Embarrass E-1
E-2

Embarrass

__Rank

Secondary

Primavy

Tertiary

Justification

Upstream monitoring station for
Partridge watershed.

Potential tailing disposal site
located upstream; overall moni-
toring station for Embarrass
watershed.

Background information in upstream
area of watershed.



Teble $-4, Frequency of Sampling:

Periphyton, Benthic Invertebrates, and Macrophytes.

surmer-fall
winter-spring

{Hester/Dendy)

(qualitative)

Primary
No. Interval

RANK
Secondary
No. Interval

) 3 weeks
1 —

& 6 weeks
i —

3 5 weeks
1 ———

4 6 weeks
1 ——

3 6§ weeks
1 —

1 —

PS

i
i
{
i

[«

3 weeks

o —
4 6 weeks
0 —
3 6 weeks
0 —

L
O
£
D
®
=2
n

=t
{
]
i

2

¥

4*‘3

rtiary

Interval

o

O b

oo

12 weeks

—— e

12 weeks

——




Table S-5. Field %ampiing Schedule for Aquatic Biology--Stream
Ponitoring (Summer-Fall 1976).

Week i Saﬂpiingw§cheduie

1 and 2 1) Install samplers at stations.
2) Collect drift samples at primary stations.

3 : Begin qualitative sampling at all stations.

4 and 1) Collect periphyton from glass slides.
2) Install new glass slide samplers.
3) Do chlorophyll a analysis.

4)  Continue qualitative sampling.

6 No sampling scheduled.
7 and 8 1) Pick up Hester/Dendy samplers.
2} Collect periphyton from glass slides.
3) Install new Hester/Dendy and ¢lass slide samplers.
4)  Collect drift samples at primary and secondary '
stations.
5) Do chlorophyll a analysis.
9 1) Collect qualitative samples at primary and secon-
dary sites.
, 2) Beagin macrophyte survey.
10 and 11 1) Collect periphyton from glass slides.
2) Do chlorophyll @ analysis.
3) Continue qualitative sampling at primary sites.
12 Complete macrophyte survey.
13 and 14 1) Pick up Hester/Dendy samplers.
’ 2} Collect periphyton from glass slides.
3) Install new Hester/Dendy and alass slide samplers.
4) Collect drift samples at primary and secondary
stations.
5) Do chlorophyll a analysis.
15 1) Begin second qualitative sampling at all stations.
2) Collect samples for heavy metals analysis.
16 and 17 1) Collect periphyton from glass slides.
2% Install new glass slide samplers.
3) Do chlorophyll a analysis.
4) Continue qualitative sampling.
18 » No sampling scheduled.
19 and 20 1; Pick up Hester/Dendy samplers.
2) Collect periphyton from glass slides.

3) Collect drift samples at primary and secondary sites.
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Appendix S-T.
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Appendix S-2. GENERAL FIELD AND LABORATORY PROCEDURES,

PREPARATION FOR FIFLD SAMPLING

1) Check equipment necessary for scheduled sampling.

2) Label all sample bottles and containers before leaving the laboratory.
Labels should include collection date, sample station, type of sample,

and replicate designation.
3) Prepare equipment for sample processing upon return from field.

FIELD SAMPLE COLLECTION

1) Approaching from downstream, remove artificial substrate samplers or
drift nets, carefully note their condition, and log them into the field

notebook. Be sure samples are placed in the correct container.

-
8

2) Foi?ow presciribed methods for handling each type of sampling gear.
3) If applicable, attach new samplers to anchoring device.

4) Make the following field observations and measurements:

water temperature

air temperature

stream conditions (e.g., turbid, clear, high, Tow)

weather conditions (e.g., cloudy, rain, windy)

stream velocity (measured with Gurley current meter or equivalent).

T o0 T o
N N S S S

5) Make any general observations which might aid in data interpretation.

6) If collecting qualitative samples, carefully note the collection time
and exact collection location. Also note the various types of habitat

samples and how sampled.
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pppendix S-2, Page 2
LABORATORY PPOCEDURES
1) Log in all samples. A1l Tabels should be checked.

2) Process the samples according to prescribed procedures and store in

designated areas.

3) When working on samples, sign them out of storage and keep them Tabeled

as you work on them. No jars or vials should be Teft unlabeled.

4) When the sample has been completely analyzed, check it off the master
1ist and see that all vials, slides, and data sheets relating to the

sample have been correctly Tlabeled.



Appendix 5-3. FILLD AND LABORATORY HETHODS:-PLRIPHYTON

I

FIELD PROCLOURES

Sampler Installation

1) Suspend three slide racks containing four slides (25 x 75 mm) each,

at each sample site (primary and secondary) in either a vertical or
horizontal position depending on water Tevel and siltation problems.

Stide racks are identified by a letter (A through C) by facing the anchor-
ing device and looking upstream. The sampler on the left is designated A,
next to it B, and on the right C°~ Each slide in a slide rack has been
given a numerical designation (1 through 4). These numbers are permanently

enscribed on the slide rack.

2) Suspend the slide racks approximately 30 cm below the water surface.
If the stream flow is low, the slide racks are placed just above the sub-

strate, totally covering the slides with water.
3) Colonization periods are three weeks long.

Substrate Retrieval

1) Detach slide racks from the anchoring device.

2) Place into a plastic s1idé box, in numerical order, slide numbers 1,
3, and 4 from each slide rack. (Slide boxes were labeled in laboratory
with site name and slide rack designation.} Place a little water in each
slide box to prevent drying of the slides. Place the slide boxes into

a cooler for transport to the field laboratory for further processing.
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3) With forceps pick excess organic debris from slide 2, and place slide
into a polypropylene bottle marvked with the sampie site and rack designation.
Each bottle contains 10 ml of & 90 percent acetone solution saturated with

MgCO3. These bottles are also placed into the cooler for transport to the

field Taboratory for processing.
4} The cooler is dark inside and contains cold packs.

Collection of Qualitiative Periphyton Samples

1) Collect composite samples by scraping rocks, logs, and local vegetation
in riffles and pools. In addition, pipet algae found growing on silt and

sand.

2) Place samples in an amber sample bottle (4 oz) containing 15-20 drops
of Lugol's solution. Fill the remaining volume with distilled water.

Actual sample volume should be 5-10 ml.

LABORATORY PROCEDURES

| Chlorophyll a Processing

1) Scrap on both sides the slide from the polypropylene bottle using the
edge of another microscope slide. Wash the residue into a 50 ml grinding
tube with a small amount of acetone (90 percent MgCO3 saturated). Using a
small funnel to ensure minimum sample loss, rinse the solution from the
polypropylene bottle into the grinding tube. Total volume should not

exceed 20 ml, unless the algae growth was exceedingly dense, in which
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case ve'va should not exceed 45 mil.

2) Masserate the tissue within the grinding tube for approximatley.one

minute using a tissue grinder at high vpm.

3) After grinding, pour the liquid into a 25 or 50-ml volumetric flask

and i1l to the Tine with 90 percent acetone (#gC0 saturated).

4) Pour this solution into a 50 m} centrifugation tube and place into

a centrifuge at 500 g for 25 min or 1000 g for 10 min.

5) After centrifuging the sample, measure optical density of a 4.2-ml
aliquot with a spectrophotometer using the Trichrometric Method of Pigment
Determinaticn {UIESCO/SCOR), and Lorenzen Method of Phaeopigment Deter-

minationv(American Public Health Association, 1976).

Preparation, Preservation, and Sample Analysis of Periphyton Species
Composition :

1) Preservation of Samples

a) From the plastic slide box, preserve slide 1 as a permaneht record

of the existing flora on the substrate. To accomplish this, clean the side
of feast growth and one end of the other side. HMark the é?ean end with the
date and code number. On the remaining arca with growth, place enough
Luéo]‘s solution to cover the area. After one minute, wash off the excess
Lugol's solution towards one end with distilled water, and place a small
amount of CMCP-10 mounting medium on the slide. Put a large coverslip

(No. 1 or 1%) over the area and allow the medium to spread out, applying
p



Appendix $-3, Page 4
.

some tight but steady pressure. Dry for scveral days and place in a sliide

box for storage.

]

b) From the plastic slide box remove slide 3. Place small funnel into
a4 oz‘bott1e3 and scrape‘both sides of the slide into the funnel. Wash
the sample into the bottle with distilled water and add 15-20 drops of
Lugol's solution; fill the remaining volume with distilled water. Seccure

the cap tightly and properly mavk the bottle. Store the bottle in a cool

dark area until analyzed.

c) From the slide box remove siide 4. Scrape both sides of the slide into
a 25-ml beaker. Add 8 ml of 5 percent potassium persulfate oxidizing agent.
Heat the beaker to 950C for 30 minutes (do not boil). Cool the sample and
transfer to a 50-ml centrifuge tube. Centrifuge at 1000 g for 10 minutes.
Drain“yd%% the supernatant  and add 25 ml of distilled water. Shake the
solution, then centrifuge at 1000 g for 10 minutes. Repeat the washing
process three times. After the last washing, use a disposable pipet to
deliver several drops of the remaining solution onto a No. 1% coverslips
Allow the solution to dry by placing the coverslip on a hot plate at 95°C.
(Avoid overheating which will cause splattering and cross contamination.)
Place a clean and appropriately marked standard microscope slide on a moder-
ately warm hot plate (157°C) and add a drop of Hyrax mounting medium at the
center of the slide. After the sample has dried, pick up the coverslip,
invert, and place on top of the Hyrax drop. When bubbling ceases, remove

the slide from the hot plate, and apply light pressure to the coverglass
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until the Hyrax cools and hordens {one minute).

2} Preparationof Samples to be Counted

a) Shake the preserved sample solution by votating about 30 times. Pre-
pare for sedimentation counts by filling a b-o0z, 10-cc sedimentation
chamber with the sample solution. If the sample is too deﬁse to count, a
dilution may be necessary and the appropriate dilution factor used in

calculation of organisms present.

b} Fill the chambers and allow the contents to settle at the rate of

four hours per 10 mm of height.

3) Sample Analysis

a) §edimentqﬁion Counts--After settling, place the chamber on the inverted
micéoscope and examine under 40x and 100x objectives. Strip counts are
made until a minimum of 100 of the most abundant species are counted.
Report data on the Periphyton Sedimentation Count bench sheet, along with

other observations. Report quantitative determination of organisms as:

C x 1000 mm3 % V x DF

nunber cells / mmé = % D!
ExWxDx5SxA

where: C = number of cells counted (tally)
V =sample volume, ml
DF=dilution factor
L =length of a strip, mm 4
W =width of a strip (whipple grid image mm width)
D =depth of chambeyr, mm
S =number of strips counted
A =area of substrate scraped, mm?
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.,
4

Periphyton are placed into the following general groups during scdimen-
tation counts:

coccoid blue-green algae
filamentous blue-green algae
coccoid green

filamentous green

green flagellates

other coccoid

b) Diatom Analysis Species Proportional Counts--Examine each slide with

species being identified and enumerated. This procédure is done under high
magnification by examining random lateral strips the width of the whipple
'grid, and identifying and counting all diatoms within the borders of the
grid until 250 cells (500 half cells) are tallied. When the count 1is
complete, total the tallies and calculate the percentages of the individual

species. Report data on Periphyton Diatom Analysis bench sheet.

.
14

N = percent in diatom count x total count per mm2

Diatom species identifications, made during the proportional counts, place
diatoms into the following general groups:

dead centric diatoms

Tive centric diatoms

dead pennate diatoms
live pennate diatoms

Qualitative Analysis

Process qualitative samples as quantitative samples, except only identi-

fications are made.



Appendix S~ [1LLD AND LABORATORY INETHODS FOR BLUTILC JAVERTTBRATES

FIELD PROCCDURES: iesier- DENDY SAUPLERS

s e e et i et e e

Hester-Dendy Qamp?er Ant a]Tation

1) Suspend modified Hester-Dendy samplers midway betlween the surface and
‘bottom, except where the depth is greater than 2.5 meters, in which case

the samplers should be suspended 1.2 meters below the surface.

2) Three replicate samplers are suspended vertically at all primary and
secondary sites. Samplers are identified by a Tetter (A through C) by
facing the anchoring device and looking upstream. The lefthand sampler

is designated A, next to it B, and on the right C.

Hester-Dendy Sampler Retrieval

1) P?ace a dlpnet under t he sampler before removal from anchoring device

to capture any organisms disrupted upon removal.

2) Detach sampler from anchoring device and pilace in a plastic tupper-
ware container labeled with sample code number. Keep these containers

cool until arrival at the Taboratory.

3) Pick any organisms found in the dipnet and place in the sampie con-

tainer.

4) After the three samplers have been removed, attac! rew samplers to the

anchoring device at applicable sites.
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Rppendix
Hester-Dendy Sample Processing

1} At the Taboratory dismantle the Hester-Dendy samplers and scrape the

plates into a white enamel pan.

2) Pour the sample through a #40 standard sieve and rinse with water to

vemove all fine sediments.

3) Place the remaining sample into a bottle and preserve with Five percent

formalin.

FIELD PROCEDURES: DRIFT COLLECTION

Installation

1) Mnchor draft nets with an upstream opening of 0.050 square meters,
net-length of 2.4 meters, a zipper 0.3 meters from the back, and 440~-um

mesh size 1 the stream.

2) Three replicate nets are used for each collection at primary and second-

ary sites.

3) Set the nets any time during the daylight hours and leave in the stream

for 24 hours.

Retrieval of Hets

i)} Remove nets from the anchoring device and rinse the contents into the

bottom of the net.

2) Remove the end of the net at the zipper and place the contents into a
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sampie container identified with date and code number.

Sample Processing |

1) At the Taboratory, wash the sample through a #40 standard sieve.

2) Place the rinsed sample in a sample container and preserve with five

percent formalin.

QUALITATIVE SAMPLIMG

1) Spend two man-hours per station collecting invertebrates from all

possible habitats.

2) Sampling consists of kick-net samples; picking organisms from rocks,
logs, debris, plants, and detritus; and dredge samples if deep areas are

prese’ﬁt° Examine riffles, pools, and backwaters.
3) Preserve all material collected in five percent formalin.
4) Hote relative abundances.

LABORATORY PROCEDURES

Sample Preparation

1) Sieve and wash all samples to remove formalin.

2) Place samples in white enamel pan, pick organisms out of debris, and

place in Jjars containing 70 percent alcohol.
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3) If the sample size is extiremely lavge, pick and analyze subsamples.

4) Preparation of Chironomid Larvae

a) To clear the head capsules, boil Tarvae in 5-10 percent KOH.

L) Carefully remove the head capsule from the body.

¢) Mount both head capguié and body on a microscope slide using CMC-10
or equivalent mounting media. Head capsule should be ventral side up.

Light steady pressure should be applied to the cove?§7ip (round No. 1%)

to flatten and spread the head. Allow the stide to dry overnight and

store in stide box.

Sample Analysis

1) Identify organisms to tﬁe following levels:

Non~fﬁ§ects~»é?ass unless obvious (e.g., Hyallella azteca)
Insects--Odonata, Hemiptera, Neuroptera, Megaloptera, Coleoptera--family;
Diptera, Trichoptera, Ephemeroptera, Plecoptera--mature Specimené to
species where keys exist, when specimen is fmmature, identify to lowest

possible level.

2) Separate all new taxa into vials fTor the reference collection and

return remaining organisms to sample Jjar.

Data Handling

1) As the organisms in cach sample are identified, record the data on

invertebrate bench sheets.
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2) After  ontive ssmple has been identified, vecord the total number

of organisms and the total number of individuals of each species.

3) Qualitative samples are used to develop & species Tist only.



Appendix $-5. HEAVY METALS TISSUE AIALYSIS

COLLECTIO PROCEDURE

1) During all procedures no metal tools or objects should come into con-

tact with the sample.
2) Hacrophytes

a) Collect plants by hand from the bottom substrate and place in plastic
bags containing lake water form that location. (See Operations Manualj

Aquatic Biology--Lakes for compiete collection procedures.)

b) Fach sample should contain a minimum of 20 grams wet weight of each
species for heavy metals analysis and an additional specimen for identifi-

cation.
c) AYl parts of the plant, roots, stems, leaves, and flowers are collected.

d) Place a waterproof label in each bag with standard site and date desig-

nation on it.

e) Samples are stored in a cooler with cool-paks until arrival at the

labororatory.

f) At the laboratory separate the plants from each site by species.
Place 20 grams weltweight of a species in a whirl-pak bag with lake or
stream water form the collection site. Squeeze all air out of the bag and

close it.

g) Assign a serial number (see Data Sheetls, part 2) to each species and
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include this on a wateyproof Tabel in the whivi-pak and on a tape label

on the outside of the whiri-pak.

3) Periphyton

a) follaw collection procedurcs outlined above for macrophytes except
that individual species need not be separated. In most cases only

filamentous blooms witl provide enough volume to run heavy metals anzalysis.

b) Preserve periphyton for identificaiton in Lugol®s as outlined in

Appendix S-3.

4) Invertebrates

a) Collection procedures outlined in Appendix 5-4 are followed to obtain

a representative sample of invertebrates.

b) Teflon coated forceps and polyethylene sieve are substituted for com-

parable metal items.

c) Snails, clams, leeches, crayfish, and insects are separated in the
field as they are collected. Samples are placed in polypropylene bottles
or polyethylene bags. As with the macrophytes, 20 grams wet weight is

needed, plus specimens for identification.
d) Use no preservatives in the field.

e) At the laboratory, organisms ave transferred to whiri-pak bags and

frozen. The fleshy body is removed from the shells of clams and snails,
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and Lhe shells discarded. Whirl-pak bags contain a waterproof label

with the assigned serial number.

DATA SHLETS

1) For each whirl-pak bag a data sheet (see Figure $5-1 ) must be
completely filled out in duplicate.

]

2) The serial number on each data sheel is transferred to the sample

labels. Serial numbers follow the format described below:

tively starting at 0001, and X stands for [i {(Macrophytes), P (Periphyton),

and 1 (Invertebrates).

SHIPP1ilG

1) Samples are packed in styrofoam coolers for shipment.

a) Include cool-paks with macrophyte and periphyton samples. These
samples should arrive at the laboratory for processing within 24 hours

after collection.

b) To keep invertebrate samples frozen, ship them in dry ice. Inverte-
brates may be stored frozen at the field station for several weeks before

shipment.

2) Ship samples to : Regional Copper-iickel Study
138 Hennepin Square Duilding
2021 E. Hennepin Avenue
Minneapolis, Ml 55413
Attention: Laura King
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3) Upon arrival in the Twin Cities samples are transferred to the correct

Jaboratory for processing and analysis.

CHAIN OF CUSTODY

1) Strict chain of custody procedures are followed throughout the entire

process to ensure sample integrity.

’2) A sample-data form for the heavy metals tissue analysis is included

as Figure S5-1. This includes a section for chain of custody.
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Figure 55 " Tissue Analysis Field Sheet.

COPPER-NICKEL REGIONAL STUDY
AQUATIC BIOLOGICAL MONITORIRG
TISSUE ANALYSIS
Serial No._

Field Data

Species Date Collected Station No._ .
Station Location T
Weather Conditions . Temp, }
Lake or Stream Conditions Tenn,

Substrate

Collection Iethod . ‘ e

Veans of Preservation and Storage

Time of Collection Time of Processing

CoLtleqted by
Comments

Tahoratorv Data’

" Arrival Date  Date of Analysis

Time Processing Begins_ lethod of Proc.

Analysis Method

Comments

Chain of Custody

Date Sent Date

From (Signature) Address Received (Simnature) Addres;
i. ‘
2. L.
3.

L,

.5°

6.

?o

8.

9.

10,



Appendix 6. EQUIPHMENT LIST (Does not include vehicies, boats, motors, cte.)

1) Wit 40 Inverted Hicroscope (no serial i)

e 0 A0% 100% oy .
Magnification range 104 BA-SANS 6X oyepicces
J CONEE g0Y, 960, 900X e

150%, 600X, 1500 . 10X eycpieces

Two PZO Stereoscope HMicroscopes
Hagnification range 4X to 100X
Serial # 15352 and 15016

]
—

3) Beckian DU-2 Spectrophotometer, Serial # 109200-1000614
Power Supply, Serial # 331633

‘4) Clay-Adams Centrifuge, Serial # 19350

5) JAnchoring Device (See Figure $-1)
approximately 36" high and 36" wide; 2x4 and 2x? pine attached to
Z25-pound anchor--poured concrete; devise Tleats to provide constant
gepth Tor samplers; various. length uprighis can be used also

6) Hester-Dendy Artificial Substrates (see Figure $-1)
4 mn-HMasonite multiple plate sampler; 75 mm diameter plates;
variable spacing; 144 mm Tong; 0.75 m% area

7} Periphyton Glasslide Rack (see Figure S-1)
1T mm Plexiglass and brass; 112 mm x 115 mm; 4 slide capacity

8) Drift ngts .
0.025 m~ mouth, 2.4 m length; 425 um mesh-niter netting

9) Gurley Current Meters (Full size and Pygmy)



Appendix S-7.  SMPLE 1L0B, DATAKEEPTNG, AND DATA SHLELS

A .-

Appendix S-7 inc1ude§'0xqmpies of the sample Tog and data sheets for
the Aquatic Biology, Streams program. Figure S7-1 is an example of a
page from the sample Tog book in which all samples are Togged in, and
their process status followed and vrecorded. "The "SAMPLE DESTGNATION®
section includes the site (e.qg., P-1, K-5); sample type (e.g., drift,
periphyton); replicate (A, B, C); and date of sample. The "SAMPLE
STATUS" section has blocks that are initialed and dated as a sample
moves throuéh'processinga Notes relative to the sample are made under
the "OTHER" column, or referred to the biank page section in the back
of the log book. The "Field Collection Data" sheets are printed on
waterproof paper and aré numbered consecutively 1-500. FEach sheet is
logged, even when voided, damaged, or mutilated. The remaining sheets

are bench analysis sheets Tor the specific samples.

Stream'designations and sample type codes are given in Tables S7-1 and

S§7-2. Stream names are indicated by one or two-Tetter abbrieviations.
Station locations are indicated by numbers. Numbering begins at a down-
stream location and proceeds upstream (e.g., P-1 is the mouth of Partridge
River and P-5 is the source). An example of a finished label is illustrated
below:

6-1-76

SL-1-D-B

where 6-1-76 is the collection date, SL stands for St Louis River, 1 for

Station 1, D for drift sample, and B for replicate B.



Appendix 5-7

/0

Table S7-1. Stream Desjignations.

Stream Name

Kawishiwi River

Filson Creek

Isabella River ‘
Stony Rive?

Bear Island Creek

Dunka River

Embarrass River

Bob Bay Creek (Unnamed Creek)
Partridge River

St Louis River

Keeley Creek

i

Lbbrieviation

SR

BI

BB

SL
KC



Appendix 5-7
Table S7-2. Sample Type Codes.

sample Type . . Code.

Periphyton p
Hester-Dendy | H
Drift , ]
Phytoplankton PP
Zooplankton Z
Dredge DR
Macrophyte M
Qualitative periphyton | qp

Qualitative invertebrate Q1



copendix 5-7

mmple Log Sheet,

51

o
N

Tiqure S7-1.

£ iCK

»

‘

oy e T AT

PR AT Tt aeo oot
7

O vk i X

1

" e

(P

O
al

1

vt
RN

1PLE DESI6

v

St

!
{ N
i
m
!
i S
t
t !
o i
= }
A .
w
ra ! w -
ot
= !
%] i w

Jaf6




Lppendix 5-7 o
.
| Figure $7-2. [Fietd Collection Data Sheet.

REGIONAY, COPPER-NICKEL STUDY
AQUATIC BIOLOCTCAL HONTTORING
FIELD COLLECTLION DATA

Periphyton Qualitative:
Invertebrate Qualitative:

General Comments:

Date; Times Station: Primary Secondary. Textiary
Water Temp.: Air Temp.: Weathey Conditions:
Stream Conditions: Stream Velocity:
Periphyton Sampler P~hs
) P-B:

P-C:
Hester-Dendy Sampler H~A:

H-B:

H-C
‘Drift Samplers D-A:

D-B:

D-C
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Appendix S-7 Plaure 57-3.

- e e e s o

PLANETON AND PT

RIPHYTON

K DIATOM ANALYSIS
River . SAUON e St . Station Number I
five Centeies . Dead Centries Date Collected o
{ive Pennates. S Dead Pennates__ 3 Analyzed by
Towlbive. . TowlDeod ______ . Date Analyzed
SRCount____ . CouvntingTime
Spaciey '(0121 S Species Total %

Caoscinodiscus Fiagilaria crotonenais .

e

N\

Cycloteta CONSIIUENS

Ienghiniana

Frustuhia

Gomphonama N S—

/Mc!osira

ambigua E Gomohoners
pranulata (Ey‘r(mgma
distans {(tderidion circulare
Navicula
\
CRhnosolrma
Stephancdiscus .
hanizschin . 2

nvisitaius

astrea rminuiula

(?\éitlschia

(Omer centrics

oy
e Achnanihes .

(Amphiprora \

- E’innulalia
[Amphora

(Pdcuroargma

‘ Asterionella formosa (H hotcosphenia curvsia

Staurongig

Caloneis
[Fitocslodia

Cocconeiy /Surxfeﬂa
CCyma(onleura
Cymbella /Synfdra
uing
acus JRO—

Diatom vulgare

e

Diploneis smithii

ar

Tabvellariz

pithemiz fencsirata

unotia

Hecculose

T

FIRST SECOND  THIRD FOURTH

Perceng
others

»
a'avalalatel

Ho. specics
Remarks: Totel coum




Appendix 5-7 Fiquye S7-4.

Screpingt diluted to

Firct clieck Recorded |

I
- ‘:]" = ittt e e s - ‘
FERIPHYTON SEDGWICH-RAYTER COUNT
- N s
fliver or Lole . —— Inclusive Dates __ . S
Sration Date Anolyred
State ! Analyred by e .
CODE  ORGANISH TTelly o2
p— . 53 Ty Ty
Total coccoid h’ueqve:n aloaz /v
T N
Toteal filamentous blue-qreen 2loaz <
|
Total coccoid grean ainae
N Total filzme2ntous green 2igae
Total green {logelietes
Other coccoid algae
Other picmented flagelictes
Filamentous bacteria snd fungi
. * T‘;omzc‘a
Centrics c/mm? Diatorns
Centric Shells
.
Live Centrics |
Pennates c/mm? s Total lve centnic diatonys
Pennate Shelig .
Lrve Pennates
/ . Total live pennate diatorra
. Preservative £ Facor U, ToraL .
Mo, Shdes foetis/inem
Area Scoaped Ramsrks: .




Appendix 5-7 ' Figure 57-5.

PLANKTON AND PERIPHY TON
CHLOROPHYLL AND BIOMASS DATA

L IDENTIEYING [NFOTMATION:

A, Station:

B, Date: U S,

C.  Method of Sample
Collection and Handling: __

.

£, SPECTROPHOTOMETER DATA:
A OPTICAL DENSITY MEASUREMENTS:

instrument Used: _ .
Extrzct Dilution q——————————— Optical Bensity Reading 663
Volume Factor ! 750 663b° £45 630 6632° bla
Rep.
1
2. _ o
3.
4,
Ab = before acidification; ¢ = after acidification)
B. CHLOROPHYLL CALCULATIONS: .
Concentration of Sample area Chlorophyll content
Chlorophvll in Extract or volume of samiple
tme/1) ~ {hiiers: mé) {ug/1; mg'm?)
chiz Chip Chic Chla Chib Chi ¢
Rep.
L
.2
3.
4,
ftl, FLUOROMETER DATA: .
Instrument Used:
Reading Belore {b) Reading After (a)
Acidification Acidification
Dilution Reading Sens. :
Fector Ry Level (S) B, (st Rp/Ry
Rep,
1.
2.
d -
4.
IV. ORGANIC MATTER (ASH-FREE WEIGHT}
Empty Weight Weight Sarmple Ash Organic
Crue. Crucible with Dry Afer Dy Free tatier
No. Yieight Sarmple Firing Weight YWeight {orn/m%)
{(A) [£:0] {8-C}
Rep,
1. -
2. ——n
3. . -
4,

V. BEMARKS:




hppeodix S5-7

Mame of water body _

MACROINVERTEBRATE LAB BENCH SHEET

fot No,

Collecied by ! o

Station No, _

Sorted by

Date collecied

o e e s S e = = =3
@ DIFYERA L(N)x Dl TOTALIDRY WGT ] © CRUSTACEA TOTAL [DRYWGT
[ {mg) - £
—
o
S

THRICHOFTERA

HIRUNDINEA

PLECOPTERA

NEMATODA

(BIVALVIA

EPHEMEROPTERA

ODOMNATA GASTROPODA
NEUROPTERA OTHER
HEMIPTERA

COLEOPTERA

e

Total # of organisms

Total dey weight

Ash-free weight

Total § of taxa

® Initisls of 1axonomists in this column

VL« farvae, N = nymph, P = pupse

M



Appendix S-6.  STAFF RESUMES

- F
e

Resumes for the Aquatic.Bioloay staff appear in this appendix. Inciuded
are resumes for Mark Johnson, Michael Mischuk, Thomas Lager, Steven
Wiiliams, and Jeffrey McCulloch. Figure S8-1 shows the relationship

of the staff to each other.
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RESUME FOR MARK D JOﬁj“O”  SUPERVISOR, AOUATIC ‘gLU(Y STUDY GROUP
July /7, 1876
Home Address: 2344 ComO.Avenue Box 2288, Route 1

Office Address:

St Paul, MN 55108 o Ely, |

345 Centennial Building

455731

Department of Natural Resources Kawishiwi Field Lab
Minerals Division P 0 Box 569

i OF E1y, M 50731

)

St Paul, I'N 55155 (218) 365-5034

A}

Present Duties--Responsible for design and implementation of aguatic
biology monitoring program.

Work Experience

June 1975 -
October 1975

February 1975 -

June 1975

March 1973 -
December 1974

July 1971 -
December 1972

i States Power Company. Werked
L project at the Praivie Island Nuclear
50 pu§L!C!deMj in vegular bioiogical

ms studying the Mississippi River 1in
e plant.

Tish entrat
Power Plant. i
monitor mg proc
the vicinity of

.
Pl oh)
':.I’“

Reseaich Biologist, Ecology Consultants, Inc, Ft Collins,
Colorade. Participated in various envivonmental mon-

[ .

toring programs and studies related to the power industry.

Senior Biologist, Minnesota Pollution Control Agency.
Participated in collection of baseline data 1n Voyageurs
National Park (1974), review of environmental impact
statements (1973, 1974}, review of monitoring programs

at Northern States Power Company's nucleer power stations
(1973, 1974), study on the effects of poliution on
Tichens along fh@ north shore of Lake Superior (1973),
study on the effect of taconite tailings on ppr;phy'nn
growth in Lake Superior (1973), and was a member of

the Henderson Power Plant EIS team (1974).

Research Assistant, Colorado State University, Ft Collins,
Colorado. Collected baseline agquatic biological data
at ihe site of the Ft St Vrain Nuclear Power Station

for use in the environmental jmpact statement. Partici-
patbc in design of the environmental monitoring program

in the vicinity of the Ft St Vrain station.
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Nppendix 5-8, Page 3

RESUME FOR MARK D JOWI%{N (<0n10)

Wovk Experience (contd)

June 1972 - Consultant, ROMCOE, Denver, Coforado. Participated
September 1972  in fish survey conducted for the preparation of an
environnental dmpact statement related to a new ski

resert development near Vail, Colorado.

Education

Master of Science, Department of Fishery and Wildlife Biology, Colorado
State University, March 1973. Thesis entitled, “Aquatic Biota of the
South Platte River and St Vrain Creek in the vicinily of the Ft{ St Vrain
Nuclear Generating Station."

Bachelor of Science, College of Biological Sciences, University of Minnesota,
.St Paul, June 1971.

Also attended Environmental Protection Agency Yater Training Course,
"BDioassay in Pollution Control and Analysis,”" Cincinatli, Ohio, October
1973,

Professional Affiliations

Member, American Fisheries Society

Member, Phi Kappa Phi

Publications

Everhart, ¥ H and M D Johnson. 1971. Aquatic biota sampling program.
Pages 8-24 1in Environmental Radiation Surveillance Program for the
Public Service Company of Colorado, Quarterly Report, July 1, 1971
- September 30, 1971, Ft St Vrain Huclear Generating Station. Cdited
by K J Schiager and S T Bard. Colorado State Unlversity, Fit Collins,
Colorado.

Ob cit. 1972. Aquatic biota sampling program. Pages 2-27 in Environmental
) Radiation Surveillance Program for the Public Service Company of
Colorado, Annual Report, January 1, 1971 - December 31, 1971. Edited
by K J Schiager and S T Bard. Colorado State University, Ft Collins,
Colorado.
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RLSUME FOR_MARK D J() ; S0 _fcontdj

Publications (contd)

Ob cit., 1972, ﬁquaf1c biota sampling program. Pages 11-15 in Envivonmental
Radiation Surveillance Program for the Public Service Company of
Cotorado, 1st and Znd Quazfcr!y Roportﬁs Janvary 1, 1972 - June 30,

1672 [éfTGd by K J Schiager and S T Bard. Colorado State University,
Ft Lo? ins, Celorado.
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’

OR MICHAEL hl‘ﬂleﬁ A‘Jﬂxff 3T0LOGIST, NATURAL RESOUE

L

Home Address: 1551 Ho1ton Street
St Paul, MN 55108
C(612) 644 5954

Office Address: Kawishiwi Field Lab
PO Boy 569
Ely, MN 55731
(218) 365-5034

Present Du
chlorophy!l nalysis, and field coordination problems for
aguatic biology program.

Work Experience

ties~--Responsible for perfpnytnn collection, periphyton taxonomy,
1 an o Copper-Hickel

19721976 Graduate Assistant, St Cloud State JniVa‘as;y

o , 1) Assisted Dr Keith ¥ Knutson in field investigation
- of algae populations in conjunction with the ecological
monitoring program for Novthern States Powey Company's

Monticello Nuclear P1ant Tocated on the

Mississippi

River. Responsibilities included sample collection,
chlorophyll analysis and algae identification and
enumeration. 2) Assisted in fish entrainment studies,
both natural and induced. Responsibilities included

equipment design and field sampling.

In September

1973, designed and started project "Primary Production

on th& Mississippi River at Monticello,

Objectives of this study were to de

FMinnesota.'
termine differences,

if any, between the heated and ambient zones of the
river. The study consisted of an upstresm-downstreamn
evaluation of the effects of increased tunperanurﬂﬁ

on chemical and biological parameters.
done as part of requirenients foy a mas

This work was
ter's thesis.

4) Assisted Dr Knutson in sampling and subsequent
identification of algae in the Escambia River, P~15d~

cola, Florida for GulT Power Company,

in the vicinity

of their electric generating plant (November, 1973).
5) Assisted in algae identification and enumcration
of species taken from Lake Ontario, for NUS Corporation.

6) Assisted in an evaluation and update

study of chemi-

cal and biological parameters of Clearwater Lake and
‘Clearwater River system (Minnesota) Tor testimony given
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RESUME FOR MICHAEL MISCHUK (contd)

Work Experience (contd) --

1972-1976 hefore the Minnesota Vtater Resources Board on a
(contd) proposed watershed district.

Summey - Assistant to Mr ' George V Anderson.  Worked with Mr
Fail 1972 Anderson on the Tiwnology of Big Fish Lake in Stearns

County, Minnesota. Assisted on vemoval and subsequent
identification and mapping of aquatic vegetation around
the take. 1In the fall, assisted on age and growth work
on fish taken from the Take.

April 1972 Internship, National Water Quality Lab, Duluth,
Minnesota. Assigned to an AL-6 team, Environmental
Requirements of Fish, under thﬂ direction of Hr John
H hcformlc\? principal invest sqawor and tr Bernard
A Jones, team coordinator. The objective of the study
"Thermal Tolerance of the American Smelt, Osmerus
mordax" was the evatuation of thermal tolerance of the
three obligatory shallow water 1ife stages of the
American Smelt during the reproductive period. Respon-
o sibilities included: selection of appropriate test

e ’ temperatures; equipment set up; compilation and evalu-

ation of data; and a formal report.

Fall 1971 - Assistant to Mr Robert Anderson. Studied the feeding

Spring 1972 habits of the shorthead redhorse, Moxostoma macxolepidotum
(Lesueur), and the carp, Cyprinus Carpio L., which were
collected near the Monticello Nuclear Power Plant.
Assisted in field capture of specimens by electrofishing.
After removal of the stomachs, identification of the
contents were made, which consisted mainly of aquatic
insects.

Summer 1971 Studied productivity of Lake Sylvia in Wright County,
s Big Watab Lake in Stearns County, and East Quarry, an
abanded granite quarry near St Cloud State College.
Project design and sampling were responsibilities.

Also have certificate as a SCUBA diver and hold senior diving certifi-
cate. Used this k}i? when doing fish surveys and genera1 river viork
for MNorthern States Power Company.
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RESUME FO™ "LCHAEL 1

ASCHUK {contd)

Military Service

1967 - present

Operaulons uw;ucanu, R“wc training was at Fort Knox,
Eentucky from lovember 1967 April 1968. Received
advanced 1nL1VzdLa1 training in communications, which
concisted of vradio mechanics school, vehicular and
individual Yend wiving. Returned to Fort Snelling,
FMinnesota as a reservist in fApril 1968. Duties con-
sisted of: 1) Field Radio Mechanic (first echelon

repair of radios within a battalion); 2) Section Chief
(supervised ten people in radio repair, radio instaila-
tion, and instaltation of LP?epnone Tand lines);

3)  Communications Chief (primary duty, Platoon Sergeant,
supervised 20 peopTev_wszizeo to write training schedules
for own personnel plus those within battalion requiring
the same training, oversay maintenance of all communi-
cations equipment within battalion, plus wrote and sub-
mitted status reports on equi pﬂﬁnu and treini ng3

4y  Other (served as instructor for No luonm1)¢10 ned
Officers Acado*ys which included wiriting training
schedules, uav ing inst d(th;, and GVdfuszHq status

of students). Present duties (as Assistant Operations
Sergeant) 1 nclude ass fi%ﬂg the writing of tactical
plans, recording these plans in journals, and maintain-
ing recovds of training status.

, United States Army Reserves, Assistant
tra
to

Education

Master of Arts with major in aquatic biology and emphasis on power plant
ecology, St Cloud State University, 1976.

Bachelor of Arts with major in biology and special emphasis on aquatic
studies, St Cloud State University (College), 1972.
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RESUME F. .. JHOMAS MICHAEL LAGER, AQUATIC BIOLOGIST, NATURAL RESOURCE

SPLCIALIST 11T, June 23, 1976

Home Address: P 0 Box 524
Ely. MN 55731

Office Address: Kawishiwi Field lLab
P 0 Box 569
Ely, MN 55731
(218) 365-5034

Present Duties--Responsibite for invertebrate collection, invertebrate
taxonomy, and qualitative sampling for the Copper-Hickel aquatic biology
program.

Hork Experience

19731975 Graduate Research P€C7¢iaﬂi at St Cloud State University

on Morthern States Power Company contract. Determined
the effects of the heated wai; discharge from the

o _ NSP Monticello Nuclear Generating Plant on the macro-

o invertebrate populations in the Mississippi River.

Duties included assisting in annual report writing:
assisting with fish mark and recapture studies, arti-
ficial Tish egg substrate studies, electro-fishing,
seining, qiT? and trap netting, and taxonomy of fishes;
and assisting with invertebrate drift, taxonomy, and
algae studies. Supervised two to four assistants in
the field and laboratory.

1974 Independent Research Project, St Cloud State University.
Dete mined the effecf 0( rapid temperature 1urtxaf"onJ

Sp, uti1121ng a GlT\Oﬂ Respiromcter.

1972 Summer Research Program, University of Minnesota

Limnological Laboratory on Lake superior. Duties
included qualitative and quantitative analysis of lotic
per1phyton (algae) and quantitative analysis of chloro-
phyll:; and studied nutrient uptake by the aquatic
plant, Ceratophylum deinersum, in controlled artificial
environments.




Appendix 5-8, Page &
.

RESUME FOR_ THOMAS MiCl!

CHAEL LAGER (contd)

Work Experience (contd)

1971-1972 Bemidji State University. Assisted in a lake shore
survey to determine the influence of domestic pollutants
on the water quality of takes. Determined the tempera-
ture effects on the photosynthetic and respivation rates
of plankton using a respirometer.

Education

Master of Arts in biology with emphasis on aguatic ecology and limnology
(35 credits), St Cloud State University, 1976. Rescarch Tor master's
degree included the determination of effects of the heated water discharge
from the NSP nuclear generating plant on the macroinvertebrate populations
in the Mississippi River. The population quatity, quantity, biomass,
weight per organism, and 1ife cycles were statistically analyzed between

- the heated and nonheated portions of the river and correlated with the
preoperational study.

Summer institute work, University of Minnesota, Minneapolis, June-August
1972, "Water Quality Investigation and Research Techniques." General
introduction to a wide variety of analytical techniques for the evaluation
of chemical and biological parameters (12 credits).

Bachelor of Arts with major in biology and minor in chemistry, Bemidji
State University, 1972. Enphasis was in aquatic ecology and Timnology
(22 credits).

Associate of Arts with major in biology and minor in chemistry, Rainy
River State Junior College, International Falls, Minnesota, 19G9.

Professional Affiliations and Journals

Member, North American Benthological Society
Member, Entomological Society of Washington
Member, The Ecological Society of America

Fatonia, A Newsletter for Ephemeropterists
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PF>LME FOP ©TEVEL

WCSUME FOO STEVEN B MILLIANS, AQUATIC BLOLOGLST, NATURAL RESOURCLS
SPECIALIST 1, June 23, 1976

7 p—

Home Address:

Office Address: Kawishiwi Field Lab
P 0 Box Q69
Ely, My 55731
(218) 365 “dGSQ

Present Dutjes--Responsible for macrophyte collection, equipment maintenance,
and sample processing for the Copper-Nickel aquatic biology program. Assist
in invertebrate sample collection.

Work Experience

April 1975 - Colorado Division of Wildlife. Conducted initial
September 1975  six-month segment of five-year crecel consus on Shacow
' Mountain Lake and Lake Granby. Study was designed
to evaluate angling pressure, succes ratio, angler
harvest, and success of stocking programs.

7

June 1974 - Ecology Consultants Incorporated. ODuties included

March 1975 collection, identification, quantification, and bio-
mass analysis of benthic macroinvertebrates. Project
work inciuded identification of insects from Minnesota
(Northern States Power), Missouri (Kansas City Power
and Light), Myoming (h}ssou«w Basin Power), Oklahoma
(PubTlic Service of Okiahoma), and Colorado (Sun 0i1).
Duties also included identification, quantification,
impact assessment, and stomach analysis on fish popula-
tions, .with partwcu?ar emphasis on large river systems.

1972 - 1973 Colorado State University. Training included work
’ with doctoral candidate in culture of northern pike,
population assessment of fish in smwall farm ponds,
and effects of northern pike introductions.

1972 Colorado Division of Wildlife. Work requirement in
fulfillment of degree in Fishery Biology. Mojor emphasis
placed on general survey of fish popuiations in the
Colorado River within the State of Colorada. Work also
included assessment of {ish populations in both high
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RESUHME fU” STEVEN N WILLTAMS {contd)

Work Experience (contd)

1972 {contd) mountain lakes and man-made reservoirs in relation
to setting minimum stream flows.
Education

Bachelor of Science with major in biological science, Colorado State
University, Fort Collins, Colorado, 1974.

hssociate of Arts and Science with major in prppro{9551ona1 forestry,
Paul Smith's College, New York, 1971.
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RESUME FOR JEFTREY

SPLCIALY Sr”l, June

S""g 5 Pa gﬂf j?

, HATURAL RESOURCES

Home Address: 220 [ Sheridan Street

Ely, M{ 55731

Office Address: Kawishiwi Field Lab

P 0 Box 569
Ely, MN 55731
(718) 365-5034

Present Duties--Responsible for heavy metal sample collection, equipment

inventory, and sample processing for the Copper-Hickel aquatic biology
program. Assist in periphyton collection and processing.

Work Experience

January 1975 = Research Biological Aid, U S Environmental Protection
March 1976 Agency 7, Environmental P@cwnr~f Lob@deoxy buluth.

Worked as a technician on the heavy metals and pesticides

researcn teems under the supervision of a research

aquatic biologist and a research entomologist. Duties

included planning, constructing, and maintaining bio-

assay systems for Tish and aguatic inveriebrates,

aiding in the conduction of these bioassays to deter-

mine toxicant effects, performing routine analysis of

water for harﬂlesqﬁ 01 @linity, acidity, pH, dissolved

oxygen, etc, and keeping the records of routine and

specific biological and chemical data. Duties also

included the operation of a stock culture unit for

raising and rearing the laboratory fish Jordanellafloridae.

In addition. time was spent par tiripati‘g in field

collections for both fishes and aquatic invertebrates,

collection and review of Titerature concerning insect
ni
t

ial

drift, design and construction of drift nets, and initi
e

field work with the nets. Experience was gained in th
taxonomy of the regional aquatic Teuna, and use of
abstract journals, scientific journals, Titerature re-
trieval systems, books, etc.

Education

Bachelor of Arts with major in bioToqy University of Minnesota-Duluth, June

1976.

Upper division emphasis in fields of entomology, ichthyology, 11mno]og}9

vertebrate and invertebrate anatomy, animal behavior, and physiology.
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1. - JNTRODUCTION AND SCOPE

1.1, Introduction

The regional Copper-Hickel Study was designed to provide envivonmental data
in the potential copper-nickel development area. These data can be used
first to chafacterize the region and analyze the potential envivonmental
impact of copper-nickel mining, and secondly, as development proceeds,

to determine the actual regional impact.

Because of time Timitations, it was not feasible to biologically monitor
all lakes for the regional study. Instead, a small number of Takes were
selected for sampling based on a coﬁbination of Tactors including the
probability of impact from various sources and consideration of how
characterisffc the lake was for the region in tevns of fish populations

<

Take morphometry, watershed, lake chemistry, and access.

1.2. Scope of Study?

Lake sampling included guantitative phytoplankton, zooplankton, and
benthic invertebrate sampling, and qualitative benthic invertebrate

and macrophyte collection. In Takes, phytoplenkton are the principal
primary producers. Taxonomic analysis and chlorophyll a measurements

of the phytoplankton populations provide measures of a Take's trophic
status. ZoopTlankton and benthic invertebrates 1ink the primary préducers
to Tish. Study of these components provides informaiion on the availa-

biTity of food for fish and on the "health" of the lake. Heavy metals
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Tevels can be monitored through the study of wacropny

heavy metals accumuiators.,

2. STUDY AREA AND SAMPLING STATIONS

2.1 Study Area

-~ Pl

See Operations Manval; Agquatic Biology--Streams fTor description of study

area.

2.2, Sampling Stations

Five lakes were selected for biclogical sampling (Table L-1). Two stalions
were located on each Take, except Birch Lake where there were four stations.
Stations were Tocated in the approximate center of each lake: one at the

inflow end and one at the outfiow end. In Rirch Leke, stations wers located

west of Dunka Bay, north of Dunka Bay. between Bob Pay and Steny River, and

south of the South Kawishiwi River.
2.2.1. Regiona] Maps

A regional map showing locations of sampling sites appears in Appendix

S-1.

3. METHODOLOGY

3.1, Techniques

3.1.1. Justification of Techniq

Because of time constraints, it was impossible Lo sample lakes as thoroughly
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i

a5 necessary to produce retliable quantitative d ta.  NAs a result, the
decision was made fo sampie in such a way that the greatest variety of

pecies would be (015L<1C< wWith the least efiort.

(%]

-

To sample phytoplankion, an inteyrated.wzter sampler was developed based
o a sampler.constructed by the Minnesota poTlution Control Agency. This
sampler vas constructed of 1.5-inch diameter PVC pipe. The pipe was in

2-m sections and had the capability of sampling to a depth of 4 m. Each

end of the pipe was threaded; so the pipe could be capped. The 4-m Tength

was used to assurc that the entire photic zone was sampled. Because various

phyteplankton species reside al different levels within the photic zone,
we were able Lo collect one water sample containing virtually all phyto-

plankton species. The chiorophyil a value obtained in this way was also

& composiie sampie.

Zooptankton were sampied by towing a MWisconsin net Tvom the lake bottom
o the surface. JAgain, a single sample collected species found at various

depth

[7¢3

°

LK}

A petite Ponar or Ekman dredge was employed for benthic invertebrate
collection. Two basic considerations were made before choosing these
dredges.  First a Tight-weight dredge was nceded because much of the

sampling was done from a canoe, and secondly most ot the bottom sedi-
~ments at the sempling staltions were silt. To reduce variability, dredge

toval zone.

Lad

sampling was done outside the Ti

Qualitative invertebrate sampling similar to stream qualitative sampling
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provided information on the benthic fauna of the Tittoral zone. Quali-
tative collections also provided information on snail and clam populations

which are particularly sensitive to heavy metais.

SCUBA was chosen for macrophyte collection to assure that roots, stems,
Teaves, and flowers were collected, and to assure that all species

along the selected transect were collected. Macrophyte mapping was not
attempted because of time constraints, and because macrophyte surveys
were conducted during previous Minnesota Department of HNatural Resources

lake surveys.

3.1.2. Procedures

3.1.2.1. Phytoplankton

Phytoﬁ?ankton samples were collected by Towering vertically the integrated
sampler with both ends open in the water, until the upper end extended

two to three inches above the surface. The top was then capped and the
sampler raised until the Tower end extended two to three inches below

the water surface. The Tower end was then capped and the sampler removed
from the water. Water in the sampler was drained into an 8-1iter carboy
and mixed. Three 1-Titer samples were withdrawn from this mixed-water
sample. These samples were kept in a cooler with cool-paks until arrival

at the laboratory.

Fach 1-1iter water sample was filtered through a 0.45 um Gelman Type A

~f
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glass fiber filter. These filters were then Trozen in polypropylene
bottles containing 10 ml of acetone until final anolysis. Actusl chloro-
phyll determinations,were made foltowing the procedures oullined below.

1) Masserate the glass fiber filter within the grinding tube

for approximately 1 min using a tissue grinder at high rpm.

2) After grinding, pour the Tiquid into a 25 or 50-ml

volumetric flask and Ti11 to the Tine with 90 percent acetone
(MgCO5 sat.).

3)  Pour this solution into a 50-ml centrifugation tube and

place in a centrifuge at 500 gs for 25 min or 1000 gs fov
10 min.

4y After centrifuging the samp@eK easure a A.z-ml al
~with a spectrophotometer usﬁﬂg the Trichrometric Fethod ot

Pigment Determination (UNESCO/SCOR), and Lorenzen fethod of

Phacopigment determination (American Public Heaith Association,

1971).

5) Enter results on Dtr?oqubP and plankton pignent and

biomass bench sheets
In addition to the three 1-titer samples withdrawn for chlorophyll, three
120-m1 samples were withdrawn from the integrated water sample at cach
station for taxonomic analysis. These samples were preserved with
Lugol's sotution in amber bottles and stored in the dark until analyzed.
Taxonomic analysis of the phytoplankton samples was dene by Ecology
Consultants, Inc. (ECI), Fort Collins, Colorado, Tollowing the technique

described by Utermoel (1958) and outlined by Volienweider (1974). The

ECI analysis procedures follow.
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Taxonomic Analysis of Phylopl:

on Sambles

iy Lo unitformly didfriw
H0-mt aliouot is withdrawn
ankL)u dkxxi(v), and introduced
Upon a (omnxncd nlate

1) Sedimentation--Samples are shaken
bute the phyloplankion QT GAN 515 A
from each Jdm;g: (depending
into a plankton seliling cylinder I
chamber (Wild leevbrugg, Lid., 1976). Sanp !cﬁ vemain undisturbed at
room temperature Tor a mintimun of 24 hours., Fotllowing sedimentation,
cylinders are moved Jatorally Lo a drain bhole and emptied into a

beakey, Jeaving the sediment in the ed plate chomber.  The

-

supernatant is examined and the cccurrence of any buoyant species noted.

at
Lo

2) Identif nrnilon Plate chanbers containing sedimented material are

examined with a WILD M-40 dnverted micros cope at magnitications of
56X, 140X, 280X, b60X, and 14004, phycological ?PIP]QHL65
are utilized for taxonomic detormin (sce Appendix S-9).

<

Diatoms, w
phytoplant
mounts. Dup

housually account for a substantie!l proporlion of the
pouuibx fons, are Sdentificd Trom pormanent Hyrax stide
cate mounts e it leke sample during

i
Lo

C
n
11
q

ssure 1 soterial is available

each samplin (Lriuu Lo as ey
i for ana]yb is.  Mounts are made sie bt atlic taken from the
sedimented material and composii in o i tube, and subjected

to suilfuric acid-potassium dichromate dioes
samples are ccnt.;‘ygzdy an aspirator vsed te remove the supernstant,
and frustules resuspended in d“ tifled woter. This is repeated several
times until a clear )01Ltio VT appro w)foly neutral pH remains.

One or two drops of tl dxqfon suspension are {lu “ed upon clean 25-min
cover stips and nsuted to dryness, th vich they are inverted upon
a drop of Hyrax. Diatoms are identified with an Olympus VANOX phase-
contrast microscope at magnif1nutaunb or 600-1500X.

Lion.  Foilowing cooling,

2

3) EHUHOVdC?OH” Counts are made Trom sodimented samples on the
inverted microscope at 560X utitizing a Whippleorid with an area of
0.04457 mm?. Counts e=@ made o oa multiple ‘kiiy counting machine and
recorded on standard ECI algae bench forms.  The number of grids
examined per sample varies accovding te sampic density; however, gvid
number remains constant within a specitic lake.  fn accordance with
procedures suqgested by Mavgalel (319743, at least 100 infivi(ua1‘

t
each "important” laxon are counted. ausE p \L)n]ahutﬂﬂ distr
bution within the plate chamber s ra iform, ids from severa1

., center, 5:des), The counting

o
=

¥
areas of the chamber are observed (e,
units utilized were:

Unicells-~-cach cell
Diatoms--each complete frustule {two haives)
Fitaments--100-um Tength
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by

Discrete colonies--cach 4-8-16-32-64 cell colony
Indiscrete colonies--every cight cells
Dense colonies--every b0 cells

Examples of discrete cofonial forms include Pandorina, Volvox, and

Oocystis. Indiscrete colonial forins include Aqmcho!lun (Merismopedia),

Chroococceus, and Crucigenia. Lbxamples of dense colonies are

Microcysiis and Apharnothece.

A11 identifications, counts, and other pertinent data were recorded

on standard algal bench forms. Replicate data were transpos sed o summary
p

data for presentation in veports.

’hyiop1UNtbﬁn densities were calculated acc dr”ﬁ to the feliowing
equation:

£t x Vo x Ac » DT

units/ml =

Ag x Ng x (Vo - Vp) x Vs
where:
Ct = count per species

Vo = original sample volume (ml)

Vs = sedimentation volume (ml)

Vp = preservation volume (ml)

Df = dilution (or concentration factor)
- Z
Ag = area of one grid (mm”)

P
Ac = area of chamber (mm”)

Ng = numbey of grids counted

3.1.2.2. Zooplankton

Zooplankton were sampled by taking three vertical hauls at each sample

site from approximately 0.5 m above the bottom to the surface. Collections
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weremade with a Standard Wisconsin style plankton net, with an 80-um

mesh size and 13-cm diameter mouth opening. The Tength of each haul was

recorded. Complele procedures are outlined below.

Collection Procedures

1) Stowly Tower the Wisconsin net to a depth 0.5 m from the
bottom.

2) Raise the net in a stow but steady fashion.

3) After removing the net from the lake, carefully wash the sides
of the net off in the lake without submerging the top cof the net.

4} Remove the bucket from the net and rinse into a 250-m1 poly-
propylene bottle.

5) Add formalin to make a 5-10 percent formalin solution.

Taxonomic Analvsis

1} The following procedures are used by Ecology Consultants, Inc.
for zooplankton analysis. To determine the proper volume for
counting, an estimate is made of the zooplankton density for all
stations. First, the sample volume is concentrated to 100-ml. Next
a 1-ml subsample is removed with a calibrated pipette and placed into
a Bogorov counting chamber (Gannon, 1971). This subsample is counted
for total zooplankton. Based on this enumeration, a sample volume is
calculated to yield sufficient numbers in each individual subsample
(ideally, 300 organisms). The sample volume is then readjusted if
necessary.

2) After the appropriate sampie and subsample volumes are determined,
the samples are examined. A subsample is removed with @ calibrated
pipette and placed into the counting chamber. The chamber is examined
using a Bausch and Lomb stereozoom binocuiar microscope (50-70X).
Usually some rotifers and dissected copepods are taken from the
counting chamber, placed on a slide, and identitied using an Olympus
Vanox compound microscope (100-400%). All organisms are. identified
and enumerated in the Tirst subsample. In the second subsample, all
taxa are counted except those which are extremely abundant in the
first subsample (greater than 30 organisms). If the total zooplankton
density is relatively Tow, additional subsamples are examined for less
abundant taxa (those that are Tess than a total of 30 in the first
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two subsamples). If possible, al Teast 10 percent of the sample s
exar 4. The samé volumes and counting procedures are yepeated for
all sampies representing a particular sample date.

The number of organisms per liter is calculated according to the
following equation:

where:

D = number of organisms per liter

Ct = total number of organisms in subsamples
total subsamplie volume in mi

Vo, = original sample volume in m!

volume of water sampled in liters

= =3
o —
i !

ATl Cladocera and Copepoda are didentified to species except for
immature Copopoda, which ave enumerated as nauplii, cyclopoid
copepodites, calanoid copepodites, and harpacticoid copepodites.
Rotifera are identified to the Towest possible Tevel (usvally genus
or species). ’

3.1.2.3. Benthic Invertebrates

The benthic fauna was quantitively sampled with a Ponar dredae (petite
version, 15.2 x 15.2 cm) or an Ekman dredae (15.2 % 15.2 cm). Samples were
sieved through a {40 standard sieve and preserved with formalin. Thres

replicate samples were collected at cach station.

Qualitative invertebrate sampleswere coliected along the shoreline in the
vicinity of the deepwater stations. As many of the Tittoral zone

£

habitats as possible were sampled during the qualitative surveys. In
addition to employing aquatic nets and SCUBA for qualitative sampling,

rocks and logs were removed from the bottom by hand and organisms
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removed.  These samples.were preserved in formalin Tor taxonomic analysis.
Lake benthic invertebrates were processed simitarly to stream inverte-

brates (see Appendix S-4).

3.1.2.4. Macrophytes

SCUBA was empWOyed to collect aquatic macrophytes along transects from
the zone QF cnergent vegetation to the maximum depth of the Tittoral
zone. Two transects were sampled in each lake (axcépt in Birch Lake with
four transects). These Transects were located in the vicinity of the

cguatitative invertebrate stations.

s

At the Taboratory, samples were split with the first portion remaining at

the Tield station for identification, and the remainder shipped for heavy
metals analysis.  Macrophytes retained at the Tield station were identi-

of

fied.

3.1.2.5. Heavy Metal Tissue Analysis

Macrophytes and invertebrates {primarily clams and crayfish) collected

luring the macrophyte survey (see Section 3.1.2.4.) were analyzed for

o

~

heavy metals. At the laboratory, samples were split, with one portion
remaining at the laboratovy for identification and the remainder being

o e

shipped for heavy metals analysis. See Appendix S5-5 for complete details.
b Y

servations

During each collection, dissolved oxygen, temperature profiles, and

Secchi disk readings were recorded.
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3.1.72.7. POrndnrnt ﬂrshwve

A reference collection of benthic invertebrates found in the Takes was
incorporated with the stream reference collection. This refercnce
collection contained representative individuals of each taxon collected.
Invertebrates were preserved in 70 percent ethanol, except chironomids
wirich were mounted on slides. Macrophytes were dried, pressed, and
mounted on herbarium paper. In addition, Hyrax diatom slides were made

for inclusion in the archives.

3.1.3. Information Inputs from other Programs

Information and data from the water quality and Tisheries studies were
necessary for the assimilation of aquatic bictogy éata in the regional
characterization. Water quality data ave obtained through the Operations
and Data Coordination staff. Fisheries data are obtained dirvectly from
Tish study project group. Data and information from the bioassay progranm

were necessary for impact assessment, and aisc obtained through the

Operations and Data Coordination staff.

3.2. Sampling Freguency

Table L-2 includes the sampling frequency for the various parameters.
3.3. Equipment

See Appendix L-1 for an equipment Tist.
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3.4. Quality Control Provisions

See Operations Manual; Aquatic Biology--Streams for general quality control

provisions.

4. RECORD KEEPING AND DATA TRANSMISSION

No specific data notebook was kept; instead, numbered sheels were used and
then bound into a notebook upon completion of the monitoring program. A
spiral bound notebook was kept for following the movement of sampies from
lakes, to laboratory, to analysis, and to finai report. Pencil was used
to make all recordings in the field. Abbreviations used on data sheets
are explained in Appendix L-2. Sample data sheets appear fﬁ Appendix L-2
and Appendix S~7. Aquatic biology data were transmitted to the Operations

and Data Coordination staff on a monthly basis.

5. RESULTS, ANALSYSIS, AND REPORTS

See Operations Manual; Aquatic Biology--Streams. for a complete numerical
analyses list. The only change to be noted is that results of phyto-
plankton and zooplankton are expressed as number/liter and phyteplankton
biomass (chlorophyll a) as mg/1. Quarterly reports were written on the
status of the aquatic biology study. In addition, monthly reports of data

were provided when avaitable.
6. STUDY STAFF

See Appendix S-8 for study staff resumes.
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Operations Manu&1}thuatic Biology-~Lvie Mining Study
April 27, 1977 ‘

1. JITROBUCTION AND SCOPE

1.4 Introduction

‘Elevated heavy metals Tevels have been found in a small unnamed creek
adjacent to Lrie Mining Company's Dunka Pit. These metals' origin

s unknowrn.

The effect of these heavy metals on the Unnamed Creek hicta has not
been extensively studie Tn addition, the effect on Birch Lake bicta
from heavy metat movement into Bob Bay of Birch Lake has never been

studied.

No conclusions were drawn Tvem the vesults of a 1875 Bary Engineering
study (Barvy Engineering Co., 1976). A brief qualitative survey conducted
by the Regional Copper-MNickel Study, Aquatic Biology staff, indicated

< ]

some biotic differences between the various staticns sampled. However,
reasons for these differences could not be determined (Johnson et. al.,
1976a). Various factors such as natural habitat variation, channelization,

heavy metals, and fluctuating water levels appear to affect Unnamed

Creek biota.

Regional Copper-Nickel Study biological monitoring began in May 1976
and.inciuded a secondary station at the mouth of Unnamed Creek (Station BB-1)
(Johnson et. al., 1976L) and four sites in Birch Lake, which weﬁe

sampled as part of the lake mon?toffng program (Johnson et. al., 1976c).

Data from this sampling are not yet available.
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Because little is known about the biological effects of heavy metals in
natural aquatic systems, it was thought that‘thc Regional Copper-Nickel
Study might gain'va7u5b1e data for use in analyzing potential impacts of
copper-nickel mining in northeastern Minnesota by intensively sampling
Unnamed Creek. Erie Mining Company alsn indicated aldesirg to determine
the bim?ogic&l effects of heavy metals in Unnamed Creck and in Birch Lake,

and thus a joint effort was organized.

1.2. Scope of Study

The study of Unnamed Creek focused on the periphyton and benthic invertebrate
components of the ecosystem. Because it was thought that metals would
accumulate in the sediments of Birch Lake, emphasis was placed on benthic
invertgbratesc Phytoplankton were sampled less intensively in Birvch Lake.
Thew.roie df these organisms in the ecosystem and the reasons

for sampling them can be found in Operations Manual; Aquatic Biology--~

Streams and Lakes.

1.3. Time Schedule

Sampling was initiated in July 1976 and was completed in Hovember 1976.

A detailed time schedule is included in Table EN-1.

2. STUDY AREA AND SAMPLING STATIONS

2.1. Study Area

The study area was located on the cast side of Evrie Mining Company's

Dunka Pit, east of Babbitt, Minnesota. The arca is primarily composed of
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bogs. Un ...:d Creek originates at a mine dewatering site on Dunka
Pit's south end, flows north through the areaﬁ‘anﬁ enters Bivch Lake
thrdugh Bob Bay. Dunka ﬁ%verg which originates in bog areas south of
Dunka Pit, flows into Birch Lake's Dunka Bay, Tocated northwest of
Dunka Pit. Dﬁnka Bay served as a control area {for the study Qf Bob

Bay{

2.2. Sampling Stations

Stations were selected Tor sampling afler examining the available
chemical and biological data from Umnamed Creek and Birch Lake. Unnamed
Creek stations corresponded to stations sampied by Barr Engineering

in 19755 excepl that S-5 was not included and a new station LEM-la,
located immpediately upstream‘from the confluence of the main channel

L !

and the tributary entering the creek from the west, was added (Table EM-2

and Figure EM-1}. Water samples from all stations were analyzed chemically

except at Station EM~la. 1In Birch Lake, three stations were located

in Bob Bay and two stations in Dunka Bay. One additional station was

Tocated in the main.body of Birch Lake immediately north of Bob Bay
(see Table EM-2 and Figure EM-1). Justification for the location of
each station is included in Tab}és.EMQE and EM-3. A1l stations were in
addition to the regular monitoring stations mentioned in Section 1.1.

Figures EM-1 and EM-2 include the location of Erie Mining Study sampling

stations.,
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3. METHODOLOGY

3.1. Techniques -

3.1.1. Justification of Techniques

In Unnamed Creek, artificial substrates were the primary method of collect-
ing periphyton and benthic invertebrates. Drift nets and qualitative
£

techniques were alse employed. Justificaltions of these techniques are

included 1in Operations Manual; Aquatic Biclogy--Streams.

I

Birch Lake phytoplankton weve collected with an integrated water sampler,
and benthic invertebrates weve collected with petite Ponar dredge. This

equipment is discussed in Operations Manual: Agquatic Biology--Lakes.
3.1.2. Procedures
3.1.2.1. Periphyton

Three glass slide racks were suspended in Unnamed Creek approximately 30 cm
betow the water surface, depending on expected water level fluctuations.

These slides remained in the stream Toyr three wecks.

In addition, a qualitative survey of the naturally occurring periphyton
was carried out. A1l types of natural substrates were observed and any
growth collected. Qualitative samples analysis consisis of species iden-

tifications.

Procedures as described in Appendix S-3 were followed, except that slide

numbers 1 and 3 were taxonomically analyzed (sedimentation counts and pro-
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portional diatom counts) and slide numbers 2 and 4 were analyzed for

chlorophyll a.

3.1.2.2. Benthic Invertebrates (Unnamed Creek)

Six modified Hester/Dendy samplers were suspended at each stream station
for two six-week colonization periods. Samplers were suspended just above

the stream hettom.

Three drift collections were made in Unnamed Creek. Drift nets with an

f) V g £ 0 v . . - iy N L
¢, Tength of 2.4 w, and 440-um wesh size were

upstream opening of 0.025 m
placed in the stream for 24 hours. The exact starting time was not critical
as long as it was during daylight hours, because drift is low and constant

during the day with peaks between sunset and sunrise.

il

Because Hester/Dendy samplers and drift nets are selective in their sampling,

qualitative invertebrate samples were coliected in order te compile a

¢«

species 1ist of the entire natural community. Sampling consisted of examin-

ing all various stream habitat types such as pools and riffles, vavious
sized rocks, logs and silt for two man-hours. In addition to picking or-
ganisms from Togs and boulders, the kick-net method was employed wherever

feasible. Complete procedures are described in Appendix S-4.

3.1.2.3. Phytoplankton

At each lake station, water was collected with the integrated samplier de-
scribed in Operations Manual; Aquatic Biology--Lakes. Three replicates

were collected for chlorophyll a analysis and phytoplankton taxonomy.
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Complete field and analysis procedures are described in Operations Manual;

Aquatic Biology--Lakes.

3.1.2.4. Benthic Invertebrates (Lakes)

Six replicate petite Ponar dredge samples were collected at each Take
station. Samples were sieved through a standard #40 sieve in the field
and the remaining sample preserved in 5-10 percent formalin. Complete

procedures are described in Operations Manual; Aquatic Biology--Lakes.

3.1.2.5. Heavy Metals Tissue Analysis

Macrophytes, invertebrates, and periphyton samples were collected in
conjunction with regular stream and Take tissue collections in Unnamad
Creek, Bob Bay, and Dunka Bay; where adequate material could be Tound.
Collection and processing procedures are included in Operations Manuals;

Aquatic Biology--Streams and Lakes.

3.1.3. Permanent Archive

A reference collection of benthic invertebrates was placed in a permanent
archive. These sampleswere preserved in 70 percent ethanol. Additionally,
Hyrax'diatom mounts, chironomid slides, and the remainder of the

benthic invertebrates (preéerved in 70 percent cthanol) were made

for inclusion in the permanent archive.

3.1.4. Apalysis of Samples

A1l field collections and chlorophyll a measurcments were the responsi-
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bility of the Regional Copper-Nickel Study, Aquatic Biology staff,
Periphyton and benthic invertebrate samples were analyzed by Feology
Consultants, Inc., Ft. Coliins, Colorado. This contract was written

and financed by Erie Mining Company.

Heavy metals analysis of macrophytes was done at the University of
Minnesota, St. Paul, Minnesota, through a Regional Copper-Nickel Study
contract. .Tnvertebrates were analyzed for heavy metals by the Department

of Natural Resources, Chemistry Laboratory.

3.1.5. Information Inputs From Other Programs

Data from the Teaching study were  necessary 7or the complete analysis
of the biological data. This information was obtained from the

Operations and Data Coordination staff.

3.2. Sampling Frequency

Table EM-4 shows the sampling frequency for the various parameters.
3.3. Equipment

The operations manuals for Aquatic Biology--Streams and Lakes includes

equipment 1ists for sampling procedures employed in the Erie Mining Study.

3.4. Quality Control Provisions

3.4.1. General

Quality control provisions described in Operations Manual; Aquatic
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Biology--Streams have been employed in the [rie Mining Study. In addition,
the following procedures were instituted to ensure sample integrity:

1) all operations of the Unnamed Creek Study were divected by the aquatic
biology project head to assure accuracy at each stage of the study;

2} Erie Mining Company personnel accompanied aquatic biology staff

members on all sampling trips and could accompany the Copper-Nickel

staff to the Kawishiwi Field Station to observe sample processing;

3) to ensure sample integrity and to eliminate bias, all samples were
given a serial number before analysis and shipping;

4) strict chain of custody procedures were followed in the handling
and transport of all samples collected on the Erie Mining Study.

3.4.2. Calibration, Maintenance, and Testing Lauipment

See Operations Manual; Aquatic Biology--Streams.

4. RECORD KEEPING AND DATA TRANSMISSION

Field data were recorded on data sheets iﬁ a lcose-Teaf notebook. A1l

data were recorded in pencil. Sample data sheets are included in Operations
Manual; Aquatic Biology--Streams and Lakes. Xerox copies of all field

‘and Taboratory data sheets were submitted to Regional Copper-Nickel Study
Operations and Data Coordination staff and Phil Brick (Erie Mining Company)

when available.

5. RESULTS, ANALYSES, AND REPORTS

5.1. Numerical Analyses

See Operations Manual; Aquatic Biology--Streams for a Tisting of numerical

analyses that were employed in the Erie Mining Study.
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5.2. Prooress and }ffkli Rﬂpor

Monthly reports of the sample data were submitied by Lcology Consultan
Inc. te Erie Mining Company end to the Regional Copper-Nickel Study with
all analyses completed within 45 days from receipt of the final samples
shipment. A Tinal report covering the results of the 1976 study was

written by the aqualic biotogy project head and completed on September 1,

1977.

6. STUDY STAFF

See Appendix 5-8 Tor vresumes of study staff.
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Appendix S-9. 1977 Modifications to Agquatic Biology Sampling Progran.

The 1977 . ,..tic biology study has been designed to provide additional data
on those watersheds where the greatest impact is cxpected from Cu-Ni development.

Also, the study has been expanded into several other areas of inlerest:

1) Qualitatiﬁe and drift sampling is being done in aveas previously not
sampied in order to develop a system of classifying streams in the area. Much
of ihis sampling was done in Tower order streams (ie. Tst and 2nd). Data from
this survey will be related to the more intensive data collection at other
stations. Third and feourth order streams are represented by regular monitoring

stations.

2) Intensive drift, kick net, and periphyton sampling in the Snake River/Little
Isabella River Watersheds and at two 4th order stations (regular monitoring sta-
tions). In this area, it is hoped to relate stream order and terrestrial veg-

etation to the invertebrate functional groups and the degree of autotrophy.

,3) Leaf decomposition study in the Snake River/Little Isabella River Watershed

and at a southern and a northern 4th order station.

SAMPLING STATIONS

As in 1976, aquatic biology monitoring stations have been designated primary,
secondary, and tertiary. The following is a Tist of the stations to be sampled

in 1977:

Primary: K-1, K-8, SR«Z1
Secondary: K-2, P-5, P-2
Tertiary: KC~1T, F-11, SF

]station designation different in 1976



The Following stations have been dyopped:  BR-1, K-3, K-4, S5L-3.

Additional sampling stations

Pl

numbers.  Primary SCS stations are located in

o H

will be assigned "SCS" (streeam classification systom)

'

the Snake River/Little Isabella

River Watershed, while secondary SCS stations are spread throughout the entire

area. In some cases, SCS sta

tions are also considered as yegular monitoring

stations. In the following Tisting of SCS stations, stalions which serve as

both monitoring and SCS stati

Primary SCS station:  SP-1

Secondary SCS stations: N-1
' | KC-1
D-3

ons are indicated.

Mouth Sphagnum Creek

Little Tcabella River hcadwaters
Little Isabeilla River at Forest Rd, 173
Little Isabella River at L.I. Campground
Snake River below confluence w/Snake Creek
Snake Creek at Forest Rd. 173
St. Louis River
Stony River

Nip Creek

Keeley Creek tributary

Dunka headwater

Filson Creek headwater

Nira Creek headwater

Shiver Creek

Toimi Creek

Mouth Keeley Creek

Coyote Creek

Spring Creek

North Branch WhitcfTace River

Bear Creek

Snake River

Nira Creek

Dentey Creck befow Hira Concluence

st order
1st order
2nd order
end order
Ard order
3rd ordey
Ath order
4th order

1st order



I. Periphyton
A.  Periphytometer 11 samplers are employed for suspending slides at streanm
stalions. These samplers hold eight slides vertically at a constant depth. A

diagram is attdched.

B. Two samplers are placed at primary monitoring stations; six random stides
are selected Tor biomass (ash-free dry weicht-Weber, 1973) and chlorophyl]l a
determinations; Tour vansom siides are selected for (monochromatic-Weber, 1973)
permanent diatom mounts. These diatom mounts are preparved by using the polassium
permenganate method (Honcey, 18747,

C. One sampler is placed at secondary monitoring stations; three random slides
are selected for biomass and ciiforophyli a; two random slides are selected for
diatom analysis.

D. At primary streamn classification stations one sampler was installed; three
random slides will be selected for biomass and chlorophyll a analyses; two slides

will be used for diatom analysis.

E. A 3-week colonization period 1s again employed.

F. Qualitative periphyton samples will be collected as in 1976.
IT. Benthic Invertebrates

A, Modified Hester-Dendy samplers will be placed on the styeam bottom to eliminate

any of the problems caused by Tow flows. Four samplers will be placed at primary



stations; three samplers at secondary stations.  Ho sampiers ave placed at

stream classification stalions. Six-week colonizalion periods are employed.

B. Three drift nets are placed at o1l stations during sampling periods for

24 hours. Exceptions to this are small stream clas: jcation stations whevre
one or two nets sample cssentially the entire stream. New drifl nets haye been
shortened to aﬁpr ximately 1.5m. Curvvent velocity is measured at the time of
net instalfation and retrieval to provide a betier estimate yolume samples.

' or

rift nets will be dryed at 100°C Tor 24

jm

Organic material collected in the

1
r
i

hours after the animals have been removed from the sample.
C. Pool and riffle sections are sampled separately during the two-hour
£ < o)
valitative. Time spent in each slream type is vecordsd. AL stroam classifi-
.

cation stations, the sampling time was veduced if no new invertebretes were

found during 15 minutes of sampling.

D. Three 60-second kick—net samples are collected from each primary SCS site
at the same time of driftl sampling. These samples are collected by standing
upstream from an aquatic insect net and disturbing the substrate for 60 seconds,

Invertebrates are picked in the Tield

I[1T. Comparative Studies

A. Periphyton-Data on the comparability of data collected from the 1976
slide rack and the 1977 Peyiphytometer 1T will be collected at K-5H. »Sixteen
slides have been suspended frow each type of sampler; eight chiorophyll and
eight diatom analyses will be made from each type of periphyten sampler. Tax-
onomic differences and variability within and between sampling methods will

be determined.



.

3 penthic Tnvertebiales-A comparison of i fferences in samples collected by

s
L.

Heotor-Dordy samplers suspended inoa otream and those placed on ihe Lbottom 15

also being conducted al K=o, Four samplers hove been placed on Lhe bottom and
four have been suspended. Samples collected will be analyzed taxonomically.
3

Differences in taxa collected and variability within and between sampling methods

will be determined.

C. Drift-Differences in drift during daylight hours and in the dark wili be
examined at K-2 during a nevw-moch period. This should provide data on the

bias resulting from 24-hour drift sampling.

V. Leaf Decomposition

A. Ten gram leaf packs of aspen Teaves and red pine necdies were constructed
from 3mm nylon mesh material.

B. Leaf packs were atlached ov the freat side of Tog placed in a stream. Tt
was attempted to anchor the Teaf packs in as natural a manner &s possibWé,

C. Aspen leaf packs were placed at all primery stream classification stations
(one station was divided into @ pool and riffle sections) while red pine Teaf
packs were placed on one station of each stream order including the pool/riffie
station.

D. Leaf packs are collected at two-week inlervals for an eight-weck period.

[, After collection, each sample is washed 1o romove ihe associated inverte-
brate fauna for taxonomic analysis. After the invertebrates have been removed
from the leaf pack, the remaining material is dried at 105°C for 24 hours to
determine weight 10oss.

F. At the time of each collection, a natural leai pack is collected to detennine

the similarity of the fauna associaled with natural and artificial leaf packs,



SAHPLITHG SCHEDULE é

Artificial substrates were installed three wieeks earlier than in 1976 due to
the Tow stream flows and high water temperatures. A complete chart of sampling

frequencies is attached.

SMMPLE AHALYSIS PRIORITIES

Table 2 presents sample analysis priorities. As in 1976, more samples are
scheduled to be collected than can be analyzed within the project deadlines.
These samples will be available if weather conditions curtails sampling, if a
Clarge number of samples are lost or if analysis of samples indicates that further

analysis of samples could add significent data on a particular strean.
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Appendix 5-10,  Stratigraphic Analysis of Sediment Samples.

’

TAONOMY

Normenclature Tor diatoms follows that A.J. Hustedt (19304) and Patrick
and Reimer (1906,1975) except in the cases of the genus Funotia whore
Hustedt (1930B) was used and the genus lielosira where the discussion and

ilTustrations of Lund (1962) were used.

Where breakage and corrosion have affected almost all the frustules in a

. ﬂ

sample, broken frustules were counted. Only fragments with diagnostic
features were tallied. The following criteria were used:

Anomoeneis, MNeidium, Stauroneis and (VYOQkﬂH

central areas with surrounding striae were used to define the genus

Frustulia-terminal meodules with surrounding striae were used to defipe

the genus

E:ﬁng ~terminal ends were used to differentiste the genus. At least
half a value was necessary to distinguish between species

Sur cliﬂwtornunal fragments were uced to distinguish the genus but

entire values were necessary to distinguish species

Stephanodiscus astraca-at Teast a half a frustule inciuding the central

area was needed to qualify for counting (fragmanfs of all sizes can be
identified to speciecs). This taxon may include types identified by

other workers as S. niagarac. And follow Lund's (1962) opinion that the
Tatter spocies is only present in large northern lakes and rave else-
wheré on the continent. Brugan (personal communication) refers specimens

oo

to S. niagarae whenever a band is present outside the spines. By this

criterion alwost all frustuies in our material woeuld be S. niagarae.

Cyclotella comta was tallied where half or more of a value was present.

This taxon may include forms designated as C. bodanica by other workers



although 1 failed to find "Mammender® puncate (Hustedt, 19200} in
this meterial. Specimens of Cycloteiia comta i Lhe 17 centinctery
' ] L ee
sample vrom Clearwater Lake were very vaviable dn morphelogy.
T Tfollow Bradbury and Brugan {(perseonal communication) in designating
o J L o

small stellate Cyclotells as Cyclotella glamerata, although these forms

could possibly be referved to C. stellogera since the ilamentous growth
hebit of the Tormer species is broken up in the sediment and striae

Ty

counts of the two forms are too close Tor me to distinguish them,

Individuals exceeding 10 m in diameter were s C. stelligera.

.

Tabellaria fenestrata and Tabellaria flocculosa fragments were tailed

only. when they included a straited central area. Th

o~

numbers of interclery bands between the two frustules of this gonus
requires that striac be present to be sure that an actual fustule is

represented.

I

Melosira granulata V. anqustissima was differentiated according to the

description and illustration of Hustedt (1930A). Brugan (personal
comnunication) finds that this form iz exceedingly rare in noitheastern
Minnesota lakes. Its presence in high percentages in White Iron Lakes
would seem questionable, but the specimens cannot be referred to the

most Tikely alternative species, Melosira islandica, because the striae
: p nelo. »

1

run diagonally. The nominate variety of ﬁglggjgg_gigylgﬁggis casily

distinguished and has been found by Brugan (personal communication) fin
rface sediments of Fall Lake and Bradbury (1975) in sediments of

Shagawa lLake. Taxonomic differentiation of Melosria ambicua and

Melosira italica-appeavs to be in a state of confusion. 1 have

attempted to follow the criteria of Lund (196Z) that Melosira ambigua

has a U shaped sulcus appearing like a small white eye, while lMelosira

e presence of variebd



italica has a V shapes sutcus.  Brugan (personal communicotion) using

Targer spine size as a criterion, Toils to find lclosira italica very

commonly in northeastern Minnesota.  Wherever frustules of Melosiva
were obscured oy the sufcus was difficult to classify, 1 have Tumped
Melosira species into a Melosiva spp., undifferentiated” closs.

-

This type undoubtedly contains representatives of  several specics.

Cx_’

Elongare forms of Melosiva in Clearwater Lake have been reserved to
i.italica although they approach the Teast elongate variants of M.

granutate V.angustissoma found in Birch Lake.

Melosira distans s distinguished by its paralled striations and valves

whose breath is greater than their diameter. This height/diameter

1

ratio often results in their being seen in their distinctive value vi ﬂxu

Nitzschia spe are differentiated from each other by shape, striae

l"‘?

L

count and spacing of keel punctoe the genus {5 eacily distinguished.

Amphiprora ornata was only present in broken form and was only dis~
Le |

tinguished from fragments that included the twisted portion of the
value.

Small Naviculas and Achanathes (less than about 10 m) are difficult to

distinguish. MWherever a pseudoraphe value was present an individual
was assigned to the genus Achanathes. Unless ddentification to species
was Tairly certain or an individual could not possible be roferred to
Achnanthes it was tallied as an unidentified pennate, rather than being
referred to the genus Navicula.

Frustules tallied as Diploneis smithii may include the form described
by Patrick and Reimer (1966) as D. finnica. Most of these valves were
broken and I found it difficult to differentiate which of the two taxa

was more nearly correct.



T {olTowed the convention of Bradbury (1975, perconal communication)

in diftferentialting

Stephanodiscus minuius Trom S. hantzaschii on the basis of the raised

v
—i
(T'

central arca of the Tormer species. were s a possiblity thal these
forms are all variants of the same taxon. Unidentifiable corroded
centric forms Tess than 10 m in diameter may be either of these two

Stephanodiscus species, or they may be Cyclotella glomerata.

Melosira roseana was distinguished using Hustedt (1930A). This form
has not been veconized by Brugan (personal communication) in Minnesota
Takes. ?ragménts can be differentiated by their striae and curuature.
Only two intact vé}uas were noted, one in Gabbro Lake and one in

White Iron Leke.. Because of its wnusual nature an illustration of
this form is included (figure 1)

Pollen types were differentiated by the use of reference slides in the

collection of the Limnological Research Centor and illusirations in

McAndrews, Berti, and Norris (1973).
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A. lanceolata 7
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fupnora ovalis
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Cartogramma crucicula 4
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Cocconeds placentula

C. placentula var. euglypti 1
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clotella aloerata 1
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Appendix S-11. Revision of Zooplanhion

This appendix describes changes in procedares outlined dn
Manual section 3.1.7.2. These changes appiy te 1977 zoopl
only.

At all stations, three vertical net hauls vere taken and L

the Operations
anklon samples
he samples

integrated in one sample bottle.

The taxonomic analysis of samples taken in 1977 was conducted by project
staff. Samples were concentrated in the Taborvatory Lo between Z0ml ana
100mT dependent on a visuzl estimate of Lhe concentration of animals in the
sample. A Jml subsample was romoved with 2 calibrated pipet after random

stirvring of the sewple. AVl Protozoa, Rolifera, and copepod nauplii in
the 1ml subsample were counted in o Scdgewich-Ratter cell wuning a Bausch
and Lomb compound microscope {(100-200%). Additicnal lml subsemples were

analyzed until 40 or more individuals of the common species
A 5m] subsample was removed with a Hensen-Stemple pipet on

gridded petri dish. A1l Cladccera and Copepoda in Su

1.

counted under a Bausch and Lomb stercozoom dissecting micy

Additional subsamples were analyzed until 40 or move of th

had heen enumerated.

had been

d vinsed into a

heample vere

oscope.

2 comnon taxa

In 1977 samples, Copepoda were identified to suborder (i.e. Calanoida and
Cyclopoida) oniy. Planktonic and protozoans were identified and enumerated

in 1977 samples only.

counted.
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Appenditx 5120 Qualily Contraol Program Tor the Aquabic Biotoqgy Study.

The MmeaTity Control Program of the Regionst Coppee-Nickel Study was
initiated to assuve the accuracy of the Aquatic Biology Program and Lo
maintain consistency between project taxonomists and consulting tax-
onomists in identification of periphylon, invertebrate, and fish tax-
onomy (Table 1). Procedures were developed for each taxa depending on

the analysis methods employed and the degree of taxonomic certainly.

Periphyton
Emphasis in the periphyton program was on diatoms. Although diatoms are
the easiest algal group to identify to the species level, taxonomic dif-

ficulties occur. These difficulties arve the vesult of the Tollowing pro-
b

~

blems: (1) dinsufficient taxonomic keys for various diatom genera; (72)

difficulty in developing a diatom refercence collection from permanent
slides; (3) insufficient resclution of diatom ultrestructure; (4) differen-
ces in frustule size because of growih sequence; (5) guality of sample pre-
parations; (6) condition and orientation of specimen being identifies;

(7) unfamiliarity with some species characteristics.

Because of these difficulties a three phase program was developed. First,
random samples were selected from the first 1976 samples analyzed. These
samples were analyzed and recounted by the original taxonomist or exchanged
with the other staff diatom taxonomist (Table 2). Second, two consulting
taxonomists (Table 1) were contrated to reanalyze project slides. It

was not possible Tor consultants to examine specific individuals, since

the microscopes employed by project taxonomists did not have etching capabil-
ities to designate these individuals; therefore consultants repeated the
species proportional count on each slide. Project and consultants species
lists and relative abundances were compared to determine the taxonomists on
a single slide (Table 5). Three replicate counts were made on this slide

to determine distribution patterns on an individual slide.
F

The quality control program indicated several problems. Species indentifica-

tions within the genera Cymbella, Pinnularia, Melosira, Navicula, Nitzschia

and Synedra were inconsistent between project and consultant taxonomists

(Table 2, 3, and 4) ° As a result all species indentifications in Lhese



qunera were dropped. Achnanthies wicrocephala and Ao minuliss n were

grouped in 1976 data because Lhe identificslions were confuned (Table 2,
3, and 4). Tewer taxa were distinguished by project taxonomists than by

consul tants; additional taxa identified were rore (< 4 frustules) in
most cases (Table 3, 4, and 5). Dominant species were found by all tax-
onomists (Table 5). Differences between all taxonomists project and
consultant, were minimal at the generic level (Table 6). Heterogeneous
diatom distributions on the slides influenced species Tists and relative
abundances recorded during slide examination, as indicated in the three
counts conducted by project taxonomists (Table 5). Dominant taxa wvere
consistantly encountered in every count, although the species Tigts and

relative abundance varied.

Two species names were changed because the diatom nomenclature was revised.

Cocconeis placentula was changed to C.

1 var. Jineata and Diatoma

clongatum.

elongatum was changed to D. tenue var.

AT permanent periphyton slide mounts were placed in the aguatic biology
reference collection for future comparison. The lecation of this collection

is documented in another report.

INVERTEBRATES

Identification to the species level was influenced by the sex, maturity,
and condition of the specimen, extent of taxonomic descriptions in the liter-
ature, and the need to rear immature specimens to adult stages for positive

Tarval identification.

Taxonomic consultants were contracted to examine finvertebrate specimens and
verify or correct identifications. Consultant selection was based on aulhor-
ship of taxonomic reference material used by the project, fawiliarity with
the regional Llaxa, and recomnendations by taxonomists having expertise in
specific entomological arcas (Table V). As each additional taxon was
identified it was sent to the appropriate consultant fop examination and
verification. Verified specimens were placed in a reference collection and

as record of Study Area taxa for fulure comparisons.



§ ) ! o

Four dnvertebryate samples from 1976, wore crxanined ab caviy slogos of Lhe tax-
onomic work and ve-cxamined of Loy complotion of atl the 19/0 saupte analysis
to ascertain tdentificalion ovrova.  Tach taxonomnisl had proviewsly ddenti-
Tied two of the four semples.  This check wos completod by having cach

taxonomist re-cxamine onc of thely previously identitied

samples and one

of the othor taxonomist's samples.  This method allowed evalualion of

ervors by each taxonomists and inconsistancies belween Laxonomists.  The
results of the original analysis and the quality control checks werve then
compared (Table 2). Five lypes of errors became evident:s (1) Identification
to a lower toxonomic level (e.o. genus to species) in the quality control

check due to greater familiarity with the local laxs, taexonomic keys. and

through communication with consultants; (2) Different Tevels of familiarity
with taxonomic characleristics between taxonomists; (3) Misidentifications:
(4) Tdentification to the generic level rather than species level in the
quality control check for taxa having poorly defined choracteristics, based
on consultant recommendations: and, (5) Geneyic identifications rather

than species where specimens weve damaged in the initial analysis. Omiszions

of taxs in the quaiity control Hists were lorgely caused by renoving specimens

D

identified to species for placement in the reference collection during tf

initial analysis.

The errors were discussed and the Tollowing methods developed to circum-

vent future problems: (1) sending difficult specimens to consultant
taxonomists for identification; and, (2) modifying the level of identification
to reduce errors detected by the consultants. Baetis having poorly defined
characteristics were grouped as recommended by McCafferty (personal comnunica-
tion, 197 ) for species belonging to the Baetis flavistrigs group spp. BRe-

]

cause of errors and the time requirved to identify Coleoptera, especially
small specimens, this order was identified to species and two Hydrophitidae

(Hydrochus and Helophorus) weve identified to genus. Difficult Stenonema

r~

species were all sent to Lewis for verification.

The impact of these evrors was minimized by correcting missidentifTicalions as
determined by consultants and placing questionable identifications at a
taxonomic level where we were confident. Most errors occurred at the species
Tevel and will have Tittle impact on the analysis, which will be conducted

at a functional group level based on generic and family Tevel identifications.



Lcolegy Consulianis Tnco (LOV) Fort Colling,  Colorado vias contyacted Lo
analyze some quantilative and quelitative samples.  The quality of LCT
taxoromy was evalusted by project Loxonomists: quos Lions of corvrecl tdenti-
ficalions and nomenctalure were vesolved by visiting ECL taxonomists and

sending nev specimens to our consultants for verification.

coies not positively didentified in the field or Taboratory were
J o

-
—
w
.
pun
(¥al
[
)

sent to Dr. J. C. Underhill (University of Minncsota) for identification.

These taxa were priwarily small winnow (Cyprinidac) species. Verified

specimens were placed in the aqualic biology reference collection (Table 8).
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Toble 2. Comparicons of

Lavonowists

Sites
Date:
Taxonomis

TAYA

dictom species

LT

PLGpi

Fc

hc hfuwxhof'1'nearis
A,

A.

(Ufta

linearis var.

ltﬁ Y?C vari.

iﬁﬁ@?@lﬁl@

VLominutissima

A. stewarti

Anomonais

serians

A.ovitrea
Cyclotella sp.
Cymbella minuta
C.o<p.

jenticula elegans
Diatoma tenue

Eunotia curvata

4@]

elongatun

var.

E. elegans

exiqua

E. flexuosa
k. 13918a

Sp.
ragilaria brevistriata

construens

construens var. pumila

conslruens

crotoncuais

" leptostauron

var. venter

f. pinnata
vaucheria
F. sp.

Gomphonema acuminatum

Pl connbs hoetwoen

SL1-D
6- 570

Culloch  Mischuk

MeCull

b

245 200 121
4
4 3 3
4
1
“ 2
[ [

fmd

MYUiji

121

frmnd ok ™~ P



. :I’nil N i 1
Conautiant

VN

“<Jn'nI?

A, exigua var. conslricta 1

AL exigua var. heterovalva

A, Janceolsta var. dubia 1
Ao Tineayis 4

A microcephala 228

Ao minutissiing

[

Anomeeoncis vitrea

foemnt

Caloneis mmohisbacna

Cocconeis plucentula var, lipoata

C v
J

Lella microcoohala

C. microcephala var, crassa

C. minuta

C. nminuta var. silesiaca

C. sp-. 7

Denticula elegans

Denticula sp. 4

Diatoma tenuc var. clongatun

Fragilaria construcns 1

F. construens var. pumila

P pinnata 1
F. so. 6
Gamphonoma parvo tun 2
G. sp. 6

ilavicula capitata var. hungarica 1

(2]

il._cryplocephala
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Date: O/8/70

V
o /\\

Ho ridiosa
H. rediosa tenclla

H. salinarum var.

i osp.

f!zu%(;ﬂd ﬁufléf'

H. sciculoris var. afy

:
i,

! S Lo
. UTSSThale

il I[\LJL7”)(HUH

H. spo.oa

Pinnularia sp.

Rhoicosphenia curvata-

Synedra nana

S.orumpen 5

Tabellaria fonestrata

i secrele var. apiculata

l( (Lhu



Fable 3 conid.
Stter P11 ’ : Project fexonomioi: MeCulloch
leiner

Date:  9/049/76 Conculiont Taronomisis

Lonsultant

Achnanthes detha - 0 8

A, Tinearis 104 17

A microcophnia DN 0

A. minutissima 0 249

A. stewartii 7 0

Anomoeoneis

Av vitrea 3

Cyclotella sp. 9 0

o
o
=

_
=
]
-
™

f
o
=
=
5
g
~o

Cymbella naviculiformis 0

nNa

Eunotia curvata 7 0

E. flexvosa 2 ?

E. naegelli 0 3

exiqua 0 8
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salina) 0 , 8

F. pinnata 0 ?

F. vaucheriae 50 0

]



Tabte 3 conld.

F.

=

i
|

N.

construens var.,

venler

Gomphionena anqustatum

angustalum var.

grounowii
parvulun
Melosira distans var.
granulata
granulata var.

angustissime

Navicula arvensis

cryptocephaia

gysingensis

minima

radiosa

tantula

sp.

Nitzschia acicularis

N.

N.

acicularis var. africana
bacata
frustulum var.

cilis

kutzingiana

alpigena

ontni st

ettt toch

Lavonomict s Rodmer

Consultant



Tahle 3 conld,

S1te: F-1-B contd.

=
[¥a)
o

tauroneis anceps var. gracilis

Surirella augusta

%)

dilicatissima

Synedra acus

ininusyl

|

%

nana

fon

rumpens

o)
| =
I
:
o

Tabellaria fenestrvata

-

focculosa

18 ?
8 0
0 2
0 2
0 5
0 0
0 16
0 /
2 10
a 10
0 1

14 9

TOTAL 25




A microcephala

A minutissima

AmphipTeura pellvcida

Anomoeornies Vi

Caloneis bacilium

Cocconcis niaccniuia

> I T T i S
Cymbedla affinis

Microcepiala var.

A
C. winuta

C. prostrata var. au

erswaldii

C.

tunide
C. sp.

Denticula

5P

elegans

Diatoma elongatum

tenue var. elongaium

Tragiloria construens

Foopinnate

Gomphonema intricatum

G. parvulum

G. truncatum

Navicula absoluta

Crytocphata

6
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o
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tarenomiat:
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Table 3 contd.

Sile:  P-1-A contld.

: P
[axa Conca b bont

Digna 0 1
Gracilis | | 7 0
Pupula 0 2
Radiosa ? 0
Radiosa var. tentlla 0 O

Rhyncocephala 4 0

Rhyncocephala var. germainii 0 /

Salinarum var. intermedia 0 4

Secreta var., apicalata 0 10

Tripunctata 0 ¢

ks
SD. 27

Nirzschia acicularis 10 0
ﬁgi_cgl@ti.a var. africana 0 2
Anphibia U ?
Bacata 0 10
Capitslata 8 0
Confinis | 0 2
Sp. (c.f. dissipata) 0 3
Frustulum , 0 ‘
Frustulum var. subsalina 0 &
Gracilis 0 4

Kutzingiana, 0 "3/

Palea ol 13

Sp. (c.f. paleacea) 0 17

Tropica 0 3



Rumpens

Parasitica
Sp.
Cyclotella sp.

TOTAL
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doportional counl copparisoen between project snd consulbant

Lot

ThXA

l[\\}l Pel 5

Ao microcephais 57

A minutiosine

Finphipleura pellucida 2
i !m(‘f”‘ G'W”e* VT *lf{"“ 1

e

Anomocoeis vities ‘ 1

po—

e o 1. .
'1551”‘ p 3(\|M’)71;E‘ 0 7

Cvriotp‘!a

fep]
>
e
=
~a

R

C. microcephala 3
C. minuta | o 5 | 12
L. prostrata .
L.ospe ‘ | i

C. turgidula | ‘ 44

Dx<tnuj TLHUP Var.

Denticula sp. 5

[U?ULiO

Rl St KA S S 1

Fragilaria bre istriate ver.

E: constiucens 1

F. construcns var. venter 2
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Sites g Aocontd.
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Mooravincoce
——— [N A G,

AinuT i i

. tripunciata 2

>

Mitzschia acicularis 5 4

M. ainphibia ' 1

N. haceta

M. capitellata 4

M. communis 2

o frustidum 3

Pt
B}

graciiis :

|

=

kutzingiana | 30
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-1\ ' Project taxouomicls fHschulk

Dater  B/16/7 , Consultont Loxonomisi: Loawo

A e PROJECT_ COMSULTANT

Achnanthes minutissma 179 189
Ao Tincaris, !
Anomoconeis vitrea 2 2

.Cocconeis pediculus i

Cymbella Tunata 1

C. minuta 10 6

Denticula eleqgans 3

Diatoma anceps ‘
Diatoma terve var. elongatun 9 b

rifftjur“{a }Wn\/] riata 1

F. capucina 1
F. construens var.pumila 1
F. construens var. venter 2
F. crotonensis 4
F. vaucheriae 4 1 4
Gomphonema angustatum 9

G. clevei 2

=S

G. dichotomum

ot
~d

G. parvulum - 3

G. sp. VA

N. cryptocephala 1 7
N. menisculus 2
N. radjosa var. tenella 2

‘N. secreta var. apiculata 7
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Pater G/10/777

VYA N,
AR e PROIECT  CONSULTANT

=
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o

Nitzchia amphibia

N kutzingiana ]

R -
M. tronics 1

Synodra acus 1

—t

§_. ul bd Cr’L

Cad

S. delicatissima

[

. V‘c""“‘”ﬂ‘fu 1

Py

S. pulchella var. lacerata
2. Numpens 1

S. sp- 0

nNe

S. tenera

S. ulna 4 3
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A D i en COLSLETANT

Achmanthos minutissima : - 3 3
Cybella sp. ¢

Jiatons anceps fa

b, t

ioovar, elongatum 36 n0

[ragilaria constiruens var. vepeer N ]

. 5p- 1

F. voucheriac 14 16

Gomnho!

G, mavvulum 1 2

Goosp, 7

davicula cryptocephala 1

A viridula var. avonacea 1

Hitzschia rutzingiana 1

il. sp 1

d. tropica 1

j}. sp. 1 , 1

Survirella brigntwalliid 1

Syncara amphicephala 1

B e

S. delicatissima ] 1

N

. inuscula 17 2

S. nana 1

S.oacus ]
pulchella

S. nulchella var. lacorala 5

(&)

S. radians
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hale: 5/17/777

TAXA

Mlavicula Tanceolota

N. notha

N. seminulum

N. sp.

Nitzschia Trustulum

Ne gracilis
N. palea
Synedra acus

5. delicatissima

. minuscula

winedyrs

e

nana

<

.

S. radians
S. rumpens

S. sp.

5. tenera

_Tabellaria fenestrata

T. flocculosa
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Ancwodonesis vitrea

Cyclotella <p.

:(“ )¥u lri
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F. construens

F. construens var.
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G Sp-
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Melosira aubigua

M. cranulata
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Nehmanthes
Anphipleura
Amppnora
Ancimoneis
Caloneis
Cocconeis
Cymbelia
Diatoma
Diploneis
Funotia
Mregilaria
Goriphonming

Fielosir

-~
o

Navicula
Mitzschia
Stauroneis
Synedra
Tabellaria

Total Taxa

*P - less than onc Trustule present in sample.
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Odonata
fmisoptera
Corduliidae
pilheca 1
nLora ' 1
Topterygidae ‘
SP. 4 3

fomed

Ga

Megaloptera 1
Corvdalidae 1



Taxa

Coleo 8 ‘L ra
Dyiiccidae

itidae

Led \w‘;’ﬁi era
Cotlrhol
AC&YI
Amphipuda
Talitridae
Hydaleila azteca
Pelecypoda.
Sphacriidae

Gastropoda

Physidae

Physa sp.
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Hividinea
Decopoda
Oligochaeta
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Chivonomt dao
Fapididac
Homerndyomia sp
Sty tiidac
Tipuiidae
Arntocha sp.
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Hydroptilidae
Hydrontila sp.

Philonotamidae
Chwuarw“ Sp.
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Qecetis sp.
0. cincracens
Trianodes sp,

Helicopsychi dd(‘

lelicopsyche bovealis
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Carnidae
Fnoi(f

Odonata
Go nw“wde
Do

Zi}
Gyr}nus 5P

sp.

Hirudinea
Pelecypoda
Sphaeriidde

Gangnpud
]]L\)IQ i (.[f:.‘.(;‘:
Physa sp.

Herpitera
Velijidue
Rhagovelia sn,
Belostomalidae
Letho
Gerridae
_Limnogonus sp.
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Peeudocloson sp.
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Coteontera
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Cocnidae
Cacnis sp.
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Odonata .
Aesinnidae
Boyeria sp.
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Faxa

Colenntera
Gyrinidae

Gas tropoda
Phveidae

Piysa sp.

Hematoda
0ligochaeta
Hirudinea
Turbellaria

ferrestrial Insects
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Taxa Oviginal Quality €
Diptera
Stmuliidae ' 4
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Castostomidae

Catostomus commeyrss

Hicropterus satmotdes
Cottidae

Cottus bairdi

Cyprinidae

Chrosomus neonaeus

"N, volucellus

Pimephales promelas

Rhinichthys cataractae

Semotilus atromaculatus

e it

Notemigonus crysoleucas

S. marginata

Gastevosteidae

Culaca inconstans

Tctaluridac
Noturns gyrinus
Unbridae

Unbra 1imi
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Ca--1 T.59, R.I0, S.17 2 Coyole Creek SCST 1977
-1 .60, R. !21 S.9 3 Dunka River P 1976, 1977
D-? T.60, R.17, S.27 3 Dunia Rivey ; ‘/? LGd

=
i

L
-
&
[N

o

-2

—_— NN

e

o
——
[ ~
o
Q
el
-—
<
g
O

{
¥

e
—
—i

7
, 5,28 3 Denley Creek SCST 1977

=
[
i
—
—
o
=0
et

E-1 T.60, R.16, .5.75 3 Dmbavrass fiver | P 1976, 1977
y 1.60, R.14, S.15 3 Embarrass River 1 ) 1976, 1977
. T 62, R.11, S.24 | 2 Filson Creck 5, SCS° 1976, 1977
o2 T.67, R.1T, S5.725 1 Filson Creck srs’ @1977

[-1 T.61, R.9, 5.6 5 Isahella River T 1976, 197

K-1 T.63, R.17, 5.3 5 Kawishiwi River { P 1976, 147

K-2 T.63, R.12, S.26 4 Shagawa River S 1976, 1977
K-3 T.63, R.1T, S.20 5 Fawishiwi River | 1 1976

K-4 T.63, R.11, S.32 5 Kawishiwi River | 7 1976

K5 T.62, R.11, 5.3 5 Kawishiwi River | S 1976, 1677
(-6 T.63, R.10, S.24 4 Kawishiwi River | T 1976, 1977
(-7 T.62, R.11, 5.23 5 Kawishiwi River + T 1976, 1977
K-8 T.62, R.10, $.6 5 Kawishiwi River | P 1976, 1977
KC-1 T.67, R.11, S.17 2 Keeley Creek S, SCSZ 1976, 1977
k-2 | T.61, RT, S0 Keoley Creek o057 1977
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Little Tsabelia | oCS! 1977,

River 1
L1-2 T.59, R.8, S.5 -z Little Isabella | SCS 1977
River
LI1-3 T.59, R.8, S.9 1 Little Isabella | SCS 1977
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N-1 1.60, R.1T, 5.3 ] Hip Creek ST 1977
-1 T.61, R.10, 5.2 2 Nira Creek S8’ 1977

N'.,’-l 156, Rl/j‘s S,?? 3 NOYLh B?‘an(h SLS' ]977
thiteface River

P-1 T.58, RIS, S.13 4 Partiidee River | P 18976, 1277
P-2 T.58, R.14, 5.9 4 Partridae River | S 1976, 1977




