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1. THTROPUCTION ARD SEOPE OF STUDY

1.1, Introduction

Feological comnunities are dynamic systems which are in a continual
stale of flux. The distribution and abundance of componecnt species
varies in response to complex changes in their cnvivonment. These
Fluctuations in community 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 vresulting

from the construction and operation of & mine.

Copper-nickel mining and associated development in northeastern
Hinnesota could have a major impact on the region's aguatic ecosystems.
As a result of this potential Vor 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 recaional impacts of copper-nickel

mining and associated devejopments upon the present environmental
contditions;

3} collecting baseline data for future assessment of regional
environmental changes induced by copper-nickel mining and associated
developient. -

The aguatic biology study had the responsibility for collecting infor-

mation on the study arca’s aquatic bicta {except fishes). An aquatic

bfo1ogy monitoring system and survey was implemented to provide data for
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the vegional cheracterization, tupacl prediciion, and ostabiishnent of

a bascline for future assessments of dwpacks i aqualic ccosystens,

1.1.1. Regionz] Chayacterization

Regional ecosystems will be described by combining agquotic biological
data with water quality and Tisheries data Lo provide the following

information:

1} describe interrelationships within the reglonal aquatic ecosystems;

2) categorize the agualic ccosystems with respect to cowmunity structure
and species associations;

3) identify fmpacted regional aquatic ecosystems;

4y identify aquatic ecosystems which should not be subjected 1o any
disturbances:

5) determine relative assimilative capacities of aquatic ecosystems.

3

1.1.2. Iwpact Analysis

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

of potential effluents, land uses, and population changes will be
deve'loped.  fpplying bicassay data and information from the literature
to the regional aquatic biology characterization, determinations can

be made on the relative effect of polential effluents, land uses, and
population changes to aguatic ecosystems. By using the ecosystom
approach, impacts upon one portion of the biola can be shown to directly

or indirectly affect other portions of the bicta.
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Mo quanti' " Tue nstimdtoﬂ-of the dnpact of coppev-nickel wining o
associaled developuwent can be expocted Drcause of compiex inforaciions
witlhin aguatic ecosystems;- Delermination of dmpocts to the rogion's
aqualic ecosysiems will be based upon the professionai Judgement of Uhe
aquatic hiolog} staft and staff advisors, and their knowledge of The

systems involved.
1.1.3. PBascline Monitoring

- The monitoring system provides the basis for assessing the aclual

regional impacts of cepper-nickel mining and its aésoniated developments
in the fuiure. Because aqualic organisms integrate the tolal envivonment,
aquatic biolegical mopitoring is important in determining the regional
impacts on water yuality and in providing data for developing medets of
interreiationships within agquatic ecosystems. The regional monitoring
program does not replace site specific monitoring, but provides the
capability to assess cumulative fwmpacts of development within wetersheds

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

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

the qualitative survey work. The remainder of Lhis manual describes the
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stican ~amnling proos o Thee Take saupiing progean is described in e

separate manual.

1.2.1. Periphyton

Periphyton {attached algae) are essentiatly the only priwery producers
in streams, and are of prime imporiance Lo stream ecosystems.  Periphylon
can be sampled to provide a measure of grivary production {chicrophyll a),
and to determine the comuunity compusition in a given sircam. Because
periphyton grow attached to the subsirate, tney can provide a valuable

biological monitor to detect subitle changes in water quality.
1.2.2. Facrophytes

Hacrophytes were assigned a Tow Sampliﬁg priovity in the stream studies
because they are of limited ecological importance in these streams.
Their regional distribution is timited, Lhey are ditficult to sample
guantitatively, and they lack prime importance in stream food chains.
Foy this study, the macrophytes' most important {function is as hcavy

metals monitors because they concenirate metals in their tissues.
1.2.3. Benthic Invertebraies

Benthic dnvertebrates play an important role in the transfer of encrqy
from primary producers {periphyton) and allochtonous materials to {ish.
Therefore, the benthic comnunity is sampled to facilitate detection of

hiological changes which might indicate c¢hanging envivonmental conditions.
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1.2.4. Heavy Metdls

Increases in heavy motsls. concentrations in streams way be reilected in
the tissue of aquatic organisws. Analysis for heavy wetals in periphyton,
macrophytes, and invertebrate tissues may be valuable in developing

modols of heavy metals movement through the ccosysten and in selecting
organisms to serve as biclogical nonitors of Tong term changes in heavy

metals concentralions.

1.3, Time Schedule Chart

A time schedule for the overall aguatic biclogy study appears in Table S-1.
¥ g H

2. STUDY AREA AND SAMPLING STATIONS

2.1. Study Arca

The study area encompassed approximately 700 square miltes. Ely was

on the northern edye of the ares while Aurora and Hoytl Lakeslwere situated
on the southern edge. Sampling was designed to monitor the region's

major watersheds, which include aveas fo be directly affected by copper-

nickel mining, arveas affected by related development, and unaifected aveas.
2.2, Sampling Stations,

Sampiing stations were  selected to closely coincide with the water
quality sampling siations, thus facilifating correlation of physical
and biological data., Uxaect lecations were determined during on-site

inspéctions. An attempl was made to locate sample sites in riffle
P p I
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avvas wrtreeam Trom any Dridge or dam structuress; al though soinetimes this
vias nol possible.  Sempling station Tocalions und designations ave Visted

in Table $-2. Jusiification Tor cach station 15 Tisted in Tahle $-3.

Primary, sccondary, and te%tiﬁry station designations wore assigned to
indicate sampling priority (sec Table $-3). Primavy sites wonitored over-
a%i.conditions ot major watersheds. There were Tour quantitative and
qualitative sampling periods at primary sites {Table $-4). Priority was
assigned to the analysis of the first and third sets of sempies. Semi-
annual gualitative surveys were ﬁade at the terfiary sites. Although
tertiary sites have the possibitity of impact at a later date, they

were considered less fmportanf in the overall region., Other qualitative

sumples were collected in small tributaries as time permitted.

2.2.1. B@Qg_n_@l_ﬁﬁjza

A regional map showing Tocations of sampling sites appears in Appendix S-14
3. METHODOLOGY.

3.1. Techniques

3.1.1. Justification of Techniques

There is no standard quantitative wethod for sampling aquatic ccosystems;
thercefore, artificial substrate samplers were selected as the primary
guantitative nethod for periphylon and benthic invertebrate collection.
These samplers were designed to standardize and simplify quantitative

field sampling, and used because traditional quantilative devices are
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susceptible to human bias end cannot be wsed undee atl conaitions.
Artificial substrates cqualize sampling efiort at all stations®and

reduce the variability within quantifative data vnder most conditions.

The'major drawback in using artificial substrates is their selective
nature. HNo matter what type of substrate is vsed, colonization by ali
organisms found in a given eébsysiom Qi11 liot occur. However, even
natural substrates are selective, and unless a quantitative bottom
sample can bhe collected from each natﬂra1 substrate type,.botiom
samples would not produce a more reliable estimate of the natural

conmunity structure.

Artificial substrates, which may or may not mimic the natural substrates,

are quonized by aquatic orgdnisms. These colonizing organisws are

é subjected to all the f]uétuationslin chemical and most physical parameters,
Because the.samp1ing effort at each étation is wimilar, 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.

Yarious types of artificial substrate samplers have been developed for
sampling benthic invertebrates. .Thgse substrates include concrete stabs
(thoon, 1935), hardware cloth brush boxes (Wene and HWickliif, 19?b)u
multiple plate éamp]ers {Hester and Dendy, 1962; Fallner, 1971}, and rock
filled baskets (Henson, 1965). Artificial substrates for callecting
periphyton generally consist of glass or plexigians 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 Jakes and streams. The Titerature on artificial subsirale

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

brifting benthic invertubrafes were collected also,  Predation and
population estimates (E11iot, 1970}, and secondary production (Maters,
1962) may be derived from drift data. Although heavily studied

{sec waters,-1972 for titerature review), drift has ravely been used
in biological monitoring. DBecause invertebrate drift orﬁginates‘from
various upstream habitats, a widé variety of organisms arc caplured;
thus giving drift promise as a valuable monitoring toql in the future.
Biologists may use these data for faunal surveys or as an addtional

monitoring method Tor detecting biclogical changes (Larimore, 1974;

Wallace and Hynes, 1975). A complete review of drift methods and

their applications was done by ETliot (1970).

We carried out qualitative sampling to: develop coaplete species 1ists;
survey areas that time constraints preveni sampling quantitatively; and

sample those species not collected in quantitative 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 1in Appendix $-2.

An outline of sampling tochniques and enalyses used in the aquatic
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biotogy me © aving syston follows, Details of procedures are found in

appendixes.
3.1.2.1. Periphyton

Artificial suhétrates consisting of glass siides were used to quanti-
tatively sample periphyton (Weber, 1973; Awerican Public Health -
Association, 1975}). Three racks which hold four slides were suspended
approximately 30 cm below the water sur{ace for a three-week colonization
cperiod.,  In addition,.a qualitative survey of the naturally occurring
periphyton was carried out. A1 natural subsirates were observed and

any growth collected. Sawpling frequencies arc indicated in Table S-4.

Compiete field and laboratory procedures are oullined 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 co?]eﬁted by
pulling macrophytes from the bottom substrate and placing them in
plastic bags. Whole plants were collected Inciuding {lowers and seed
pods; and rooils, rhizones, or tubers if present. In addition, in an
effo%t to collect both common and rare species, all habitat types were

sampTed. HNe semi-aquatic plants were collected during this survey.
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Modifiod Lesier-Dendy sompleys (Mober, 1973} weee the artificial
subsirate canmplors enploved Tor Lenthic invertebrates collection. Uniike
most other tyoes of arlificial substrates, these samplers provide a

kpnowit area of colonizalion.  Sampling with Hester-Dendy samplers is -

gasy because of coliection and pfoceasing simplicity. Three samplers
were suspended in the streams ot approximately mid-depth for a six-week
cotenization period {Ueber, 1973%). Iﬁ cases of low water, samplers

were placed on the strean boliom, three replicate samplers were placed
at each primary and secondary site as reported in the sample schedule

in Table S-65. A standavd 040 sieve was employed to separate benthic

invertebrates from fine debris in a1l sampie collections.

Drift Héts with an upsivean opaning of 0.025 m2§ tength of 2.4 m, and
440 pm mesh were placed in the streams for 24 houvs, beginning during
daylight hours. Because maximuin driit occurs between sunset and sun-
rise, and is extremely low during the day, the exact starting time was
not ¢ritical. Sampling Tollowed the same 'schedule as the Hester-Dendy

sampling outlined in Table §-5.

Becanse Hester-Dondy somplere and drifi nets are selective in their
sampling, qualitative inverichrate samples were collected to compile
& species 1ist of the entive natural conmunity. Sampling consisted of

examining, fovr two wan-hours, a1l the various sircam habitat types

such as pools and riffies, various size rocks, logs, and silt. Quali-
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tative sampling followed the schodule Tisted in Table S-50 fomplete
field collection and labovatary methods for benthic invertebrate

sampies are inciuded in Appendix 5-4.

3.1.2.4. Heavy Melals Tissue

Periphyton, macfophytesB and invertebrates were collected Yor heavy
metals analysis in conjunction with the gualitative survey work. These
samples were collected in August at the primary stalions and sccondary
stations KC-1, BB-1, F-1, and Bi-1. Al the Taboratory, samples were
split with the first porticn remaining at the {eld station for identi-
fication and the remainder shipped for analysis. Macrophytes and peri-
phyton were shipped in watcr from the sampling station, while inverte-

brates were frozen. Complele procodures for coltleclion and processing

of heavy metals samples are included in Appendix 5-5.

3.1.2.5. PermangyﬁhﬁrchiQe

A veference collection of the aquatic invertebrates and aquatic:
macrophytes found in the study region has been made. This ch?ectioh
contains representative individuals of each specics Tound. Inverte-
brates were presevved Tn 70 percent ethanol, except for chironcmids
which were mounted on slides using CHCP-10 mounting media.  Tn addition
to the reference collection, sach sample was preserved in 70 percent
ethanol for possible inclusion in the archives. Hyrax dialowm wounts

and CMCP-10 mounts made dircctly on periphylon stides may aiso
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e included in Lhe archives.

Portions of sewples analyczed for heavy metals werée preserved Tov fultire
reference.  Mscrophyte and periphyton samples wore dried, ground, and
stored in Teflon vials. Invertebrate samples were freeze-dried and
stored in vials.

3.1.3. Information Inpuls From Gther Programs

Informaticn and data from the water guality and fisheries studies were

necessary to analyze aquatic biology data for the regional characteri-

zation. Water quality data were obtained through the Operations and

Data Coordination staff. Fisheries data were obtained direcltly from
the. Fish Study Project group. Data from lezching and bicassay programs

were needed for dmpact analysis, and also obtained through the Operations

_and Data Coordination staff.

|
3.2. Sampling Frequency

. _
Sampling frequencies are ¢given in Table $-4. For sccondary samples,
collection cccurs at the same frequency as primary samples. However,

the cven set of secondary samples {second, fourth, etc.) will not be

analyzed unless time and budget pevmit.
3.3. Equipment

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

Figure S-1.
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3.4 Quality Controd Provisions

»

3.4.1. General

AV aquatic bioiogy personnel underwent a field training progrem Lefore
redu?ar sampling began. This program was used to demonstrate the collection
techniques employed in the aguatic biology sampling program. All parsonnel
had & working knowledge of all procedures even {hougn they were not direclly

involved with each phase of the project.

Personnel were required to follow procedures outlined in this

s

operations wanual. Because the aguatic biology study was expected to evolve,
field personnel were encouraged o develop new techniques, procedures, and
parameters to be sampled. These new technicues weve approved by the head

of the aquatic biology program before implementation. Under unusual field
'conditibns, senjor personnel ware expected to take appropriate action. All
changes in sarpling routines were recérded in the field notebook. Compliance
checks with field and laborailory procedures were made by the project head to

ensurce that sanpling 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 {ollowing the movement of

samples from stream to data within the final decument.

1o epsure taxonomic aqualily, selected peoriphyton and invertebrate samples
were sent to consulting taxonomists for analysis. TFurther verification of

reference species was carried out by experts in the various taxonomic aress.
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For invertebrate 5amp]es;.these experfs vere:s  PUAL Lewis, USCPA, Cincinnati,
Ohio (Stenonema and Stondcrmn); W, MeCafferty, Purdue University
(Ephemeroptera); Unzicker, I1linois National History Survey (Ivichopteral;

W, Hilsenhoff, University of MWisconsin-Madison (Mlecoptera); E.F. Cook,
University of Minnesota {Diptera, O&onata, and Hemiptera); R.W. Gundersen,
St. Cloud State University (Colcoptera); and William Deck, F1brida A and

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

Pr. Charies Reimer,.Phi1ade1phia Academy of Natﬁra] Sciences. In addition,
some periphyton samples were exchangéd between project taxonomists, and

sTides reanalyzed to detect errors.

3.4.2. Calibration, Maintenance, and Testing of Equipment

Equipment manuals are found in the Hennepin Square and Kowishiwi 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 monitering program. A
spiral-bound notebook was kept for following the movement of samples
from stream lo Jaboratory to apalysis to final report. Pencil was usad
to make all recordings in the field. Abbreviations are explained in
Appendix 5-7.  Sample data sheets also appear in Appendix 5-7. Aquatic
biclogy data were transmitted to the Operations and Data Coordination

staff on a monthly basis.
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The

peri

1)
2)

t

RESULTS, ARALYSTS, ARD REPORTS

Numerical Analysis

following numerical Beasures may be used for analysis for hoth

pliyton and benthic invertebrate dala:

species Tist--identificalion to the Towest possible taxonomic level

density--individuals/unit ares calculated as a total and for

individual species; this could also be expressed as numbers/sample

relative abundances
diversity index, d = - Z{(Ni/NJ Tog Ni/N° {from WiThm and Dorris, 1968}

dmay - d . - . .
vedundancy, r = amax - d (from ¥ithm and Dorvis, 1968)

dmax - dnin
coefficients of similarity
P YL Lt O - N CH N ]
LP1 7 T {from Burlington, 1962)
where:
P {prominence value) = density x frequency at all stations

EP] = sum of lower of two P values the two stations have in common

£Pi sum of P values at ith station

it

5P3 = sum of P values at jth station

k
o1 min (Xia,Xib) . . ;
B ]/% 2 ]E;ﬂIY1J, i) (from Pinkham, 1978)

b)
whore:

k = number of comparisons betwcen two stalions

Lia,Xib = number of individuals in the ith taxon at staticens a and b
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. I.'}
C) (‘,C = IJ_E-_I:(I (

from Roback ¢t 21, 1069)
where:
P = number of matches

M= number of taxen present at cne station and absent at another

7) Chlorophyl? a (ug/m”)

Depending on the magnitude of the variabiliiy in the parancters Jisted
above, statistiical and graphical interpretation methods may be employed

to characterize the streams.

-5.2. Progress and Final Reports

Quarterly reports werewritten about the aquatic biology study's status.

In addition, monthly reports of data were provided when availlable.

6. STUDY STAFF

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

Dr. Thomas Waters of the University of Minncsota, Depariment of Entumology,
Fish, and Wiltdlife was the only advisor to the stream aquatic biology

progran for the 1976 field program.



e = =3 el E = By et = P T =, _.4_. Sk o =
E
=i

LR R




Stieans, Poge 17 o

REFERENCTS “ETED

Amcrican Public Health Association, 1976, Standard Mothods Tor the
Cxamination of Water and Wastewater., 14in Edition.  American Public
Health Associalion, MWashington, D.C.

Beak, T.W. end T.C. Grifiing end A.G. Applehy. 1973, Use of artificial
substrate samplers to assess water pollution. Pages 227-241 in
J. Caivne, Jdr. and K.L. Dickson. Biological Vethods for Lhe Assessment
of Vater Quality. ASTHM STP 528, American Sociely for Tesling and
Materials, Philadelphia, PA.

Buriington, R.F. 1962. Quantitative hiological assessment of pollution.
J. Mat. Pollut. Cont. Fed. 34:179-183.

Fullner, R.M. 1971. A comparison of macro-invericbrates collected by
basket and modificd multiplie-~-plate sauplers. J. Wat. Poliut.
Cont. Fed. 43:494-499,

licnsen, E.B. 1865. A cage sampler for collecting aquatic Tauna. Turiox
News. 43:2928-29%,

Hester, F.E. and J.S, Dendy. 1962. A multiple sampler for aguatic
macro-invertebrates.  Trans. American Fish. Soc. 91:420-421,

Larimore, R.M. 1974. Stream drift as an indicalion of water quality.
Trans. American Fish. Soc. 103:507-517.

Moon, H.P. 1935. Interpatinal Revve der gesamten Hydrobiclogre und
Hydrographie 32:319-333.

Pinkham, C.F.A. and J.G. Pearson. 1676. Applications of a new coefficient
of similarity to pollution surveys. dJd. Wat. Polluf. Cont. Ted.
48:717-723.

Roback, S.S. and J. Cairns, Jr. and R.L. Kaesler. 1969. Cluster analysis
-of occurence and distribution of insect species in a poriion of
the Polomac River.

Slack, K.¥. and R.C. Averett, P.E. Greenson, apnd R,G. Lipscomb. 1973,
Methods for cellection and analysis of aquatic bhiological ana
microbiological sampices. Book 5, Chapter A4, in Techniques of
Water-Resources lnvestigations of the United States Geological
Survey.  U.S. Dept. of Interior, Geological Survey, Washington, D.C.

Sladeckova, A. 1862, Limnological investigation methods for the periphy-
ton community. Botanical Review 28:286-350,



Streams, Page 14
R

REFFRENCES CIVED (contd. )

»

Mallace, R.R. and HOB.H. Hynon, 19700 dhe caventr }phl’ drift of streoam
insects after treatments with methoxychlor (1,1 I; Arichlore-2,2~
bis (p-rnethoxyphenyl cthane). Envivon. PGEIULM G:70b-264,

Waters. T.F. 1962. A nmeoihod Lo estimale Lhe production vate of a siream
bottom invertebrate. Trans. fsoricen Fish. Soc. 979:243-250.

Waters, T.F. 1977. The drift of siream insects. Annval Review
Entomotogy 17:253-27/7

Weber, C.I. 1973. BioTogical Field and Laboratory Hethods for Heasuring
the Quality of Surface Waters and Efffuents. W.S. Environmental
Protection Agency 670/4-73-007. .

Wene, G. and E.L. Wickiiff. 1940. California Entomelogy 72:131-135,

Wilhm, J.L. 1967. Comparison of some diversity i indices applied lo
populations of benthic macroinvvrtchrLLns i oa strean receiving
organic wastes. JooMate Podiut. Cont, Fed. 39:10/3-7683,

Wilhm, J.L. and T.C. Dorris. 1268, iolougicel parameters for water
quality criteria. Biological Science. 18:4/7-480.



Page 1 of 2

r

Table S-1. Tentatfve ScheduTe for Aquatie Biotoqy Study
{fis ol Aprvi 197/)

Date

April and May 1976

May 17, 1976

October 1, 1976

December 1, 1976

December 15, 1976
January 17, 1977

February 1977

April 1, 18977
Hay 1, 1977

May 16, 1977

Octobeor 1, 1977

Hovember 1, 1977

April 1, 1978

Ttems

-complete monitoring program design

~hire staff

~start field monitoring program

~all heavy metal identifications complele
~1976 Tield work essentially coapiete
~taxonomic analysis of qualitative sanples

~qualitative samples Finished
-begin preliminary rveport on qualitative data

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

~January workshop
~hegin developing plons for 1977 monitoring
" program

-winter field monitoring

-complete quantitative analysis
~beain Tinal draft of overall report and data
interpretation Tor 1976 sampling

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

~beygin 1977 field sampling
~continue laxonomic analysis work

~complote field work

~aquatic bioloay staff moves to Minneapolis

~gualitative and quantitative analysis work
continues

-all Titerature review work completed

~-data interpretation in progiress

-all field samples analyzed

~-staff reduction

~-begin final preparation of aquatic biology
section of environmental impact study and
monitoring reporis
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Table 5-1. TJenlative Schodule Tov Foustic Diotongy Study
(Ao of Jamsarvy 1977). {contd. ]

Date . Jiem

July 1, 1978 ~aratt envirenmental impocl study veport
comnteted
~stafi yreductlion

Docember 1, 1978 ~Tinal envivonmental dmpact study report
completed

January 1, 19/9 ~Kegional Copper-Nickel Study compiete

™
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Table 5-3. Selection of Biclugical Vonitoring Stations.

Watershed

Fall lake

Shagawa

Kawishiwi

Kawishiwi

Kavishiwi
Kawishiwi

Kawishiwi

Bear Island

isabe]1a

Fitson Creek

Birch Lake

Unnamed Creek

Keeley Creek

K-2

I-1

F-1

K-5

BE~1

L Rank

Primary

Secondary

Tevrtiary

Tertiary

Tertiary

Tertiary

Primary

Secondary

Tertiary

Secondary

Secondary

Secondary

Secondary

Justification

Overall bioTonical conditions:
inflow to BWCA; cumulaiive effect
of all developnent novth of
Laurention Divide.

Potential population arowih in
Ely, existing impact {rom Ely
sewage Lrestment plant.

Summation of torth and South
Kawishivi. ’

Background information; summation
of Bear lsland and South
Kawtshiwi rivers.

Background information in control
area. -

Backaground information; potential
effect from INCO site.

Upstream control station;
monitors outflow from BKCA.

Overall biological conditicns of
drainage basin with jow potential
impact.

Rackground information in control
area.

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

Sumnation of South Kawishiwis
dovnstream of proposed mining and
Birch Lake outflow {potential and
present development).

Only known siynificant heavy
metals input within study area.

Potential runoff from INCO
tailing hasin.
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Watershed

Dunka
pDunka
Stony

Stony

Stony

Stony

Stony

St Louis

St. Louis

St. bLouis

Partridge

Partridge

Partridge

Partridge

f

Station

-1

Sk-4
SR-5

St-1

SL-2
SL-3

p-2

P-3

P-4

Selection of Biological Monitoring Stations.

C_Rank

Primary
Tertiary
Prinary

Tertiary

Secondary

Tertiary

'Tertiary

Primary

Tertiary

Secondary

Primary

Secondary

Tertiary

Tertiary

Page 7 of 3

(contd. )

dustification .
Cverall conditions of droinage
basing, downstyeom of present and
potential mining.

Backaround informalion on upslroan
avea of bunka River and check on
AMAX wonitoring.

Overall biologicatl conditions of
drainage basin, proposal for
tailing basin upstream.

Background information.

Upstiresm avea of watershed helow
contluence of Stony and Gregnwood
rIVers.

Background informatlion.
Backgroune infTormation.

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

Rackground information.

Background conditions for head-
waters area; potential tailing
disposal site upsiream,

Overall biological conditions 1in
Partridge River; potential for
population +increase in Aurora
and Poyt Lakes.

Poiential mining development
upstream: also upstream monitoring
station for Aurora and iloyt takes.

Background information in arca of
potential tailing basin.

Background information in arca of
potential tailing basin.
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Partridoe

Frrbarrass

Fmbarrass

Watershed

I

3

Page 3 of 3

Seloction.of Diological Honitoving Stations.  {contd.)

Station

PG

E-1

£-2

o Rank

Secondary

Primary

Tertiary

Upstream monitoring station Tor
Partridoe watershed.

Potential tailing disposal site
Tocaled upsiream; overall woni-
toring station for Embarrass
watershed.

Background information in upstream
ares of walershed.



Teble §-4. Frequency of Sampling: Periphyton, Bznthic Invertebrates, and Macrophytes,
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_____ Tabhle 55,

Heek #

4 and &

7 and 8

10 and’ 11

12
13 and 14

15

16 and 17

18
19 and 20

FieTd Saipling Schedule Tor fguatic Tiotogy-~Stream
Homitoring (Summey-taldl 1976).

SanpVing Schedule

i)
2

Install samplers at statiens,
Collect diift samples at primavy stations.

Begin qualitative sanpling at all stalions.

)
)
3}
}

-Pl‘hvif\)“-—ﬂ

Ho

G O = N — o Pre a0
P e o e S p— g Mo M e

Coltect peyiphyton from glass slides.
Install new glass slide samplers,

Bo chiorophyll o analysis.

Continue quatlitative sampling.

sampling scheduled.

Pick up Hester/Dendy samplers,

Collect periphyton from glass sltides.

Instatl new Hester/Dendy and aTass slide samplers.

Collect drift samples at primary snd secendary
stations.

Do chlorophyil a analysis,

CoTlert qualitative samples &t primary and secon-
dary sites.
Begin macrophyte survey.

Collect periphyton from glass slices.
Do chlorophyll a analysis.
Continue qualitative sampling at primary sites.

Complete macrophyte survey.

)
2}
3)
)

L L3 N

(82}
—

B

TN et
e S et S et

[pE
e it

Pick up tlester/Dendy samplers.

Coliect periphyton from glass siides.

Install new Hester/Dendy and alass slide samplers.

Collect drift samples at primary and secondary
stations.

Do chiorophyll 2 analysis.

Begin second qualitative sampling at all stations.
Collect samples for heavy metals analysis.

Cotlect periphylton from glass slides.
Tnstall new glass stide sanplers.

Do chitorophyll a analysis.

Continue qualitative sampling.

sampling scheduled.
Pick up Hester/Dendy samplers.

CoTlect periphyton from alass slides.
Collect drift samples at primary and secondary sites.
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Appendix S-2. - GUHERAL FTLLI AR LARORATOKY PROCE PIRES)

PREPARATION TOR FIFLD SAMPLING

1} Check eguipment necessary for scheduled sampting.

2) Label all sample bottles and containers hefore Teaving the Taboratory.
tabels should include colicction date, sample station, type of sanple,

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

FIELD SAMPLE COLLECTION

4o

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

notebook. Be sure samples are placed in the correct container.
2) Follow prescribed methods for handling each type of saimpling gear.
3) If applicable, attach new samplers to anchoring device.

4} Make the following Tield observations and measurements:
a) water temperature
b} air temperature
¢} slream conditions {e.qg., turbid, clear, high, Tow)
d} weather conditions {e.q., cloudy, rain, windy)
e) stream velocity (measuved with Gurley current meter or equivalent),

5} HMake any general observations which might aid in data interpretation.

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

samples and how sampled.
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LABORRYORY ROCEIURES
1} Log in all samples. AN Tabels should be checked,

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

designated areas.

3) MWhen working on sanples, sign thaom out of storage and keep them labeled

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

4y When the sample has been completely analyzed, check it off the master
Tist and see that all vials, stides, and data sheets relating to the

saniple have been correctly labeled.



pppendix S-30 0 TTELD AND LARDRATORY BO1HOBS--CRIPHYT0H

I

FIELD PROCEDURES

Sampier Instailation

1} Suspend three slide racks containing four stides {20 x 75 re) cach,

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

Stide racks are identified by a Yetter {A through C) by facing the anchor-
ing device and looking upstream. The sampler on the left 1s designated A,
next to it B, and on the right C. Ffach slide in a slide rack has been
given a numerical designation (1 through 4). These numbevs are pevmancittly

enscribed on the slide rack.

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

stréte, totally covering the stides with water.

3) Colonization periods are three weeks long.

1) Detach slide racks from the anchoring device.

2} Place into a plastic slidé box, in numerical order, siide nuibers 1,
3, and 4 from each slide rack., {Slide boxes were labeled in Taboratory
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 inte

a cooler for transport to the field laboratory for further processing.
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3y MWith Torceps pick excess orqanic debyis dvos slide 2, and viace sTide

into a polypronylene bottle warked with the Sampie siie and rock designation.

Fach boltle contains 10 ml of & 90 pricent ccetone soiution saturaied with

FgCO4.  These botiles are also placed into the cooler for transpurt to the

field 1aboratory for processing.
4} The coolev s dark inside and containse cold pacls.
Collcction of Qualitiative Peyiphyton Samples

1) Coltect composite samples Ly scraping rocks, logs, and local vegetation
in riffles and pools. In addition, pipot algae found growing on si1€ and

sand.

2} Place samples in an amber sample bottle (4 o0z) containing 15-20 drops
| g
of Lugoi’s solution. Fill the remaining volume with distiiled water.

Actual sample volume shouid be 5-10 mi.

LABORATORY PROCEDURLS

| Chlorophyll a Processing

1) Scrap on both sides the slide from the polypropylene botile using the
edge of ancther microscope s]idé. Wash the residuc into a 50 ml grinding
tube with a small amount of acetone (90 percent MgCO3 saturated). Using a
small funnel to ensure minimum sample toss, riuse the solution from the
polypropylene bottle into the grinding tube. Total volume should noet

exceed 20 ml, unless the algae growlh was exceedingly donse, in which



Appendix 53, Paye O

case ve've chould nob exceed 48wl

21 HMasserate the tissue within the grinding tube {or approwimctley one
. { ' _ IR )

minuie using a tissue grinder at high vpm,

3} After grinding, pour the liquid into a 25 or 50-wl volunetric flask

and £i11 to the line with 90 percent acetone ((gC0 saturated).

4) Pour this solution into a 5G ml cenlrifugation tube and place info

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

5)  After centrifuging the sample, messure optical density of a 4.2-ml
aligquot with a spectrophotomeley using the Trichvometric Method of Pigment
Determinaticn (UNESCO/SCGR}S and Loyenzen Method of Phaeopicient beler-
mination (American Public Health Association, 1976).

¥

Preparation, Preservation, and Sampie Analysis of Periphyion Species

Composition

1) Preservation of Samples

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

of the existing flora on the substrate. To accomplish this, clean the side
of Teast growth and one end of the other side. HMark the ﬁloan end with the
date and code number. On the ramaining area with growth, place encugh
Lu§o1‘5 solution to cover the area. Afler one minute, wash off the excess
Lugol's selution tovards one cond with distilled water, and place a swmall
amount of CHCP-10 mounting medium on the slide, Put a Targe coversiip

(Ko. 1 or 1}) over the area and allow the medium to spread out, applying
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some Pight bui steady pressure. Dry Tor several doys and place in a siide

boy Tor sioraqe.

b} From the plestic stide Dox rewove slide 3. Place small funnel into

a 4 oz bottle, 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 solulion; fil1 the remaining volume with distilled water. Secure
the cap {ightly and properly mark the bottie. Stove the bottle in a cool

dark area until analyzed.

¢} From the slide box remove stide 4. Scrape both sides of the stide into
a 25-m! beaker. Add & wl of 5 percent potassium persul{ate oxidizing agent,
Heat ihe heaker to 950¢ for 30 minvtes {do not boil). Cool the sample and
transfer to a 50-m1 centrifuge tube. Centirifuge at 1000 g for 10 minutes.
Drain” 6ff the supernatant  and add 25 ml of distiilled watey. Shake the
solution, then centrifuge at 1000 g for 10 minutes. Repeal the washing
process three times. After the last washing, use a disposable pipet to
deliver several drops of the remaining solution onto a Ho. 1% coverslip.
Aliow 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 & clean and appropriately marked standard wicroscope slide on a moder-
ately wari hot plate (147°C) and add a drop of Hyrax mounting medium at the
center of the stide. After lhe sample has dried, pick up the coversiip,
invert, and place on top of the Hyrax drop. When bubbling ceases, remove

the slide {rowm the hot plate, and apply light pressure to the coverglass
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"
until the Hyrax cools and hovdens {one minuie),

2y Preparvationof Samplies to be Counted

a) Shake the preserved sample solution by votaling alout 30 times. Pre-
pare for sedimentation counts by filling a Yo7, 10-cc sedimentotion
chamber with ihe sampie solution, I{ the sauple 1§ Loo deu e to count, a

ditution may be necessary and the appropricie dilution factor used in

calculation of organisms prescnt.

b) Fill the chambers and allow the contents to setile at the rate of

four hours per 10 mm of height.
3) Sample Analysis

a) Sed imentotion Counts--After settling, place the chamher on the inverted
microscope and examine under 40x and 100X objectives. Strip counts are
made until a minfwum of 100 of the most abundant species are counted.
Report data on the Periphyton Scedimentation Count bench sheet, along with

gther observations. Report quantitative determination of organisms as:

number cells / wm2 = L% 1£¥K11@¢§F L

LW X b S'i

where: C = number of cells counted (tally)
¥ =sample volume, mi
DF=dilution factor
L =Tlenyth of a strip, mm
W o=widih of a4 strip (whipp1e grid image nm widih)
D =depth of chamber, mm
S =number of sirips counted
A =area of subsirate scraped, mm?
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Periphvion are placed into the Toltowing geneval groups during scedimen-
tation counts:

coccotd blue-green algae
fitamentous blue-green algac
coccoid green -
filamentous green

green vtlagellates

other coccoid

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

species being identified and enumerated. This procedure is done under high
magnifTication by examining random lateral strips the widlh 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 is

complete, total the tailies and calculate the percentages of the individual

species.  Report data on Periphyton Diatom Analysis bench sheect.

N = percent in diatom count x total count per mm2

Diatom species tdentitications, made during the proportional counts, piace
diatoms into the following general oroups:

dead centric diatoms

tive centric diatoms

dead pennate diatoms
Tive pennate diatoms

Qualitative Analysis

Process quaiitative samples as guantitative samples, except only identi-

fications are made.
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FLCLO PROCERURES:  THCSVER-DENDY A0 ERS

Hestey-Dendy S amplo Zn, taltalion

1) Suspend modificd Hester-bDendy sawmplers midway beluween the surface and
bottom, cxcept where tho depth is greater than 2.5 metevs, in which case

the sanplers should be suspended 1.2 meters below the suriace,

2) Tihree replicate samplers ave suspended vertically al ail primary and
secopdary sites., Samplers ave identified by a Yebier (A through €) by
facing the anchoring device and looling upstream, Tho Tefthand sampler

I3

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

1} Place a dipnet under the sampler before removal trom anchoving device

to capture any organisms disvupted upon removal.

2} Detach sampley from anchoring device and piace in a plastic tupper-
ware container labeled with sample code number., Keep these containers

cobl until arrival at the Taboratory.

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

tainer.

4)  After the three sampicrs have been removed, atta:h sow samplers to the

anchoring device at applicabilc sites.
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Hester-Dendy Swaple Proce:sing

1} At the Yaboratory dismanite the Hester-Bendy samplers ond scrane ihe

plates dnto a white cname? pan.

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

remove all fine sodinents.

3) Place the remaining sample into a bottle and preserve with five percent
Tormalin.
FIELD PROCEUDRES: ORITY COLLECTION

Instaltation

1} Anchor draft nets with an upstream opening of 0.050 square meters,
net-tength of 2.4 meters, a zippoer 0.5 meters from the back, and 440-um

mesh size it the stream.

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

ary siles,

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

for 24 hours.

Retrieval of fets

i) Remove nets {rom the anchoring device and rinse the contents into the

Lottom of the net.

2) Remove the end of the net at the zipper and place the contents into a



PR RV .| Yo M
.ln',p;}t_.H(JiA IR I Edf_jf!,\:

sample containor tdentificd wilth dale and code nuber.
Sample Processing .

1) At the taboratovy., wash the sample through a #40 standard sicve.

2} Place the rinsed sampie in 2 sample container and preserve with five

percent Formalin.

QUALTTATIVE SAMPLING

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

possible habitats.

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

preséﬂt. Examine riffles, pools, and backwalers.

3} Preserve all material collected in five’percent Tormalin.
4) Hote relative abundances.

LABORATORY PROCEDURES

Sample Preparation

1} Sieve and wash all sawples to remove formalin.

2) . Place samples in white enamel pan, pick organisms out ¢f debris, and

place in Jars containing 70 percent alcohol.
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3) 0 TF dhe sample size s extronedy Tovge, pick and analyze subsarples.

4} Preparation of Chivonowid Larvan

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

b)Y Carefully remove the head capsule from the body.

¢} HMouni beth head capsuiﬁ and Dody on o piereoscepn slide using CHC-10
ov equivalent mounting media. Head capsule shovid be ventral side up.
Lighl steady pressure should be appiied to the coverﬁlip (round No. 1%)
to flatten and spread the head. Altow the stide to dvy overnight and

store in slide boyx.
Sample Analysis

1) Identify organisms fo the foltowing Tevelss

Non~iﬁsects~001ass uniass obvious (e.g., Hyallella azteca)
Insects~-0donata, Hemiplora, Neuroptera, Megaleptera, Coleapters--family;
Diptera, Trichoptera, Ephcievoptera, Plecoptera--mature specimens i
_species where keys exist, when specimen is immature, identify to lowest

possible level.

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

return remaining orgenisms to sampie jar.

Data Handling

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

invertebrate bench sheets.
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2)  After atire samplo has beep fdentified, vecord the total nuwmey

of oryganisms and the tolal number of dndividoals of each spacien,

3) Quatitative samples ave used to develop @ species Tist only.
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COLLLCHI0N PROCEDURE

1) Bering all procedives no metal tools or ehjects should come into con-

tact wiih thoe sample.
2) Macrophytes

a) Collect plants by hand from the botton substrate and place in plastic
bags containing lake water form thai Tocation. (Sce Operations Nanuals

Aquatic Biology--Lakes for complete collection procedures.)

b} Cach sample should contain a mintmum of 20 grams wet weight of each

species for heavy metals analysis and en additional specimen for identifi-

cation.
¢} A1l parts of the plant, rools, stems, leaves, and Tlowers are collected.

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

nation on it.

e} Samples are storcd in a cooler with cool-paks until arrival at the

Tabororatory.

f} AL the laboratory separvate the plants from each site by spacies
Place 20 grams welweight of a species in a whirl-pak bag with lake or
stream waler form the collection site. Squecze all air oul of the bag and

close it.

g) Assign a scrial nunber {sce Data Sheels, pari 2) to each species and
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include this on s watnrproot Jabel in the whivi-pato and on a tape label
on the outside of the whivi-pak

3} Periphyfon

a) Tollow cottection procedures eullined above Tov macrophyies except
'

that individual speeies need net be separated.  In swst cases only

fitamentous blooms will nrovide ennugh volume Lo yun heavy petels analysis.

b) Preserve periphyton for identificaiton in tuagol's az oullined in

Appendix S-3.

4} Inverlebrates

a) Collection procedures outTined in Appendix 5-4 are Tollowed to obtain

a representative sample of dnvertebrates.

b} Teflon coated forcops and polyethylene sieve are substituted for con-
PO b

parabie metal items.

¢} Snails, clams, leeches, crayfish, and insectls are separated in the
field as they are collected. Samples are placed in polypropylene botlles
or potyethylene bags., As with the macrophytes, 20 grams wel weight s

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

e} At the Taboratory, organisms ave lrangferred to whivi-pak bags and

frozen. The fleshy body is removed from the shells of clams and snaiis,
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I

and the shells discarded.  Mhiri-pak bags contnin a welerproof dabol

vith Lhe assigned sevrial number,

DATA SHEETS

1) For each whiri-pak bag a data sheet (coe Figure S5-1 ) mnasbobe

completely filled out in dupiicate.

2} The serial number on each data sheel is transTerred to the sample
]

labels. Serial numbers follow the Tormat deseribed below:

A 0000 X where A stands for Acuatic Biology, 0000 is numbered consecu-
tively starting at 0001, and X stands for i (facrophytos), P (Peviphyton),

and T {Invertebrates).

SHIPPLHG

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

atter collection.

b} To keep invertebrate samples frozen, ship them in dry ice. Tnverie-
brales may be stored frozen at the Tield station Tor several weeks before

shipment.

2) Ship samples to @ Regional Copper-iickel Study
128 Hennepin Square Duilding
2021 L. Hennepin Avenue
Hinneapolis, M1 55413
Attention: Laura King
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3} Upon avrival in the Twin Cities sanples are transferred Lo Lhe correct
Taboratory for processing and analysis.

CHATN OF CUSTODY

1} Strict chain of custody procedures are foliowed throughout the entire

process to ensure sample integrity.

2} A samplo-data form for the heavy metals tissue analysis 1is included

as Figure S5-1. This includes a section for chain of custody.
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Figure S5 ' Tissue Analysis Field Shoeei.

COPPER-RICKEL RECICNAL Brony

PISSUE ANALYSES

Serial Ho.

Field Data

Specles Bate Colleoted Station No._

Station Leocation__ T
Veather Conditionu - - =
Fa¥e or Stream Conditions
Substrate - )
Coullecilon lMolhed T e

_ __Temr,

L R —
T, .

Time of Colleaiion . U
£3llented Ly ST
Comments

Lanoratorv Dats”

Arrival Date  Date of Analysis
Time Processinzg Hegins__ Method of Proc..
Analysis Wethod o
Comments : i T T T T

Chiain of Custody

From (Sienature) Address_ Received (Signature) Address I):—z'_L_g‘____Sen‘i; Date B,
1. ‘

2. L

3. ' '

4,

. 5.

6.

?e

B,

9.

10,



Appendie 6. EQUIPHENT 1787 {Does net doctide volgolos, hoats, gndors

2)

6)

9)

v A0 Inverted tieroscope {no sorial )

U 0K agy, 109
Magnification ranye G 10 100

s LA OX nvonieces
Loy, IEO¥, 0iK S

150%, 600X, 100028 . HW eyopieces

Tuo P20 Stercoscope Hicroscones
HagniTication range 4X to 100X
Serial § 15357 and 15416

Beckinan DU~2 Spectrophotometer, Serfal # 109200-1000014
Power Supply, Serial & 331633

Clay-Adams Centrifuge, Scrial # 189350

fmchoring Device (See Fiaure S-1)

approxXimately 36" hiqh and 36" wide; 2xd end Zx% pine atteched to
Z5-pound anchor--pourcd congrete; dovise Tloats to provide constant
aepth for samplers; various length uprighis can be used also

Hester-Dendy frtificial Substrates {ses Figure S-1)
4 mi-Hasonite nultiple plate sampler; 16 mm diameter plates;

variable spacing; 144 mm long, 0.7 m% avea

Periphyton Glasslide Rack (sce Figure $-1)

1w Plexiglass and brass; 112 mm x 115 mm;, 4 siide capacity

Drift nets

0.025 v mouth, 2.4 w length; 425 wn mesh-niter netiing

Gurley Current Meters (Full size and Pyquy)

I

'l..__/



Appendix S/ SALETUGL DAIAEETDING, RG DA

P N —_ -

1,

Appoendix S-7 includes oxamplos of the sawple 1og and data shecis Tor
the Aquatic Biolagy, SEreans progrem.  Tigure 571 is an example of a
page from the sample Tog book in which 11 sampies are Togged dn, and
their process status Tollowed and recorded. “The "SAMPLE DESTGNATION'
section includes the site (e.qg., P-1, X-5); sample type (e.g., drift,
periphyton}; veplicate (A, B, €); and date of sampie. The “SAMPLE
STATUS" section has blocks that are initialed and dated as a sample
moves throuéh'processing. Notes velative to the sample are made under
the "OTHER" column, or referred io the biank page section in the back
of the log book. The "Ficld Collection Data' <heels are printed on
waterproot paper and aré numbered consccytively 1-000.  Each sheet is
togged, cven when voided, damaged, or mutilated. The vemaining sheetls

arc bench analysis sheets for the specific samples.

s

Streamldesignations and sample type codes are given in Tables S7-1 and

S7-2.  Stream names are indicated by one or two-letter abbrieviations.
Station locations are indicated by numbers. Numbering begins at a down-
stream location and proceeds upstream (e.qg., P-1 is the wouth of Partridge
River and P-5 is the source). An example of a finished label is itlustraied
below:

6-1-76

SL-1-0-B

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

Station 1, I for drift sample, and B for replicate B.
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Table S7-1. Stream Uesignations.

Stream Name
Kawishiwi River
Filson Creek
Isabella River
Stony Rivef

Bear Island Creek
Dunka River
Embarvass River
Bob Ray Creck (Unnamed Creek)
Partridge River
St Louis River

Keeley Creek

L

fbbrieviation
K
F
I
SR

Bi

BB

SL

KC
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Table 57-2. Sample Type Codes.

Sample Type
Periphyton
Hester-Dendy

Drift

Phyltoplankton
Zooplankton

Dredge

Macropnyte
Qualitative periphyton

Quatitative invertebrate

Code

H

PP

DR

QP
Q1
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!
Figuie S7-2. Fleld Cotlection Dato Snect.

+

BECTONAYL COTPRER- BEICYLL STIGY
AQUATIC BEOLUGTCAL MOWLTORLAG
FIELD COLLECTION PATA

Date; Times Station: Prdmary_ Secondary. Tertiary.
Water Temp.: Al Yomp.: Weathey Conditdions:
Streawm Conditicns: Stream Veloodiy:
Peviphyton Sampler P~As
' PR

P-C:
Hester-Tendy Sampler H-A:

H--1:

H-C:
prift Samplore D~As

D-B:

D-C:

Periphyton Qualitative:
luvertebrate Qualitative:

General Comments:
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Appendiz 5.8, STAFE RESUAES

Resumes Tor the Agquotic. Bioloay stafl appeay in this appondin. Tocinded
are resumnes tor Mark Johosan, pichae?l Mischuk, Thomas Lager, Steven
Wiiliams, and Jeffrey McCulloch., Uiogre 58-1 shows the velationship

of the sitaft to cach other.
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RESLHAE 1. O ot "i “\f’ . (J 5 !ll!', 1 J [ 51 TOLOGY STIRY GROUP

duéy i, 1476

flome Addresst 2244 Como Avenue oy Bax 3 1

St Paul. MK LLIOS . Ely.
Gifice Address: Department of Natural Nesouirces Favishiwi Tield Lak

Figerals Division or PO RBox 508
6 Ceptennial Poitding BTy, My 66731
SE Paut, W 551ha (218} 366-5004

Present Dutiez--Responsibic

biology monitoring prograun.

oy destan end Dhuplemontabtion of aguatic

Work Experience

June 1975 - Ejﬁ}ﬂhﬁ?ﬁ]OQﬁ'*

Qciober 1975 on 1ish entra

PU"” P i:ILJJl_s by

{ nionitaring DIPWYMW

the vicinity of the

s Poves Company.  Worked

2 Praivae 1sland Ruclear
yegliiar biurﬂqlcnl
M155'*<=jp1 River i

February 1974 - Reseaich

June 1875

Biotogist, Fcology Copsultants, Inc, [t Collins,

i various envivonmenial moi-
foring programs and studies related to the power industiy.

March 1873 - Senior Biologist, Minnesota Pollution Epntvui_iggpcy,
Decenbear 1974 Participated in coltection of baseline data in JLyac

National Park (1974), review of environmental irpact
stotements {1073, 19745, review of monitoring pruw“:m;

at Horthern States Power Compony’s nucleey power stetions
(1973, 1974), ctudy on the effects of poliuvticn on
Tichens along the narth shore of take Superier {1973),
study on the effect U” lﬂfonzT tailings on periphyton
growth in Laks ':;c 72%, and was @ member of

the Henaerson Fowe IiauL EI‘ team (1074).

July 1971 - Research Acsistant, Colorado State University, FL Collins,

December 1972 Colorado, Tollected haselineg au‘ﬁl(?m57515611n1 data
at the site of the Ft St Vrain huclear Power Statlion
for use in the eavivommental fmpact stalewent. Partici-
pated in design of the envivomnental moniloring program
in the vicinity of the Tt 5¢ Vrain statiaon.
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RESUME FOR FARK D )0

[kieny (cm.m)

Work Experience {c Qy_g)

June 1972 - Consultant, ROMCOL, Denver, Coloyade. Parlicipoied

Septenber 1972 in {ich sw;vuw'"nndurrﬁd'for Lhe proparation of an

environmental impaci statement related o a new s
resor{ developuent noer Vail, Colorado,

Educafion

Master of Science, Depariment of Fishery and Witdiife Biology, Co!orudo
State University, March 1973, Thesis entitied, "Aquatic Bicta of the
South Platie River and St Vrain Creek in the vicinily of the It %L frain
Nuclear Generating Statlon.

Bachelor of Sciepce, College of Biclogical Sciences, University of Minnesola,
S8t Paul, June 1971,

Also attended Cnvirormental Protection Agency Haler Tvaining Course,

"Dioassay in Pollution Control and Anatysis.™ Ciacinatidi, 0hio, Uctober

1873.

Profes s_le_ﬂ_aj Affiliations

Member, American Fisheries Society

Member, Phi Kappa Pni

Publications

Everhart, W Il and M D Johnson. 1971, Aquatic biota sampling program.
Pages 8-24 in Envivonmental Radiation Surveillance Program for the
Public Service Company of Colorado, Quarterly Report, July 1, 1671

SSeptember 30, 1971, Ft 5t Vrain Huclear Generating Siation. [dited
by K Jd an:ag“r and 5 T Bard. Colorado State University, Ft Colling,
Colorado.

Qb_ﬁlﬁ: 1972. fguatic biota sampling program. Pages 2-27 in Environmental
Radiation Surveillance Program for the Poublic Service Company of
Coloyrado, Annual Report, January 1, 1971 - December 31, 1971, Ldited
by K J Schiager and S T faprd. Calorado JLGLL UHiVLi\iufg Ft Collins,

Colorado.
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RESUSE TOM FARIL D JOHISOR {contd)

Publications {cuntd)

Ob cit, 1977, Aguatic biota semphing program.  Pages 11-15 in Environmental
Radiation Survelllance Progqram for the Public Service Company of
Colovado, 1st and 7nd Quarteriy Rensorts, Janvary 1, 1972 - June 30,

1672, faitad by £ J Schiager and S T Bard., Colorado State University,
Ft Collins, Colorado.
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RESBME TOR HICHATL MUSCHUY,

SPFCLALIS T IIT, dwie 23, 10

Home fiddress: 1651 Holton Street
St Paul, MN  GLI0D
(612) 644-5954

Office Address:  Kawishiwi Field Lab
' PO Box 569
Ely. I 55731
(218) 365-5034

AOUATLE BI0L0RT ST, HATURRS. RESOURCE

Present Putics--Responsible for pe"iphyfﬁ' cc]1erfion3 peripiyion tasonomy,

chiorophy T analysis and field coordinotion problens for
acuatic biology progran.

Hork Experience

18721576 Graduate Assistant, St Cloud

J) Assisted Dv

tho Lopper-Hicket

Lond State University.

Caith N Enutson in fiotd nvestiogating
algaz populations in conjunction with the ecolonical

monitorfng prograim for Fovrthern Stetes

Monticello Huclear Pluni Tocalod on the

Power Conpany ‘s
= Il!._')._) i“-..:'ir‘}—)’i

River. RO%punQTbﬁ1igies inciuded ;apre collection,
I

chlorophyll znalysis and aiqau len

tificanion and

'I
enumeration. 2) Assisted ln fish enfrainment studies,

both natural and induced.
equipment design and field 5anpl1;1.
1973, designed ond started project

wsponsibilitio

5 fnciuded
in Septenber

"Primary Production
on *h& Mississippl River at Monticello,

Minnesota.

Objectives of this study weve to determine di{ierences,
if any, beltween the neated and ambient zones of the

river.
evaluation of the effects of increa
on chemical and biclogical parametoers

done as part of vegquivements o @ masiy

The study consisted of an upﬂt*ram downslroam
sed Lomperaiures

|h13 worl was

or's Thrsiﬁ.

4) Assisted Dr Knutsor in sampiing and subsequen
identification of alane in the Fscambia River, I;nsa»
cola, Florida fovy Gulf Power Company, o the vicinity
of their electeric generating plant (Novenber, 1973},

5} Assisted in alyss ideniification

antd cnumoralion

of species taken frowm lLake Ontarig, fov NUS Corporation.
6) Assisted in an cvaluation and updiaie stedy of chemi-
cal and biologicael paramecters of Ciearwoter Lake and

Clearwater River system (Minnesota) Tor testimony given
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RESUMT FOR MICHATL M

Yiork Expoerience (con

ALK (contd)

L _1‘} o

1972-1876
{contd)

summney -
Fall 1977

April 1972

Fall 1571 -
Spring 1972

Summer 1971

MNso have certifi
cate. Used this

batore fhe Minnesota Maler Resuurces Doard on a
propesed watershed district.

Assistant to Mr George V Anderson, Worked with Mr

fnderson on the Diwnology of Big 1ish Lake in Stearns
County, Minnesoto. Assisted on vemnval and svhsequant
identification and mapping of aqualic vegetation around
the Take. 1In the Tall, assisted on age and growth work
on Fish taken from the iaske.

lnu>nlﬁﬂ,ﬂiinm!1agﬁﬁﬁuuuig_iﬁ_@ﬁgyb_
Minnesota, Assigned to an ﬁ! team, Envivonmental
Bequiremencs of Fish, under dl‘ diref1;ion of [ John

Iy Im,.glrualr{’ PYrincip hal invesn fgator, and i lernard
A Jones, tean coovdinator. 1ha otje(iive of the study
TThermal Tolerance of tn; Arerican Smelt, Osmords

mardax' was the evaluation of thormad LOTp}cﬂLL uf the

Three obligatory shallow water 11fe stages of the

American Zmelt during the raproductive pericd.  Respon-
sibilities included: seilcction of appropriate test
temperatu;vb; enuipm e set upg compilation and evalu-
ation of data; and a formal report.

Assistant to Mr Robert Ande U500 Studied the feeding
ab1tJ Of hL aninthd rﬂonOt%e, mo&nFtomﬂ macxo!apwdotum

co?1ected near tnﬁ NOHiILL]1O uc?ear Pawer Plant.
Assisted in Meld capture of specimens by electrotishing.
After removal of the stomachs, identification of the
contents were made, which consisted mainly of aquatic
insects.

Studied prnuuCL1Vity of Lake Sylvia in Weight County
Big Watab Lake in Stearns County,and Fasi GQuurry, dn
abanded grantte quarry near St Cloud State College.
Project design and sampling were responsibilities.

cate a SCUBA diver and hold senior diving certifi-
skill whcn doing fish surveys and general FlVO“ work

for Horthern States Power Company.
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PICHALL MTSCIE {oont

‘r‘l‘ 1'{‘

1967 - preosent Assistant

! . SR “'r-t!I-“H was at o

fron iovrwh[: ‘qu Lo Poril 1966, thc‘wcd

oindivrdual i}D}ninq in Couwunicaﬁions, vinieh
constsled oF radio pechanics schooel, velicutar and

ates fomy Reserves
!'

individisal Yend wivipg.,  Returped to Fort Snelling,

Minnesvta as o reservist dn Apyit 1968, Duties con-

sistad oft 1)} Fietd Dadio Hechanic {(firet ecnclon
=1

1on Chief

}
repair of radiog within a Battaiion): 2) h
(supnrvised ey peopio in vodio repaiv, rad

o inetailas

tion, and instaliation of 'ai!unouo Tend Tines)s
K)! fCMH!n"”]L:Uﬂ? lhi“;_’L};mJ;v duty, Platoon Sergeant,
SUpervIsec pepple, veauired Lo write training schedules

personne! prog Liose i Lhin batiaTion vequiving
the cans training. oversay meintenance of atl communi-
calions cquipnent within batiaiion, plus wrote and sub-
miticd staius reports on e anu‘ and training):

foy own

4y Oihe ved Bsoinn stuy T Nonoor “‘¢|01Pd
Officers Acade Sy, Whitch inciuded %rJtJHﬁ Lraining
SCH”UJFvB? q|\1n0 instruction, aand evajueting status
of studentst., Present duties {as Assistant Operatic

Sergeant) incivde assisiing the writing of tactical
plans, recording these pleny in Jowrnals, and maintain-
ing records of training stalus.

Education

Master of Arts with madior in aguatic 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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Homz Address: P OB
Ely.

| CRAFL 1 AGEI, MGUALIE 1) OLORTST, RATURAL RESOURL,
SIS J1T e |

2. k“'b

gy Brd

M D731

Oifice Mdress: Kawishiwl Field Lab

PO
Fly
(71

Present Dutics--Rasp

taxonomy, and q “T'u
program,

Work Lxperience

1973--197%

1974

oy 56¢
A LY

57
8) 3865-507

onsibile for inverichrate collegtion, inverichrate
tive sawpling for the Coppor-tickel aquatic biology

Ci adu af_f‘_ R("‘n’-‘

t St Clond State
\.’1 I(“ -

o kol Sta : ] C“Uiiﬂf@j CDetern
tho effects of ¢nﬂtfﬂ wl“"r discharas from the
NSP Honticello Buclear Geneveting Plant on the macro-
tnvertobrate poputations in the Mississinpl River.
Duties inciuded assistineg in annual report writing:
assisting with fish mark and veceplure studies, arti-
ficial fish egg substrate studies, GIGFtPJ“flbniﬂﬂ,
se?ninq, qi?l and trap netting, and taxonowmy of {ishes;
and assisting with invertebrate drift, taxonomy, and
atuae studies. Supervised two to four assistanis in
the Tield and Taboratory.

Independent Rescarcn Project, St Cloud State University.

Determined the effcct of rapte temporature fluctyations
on the respiratory vates of ihe stonceily, qruunei1na

Sp, utilizing & Giison Respirometer.

1972

Swrmer Rescarch Progiam, Un|v019|1y of Hinnesota

JpC}1OI. Uuiief

Limnoloyical Labor ake
Tncluded qualidative and quantitative aha1y31 of lotic
periphyLon (alaae) and quantitative analvsis of chTorou
phyll: and studied nutrient uptake by the aquatic
plant, Coratophylum demersum, in conirolled artificial
envirenienis.




- the heated and nonheated poriiens of the yiver and correlatsd with the
preoperational study
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RESUME FOR THOHAS MICHATL LAGER (contd)

_— R

Hork Experience (contd)

1971-187¢ [Pm[d}1 State University. fAssisted in & Jake shore
survey to deternine the intlucnce of domestic paliutants
on the water quality of lakes. Determined the tempeid-
ture effects on the photosynthetic and resyirvation rates
of plankion using a respiromeler

Fducation

Master of Aris in biology with emphasis on aguatic ecolouy and Timno?ogy
(35 credits), St Cloud State Urdversity, 1976. Resecarch for master'

degree included the determination of effects of the heated water a=aLLJrg&
from the NSP nuclear generating plant on the macreinvertebrate poputefions
in the Mississippi River. The population cvatity, quantity, biomass,
weighl per organism, and 1ife cycles were statistically enalyeed botueen

"

Summer institute work, University of Minnesota. MHioncepolis, Juna-August
1972, "Mater Quality Investigation and Research Techniques." Geperal
introduction to a wide variety of analytice? techniques for the evaluaiion
of chemical and biolegical parameters (17 credits}.

BacheTor of Arts with major in biclogy and minory in chemistry, bemidji
State University, 1972. Enphasts was in aquatic ecology and limnology
(22 credits).

Associate of Arts with major in bicicyy and winor in chemistry. Rainy
River State Junior Lo*1oqe, international Falls, Minnesota, 1909,

Professional Affiliations and Journats

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

Fatonia, A Newsletter for Ephemeropterisis
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ORIST, HATURAL RESOURCES

RESUME TOP 7LV | "I‘!lf‘”'“_._,____.__ﬂ._Q_U TIC B0l
;P‘[j,lr'l__ ,:i la n_f:.“![“ :‘_J:I‘— _’E‘f[‘J ’

Home Address: P O Box 5G9

Ely, Ml 55731 .

Office Address: Kawishiwi Field Lab

R
P ) BOR 569
¥y, M LL73

218} 36550634

Present Dutijes--Responsible for macrophyte collection, equipment maintenance,

and sample processing for the Copper-Nickel aguatic bioloyy program. Assist
in invertebrate sampie coliection.

Work Experience

.

Rpril 1975 - Cotorado Division 0{_LJ|£11FP Conducted initial
September 1375 siz-month soencnt of five-vear creel consus on Shadow
- Mountain Luke and Lu[? Granbhy. Study was designed
to evaluate anoling pressme, zuccess ratio, angler
harvest, and success of stocking programs.

K

June 1974 - Ecoleqgy Roxfu1La1tﬁ Incorporated.  Duties included

March 1975 collection, identitfication, QUdnL4f1Ca Ton, and bio-
mass analysis of benthic macroinvertebrates. Project
vork included identification of insects from Minnesota
{Northern States Power), Missouri {Kansas City Power
and Liaght), Yyening {(Missouri Rasin Power), Gklehoma
{Public Service of O"aﬂﬂma), and Colorade (Sun 071).
Duties also included identification, guantification,
impact assessment, and stomach analysis on {ish popula-
tions, .with particular emphasis on farge river systems.

1972 - 1973 Colorado State Universitv. Training included work
wilh docloral candidate in culture of northern pike,
population assessment of fish in small Tarwm ponds,
and effects of northern pike introductions.

1972 Colorado Divistien of Wildlife. Vork requirement in

TulfitTment of degrec 1w Fishery Diclogy. Fojor emphasis
placed om general survey of [ish prpu]ations o the
Colorado Rivey within the State of Colorada. UWork also
inciuded assessment of Tish populations in both high
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KESUME TOP SYRVER N WFLLTAMS {contd)

Mork Experience (contd)
1872 {conid) mountain lakes and man-made roservoirs ip relation
to setting minimum stream flows,

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

ence with major in preprofessional forostry,

Associate of Arts and Sci
ey York, 1971, :

Paul Smith's College, Nt
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RESUME TR JIT BCCULLOCH, AQUATTT BIOYOGIST, HATURAL RESOURCES
SPLCLLIST 1 1975

Home Addroess: 220 F Sheridan Street
Cly, Mi¢ 55731

Office Address: Fawishiwi Field Lab
P 0 Box 563
Ely, BN BL731
(218) 365-50%4

Present Duties--Responsible for heavy wetal sample coileciion,

equipment

faventory, and canple processing for the Copper-Hickol aquatic biology

program.  Assist  in peripnyton collection and processing.

danuary 1975 - Research Biolcuical Ald, U § Envirormental
_" seaich L Lu.otb{NQ{TLi,.

chmician o the Deavy netais and pesticides

research

March 1976 “UtP“V_ rHVi‘(qu
Horked s o te

reseny L}_i teans updey tho suner \-"lfs Tonr 0y

Protection

aquatic biologist end a recearch entoroloegist.  Dulies
inciuded plenning, constricting, and maintaining bio-

assay systews for Tish and aguatic

¢ oinve
atding in the conduction ot these bicasse

"1wbratesy

5 to deler-

mine toxicant effecis, performing routine ana]ysis or

water for hardness, alkatintty, avidily,
oxvoein, cbo, end keeping the records of

specitic bioleyical snd th(H]Cd! UULJ:
included the apcevation of o stock cull

uil, gisselved
routine and
Dulies also
Ure unit for

raising and rearing the 1L1Ula{DFV tish Jov danp1!a41o;saav,

In addition. time was anL narticipsting
collections Tor both fiches and aguatic
collection and veview of Titerature conce

k.

in field
invertebrates,
it insect

aritt, desiyn and construction of dridt nﬁ1‘7 and Initis!
Freld work with Lhe nets.  Depevience was cained in the

taxonomy of the regionad aquatic fruna,

and use of

abstirect Journats, scientific Juwina1f, Titerature ve-

tricvel systews, boo“ﬂ, et

Lducation

Rachelor of Arts with major in bioTecqy, Uniwer«ify of Hinnesota-Duluth, June
1976.  Upper division emphasis in fields of entomology, ichthyology, Timnolegy,
vertebrate and invertebrate anatomy, animal behavior, and physiology.
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Kol Res Spec 111 Overall Coordination
Supervinoy Laie Sampling
Mart Johnson
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/ Chiorophyld Anolysis . Qualitative Sauq?iﬁrzu
' Field Coordination
Problems
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Siave HiiliuMCi
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Equipment Inventory ainte
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P The Cladopoera of
'rihusiﬁl Can. J.

Brandleva, ., 7. Brandl, and C.H. Fermando. 19

/
Gutayio with rouorks on somz species and dis
ZooToay HO(LL):1375- 1403,

Brooks, J.L. 1957, The systematics of torth American Daphlnia.  Mem.
Lonn. Acud. Arts Sci. 13:1-180.

Brooks, J.L. 1959, Cladocera. Poges 07656 in W.T. Fdrondsoen, editor,
Freshwater Bioloqy. John Wiley and Sons, Mew \Uwi and London,

Chengalath, R., C.H. Fernando, and M.G. George. 1971, The Pianktonic
rotitera of OrLario with keys to genera and species. Univ. of WaterTeo
Biology Series, No. . Waterleo, Ontario.

Fduonason, W.T, 1959, Rolifers. Pages 420-49% in W.T. BEdnendson, editor,
Freshwater Biotogy. Johm Wiley end Sons, Noew York and tondon.

Frey, D.G. 14959, The taxonomic and phylogenetic signiticonce of the hesd
pores of the Chydovidae {Cladocera).  Into Revue geas lydrogiol.
44+ 27-50.

Gouldon, C.F. 1908, The systematics and evoTuilon of the HMoinidae. Trans.
Amer. Phil. Soc, 58{6):1-101. :

Megard, R.0. 1967. Three new species of Alens (Cladocera, Chydoridae)
from the United States. TInt. Revue ges Hydrobiol. 52(1):37-50.

Ruttner-¥olisko, A. 1974. ¥Plankton rotifers. Biology and faexonomy. in
Hod. Elster and W, Uh1t, editors, Die Binnengewesser. Volume RXYI.

Suppl. E. Schwetzerbart'sche Verlagbuchhandiung, Stuttgart, West
ermany .

Yoigt, M. 19%6. Rotatoria, Die Radertiere Mittelewropas. Volumes 1
and 11. Borntraeger, Berlin, West Germany.

Witson, M.S. 1958, Free-living Copopoda:  Calanoida. Pages 738-794 in

W.T. Edmondson, editor, Freshwater Biotogy. Jdohn Wiley and Sons,
New York and Landon.

Yeatman, H.C. 1959. Free-iiving Copepoda:  Cyclopoida. Fages 795-816 in
W.T. Edmondoon, editoy, Freshwater Biolcuy. John Wiley and Sons,
Hew York and London,
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Phytoplankion '

Bourelly, F.  19606-1977. Los olcues o'cue dodce. Tomme T-TH1. Roubee
and Cie, Paris, France,  pp. 559, 438, L00,

Drovel, F.o. and W.A. Datly. 1004, Revision of the coccoid Myxephycear.
Butter University Botanical Stwilies 2401, Indianapolis, ITndiana.

Fott, B. 19%9. Algenkunde. Gustav Tischer Veriag, Stultgort, West Germany.

Fritsch, F.E. 19560 Tha Structuve and Beproduction of Che Algae. Volumes
I and 131. Cambridge Upiversity Press. pp. 791, 9559,

Hustedt, ¥. 1930, Die Kieselalgen. L. Rabenhorsi, editor, ¥yyprogamen-
Flora von Deutschiand, Osterveich. vnd der Schwetz.  VYolume VIT,
Part 1. Akademische Yerlagsgesellscheft m. b. he Leipzig.

ustedt, F. 1859, DBie Kiesclalgon. L. Rabonhorst, editer, Kryotogamen-
Fiora von Dewlschland, Osterveich, und der Schyeiz,  Yolume Vi1,

' -

N
Part 2. Akademische Veriagsgeszlischait m. b. h. Leipzic.

Hustedt, I'.  1950-150G. Die ieselaigen. 1. Rabenhorst, editor, Fryptogamen-
Flora von Devtschland, Osterveich, wnd der Schwediz. Volume VI,
Part 3. Akademische ﬁ[?]ﬂgﬁgtSE]]uLdeL ni. b he Leipzig.

Patrick, Rutlh, and Charles Retner. 19860 Diatoms of the Unjted States.
Votume T. Monographs of the Academy of Matural Sciences of Phitadelphia,
Number 13.

Prescott, &.W. 1962, Algae of the Western Great Lakes Area. UWam. €. Brown

Co., Dubugue, lowa,

Prescott, G.¥W. 1970, How to Know the Freshwater Algae, 2nd ed. Wm. C..
Brown Co., Dubugue, fowa. ‘

Randhawn, #.S. 1959, Zyonewaccae. Indian Council of Agvicultburald
Research.  HMew Dethi, India.

Smith, G.M. 1820, Phytoplonkton of the Infand Lakes of MWisconsin., Parts
I and IT. Wisconsin Ceological and Natural History Strvey,
Bulletin #57. pp. 243, 227.

Smith, G.M. 1950, The Fresh Water Algae of the United STatea. HeGraw-
Hitl Book Co., New York.

Taft, Clarence E., and Celeste W. Taft. 1977, The Ajgac of Western Lake
Erie. Ohio Biological Survey. New Series 4(1):1-189.

Tiffany, L.H., and i.F. Britton. 1952. The Algae of I1linois. Hafner
Publishing Company, New York. {Reprint edition 1971.)
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Weber, Covieoas 1. 0971, 0 A Civide to the Comnon Dintons at Woter

Peliviton Surveltlonce Syoiems Stations.  USEPASMURE Analyiioal
Quatily Control luburuLniy Cincimnti, Ohio.

West, G.5., and F.L. Fritsch. 1927, A Yveaiise on the British T'veshwater
Algae. Cambridge Univorsily Press.

Whitford, L.A,,and G.J. Schumacher., 1973. A Manuval of Freshwater Algae.
fiparks Press, Raleigh, Norin Carols

Chironomidase

Beck, W.M., Jdr. 19268, Chirnnomidae.  Xeys to Water Quality Indicatlive
Organisms of the Soulheast United Sitates. [FWPCA, Altantea. Georyiao.

Darby, R.E. 1962, Midges associated with California rice fields wiin
special refercnce to theiv ecology, {(Dipterar  Chironomidae).
Hilgavdia 32:1-200.

Hilsenhoff, W.L. 3975, Aguatic Tnsects of Wisconcin., Technival Bull. 00,
‘Pepa “tm ni of Natural Resources, Madison, Wisconsin.

Mason, W.T., Jdr. 1968, An Inbroduciion fo the VentiTication of Chiranomid
Larvae. FWPCA, Cincinnati, Ohio.

Trichopteras :

Elliins, WAL 19360 The tmmeture stages of some Minnesoia Tricheplera.
finn. Entomod. Soc. fmer. 29:656-681.

Flint, 0.S5., Jr. 1960. Texonony and biolcgy of nearctic Tiwnepheiid
Tarvae (Trichoptera), with special referenct to species in eastern
United States. FEntomol. Amer. 40:1-117.

Flint, 0.S., Jr. 1962. Llarvae of the caddicfly genus fg.WE;;Lllig in
eastern Horth America frritﬂquLe 4 Ritya L07:|;11dfm\}, Proc., U.S.
Hational puscum 113:405-493,

Flint, 0.S., Jr. 1964. HNotes on some neavcidic Psychomyiidae with special
reference to their larvae {frichoptera}. Proc. U.S. Haticnal Huseumn
115:467- 481.

Hilsenhoff, W.L.. 1975. Aquatic Insccts of Wisconsin. Technical Bull.
#89. Wis. Dept. Natural Resources.

Ress, V.H. 1976. The biology and immature stages of the caddisfly genus
Coraclea in eastern North America (Trichoptera: Leptoceridae).

Ann. Cniomol. Soc. Amer. 69(6): 1039-10061. y
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Ross, H.OH. 1844, The adﬂ1“wf1ea Chrichopiora of dpdbanors, Butl. il

Hatur. 1hst. Serv. OJ - 326,

P10 Eduondson, odilor,
e, Bosy York,

Poss, TLH. 1409, T‘FCJ,prnrao Pages 10241044
Freshwater Biotogy.. 2nd od., Johia Wiicy end

Sherberger, [.F., and J.B. Matlace. 1971, Lorvae of :lv southenstern
species of FMolena. J. Kaps. Dnilomol. Soc. 4407 ):207-206.

Wiggins, G.B. 1960. A preliminary systen : '
Pdae {Trivhaptera). Can. J.

i
larvae of the ceddisily family Juiyu I
Zool. 38:1153-1170.

wiic siudy of the Horih American
ey

Wiggins, G.B. 19/7. Varvae of Lhe North hmeriﬂanntaddiﬁf1y Genera
(Trichoptera). University of Torouto Press, toronlo.

Hemiptera

Brooks, A.R., and LA, Kelion. 1867, Acusiic &nd Semiaguatic Heler
of Alberta, Soshatchowan, and Mondtebs (Homi 1“=w, Parotirs D
Soc. Can. Ho. 51. Envomol. Soc. Can. Pross, {

4

oplera

romal .

Hilseahoff, W.L. 1970, Covixidae {Vater Bozimen) of Misconsin. Wis.
G203 230,

Acad. 5S¢, Aris ard Lettors. b

Hitsenhoff, W.L. 1975. Aquatic Insects of Wisconsin. Technical Bull. J89.
Wis. Dept. Matin'. Resources. :

Hungerford, H.B. 1859, Hemiptera, Foges 958-972 1o VT, Cdinondsen, editor,
Freshwater Biology, 2Znd ed. Jdohn Wiley and Sons, Inc., Hew York.

3 oin RULL Usinger,

Usinger, R.L. 1856, Aquatic Haniptera. Pages 182-278
vaity of Caiifornia Press,

editor, Aguatic Insccis of Californta. Unive
Berkeley, California,

0
pud

Coleoplera

Brown, H.P.  1970. Aguatic dryopoid beetles {Coleopters) of the tnited
States. Identificatiion Mannal Hoo G, Water Pollution Control Research
Series 18050 BLDOA/722. V.S, Eavivonmonto! Protection Agency.

Collier, J.0. 1969. A taxonomic vrevision of the genus Opiioservus

(Co]on{tera: Flimidae) in the pearctic rogion. Phold. Thesis,
Uriversity of Minnesota.
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Coleoptore (contd, )

Hylsonhol T N S 1073, Totes on ehirn x Hia ( Coten ¥ Lo Flmidao ) with
deseriptions of £1ve now species. Avns, Lottt soc, fmer. 66 55-61,

Hilsenhoft, ¥.L. 1874, Jfaguatic Insecis of Weaconsin,  Techniced Bull. £89.
1;,¢ Dept., Halur. Resourcos.

Hilsenhof{, ..
descripiion of & new

e1i-274h,

1975, Motes on nearcidic hoilius (Uv11=u|d‘&;, with tThe
Tt Fims. Entomet, Soo. of fer. G8{2):

Larsor, D.Jd. 19750 The predecesus water beetlon (Coleontera:  Dyliscidae)
of Alhevia: sysienotics, naturel bistory, and distribuiion. (Quaest.
Frntomot. 11{3}:1-498,

Leech, HOB., and H.PL Chandioy. 18355, Codnopt B
R.L. Usingor, editor, Anuaiic Tnsoois of Lot c1n1=r UHJV ruity of
CaliToritie Press, bBovrkelioy.

teech, HOBL, and MM
Cdhnonds o,

3

1
i
Ons, inc., MNew

Chandier, P, 1905%6. Acustic thrunir“n‘ Page, Z34-730 n R.L. Usinger,
editor, Aguatic Inseccis ov Califorinia. Uriiversity of Cald Fornia
Press, Berkeley, :

Gurney, B.B., and 5, Parfin. 1959, RNeuvoptera. Pagoes 8973-980 in
-] E
W.T. Edmondson, editor, Freshwstor Bioleny, 2nd ed.  Jdobn Uiley and
a2 ) ‘)
Sons, Inc., New York,

Hisconsin., Technical Bull, {89,

HiTsenhoff, WM. L. 1976, Aquaii
Wis, Dept. Matur. Resource:s

Ephemeroptera (Mayflics

Allen, ROKL, and GUF. Ddinunds, Jr. 19590 A revigion of Lhe genus
Cphemerelia (Ephomeroptera:  Ephemereliidacy. 1. The subgenus
Timpanocoa.  Can. Entomol. 91:51-58,

Allen, R.K., and G.F. Edmunds, Jdr. 1901z, A vevision of the genus
Ephemerella (Ephemeroptera: Cphemereliidac).  IT. The subgenus
Caudatella. Ann. Entomol. Soc. Amer. 54:603-012.
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Fphemeroptera {contd. j

Aiten, ROK., and ©.F. Eduunds, Jr. 196100 A voviesion of Uhoe genus
tphererelta (Enhomcroptera:  tphomereiTidac). 1T The sulgerus

-

Attematelia. WJ. Hans. Eptomoi. Soc. 04:161-1/3.

Allvn ROK., and G.F. Ldmunds, Jv. i9C2a. A revision of the genils
L}JﬂlnuﬂrrJIT‘: tt[11mWnel(vaff”"tr Ephomeirel Tidae). IV, The subgenus
barnella. J. Kans, Entomct. Soc. 30:33- 34

Allen, R.K., aund G.F. Fdmun:ds

L el 1G6EL. A vevision of The genus
fphemerelia frp:“]fn‘ﬂpi\;”‘° !ﬂ;hPhFW”P!1inth)< V. The suboenus
Dunella in North Americe. Misc. Pub. Eniemel. Sec. Mner. 30345179,

Atien, R.K., and G.F. Fdmunds, Jv. 19632, A rvevision of {he
Ephencrellz (Fphemeroptera: [ ;ru?f dne)e YL The su
Sevratells in Horik Americe. Fntomot. o6, fmer. 560083 600,

41lon, RUK., dHu G.bo Edmunds, Jdr. 1063p. Forevizied of Lhe oo
Ephen (fphemavopiora:  Epi ' '
Fugylnnnriiaﬂ Can. Enhomaﬁ

I
Vit, dhe subgueius

ﬁ1?0n Edminds, Jr.
HYH(H]E i S

et America

Burks, B.D. 1953, he mayfites of Iphemerc
Natur. Hist. Surv. 26012106,

stera of T1Hinols. Guil. 10,

Dagay. R.H. 1941, Taxonomic and biolcgical investigatio ns oi Himesota
may¥iies (Ephemcropieral. FPh.D. Thesis, Untversity of Winnesota
Fdmuinds, G.F., Jdr. 1959, Ephemeroplers.  Fages 908-515 in W7, Edmundson,

editor, Freshwater Biology. 2nd ed. John Hilsy and Sons, Tnc..,
Rew York.

Edmunds, G.F., Jvr., end ROK. AlTen. 1964, The Rocky Fountain species of
Fpeous (1von) Eaton (Ephencropters: Hopi‘g'ﬂiiult} J. Kas. Entomet.
Soc. D7 27h-703.

Fdmunds, G.F., Jr., and S.L. Jensen. 1874, A new geses and subfamity of
North American Heptageniidae (Cphemeropilera). Proc. Eptomol. Soo.

dash. 76(4):495-497.

Edmunds, G.F., Jdv., S.L. Jensen, and L. Bernoe. 19760 The nayt lies of
North and Centrel America. Univ. of Hinn, Press, Minmcepolis.

Flowers, R.M., and W.L. Hilsenhoff. 1975, Heplayeniidae {Fphomcroptora)
of Wisconsin., Great Lakes Entomol. 8{4):201-218.

Harper, F. 1970. A new species of Ameletus {Fphemeroptera:  Siphonuvidac)
from southern Ontario. Can. d. Zopl. 48:603-604.

wl
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Ephemeroptora {canid.} -

Hitsenhof £, W.l. 1975, Acuatic Vnsects of Wisconstis, Technica!l Butl. #59

Vs, Dept. Matur. Resources,

Ide, F.P. Descriptions of castern Horth fuervican spocies of Bactine
maytlies with particulay veference o Lhe nyiphal stoges.  Can.
Eniomol. G9{11}:235-243.

Lewis, PLA. 1973
nymphs.  Pagos

Beseription and t[ujouw of thyes
6A~T77 G Wl Pelors and J.60. Pod cdiiors,

itgnun“ma ey iy

.

Proceedings of the First Inter. l( . on Uplemeroptera.  E.d. Eeill,

[.eicden.

Ltewis, PLA. 19744,
Fphemeroptora).

Lowis, PUAL 18740,
(Heptageniidae:

McCafferty, W.P. 1975, :
Epheseroidac),  Trans. Amer. Kntowod. SUL. 16 sdd 7 50470

(Ephemeroptera:

Mui1ermt1ohenu“,-1.
(Ephemeroptera:

tegaloptore

Chandler, H.P. 1956.

Taxonomy and eccoiogy of 51
U.S. Environnental Prot

iTiu"l[]{‘ (}IEW!\HUOJ( T
ency, Envivomnmental

-

Moritoring Series . Report No. FRA-GYO/4-54- (1{" .S, Envivonmental
- i El
Mrotection f‘.QEJ]CL\f.

oL

Three new SCenontma species Trom eastorn Nortih fmerica

Ephemeropieia). Proc. Entomol. Soc. Wash. 760367 300,

The burrowing mayiiies of the United States.

1874, Rheobaetis: a new gonus from Geovgia

Baclidae). fnn. Entomol. Soc. Aner. G7:555-667.

Megaloptera. Pages 229-7233 in P L. Usinger, editor

Kl

Aguatic Insecis of California. Un1varatiy of California Press, Borkeley.

Cuyier, R.D. 1958,
Corydalidae).

Gurney, AB., and S, Pi
editor, Frestwater Biology, 7nd ed. Jdoha Wi

W. 7. Edmundson,

> Jarvae of Chawliodes Lotreille (Hegaioplera:
fnns. Entomod, Soc. fmer. H1:LEZ2- 5806,

aviin. 1959, Neuroptera. Peges 973-080 4y
Loy and

o

Sons, Inc., Hew York.

Hitsenhoff, W.L. 1975, Aguatic Insects of Wisconsin. Technical Bull. £89.

Wis. Dept. Hatur.

Neunzig, H.H. 1960.

Resources,

Larvie of the genus Wigronia Canks. Proc. Intonoi.

Soc. MWash. 68({1):11-16.

Parfin, S.1. 1952.

The Megaloptera and Heoroptera of Minnesota.  Anmer.

Midl. Natur., 47(2):421-434.
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Diptera '

Beck, Hodo, Jdr. 1960, Flarrw10[w?r}ﬂf» Peges VI-VZ2 in FLXLO Parrish, oditor,
1

Foys to Weler Qualiiy Jndicelive Oiganisms of Svutheasitern Hnited Stote
Foderal Water Potlolion Contvet bedevolion, Allanla, Georgla.

L
o,

Beck, WM., dr. 1976, Biotoay of the Tarval chironowmids. State of Florida
Dept. of Dunvivonmental Regulaiion, fech. Scories. 2(1).

Cook, E.G., C.P. Alexondor, and V.R. Howedl. 1960 Luide to the insects
of Cnunﬂttr{u' Part Vi, The Diptere or brue fHies of Connecticut,
Fight Fescicie. Scatopsidae apd Hypevoscelidae, Biepharoceridse and
ﬁentcrbph]ehildao and Dizidse. Buti. State Ceol. and Notur. Hist.

Surv. Conn. 93014135,

Dorby, R.E. 1962, Midees associated with Calitornta rice {lelds with
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1. INIROLUCTION Al SCOPT

1. Introduction

The vegional Copper-thckel Study was designed to provide envivommental data
in the potentiaol copper-nickel developuent area.  These dala can be used
first to chafacierize the region and analyze the potential envivonnenial
fmpact of covper-nickel mining, and secondly, as development procceds,

1o determine the actual regional impact.

Because of time lhnitations, 11 was not feasible to biolegicetty mondior
alt lakes for the vegional study.  Tnetead, & smadl nunber of Tokes vere
selected Tor sampiing based on @ uombination of Tactors dncloding The
probability of fimpact from various sodsvces and consideration of how
charactoristic the Take was for the region in teries of fish populations.

Take morphomelry, watershed, lake chemisivy, and aceess,

1.2. Scope of Study‘

Lake sampling included quantitative phytoplankton, zooplankton, and
benthic dinvertebrete sampling, and quatitative banthic tnveriebrate
and macrophyte collection. In Takes, phyfoplonkion are the principal

primary producers. Taxenomic apalysis and cilorophyll & measurements

of the phytoplankton populations provide ieasures of a lale's trophic
status. Zooplankton and benthic tnvertebrates Tink the primary preducers

to Tish.  Study of these compenents provides informaiion on the availa-

bility of Tood for fish and on the "health" of the lake. Heavy metals
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Tevets can be wontinred thwough Lhe shioy of waeyobayies wnd ¢lops, Loin

hoeavy metads scoumtlalors.

b GAMPL NG STATIONS

2.5 Study Area

See Operalions Manualy Aguatic Biofony--Sires

al'tld.

coz. Sampling Stations

Five Jakes were selecied o hintonicai

L-1). Two stations

were Tocaled on each Tabe, excent Birch Loke whore neve were fouy stations.

Stations were located in the spproxiisaie center of ooch daker  one al ihe
inflow ond and one at the owifiow end,  In Birveh beke, stations wors Tocaled

west of Dunka Bay, novih of Dunks Bay, beiween Uob Bay and Steny River, and

south of the South Kewishiwt River,

2.2.1, Realonad Maps

3

A regional map showing loootions of sampling sites appecrs in Appendix
S"']-e
3. HETHODOLOGY

3.1, Jechniques

3.0, Justification of Technigies

Because of time constraints, 10 wss iwpossible Lo sample lakes as thorouyghly
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L5 hecestary Loopredues pelinbie guaplitalive aonta. As a vosull, iho

decicion vas wace fo sappio in osuon a way thot Uhe greatest veyicly of

snocias wodd be coliectod with Tl

1 i Y

To semple phyteptaulion, an dutcwrated wotes 2anpier was developed based

o a sampler constrected by the Minvewota Polluiion Control fgoncy.,  This

sampler was consiructed of 1.h-inch diapmeler PYC pipe.  The pipe was in
2-m sections and had the copability o sarnling to o depth of 4 m. Each
end of Lhe pipe vas Lhreadeds s the pive couid be cepped. The 4-m lenglh

wope B N T T T U B P PR B S
WEE O HSOO L gLHENUYT O UNEL Ul 2L

ovan sapled. Becaugse various

phytoplankton snooies Cosloaifrerent Jovels withip the photic zone,

rinally ottt phyto-

wEoweye apla L oo
plankton species. in this way was olso

G COMPOSTLE SOules,

o~

Zooptankton vore sampied by tow o Wiceousin net from the Take bottom

Lo the surface. Again, & single soowle cotiected species found at various

A pebite Penay or blaaan dredge was ennloyed Tor benthic invertebrate

collection. Two hasie consideratiuns were wade before choosing these

dredoes, First a tight-wetont drodos vas needed becouse nuch of the

o

sapling was done from o canoe. and socondly most of the bottom sedi-

he sampling stabions were si1t. To reduce variability, drodge

-

fente at

sampling was done outside Lhe Titioval zone.

Qualitative invertebrate sampling similar Lo stream qualitative sanpling



o

provided information on the Lenthic Tauna of the Tittoral zons. Qualis
ialive collections also provided Information on snail and <lam populations

which are particularly sensitive o hcavy metais.

SCUBA was chosen Tor macrophyie collection to assure that vonits, stems

i

Teaves, and Tlowers were colfecteod, snd to assure that all species

along the selected transcct were collected. Macrophyte mapping was not
attempted heceuse of time constraints, and hecause macrophyle surveys
were conducted duving provious Minnesota Depariment of Hatural Resouvces

lake surveys.
2.1.2. Procedures
3.1.2.1. Phytoplankion

Phytapiankton samples were collected by lowering 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 Jower end was then capped and the sempler yemoved
from the water. Water in the sampler was drained 1nto an 8-Tiler cerhoy
and mixed. Three 1-Titer sampies were withdrawn from this mixed-water
sample.  These sampies were kept in a cooler with cool-paks until arvival

at the taboratory.

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

ot
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glass fiber filter.  Thove Ti%lers wvere Thon Traren in polynropyloee

b

bottles containing 10 wmY of acolono unti!l Tinal cholysis.  Aclusd chioro-

phytl deierminations wore made following the procodures outlined below.

1} Mascerate Llhe g?a%% fibeyr {ilter witnin the Uvindinq Larhr
for approximately 1 wmin using a tvissue grinday at high rpm.

2}y After grinding, pour the lTiguid into a @5 o D0l
voluneiric flask and 117 to the Tine with 90 percent acelons
(:]JCUD sat. )

3y Pour this soluiion into a H0-mt contrifugalion fube and
i - - - - ~ - . .
place in a centrifuge at 000 as Tor 2% min o 100 g3 toy
10 min.

centyituging the sampie, measuve a 4.2-m1 aligust
Swath & ze<|r€p1010n.a{r peine the Trickrometric Hothed of
Pigment Determinition {(URESCO/SCURY, end Lovenyon dethod of
Phacopigwent cdelerminaiion (usericaa Public Heelih Assoctaiion,

1871).

4y Afte

1

[
f
H

BY  Eeler resuits on periphyton and plankton piguent and

biomass bench sheets.

In addition to the three -Titor sampies withdrawn for chlerophyll, three
120-m1 sampfes were withdrawn from the integrated water semple at each
station for taxonomic analysis. These samples were prescived wilh
Lugel’s solution in amber Lottles and stored in the dark until analyzed.
Taxonomic analysis of the phytoplankton samples was done by beology
Consultants, Inc. (ECI}, Fort Collins, Cotorado, following the technigue

described by Utermoel (1958} and outlined hy Volienweider (1974}, The

ECT analysis procedures follow.
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Favoncnie Ay

1) JLuiJrhlﬂ'IﬁU Shoipsios soe shaler vioovoos Tty Lo ouptiornly distiei-
hute e ) ; Toaldguot s hi1§i7?1ﬂ
(o eac!. mity ), and introdacod

into @ pianktﬁn RREG Com i noed p!qt:

chanboer (Wild Heorbrnge, vin wielisiurbed at
rounr tepnerature 7o foltowing sedimeatalion,
cyBindors are moved daiopaii 35 A crane bade and emnbion dnlo a
healber, Teaving the &un'“ it SERRUNEES Tate chanber. :
supernatant 19 exen e buoveni, species noted.

2) Idﬁﬁﬁifjﬁﬂ?innf-P1nie CRGFGRS cdimentod materisl are
examined with a WILD M-40 daver el magniidteations of
hen, 140%, 2805, bHODX, apd 14000 5 shveoiogical roeferences

are utiltized Tor texonamic detaviminations {SUF Appendix 5-9).

Diatoms, which n%ua]WN
phy toplantion posoleii
wounts.  Duplicatle

t}e ouring

each sampling popeiod cryators available
for analysts.  Maun i

sedinenied pmaiteri Lot :

n suituric acid-puta Foitowing ceoling,

remove the supernatant,

This iy rnpeatpd noveral
aeuivel pH o romaing
; cdounan clisan Ah-mm
Vel Thay cre inverted upon
th en Olynpus VANOX phase-

.th ThUOR.

ermr”‘ are contvifn
and frustules resgss
times unbil ¢ chiear 5
Uﬂe oy 'i" 0 LJ'}"l"l'V U'E_ L

covey stips and nealod io
a drap of Hyrax., Diatops agve
contrast microscone &ii]]nru.t;rri.iﬁ,'-s

\ ﬁﬁwples on tThe
wicorid with an ares of
Ly fnuitihq machine and
T pusher of grids
Toodonsityy however, gvid
fin scoovdance

3) Enuseration--Counts are
inverted microscope at Hhn(X utéWizﬂnn fi
S T T

0.04457 ma?.,  Counls &
PO atges beac!

i

recorded on standard
examined per sauple vo |
nunber remains cansifuJL wWilhi o Sps
procedures suugested by havealol (1974 icast 160 dndividuals of
each "important® laxen are countod. 0 phivioplankton distri-
bution wi?biw the plete chombor 92 verely tnlicrm, grids from several
areas the chauher ore obsevved (2., Cenier, 5ia The counting
units ule1zno Wore:

L

}

Bk

i ed i i i

Unicells-~eoch coll
Diatoms--each compiote frustuls {{wo haives)
Fitaments--100-um Tenoth
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Niccrelr colonics: ~cach 4-B-15-32-61 cell coloay
Indiscrein cotonioh--eyvery V[th colle
Denss colonies—~every LU colis

-

colorial forms incivde Pandovina, Volvox, ond
Plun \nnr14mun“d1d)
colonies are

Examnies of discreto
' indiscrete colonial forms inciude
oand Cruciammias.  Uxanples of donse
; and NP}-LQ}PEEE-

A1 ddentificalions, coeunts, and othey portincnt datls were recorded

on standavd algal bench forms. Repiicato date werce transposed Lo summary

data {or preseniation in reports,

H

Phytoploniton densities wovre calcuialod pecording o the fellowing
cquation:

untts/mi = Ctox Vo x Ac » Bf

Ag 5 I\{T X ("-‘-‘U : \i[) r\ ‘J’f,

where:

Ct = count per species

Vo = original sample votume {(ml)

Vs = sedimentation voluine {ml}

Vp = presavvation volume (ul)

Df = dileiion {or concenivation factor}
- e et N

Ag = area of one grid {wm)

Ac = area of chambey (mmd)

Ng = nunber of grids counted

Zooplankton wae sanpled by taking three vertical hauls at each sampie

site from approximately 0.5 m above the bottem to the surface. Collections
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vicre made wilh a Standard Wisconsin siyle planklon nel, with an 80-pm

mesh

:

size and 13-an diameter mouth opening.  The Tengih of each houl was

recorded,  Complele procedures are ootlined holow.

Coltlection Procedures

1) Slowly lower the Wisconsin net to a depth 0.5 m from the
botiom.
_

2} Raise the nel in a sTow bub steady fashion.

3) After removing the net from the lake, cerefully wash ihe sides
of the net of T in The Take without submerging the top of the net.

£  Repove the bucket from the net and vinse into & 250-m1 poly-
propylene bottle,

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

Taxenomic Analveis

1} The foilowing procedures ar vsed by Feotoay Consultants, Inc.
Tor zoopiawlton anatysis. To determine the preper volume for
counling, an estimate Is made o7 the zooplankion density for all
stations. Frran) the samale volume s concentrated to 100-mi.  HNext
a I-ml subsample is removes with a calibrated pipeite ana placed into
& Bogorov counting chamber {(Gannon, 1971). This subsample is counted
for iotal zooplankton. Based on thic enumeration, o samnie volume 15
catcutated to yield sufficient numbars in cach individual subsample
(ideatly, 300 organisms). The sample volume it then veacjusted if
necessary.

2} After the appropriate sampie and subsample volumes are determined,
the samplos are examined. A subsanmTe 1s romoved wilh @ calibrated
|prte and pfuC(ﬁ into the comting chamber.  The chamber is examined
using a Rauvsch and Lowb stereozoom binocuisr microscoupe {50-70X).
Usunlly soie rotifers and dissected copepuds are talien from the
counting chamber, placed on o slide, and identiiied using an 0lympus
Vanoyx compound micioscope (100-400%). AlY organisms are identiflied
and ecnumeysbod an the Yirst subsample.  In the second subsample, ail
taxa are couniod except Llhose wilch are extrcweiy ahundant in the
first subsample (greater than 30 organisms). If the total zooplankton
density is relatively low, additional subsamples are examined vor fess
abundant taxa {those that are tess than a tolal of 30 in the first
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,
o subsomples). T8 possible, of deast 30 prieont of ihe cowple 10
ey n. Hhe samd volunes and conating [poocedures are o vopeatod for

att samptes representing a pariicular sanpia onte.

The nomher of organisme pee Titer ds caleulated cooording to the
foliowing eqguation:

where:

D = number of organisms per Titer
Ct = total pumbey of organisms in subsamnsles
Vy = total subsample volome 3n ol
Vo, = original samplie volw E

mn i
volume of watey sampled in [iteys

-
[N
it

AT Cladecera and Copepoda are idontificd te snecivs excont for
' immature Copopoda, which are enumerated as nauplii, cyclopoid

Tucticuid copencdites.
sualiy gonus

copepodites, calanoid copepodites, and b
Rotiters arve tdentivied o the jowest possibie javel

or species),

3.1.2.3. Renthic inverichrates

! i

The benthic favna was quantitively sampled with a Fonsr drodoe (petite

version, 15,72 x 15.7 cm) or an [kman drodae (157 % 15,2 ocm).  Sampies were
&

sieved through a §40 stondard sieve and presepved with formalin,  Thres

replicate samples viere cotlected al cach sbol o

Qualitative invertebrate samplesvere collected atong the shoreline in the
vicinity of the decpwsier stations. As mony of the Titioral zone

habitats as possible wore sampled during the guatiftative surveys. In

addition to employing aquatic nels and SCUBA Tor qualitative sampiing.

rocks and logs were removed from the bottom by hand and organisms
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vemeved.  These sompies were proserved o Tormal i oy taxonomic analysis.
Lake benthic dnvertobratos were processed stinilariy Lo sbream invoertes

hratos {see Appondix 5S-4).

3.1.2.4. Bacrophyies

SCHRA was enptoyed o collect aquatic macvophytes aleong transects from
the zone of ¢nergent vegebation Lo The maximun depth of the 1ittoral
zone. Two transects were sampled in each lake (except 1n Birch lLake with

four transects).  These transcets weve Tocated in the vicinity of the

wasitative fnveriebrate stafions,

1

At Lhe Tabovetory, sampies were split with the fivst porlion remaining at
Lhe Tietd station for identification, and the remainder shippod for heavy

metals anafysis.  Macrophytes retoined al the Ticld station were identi-

002050 Heavy Metadl Tissue Analysis

incrophybes and dnvevtebretes {(primavily ciams and cravfish) collectes
Macrophytes and fnvertel primavyily ciams and crayfish) collected
curing the macrophyie swrvey {seo Section 3.1.2.4.) were analyzed for

heavy mctels, AU the Taboratory, samples weye splif, with one poriion

remaining at the Taboratory for Tdentification and the remainder bheing

shipped For heavy metals analysic.,  See Appencix S-5 for complete details.

During cach cotlection, dissolved oxygen, temperature profiles, and

Secchi disk readings were recorded.
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30270 Permonent Archive

A veterence colltection of benthic inveriebrates fTound in the lahes was
incorporated with the stroeem rofevence codlection.  This retercice
collection contained representative individuals of cach taxon collacied.
lnvertehratea_were presevved in 70 nercent ethanol, cxcept chironomids
which were mounted on slides. Macrophyies were dried, pressed, and

mouiited on herbaviom paper,  To addition, Hyrax diatom slides were made

for inclusion in the archives.

3.0.30 Loformation Frpuls from other Progroms

Intormation and data from fhe water quality and Tisheries studies were
necessary for the assimiiation of sauatic biology ﬂa?a 10 the vaoionsd
choracterization. Watevr quality date are obltained through the Operations
ana Dataltoordinﬁtion staff. Tisheries data are obtained direcily From
fish siudy project yroup. Dala and informalbien from ©0e bioassay progran
were necessary Tor tmpach assessment, and aisoe oblained Through the

Operations and Data Coordination staff.
3,20 Sampling Frequency
Table L-2 dincludes the sampling frequency Tor the various parameiers.

<30 Equipment

(8]

See Appendix L-1 for on couipment 1ist.
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3.4, Qualily Control Provisjons

See Operations Manual; Aquatic Biglogy--Streams Tov geoneral quality conirol

provisions.

4. RECORD KEEPING ARD DATA TRANSHISSTON

No specific data notebook was kept; irstcad, numbered sheets were weed and
L

then bound into a notebook wpon conpletion of the montioring program. A

spiral bound notebook was kept for following the movemnent of samples from

to make ail recordings in the field. Abbreviations used on datla sheets
l Ly

are explained in Appendix L-2. Sampie deta sheets appear in Appendix L~?

and Appendix S~7.  Aguatic biology dato were transmitied Lo the Operaticns

and Data Coordineiioh staff on a wonthly basis.

L
=
]
(o]
o
|
-

5, AMALSYSIS, AND REPORTS

4

See Operations Manual; Aquatic Biology--Streams for a compiete numerical
analyses Tist. The only change to be noted s that results of phyto-
planklon and zooplanikton are expressed as number/iiler and phytoplenkton
biomass {chlovophyll a) as mg/1. Quarterly veporis were written on the
status of the aquatic biology study. In addition, monthly veports of data

were provided when available.
6. STUDY STAFF

See Appendix 5-8 for study staff resumes.
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Opevations Fowals Aguatic Biotogy -tvie Mining Stpdy
AR . :
Apvil 27, 14720

Poo JHTRODUETION Ah SEOPE

oho Introduetion

Flovated heavy meolais Tevels have hees found in s smadl vonamed oreek
4
edjacent To Uria Mining Company’s Dunka Pit. Thewe melals' origin

ToounlGiov .

t

The effect of those heavy metels on the Unnemed Creek biote has not
Loeon exlensively studied,  Tn addifion, the elfect on Biveh Loke hiota

Fram heavy webol movenent inio Bob By of Brvch Lake has never been

siudied.

ko conclusicns were drawn Irom the vesultis of @ 1375 Bary tngineering
study (Bary Enginesring Co., 1976). A bried qualitetive survey conducted
by the Revional Coppuer-Mickel Siudy, Aouatic Biotogy staff, indicated

.. o il + i i

some biotic differences betweesn the various statieons sampled. However,
reasons for these divTerences could not be determined (Johnson et. al..
1976a). Vavious facters such as natural habitat vavietion, channelization,
heavy netals, and Tlucluating waler levels appear to aftect Unnamed

Creok hiota.

Regional Copper-Nicke? Study hiological menitoving bodgan in HMay 1976
and included a secondavy station at the mouth of Unnamed Creek (Station BR-1)
{Johnson at. al.. 19760Y and Tour sites in Biveh Lake, which were

sapgled as partoof the Yake monitoring orvoovoem (Johnson et. al., 1976¢).

Data Trow chis sampling are not yet available.
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Because Fittic is known about the biological offects of heavy melals in

nalural aquatic systems, it wes thought that the Regional Copper-ilickel

ra

Study might gain valuable data Tor use in analyzing poiential impavis of
copper-nickel mining in northeastern Minnesota by intensively sawpling
Unnamed Creek. Erie Mining Company also indicatea ¢ desive to deteymine

the Liotogical effects of heavy netals in Unnamed Creclk ond dn Bivch Lake,

and thus a joint effort was organized.

1.2, Scope of Study

The study of Unnamned Creelk focused on the peripnyion and bonthic invertebrate
components of the ecosystem, Because 1t won thovghl that metals would

S
I

accumulate in the sediments of Bicch Lake, euphssis wos placed on benthic
invertebrates.  Phytoplankion were sampled less intensivaly in Liveh Lake,
the role of these organisms  in {he ecosystem and the recasons

or sampling them can be found in Operations Manuat: Aquatic Biolugy--~
f fing U n be feund 0; ms Manuaty Agquatic Bioluc

Streams and Lakes,

1.3. Time Schedule

Sampling was initiated in July 1976 and wes completed in November 1976.

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

2. STUDY AREA AND SAMPLING STATIONS

2,1. Study Area

PR L

The study area was lecated on the cast side of Erie Mining Cowmpany’s

Dunka Pit, east of-Babbitt, Minnesota. The arca is primarily composed of
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b

bogs. U ... Creek Uriyinaiez at @ wine dewstoring site on Dupka
PMiets south end, Tlows north throogh {he areaﬁland eiiters Bivch Lake
through Bob Bay. Dunka ﬁkvera which originates in bog aress south of
Dunka Pit, fTows into Bivch Lake's Dunka Bay, TUCﬁted novtheest of
Dunks Pit. DGnka Bay served as a control aves for Lhe study of Bob

Bay.

2.2. Sampling Stations

Stations were seleclod for sampling aftier examining Lhe availeble

chemical and biological data Tvom Unnamed Ceoeio and Birel Lake.  Unnamod

Creek stations corresponded to stations ssnpiad by Bary Enygineering
tn 1975 excepl that S5-5 was not inciuded and & new station TH-1a,

focated imrediately wpstream frow the cor

ifTuence of the moin channed

and tﬁé tributary entering the creek Tvom the woot, was added (Table EM-2
and Figure TR-1}. Mater samples from a1l stations were analyzed chemically
except at Station EM-la. In Birch Lake, threo staltions were located

in Bob Bay and iwo stations in Dunka Bay. One additional station was
tocated in the main-body of Bivch Lake tmmediately norih of Bob Day

(see Table EM-2 and Figure EM-1). Justification for ihe location of

ecach staticn is included in Tahléslﬁﬁmﬁ and H-3. AV slatiens were in
addition to the reqular monitoring stations mentioned in Section 1.1.

Figures EM-1 and Ei-2 include the Tocation of Evie Mining Study sampling

stations.
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3. HETHODOLOGY ’_

3.1. Techniques -

310, Justification of Technigues

i Unnamed Creel, artificial subsivates were the pyimavy method of coliect-
ing periphyton and benlliic invertebrates. Drift nets and qualitative

techniques were alse cinployed.  Justifications of these techniques are

included in Opevations Manual, Aouatic Biotogy--Siveams.

Bivch Lake phytoplankton were collocted with an inteorated water samnior,
and benthic inveriebrates woee collected with patite Ponar dredge.  This

equipment 13 discussed in Operaiions Manuad; Aqualic Blology--Lakoes,

3.3.2. Procedures

3.1.2.1. Periphyton

Three glass slide racks were suspended in Unnamed Creek appreximately 30 om
below the water surface, depending on expected water Tevel fluctustions.

i

These stlides remainced in the strean for three wecks.

In addition, a qualitative survey of the naturally eccuering peviphyton
was carried out. "AlT {ypes of natural substyates weore observed and any
grovyth collected. Qualitative samples analysis copsists of species iden-

tifications.

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

pumbers 1 and 3 were taxonomically analyzed {(sedimeatalion counts and pro-
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yortional diatom counts and stide nombers ¢ and 4 were analyred iorv
f N

chlorophyti a.

3.1.2.2. Benthic Invertebrates (Usnamed Crcel)

Six modified Hester/Dendy samplers wove suspenced at each streem stsiion
for two six-week colonization poriods. Sanpiors were suspended just above

the streen bhottom.

Three drift collections were made in Unpawed Creek.  Beidl nels with on

upstream opering of 0.075 me

Tength of 2.4 m, and 440 nesh size wore
placed in the stream Tor 24 howrs. The oxact stariing Lime wes pel orifical
as tong as it was during dayiight hours, because deift s Jow and constant

during the day with peaks beiween sunsef and Suneise.

Decause Hester/Dendy samplers and drift nefs are selective in their sampiing,

qualitative invertebrate samples were coliecied in order tc compile &

tn

pecies 1ist of the entire natural community. Sampling consisted of cramin-
ing all various sircawm habitat types such as pools and vitiles, vayious
sized rocks, Togs and si11t Tor two men~hours. In addition Lo picking or-

ganisms from logs and boulders, the kick-net method was employed wherevey

feasible. Complete procedures are described in Appendix §5-4.

3.1.7.3. Phytoplankion

At each lake station, waler was coliectled with the integrated sampler de-
scribed in Operations Manual; Aquatic Biology--Lakes. Three yeplicates

vere cotlected for chlorophy?l a analysis and phytoplankfon taxonomy.
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Complete #inld and anatysis procedures ars desoribed in Operations Mobuals

wquatic Biotogy- -Lakes.

3.1.2.4.  Benthic davertebrates (Lakes)

Six replicats petite Ponar dredge samples were coliccted at each Take
station. Soemples were sieved through a standarvd Jo0 syeve in the THeld

and the romaining sanpie preserved i 510 percent Tovintin, Complete

procedures are described in Opevatlions Manual; Aguatic Biotogy--Lakes.

3.1.2.5. Heavy Metals Tissue Analysis

Macrophytes, invertebraizs, and periphyvion samples weve coliccked in
conjunclion with regular stream and Tal Lissue oottoctions i Uninanzd
Creel, Bob Bay, and Dunka Bay; where adequete material could be Tound.
Collection and processing procedures ave included in Dpevations Hanuads

Aaguatic Biology--Streams and Lakes.

3.1.3. Permanent Archive

A refercnce collection of benthic invertebrates was placed in & permanent
archive. These sampleswere preserved ip 70 percent ethanol, Additionally,
Hyrax‘diatom mounts, chironomid stides, and the remainder of the

henthic invertebrates (preéerved in 70 percent cthanol) were made

for inclusion in the permanent archive.

3.1.4. Anatysis of Samples

; Al field collections and chlorophyll a measurcmenis were the responsi-
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hility of the Beaional Copper-Hickel Study, Aquatic Dinlogy staff.
< . F =
Periphyton and benthic inverichrate samples were analyzed by Foology

Consultanis, Inc., [i. Coliins, Coltorado. This contract was written

anda Tinanced hy Erice Mining Company.

Heavy metals analysis of macrophytes was done at the Universily of
Minnescota, St. Paul, Minnesota, through a Regionatl Copper-ickel Study
contract. Invertebrates wevre anatyzed Tor heavy metals by the Depariment

af Natuvel Resources, Chemistry Laboratory.
3.3.5. Ipformation inputs From Other Progranms

fata Trom the leaching study wero necessary vor the completes analysis
of the biological data. This informotion was  obhiained from the

Operations and lata Coordination stair.

3.2, Sampling Freguency

Table EM-4 shows the samplting frequency for the various parancters.

3.3, Eguipment

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

equipment Tists for sampling procedures enployed in the Erie Mining Study.

3.4. Quality Conirol Provisions

3.4.1. Generzi

Quality control provisions described in Operations Manual; Aquatic
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Biotogy--Sireaws have been cmployed in the Lriv Mining Study. In addition,
the following procedures were instituted to cnsure sompie tntegrity:

1} all operations of the Unnamed Creek Study were dirvected by the aquatic
bioTogy project head to assure accuracy at cach stage of the study:

2) Erie Mining Canpany personnel accompanied acuetic bicloay staff

meibers on all sampling trips and could accompany the Copper-Nicked

staff to the Kewishiwi Field Station tn obscrve sample processing:

3} to ensure sample inlegrity and Lo eliminate bias, all samples wers
given a serial number Defore analysis and shipping:

A}y strict chain of custody procedures were followed in the handling
and transport of altl sawpltes collected on the vie Mining Stuedy.

3.4.2. Calibration, Maintepance, and Vesting Conipmoni

See Uperalions Manual; Aquatic Biology--Streoams.

4. RECORD KEEPING AND DATA TRANSHISSIOR

Field data were recorded on data sheets in a leose-leaf noteboolk. Al
data wore recorded in pencil. Sample data sheets are included in Operations

Manual; Aquatic Bioloyy--Streams and Lakes. Xerox coples of all field

and Taboratory data sheets were submitted to Regional Copper-Mickel Study

Operations and Date Coordination staff and Phil Brick {(Erie Mining Company)
at '3 e

vhen availabie,

5. RESULTS, ANALYSES, AND REPORTS

5.1, Humerical finatyses

See Operations Manual; Aquatic Bioclogy--Streams Tor a listing of numerical

analyses that were enployed in the Evie Mining Study.
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!

Lo Proavess and Fioal Reports

Monthly reports n{'the sample deto were submitied by Tcoleay Consultanis,
Inc. to brie Mining Compony and o the Regional Copper-Nickel Study with
all analyses gomp!eted within 10 days from receipt of the {inal samples
shipment. A final report covering the vesults of the 1976 study was

wiritten by the agualic biotoqgy project hesd and completrod on September 1,

1977.

6. SIUDY STATE

See fppendix S5-8 for vesumes of stody olafy,
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Appemdic S 00 1077 Podiiications Lo Avuatic Biology Sainpting Progran.

fhe 1977 .. ctie biolngy ciudy has been designed to provide additional data

on thase wateraneds wheye the grentest dmpact is cxpecied from Cu N developoent.

Alce, the study has been cxpanded dnto scveral othery aveas of interest:

1) QualitatiQQ and drift sawpling is heing done in arcas previously not
sampicd in order Lo develop a system of classifying streams in Lhe area.  Huch
of this sawpling was done In Tower order siveans (fe. Tsit and 2nd).  Data from
this survey will be related to the more intensive datla collection at other
stations.  Thivd and fourlh order streams are reprosenied by regular monitoring
statinns, |
.

2} Intensive drdi kKick net, and peviphybon semsding in the Snako River/little

Isabella River Hatersheds and at two 4th order stations (reqular monitoring sta-
tions). In this area, 1t 13 hoped to reiate stream order and terrestrial veg-

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

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

and at a soulheyn and 2 northern 4th order station.
SAHPLING STATIC

As in 19/6, aquatic biology nomiloring stations have been designated primary,
secandary, and tertiary.  The Tollewing is a Tist of Lhe stations Lo be sampled
in 1977

Primar}r: K—[ N |'}\ 5, fJR?} N “’—.l 3 ’] N I"-F 5 ‘\,[ —1

Socondary:  K-2, P-6, P2, SR-3, BI-{, 5l.-21
Tertiary: kC-11, F-11, SR-A, D-2, P-3, P-4, I-1, K-6, E-2, SR-]

Votation designation different in 1976



The foiloviing slations have been deoppeds Bled, K30 464, SL-3,

Additions] sampling statiuns with bo aseigned "S05° {otreom cliansificalion syslon)

numbors . Primary SCS siations are localed in ihe Sroke Biver/Litaole Isabelia
@ Fiver Watlershed, while secondary 5C5 stalions are spread ihroughout Lhe envire
area. o osome cases, S0S stations are atoso considered as veogular menitoring

stations. In the following Histing of SCO stations, stalions which soyve as

both wonitoring and SCS stations are indicoled.

Primary SCS station: SP-1 Fouth Svhaonum Oreek st order
Li-3 Little Teabella Wiver heoaduaters Yot order
L1-T Little Teabellas River at Fovest Rd, 173 Zrd erder
E1-2 1ttle Tsabella River at L.V, Camogrotrnd Znd order
SC-T 0 Sneke RBivey bodow confiuepos w/bnale Creei 2pd ovdes
SE-1  Spake Creck ot Foyost Ha. 173 Jvd ooy
SL-1 Si. Lonis River Ath order
SR-2 Stony River fth ordoy
Sacondary SCS stations: N-bT Hip Creek st order
’ KC-1 Keeley Creek tributary N
D-3 Bunka hradwater 1
F-2 Filson Creak hoadwator .
HR-2 Nira Creek hoadwater "
SH-1 Shiver Creek :
T-1 Toimi Creek "
KE-1 Mouth Feotey Creek Znd ordoer
: CY-1 Coyole Creek g
! SG-1 Spring Creck z
n

Mi-1 Norih Branch Mhitclace River
aC-1 Bear Creek ’
SE-7 Snake River r
NR-T Hira Creck ' g

BC-1 Dentey Crieck below Hiva Cencluence Srd oraor



A.

Fordphyton

Peviphytamster 10 soaplers are caployed 5oy suspending 5 Tides ot siveon

stalions.  These samplers hold eight slides verticaily at a constant depth. A

ding

aye

dets

permanent diabom monsisn . Thosoe diclon nouals ave

ram 15 abiduhed.

v samplers aye ptacod ol prinary neattoring sfeions: s1x random slides
colerfon for FBons oo R T T A S S SV R USSR OO S U o B e - [-}-J;f-,\ . o } '| vy b "1 i
sejected for biomass (asb-ives dey woioht-Heber, 1973) and chlorophyll a
viitations: Tour vonsom siides are scicoted Tor {(moncohrormatic-Weber, 1973)

- S

. A ER] - I e o .
Oy ULTHO TH2 BOLESS TG

perscnganate method {andey, 19747,

C.

are

D.

S i

e smepler 19 pleced at secondaey moniforing stations; threee vrandow olides

selccted for bioness end chiorophyli a: fwo vandop shides aro selected vor

diatom analysis.

AT primary streom classificetion stations one sanpler was installed; three

random slides will be selecicd Tor bicaess and cllorophyll a analyses; two slides

wiltl

E.

I,
A.

any

bo ouseg for dialowm araiysis.

Ao 3-weelk colonization period is again enployed,

Quatitative periphyton saples will boe collected as in 1976,

Renthic I'mvertebrates

Hodificd Hester-DNendy camplers will be placed on the styeam bottom to eliminate

of the problems caused by low Flows. Four samplers will be placed at primary



Siations; Upee canpiors aof sccodory stalions. o sipplerns eve plocsd at
stromm ciassification slobions .  Sti-weck colonesalion periods ave caployed.

B, Three drift nels dro staced at o11 stations during samptino poricds for

24 hours.  Proeptions to this are apell stream clavidTication stalicins where
one or two nets sample cssentislly the cnlive sircam.  Hew dirt) L neis haye heen
shortened to aﬁprﬂx’maiﬁiy 1.oBm. Covvest veloodty 18 meemed ot the Tiae of
net tostalistion and retrievel 1o provide o betior estimebe voluse waiples.
Organic material collented din the drifs neis witl bie deyed ol 10070 Foy 24

hours after the anfmals have been romeved from Lhe saaplo.
G, Poel and viddle sceckions are sawnpled tepavacely Suvimg the Swo-hoay
quatitative. Time spent in cach sircom Tyie G5 ) ccorded. AL siroaa cfassife

cation stations, the sampling Lime was vedvced 1 0o new Toverlaby eley woye

found during 15 minutes of sempiing.

D. Three 60-second kick-nel samples arc collectad from each primary S0S site
at the same time of drifil =empling. These samples are collccted by standing
-

upstream Teom an agualic insect net and disiuvbing the subsirate for 60 scconds,
[ =

Invertebrates are picked 1o the Tield.

[I1. Comparative Studies

Ao Poriphylon-Data on the comparabiltity of dala collected from the 1076

slide rack and the 1977 Periphytometer TD will bo cotlected ot 100, .fl'ixteon
stides have beon suspeaded o cach type of Sainpder: eighi chiorophy !l and
eiyght diatom analyses will be made from cach type of periphyton sampler.  Tax-

onomic differences and variabiTity within and beiwoen sampd ing wethods will

be delermined.



B Repenie Tnvirboheaies h cs i i e SR e nannles rotieoiod by
Hestors Domdy canapiurs R TEN TSt M F I SRR gt Lhosre piaced on Lhe bottom in

] o Uhe bobhor and

aleo boing comducled qi 0. Fowy Seaptors hove benn pla
Four Liave boon nueaidod. Sanples coltocted wilt b analyzed tazonomical ly.
Diflerences in tade colleciad ond verinhitaty wilhin and belween sivding me Lhods
will be deterarined.

- i .

€. DeaTieDi e cnces in dpi PR durie diylignl hours

-

nd i the dark wiltl be
evamineg at K7 duripg a ncd -nnin pevind.  This shiowld provide data on the
bise resulting leow 26-hony dvifs sana i
IV, teat Coconposilion

A, Ten grem tesf pocks of
from Zem nylon sesh metariag.
8. Leaf pache woro atlachod o ihe Troet side of Too placed in s siyoan Tt

wis alterpted to anchor the Teaf packs dn as neluval 2 miaaler 65 noessibie.

C. Aspen leafl packs wore pleced 2t all priwery stircan classification stations
(one stalion was divided into e pool and yiffle coctions) while yod pine leaf
packs were placed onoono statien of ecch streom nvder inctuding the pool/rifite
station.

0. Leaf packs are collecled at frs veel inteyyals For an eighl-wecl period.

[ After collection, each sonple is prshed 1o pemove he essociated dnverio-
hrate fauna for taxonomic avaiysia., Aty toe Theertehrobes hove heen removed
Arom the leaf pack, the rematning materind is deied al 165°C for 24 houwrs 10
detormine woight 1oos.

E. AL the Uiwe of cach coilection, a patural leafr pack is cobiected to delrmaine

the similarity of the fauns assoctaled with naiural and arlificial leaf packs,



SEHPLTEG SEHEGL

oy DT . e e E e T SN F O S T Hy I
Aviritoial subotraies wove msialied thrioe wiools eariier Lhan in 1S76 due Lo

Aocamnlete chart of saupling

the dow strean flows and hich weter fomperatures

frenuencics is atitpched.

SARPLE AALYSIS PRIGRIIZES

Table 2 presents cample analysis priovities. As in 1976, more samples ave
scheduled to be collected fhan can bo analyzed within ihe project deadlines.

Theae samples will be availsble 1F weather condilions custadils samnling, i1 a
targe nunber of samples ave lost or if analysis of sampies indicetes that Turthey

analysis of samples could add sieniticent dotin on a particulsr strean.



= e

1=

PR LN B

T

Cot

o T
™

I3

-
=

OF

s

B

I;I_l
v
ol
.t
[y
o) L
(SIS
| e
S|
L5
L=
(¥

P R

[As)]
[

—I

-
e
hrll

Chioraop

'
!
i

[l
O

)

]

LA
0

)

=1
i

137

L]

=i

N

<

e

LENY




iy
[t
A
”n.|._|“ . . m Sy | M mu Mw w ..wl. . M g ,._.,.f
B RN _ [ PR
S S m - W - - - e et e e -- S e m e e
, r
; {
m W
|
: TTOT T T
A i L . b M
S R I. T R o 0
ok
T - . T T T
B L I

2
ot
g

K
ka
g
=]
:i-
—r
-7
s

W
-
¥

: = B e = L R o @ (LR Y i b
¢ [ T i v w._ kel L ] [

-
L
ar
-
Ll

[ o]
A &
1 {1

Titat
T
-
4
r
t
~—
o}
<.

a
I
Mans
o
21

kP
Se

F4
11y
r, r
- <

L
o

Frimary
onos
=g

Scoondary

£l Iy 1] fu L

<r

~
N
oo Lo A




| TR ER T T B P U IR B . .
Pabnii 1 =00, Shvad byvapioio Analyaas o Sl neent Samp e

ST !-_- aluroe fov disions i I vers TG o N Lol . & .P';.-.;h'.‘ andh Pk
Morgsnclalure fov diaions o sl fhat Ao Hosiodi [\!(r 1y Ji el ik

and Rediner (1966,10/8) cxcepl in the casen of the oones Doeoiia wiore

Tustra where the discusston and

stedn (JO2UE) vas remed and the oosus |

P lustrations of Lund (1962) vove used.

bheve bicalage ond corrosion have of fectod almost old tho frusonlos T

Sainp e, breken E5OWETE Lo Only frauwents with diagposiic

featvros were tatticd.  The following critevia wore used:
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Frostelia-Teriinel nedufes with sorromedivg strios wove wsed fo
Lhe gonus

Funotin-torminzl ends weve veed to diffeventioie the oones, A loast
ha'lf a value was necessary Lo distinguish between spocies
Surivella - terminal  frognents were uvoed Lo distinguish the conus but
cntive values were necessary Lo distinocuish spoctes

alt oa frustute inciwding the central

avea was necded to qualify foro counting (fregments of alt sizes can be

identified to specins),  This Laxon may include types Tdentified by

gthor workers as

And foliow fond's (1807) optaion that the

lattor speotes s only present in favoe novchera lakos and raie olan-

whora on Lhe continent.  Drugan {personad comunicalion) vrofovrs spocimens

to 5. miegarac wheaever o band 1o present outsido Uie apines. By fhidc

eriterion alwost all frustuies in our matorial would Lo 5. ningarose.
Cyclotella combe was tallied where half oy more of a vaiue was present,

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



slihiouch 3o daiTed Lo Find "Mrammendee” poncad e (s bedt ) F008) 1w

.

Uhin weleriat,  spocimons of Cyvolotolde conta i Lhoe 107 woddimict oy

.‘-li"r?‘.“.}“.-_i e Cloarumior Talw wore vory vay toli e Inoninrshe ooy,

I Falbow Sy adhury snd Brogan (persenal commaicaiion) in dosionating

sime 11 stetTate Cvelotelle os Cyololelte olewats, althowah Thooe dorms

could poncibly he veferved to O sicllogere sinee the €9 lanenlons growtn

habil of the former specives is broken up dn the sediment and striaoc
counts ot the twu Terms e foo clese foe e To disiinguizn Lhom,

Individuals axceeding 10 m in diameloy weve os Coostelligers,

FabelTaria Ten:

raba and

Ao Tloveilosn Traguents wore todied

anly wien Lhey fnciuded o siraiicod convrnd avea,  Ihe presshne of variehie

4.

nunmers of interclavy hancs Letwoen Loe oo frastules of thys eonus

toohe osure Bhoet o acrual Fusiote ds

vemres That strian be nresen

pepresenied.

stissima was differentiated according to the

FMelosira qranuds

description and i1iuslyretion of Hustedt (29304, Brugan (personal
comnunication) {inds thet <hiis form iz excerdingly rave in northeastern
Minnesota lakes. Tis presence in high percentages in Hhite lron Lakes
would scom questicnable, but the speciiens cannet be relerved ta the
most Tikely allernative species, Melusira islandica. because the striae

run dicgevally.  The nominete variety of Meloziva granulata 15 casily

distinguished and has been found by frugan (personal conmunicelion) in

surface sediments of Fatl bLake and Bredbury (1975} in sediments of

Shagawa Lake.  Torxonemic differentiation of Melosria amwicua and

Helosive talica apprearvs to he in a state ol confusion. 1 have

attempted to follow the criteria of Lund {1062) that Melosira ambigua

has a U shaped sulcus appearing 1ike a small white eye, while jfelosira
I e ‘ o - JR



Halica has a Vo shopes suleus. Brugan (peeconnt comssioed Tong w iy
Tavger spine size as o crilerion, Tatls o find Foiosiva dialios very

conionly in northeastory Minnesoia Vherover frostules of Meloohia

wore obiscured o the solous was IFicell Lo classity, T have lTapped

tioclosiva species into a Melosira spp., wndifferentiated” cless.

.

This type undoubicdly contains vepreacntslives of  sevoral specics.
Elongave forms of Melosira in Clearwater Take hove heon resorved Lo
r

fioitatica although they approach the Teast clongate varvisnils of 4

granntate Voangustiassoms foeund in Biron Yako,

R

R eI M SV N R P ST SN - came ] - F T A P S
Felosive distans Is distingueished by 1t pavalicd siviaiions and vilves

whose Dreatn i greatler than thely disneler . This hoight/dianete

ratio often vesults in theie bedng seen in Lheir dist

I R R LA A S i

Nitzschia species ore differentiated from cach other by shipe.

count ane spacing of reel puncion the gonus s eactly disiinnuis

Amphiprora ornate was only present in broken form and was only dis-

tinguished from fragnents that included lhe twistcd partion of the
value.

Small Naviculas and Achanathes (less than about 10 m) are difficult fo
distinguish. bhevever a pscudoraphe value was presant an indivicual
was assigned o the genus Achanathes.  Unlese ddeptificaetion to specics
was fairly cevtain or an tlividua? could not possible be veferred Lo
Achnanthes 1t was talliva as an midentittiod perinate, rather than being
referred to the genus Havicula.

Frustules tailied as Diploncis swithit way include the Torm describoed

by Patrick and Reimer (319C0} as D. finpica. Mosi of these valves were

broken and 1 Tound it ditficult to diffeventiate which of the two faxa

was morce nearly correct.



Tojoiios d the convention of Bradbary (19750 pernened comasinice ot ion)
in ditiorentiating

Tiecdn mircns Ao 5. haaloeschin o on Lhe besin o Lhe padsod

centrel mica of the foror species.  Thove d9 & possiblity Lhal those
Torme are all variants of the sone Loson,  Unidentiliable corvoded
centrico Tornes Tees Lhan 10 modn diciccley swy he wither of those fwa

o Thoy may be Cyvolotella alore

[ ror o L} 1 - . r LI ! oy i N T -
disUlnmaished vaing Husiedl (12300) .0 This form

wlosivo vo

has 1wt been veconized hy Brogan (personal communication) in Mivnesoie

ted by the iy siviae and curuoture.

Takes,  Fraguesuts cen b difs
T - [ Ly e N Tern ) -k PR E T E S P P LT I o a4
Onty two dotect valuns wore nnbted, one 10 Gabbro Lol and one i

Rocavse of ivs wusual naturve an THius bration of

Whate ven L

Lhis Tovm Ts tacluded

=
-
—iy
o
=%
sy
e

Pollen types wore differentiated by the see of reference shides in the

o T e e T B L T I UL e .l FE . O T T e
colloction of the Lamngioyyend Lot o Contor and Husirabtoons i
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Helowira distans

M., uvarulata i

dvicula exique var. capitata

f. pupula
. rodiosa

o radinsa var. Lenelld

Leicium sp.
fitzac
Mo bi

. greciltis

hia scicutaris

a

(:I_('i Ld

[ butzingiana
N. pulea

M. sp.

S. radians 3
3

Yuinpens.
5. ulna:
5. 8p. 2
Tabellaria Tenesirata

T. Tlocculosa

Teefem T o o
Teial 1axa 1
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Cyclopoidn) vidy.  Plenktonie and protozoaes vece Tdoiiiiine

in 1977 sangmles only,

ctieat pel hauls pece Thven and e Laipios

5oin b

[ T
P LR

hoemptes wore
P | - . R R
bad boen counted.

rnsed inlo a

sarma o v
LOone,

COEON TE A

Calanizida <ang

doond entnratod



Bppendix 50170 Goalily Conteal Progeam dor bonn foid to Baoology Stindy.
The sty Contral Progeam of The Hecionsl Coptoe Micko D Shady sas
intbiatied bo ausurn Ihe accupscy of Lho Aquatic Diotomy Program amd Lo

mainbain consistoncy belween project toxonomists aad consulting tas-
onarists i tdentification of periphylon, inveviebrate, ond fieh i
onoiy (Table 1), Procedures wore ceveloped for cach faxe dopending on

Lhe analysis wethods employed and Lhe deogroe of Toxoromie certainty.
Peviphyton

thouon distoms are

Crphasis in the periphyton progeran was on diatoms. A

I

the easieslt ¢loal gioup Lo identify to the spegies level, Taxonoric dii-

ficuliies cocver.  These difliculiies ave the vesuit of the foliowing pro-

bless:  {1) dnsufficient fovenomic keys For varions diaoow genera; (7)

4

difficuliy in doveioping & diawsn ref collectlan fron pesenaent
slides; (27 insufFicient resoluiton of diatom witresiruciure; (4) differen-
ces in frustule size beceuse of growdth scooence; (5) cuality of sauipie pre-
paraticns; (6) condition and arienlution of specimen being identifies;

(7) uefenitiority with some species chayacterictios.

Pecause of these difficulties a three phase program was developed. Fivst,
random sampltes were setected from the first 1976 semples analyzed.  These
sariples were analyzed and rocounted by the original taxenomist or exchanged
with the other staff diatom taxonomist {Table 2}. Second, iwo consulting
taxonamists (Table 1) weve contrated to veanaivze project slides. Tt

was nol possible for consultanis to exanine specific individuals, since

the microscopes employed by project taronomists did not have etching capobil-
ities to designate these individualsy thorefore consultants vepeated the
specics proportional count on cach slide. Project and consultanis species
Tists and redative abundances vere conpared lo detornine the taxonomists on
a single slide {(Teble 5). Three replicate counts were made on this shide

to determine distyiybution pattorns on an individeal shide.

' The quality control program indicated several problems. Species indentifica-

tions wilhin the genera Cymbella, Pinnularia, Melosira, Navicula, Hitzschia

and Synedria were inconsistent between project and consultant taxenomists

(Table 2, 3, and 4) ° As a result all species ipdenbifications in these



G nCea were deopned s Aok i racepho ba sl S i e

grovped dn 197G dala bocotes Lhe Tl cs e, were Coliio (Taliie U,
A, cnd 4} ower Laxa wore distinguisied by progect Coavaramiols Tha oy
concil Lants; aduiitional Laxo idenliiicd wepe yavre (= 4 fyociules) in
most cases (ablo 3,4, and 5). BDominint specics were found by o1 tax
opists {Table ). Differences beiveen ail Laxonamists project and
copsuliant, wero minimnt ot lhe yenerio Toveld {Talle G) . deterogoneous
diatom disiributicons on the slides infTuenced species Tisis and retative
atpmdances recordod duving slide examinetion, as indiceied in lhe three
counts condncted by projoct tarosomisis (fabie 5). Domincnt taxa wore

consisiantly encouniered in every count, although the cnecies Tigts and

rolative ahundance vayioed.

Two specics names were changed bocauss the dictom nomenctsture vias NSRRI

Cucoennin placenivla wes cianged Lo O placeniula var. tipeafs and frigionm

Peattle o wAay . ol e lI:t‘.|\

elomaton was changed ta D)
AT pormanent periphyton slide mownts wine placed i the squatie binlogy
P .

reference collnction for fulure cumpaiison.  The Yocation of ihis colieziion

16 documanted §n anelney

IBVERTESRATES
Tdentification to the species level wes influenced by the sex, maturily,

and condition of the specimen, exient of tarenonic desoriplions in the Titer-
ature, and the need io rear imwature specinens te adult stages For positive

Tarval didentification.

Taxonomic consultints were conivoched to eyvmuine Tnvertebrate specimens and
verify or correct identifications. Consuliant scloction was based on aulher-
sliip of Lavonosic veferemoe melorial used by the orojoci, TawiTiarily wiil
the vegionat taxa, and recemmendations by Loxonomisty having experlise io
specific endonologicel areas (Table 1), As each additiona] tesnn was
fdentified 1L wae son® to the aupeopriole consulient Top egapiantion #od
verification. VYerified specimens were placed in a refrrence colleclion and

as record of Study Area taxd For future comparisons.



PFovir Trverteliva by sompdarn A D000 vy v il ol cavry alegon ab L e
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Tooameerdain vdoircit beation covern, Do deroanty D bl proveensly denfie

Filod two of the Touy wouptes s s ched wes cenptelad by having ach

Laxonemist re-cosrine goo ol therr pyevioas by Tdeniiisd Saoptes and one
07 ithe olhor fexenomist s sandes, This medbod o fowod eveluntion of

crrors by waclt Bagonomia s aud o boconsislanoies heiveor fawononnsts. The

vosulls of the ovigine]l snalysis and Che ouosi Ly conbvol cnocles were Ehen
sz ol erpors beosi ovidents (1) Fentification

o

compoared {Table 2}, Five

to o lover Ledonumic Tevel {eog genes to seeoies] dn the gualtiy control

chiock due vo apoator famthrerm by with The Teca | Laxe, two

oinoinic hovs, and
throunh conmunication with conaultants; () Diiferent Tovels of familiavity

wWith Lavonordc chavaciesiatics botveen toxonarnsts; (21 Histdentifications,

{4) Tdentificetion Lo the generic Teved rathor then species fovel dn the
quatity conirol check for tesa boviag poocly deiimed chovacierisiios, hased
LA

R D T R T R o - DL PRI E AP P
Oil consut Lon T roo ot L TTORE T g, {U} Coiney 20 Talmrh e e i ens e Ly

than apecies piors syoc g wove daiis vt tiat analysis. Gadssiong

et Ly rermav iy spediieens

OF Loxo in Lhe guzidiy coatest Hials

inttial anatysis,

The errors were discussea and the follcwing nethads developed o civoum-

vent foture prebloms: (1) sending ditficuit specimens o consulLont
taxonomisis for identification; and, {2) modifying the Yevel of identification
to reduce crrovs detected by the consultants. Baestis having poorly defived
characteristics were grouped as vreconmended by MeCatffervty (personal commnica-

tion, 197 } for species boelonging to the Suelis [Tavistierios group spp. Pe-
5 I M i - B I !

cause of eriors and the time requived to tdentiiy Coleonters, especially
small specinens, this order wis ddoniificd to species end Lo Hydrophibidae

(Mydrochus and Helophwrns ) were ddentitied Lo genus.  DifFicult Stenor

species wore alt cont Lo Lewis for veritication.

The dwpacl of Lhese ervrors was wintaized by corvechbing missidentiliaoslions as

determined by concunliants and placing nuesticnible idontivications ot 2
taxonomic lTevel where we were confident. Most errors cccurred ol Uhe species
Tevel and will have Tittle tinpact on Lhe analysis, which will be conducted

alt a functional group level basced on generic and family Tevel ddeniifications.
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sending pew cpecimens oo comsnlients for veriDication,

Fish speoivs vol posibively ddeniif the fiedd o Jaboralory wers

sent oro vl JL O Uadoyld T (Biive st

of Winneantz) for ddeniiticaticn.

Thest taxa were prinariiy soa I mionas (Cyprinidac) S
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specimens were placed in the cgualic biology reference colleciton (Talio
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Aooddneavis var. cerda -
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Ao Tinearis var.

'Jntnplaia . i
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T i le 1

oniicula eiegans ]

Diatoirs: fenuge var, elonnabum

Eupotia curvaia

gl

.oclegons v

1
-
L. oexigua

E. dloxuosa

Fragilaria brovistriala : 1

Fooconsiruens 4

Fooconsbrueons var., puinita . i

Footonsiruens var. vents

Foocrotoneualis, _ ?

Cauran 1

. o pimnata _ }
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[4en)

vaucheria

Gemphonema acuminatum 2
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Aoomicyrounpala

Lnomoconeis gep
Av vitros
Cyotololts op.
Cyrhelia Tanann

C. miruta

Cymbelte noviculifomis
Co Gl lds wpr

Eunoiia curvata
E. ficxuoss

E. naegelli
Eooexigua

E. incisg

L. peotinalis vas. wipor

L. fenells
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Fooconsbroons var. 1 (e f. sub-
salina)

[ooconstirueny

F. pinnata

F. voucheriae

fi

iy

0

B

(i

L0



Foocunsiruens vay.

VOt o

Gomplionena angus b Lum

O. on

G.ogrunowii

-

G, parvuTun

S granutate
Fiooaronutata var.
Fioloasiva sy,

N. cryptocephala
H. exlgua

M. gysingensis

N.ominima

K. puputa

N taniula
M. sp.
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