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I\pri 1 ??, 1977

STUDYDUCTION AND SCOPE1. I-----------------------------------------------

1.1. Introduction

Ecological cOIHTlun·jties are dynamic systems "/hich ate in a continual

state of flux. The distribution and abundance of component species

varies in response to complex changes in their environment. These

fluctuations in community structure may be brought about by natural

environmental changes such as those caused by ·seasonal and annual

variation in climate, or may be lTJan~induced such as changes resulting

from the construction and operation of a mine.

Copper~nickel mining and associated development in northeastern

1\1innesota could have a major impact on the region's aquatic ecosystems.

As a result of this potential for environmental impact, a regional

environmental impact study and monitoring system was instituted for

the purpose of:

1) characterizing the environmental conditions in the study area;

2) ptedicting the potential regional impacts of copper-nickel
mining and associated developments upon the ptesent environlnental
cond-jtions;

3) collecting baseline data for future assessment of regional
environlllcntal changes induced by copper-nickel mining and assoc"jated
development.

The aquatic biology study had the responsib-jlity for collecting infor-

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

biology monitoring system and survey was implemented to provide data for



the rC:'~rional characterizat;ion J ~ill!pact prccl"iction, and cst.abl'ishlncnt of

ct bc\se"l-j ne for future a.sseSSlnen of "jmpac on aquatic ccosys

Regional ecosystems will be described by combining aquatic biological

data vrith \'Jater qual"ity and fisheries data to provide the follovring

i nf 0 nna t ion:

1) describe interrelationships within the regional aquatic ecosystems;

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

J) "identify impacted regional a.quatic ecosystems;

4-) identify aquatic ecosystems \\'h"ich should not be subjected to any
distutbances;

5) determine relative assimilative capacities of aquatic ecosystems.

1. 1.2. Irnpa ct Ana~ys'i~

Based on information provided by the mining techno"logy group) a list

bf potential effluents, land uses, and population changes will be

developed. Applying bioassay data and information from the literdture

to the reg iona1 aqua t "j c bi 0 logy character i za t ion) de t er- minat -i on s can

be made on the relative effect of potential efflvents, land uses, and

popu'lation changes to aquatic ecosystems. By using the ecosystem

approach, impacts upon one portion of the biota can be shown to directly

or indirectly affect other portions of the biota.
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\Ie es t oj rna o 0 f tile i 111pac t 0 f copper -_. rd c mining or

associated development can be expected ause 0 f co111 p'I e >~ i 1'1 t era c t ion s

\'rithin aquatic ecosystems. Determ-jnation of impacts to the rcsrion's

aquatic ecosystc~IllS vri-I'j be based upon the professional judgement of the

aquatic biology staff and staff advisors, and their knowledge of the

systems involved.

1. 1.3. Basel i ne 1\lon 'i tor~

. The 010 nit0 r i n9 sYs t eIII pro vides the bas i s for ass es sin 9 the actuCl 1

regional impacts of coppcr-rrickel rnirdng and its associated developrnents

in the future. Because aquatic organisms integrate the total environment,

aqu~tic biological monitoring is important in determining the regional

impacts on \'later qua'iity and in providing data for developing mode'ls of

interrelationships vlithin aquatic ecosystems. The regional mon-itoring

progy'am does not rep 1ace site speci fi c mon i tor'i ng, but prov'j des the

capability to assess cumulative impacts of development Hithin vlatersheds

and serves as a model for future site specific studies.

The study provides qua ntitat:i ve and qua"' ita t 'j ve bas e1-j ne cl at a anthe

aquatic ecosystems within the potential copper-nickel development region.

Because of the region's s'jze, much of the samplin~J is qual'itative. At

key points, monitoring of a quantitative nature is undertaken along with

the qual-itative survey \'lork. The rClilainder of this manual describes the
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sepurate ma nua. 'I •

The lake sampli pro 9r' Jrn -j s dC's r' i bC'din a

Per"iphyton \attached a"19ae) are esserrtially the only pr"irnary producers

in strea.ms~ and are of pr-ime importa.nce to stream ecosystems. Periphyton

can be sampled to provide a measure of pril~1Jry production (ch-!orophyll ~),

and to determine the community composition in a 9iven stream. Because

periphyton grow attached to the substrate, they can provide a valuable

bio"logical monitor to detect subt"le changes -in \'wter quality.

Macrophytes were assigned a low sampling priority in tIle stream studies

becallse they are of -1'1m-ited ecologica-' importance in these streams.

Their regional distribution -is lil1rit.ed~ they aloe diff-jcult to sample

quantitatively, and they lack prime importance in stream food chains.

For this study, the macrophytes' most impoiNtant funct-ion is as heavy

metals monitors because they concentrate metals in their tissues.

1.2.3. Benthic Invertebrates

Benthic invertebrates play an important role in the transfer of energy

from primary producers (per-iphyton) and allochtonous materials to fish.

Therefore, the benthic community is sampled to facilitate detection of

biolog"ical changes \'/hich might ind-icate changinSJ environmental conJitions.
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1.2.4. Heavy Metals_·__·_h. . ~ _

Increases in hea vy Il.leta 1s .concent fa. t'j OilS ins treallls may be ref'] ected in

the t'issue of aquatic or9anislns. Analys'is for heavy meta'ls -in per'lphyton~

rna cr 0 phy t.es, and i nve r t ebra t e tis sue S IIIay be v<11 uab1e i n de v c-: -lop i n9

models of heavy metals movement through the ecosystem and in selecting

organisms to serve as IYlolog'ical mordtors of long term changes in heavy

metals concentrations.

1.3. Time Schedule Chart

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

2. STUDY AREA AND SAMPLING STATIONS

2.1. ~tL~cj1 Area
j

The study area encompassed approximately 700 square miles. Ely was

on the nor the r ned9e 0 f the are a. wh i 1e Au r 0 r a and Hoyt La kes VIere situated

on the southern edge. Sampling was designed to monitor the region's

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

nickel rnining, areas affected by related development, and unaffected areaSe

Sampling stations \'!ere selected to closely coincide with the water

. quality sampling stations, thus facilitating correlation of physical

and b-iological data. Exact locat-ions VJere determined dur-ing on-site

inspections. An attempt \'las made to locate sample sites -in riffle
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areas upr~~~om from any "j d~Je or dam s true res; a1though SOiTlet imes t1-d s

VIas not possib1e. Samr1 -j n9 st Cl t ion "I 0 CClt-i (1 ns 11ncl dcs"j 9nCl t -j 0 ns are 1-j sted

in Table 5-2. Justificat~on for each station is listed in Table 5-3.

Primary, seco,ndarY7 and tertiary stat"ion designations \'Ierc~ assigned to

indicate sampling priority (see Table 5-3). Primary sites monitored over-'

all conditions of major watersheds. There were four quantitative and

qua1ita t i ve samp1i ng per i 0 dsat pr -j mary s oj t es (Ta b1e S-4) . Prio r i t Y \'1as

assigned to the analysis of the first and third sets of samples. Semi-

annual qualitat-ive surveys v/ere made at the tertiary sites. Although

t er t i ary sites havet IIe po Ss -j bi 1-j t Y 0 f i rn pactat a 1ate r date, they

were"considered less important in the overall region. Other qualitative

samp1es \\'ere co-I 1ected insma-I 1 t t i buta r i es as time pennitted.

2.2.1. Reg-ional H02~

A regional map showing locations of sampling sites appears in Appendix S-l~

3. t,'ETHODOLOGY

3.1. Techniques

3.1.1. Justifica.tion of Techniques

There is no standard quantitative method for sampling aquatic ecosystems;

therefore, artificial substrate samplers h'ere selected as the primary

quantitative method for periphyton and benthic invertebrate collection.

The se samp1er S \'1ere des i gned to s tan dardi ze and s -j rn p1i f y qua ntitat i ve

field sampling, and used because traditional quantitlltive devices are
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susceptible to human bias 'and cannot be used under, al'j co itions,.

Artificial substrates equal'lze sumpl ing effort at al'l s t'ions 'and

reduce the variubility within quantitative data unde~ most conditions~

The ma j 0r dr' a\\'backin us i ngart i fie i a1 subst rates -j s the i r' se 'I ect i ve

nature. No matter what type of substrate is used, colonizati~n by all
.4>

organisms found in a given ecosystem will not occur. However) even

natural s~bst~ates are selective~ and unless a quantitative bottom

sample can be collected from each natural substra type, bottom

samples would not produce a more reliable estimate of the natural

community structure.

Artificial substrates, \'lhich mayor may not mimic the natural substrates s

are co1on i zed by aqua t -j c organ; SITlS • These co1on -j z'i ng orgard sms are
r

subjected to all the fluctuations in chemical and most physical parameters.

Because the sampling effort at each station is similar, changes in water

quality~ as related to the biotas may be observed. Beak et al. (1973)

reviewed the uses of artificial substrates for biological monitoring.

Various types of artificial substrate samplers have been developed for

sampling benthic invertebrates. These substrates include concrete slabs

(l'10on, 1935)) ha rdvlare cloth brus h boxes (Y:ene ancl Hi ck1i ff, 19/0),

multiple plate samplers (Hester and Dendy, 1962; Fallner, 1971L and rock

filled baskets (Henson, 1965). Artificial substrates for collecting

periphyton generally consist of glass or plexiglass plates~ although

there have been experiments with styrofoam and polyethylene strips. A
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variety of methods have been proposed for suspendirlg these substrate

n~terials in lakes and streams. The literature on artificial substrate

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

Drifting benthic invertebrates were collected also. Predation and

population estimates (Elliot, 1970), and secondary production (Waters,

1962) may b~ derived from drift data. Although heavily studied

(see Waters, 1972 for literature review), drift has rarely been used

in biological monitoring. Because invertebrate drift originates from

various upstream habitats, a wide variety of organisms are captured;

thus giving drift promise as a valuable monitoring tool in the future.

Biologists may use these data for faunal surveys or as an addtional

monitoring method for detecting biological changes (Larimore, 1974;

\'!allace i.and Hynes, 1975). A complete revievJ of drift methods a.nd

their applications was done by Elliot (1970).

We carried .out qualitative sampling to: develop complete species lists;

survey areas that time constraints prevent sampling quantitatively; and'

sample those species not collected in quantitative samples due to the

. se1ect i vi ty of art i fie i a1 subst ratesand dr i f t nets . \~ebe r (1973) full y

outlines the rationale and methods for qualitative sampling.

3.1.2. Procedures

General field and laboratory procedures are outlined in Appendix 5-2.

An outline of sampling techniques and analyses used in the aquatic

'.,
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bi 01 09Y me : - J r 'i ng sy s ten)' fa 1'I 0 VIs . De t ai 'I S 0 f Pr'o CCdures are f 0 undin

uppendixes.

3.1.2.1. £eri2hyto~

Artificial substrates consisting of glass slides were used to quanti­

tatively sample periphyton (Weber, 1973; American Public Health ~

Association, 1975). Three racks which hold four slides \!Jere suspended

approximately 30 em belo~ the water surface for a three-week colonization

'period. In addition, a qualitative survey of the naturally occurring

periphyton was carried out. All natural substrates were observed and

any growth collected. Sampling frequencies are indicated in Table 5-4.

Complete field and laboratory procedures are outlined in Appendix 5-3.

Macrophytes were qu~litatively sampled in the streams during the peak

growth period'which normally occurs in August. Macrophytes wer~

collected for identification and for heavy metals tissue analysis at

selected stations (see Section 3.1.2.4.). Samples were collected by

pulling macrophytes from the bottom substrate and placing them in

plastic bags. Whole plants were collected including flowers and seed

pods; and roots, rhizones, or tubers if present. In addition, in an

effort to collect both co~non and rare species, ~11 habitat types were

sampled. No semi-aquatic plants were collected dur-ing th-is survey.
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~1odifiecl llester-· samp'!crs ( ~ 1973) were the artificial

substrate samplers emp'loycd for bentld invertebrates collect'ion. Unlike

most other of a ificial substrates, these samplers provide a

knovm area of co·loniza-Uon. Samp'ling \'rlth Hester-Dendy samplers is'

easy because of collection and processing simplicity. Three samplers

were suspended in the streams at approximately mid··depth for a six-vleek

colonization per'lod (\'/cber, 1973)" In caSE~S of 10v\ \'1ater, samplers

were placed on the s bottom. Three replicate samplers were placed

at (=ach prima

in Table S

and secondary s'ite as reported -in the sample schedule

A stan rd 0 s'/eve vias employed to separate benthic
,/

( 'in'vertebrates from fin(::-~ debris in a1'l samp'le co'llections.

Drift'nets with an upstream opening of'O.025 m2, length of 2.4 m, and

440 ~m mesh were placed in the streams for 24 hours, beginning during

daylight hours. Because maximum drift occurs between sunset and sun-

rise~ and is extremely low during the day, the exact starting time was

not critical. Sampling follow6d the same 'schedule as the Hester-Dendy

sampling outlined in Table 5-5"

Because Hester-Dendy silmplers and drift nets are selective in their

sampling, qualitative invertebrate samples were collected to compile

a species l-ist of the entire natural community~ Sampling consisted of
\

examining, for t\'IO rncH)-holll"S, a'll the various stream habitat types

such as pools and riffles, various size rocks, logs, and silt. Quali-
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tat i ve s arnp1-j n9 f 0 1"I 0 \'1'e cI the sch I() e 1-i s

field collection and "laboratory Incthods for bcntJric invertebrate

samples are included in Appendix S 4.

Periphyton, macrophytes, and invertebrates were collected for heavy

metals analysis in conjunction with the qualitative surVey work. These

sarnp'les v/ere collected -in August at the pr-imary stat-ions and secondar"'Y

stations KC-l, BB~l, F-l, and BI~l. f\t the laboratory, samples were

split \\lith the first port-ion remaining at the fie'le! stat'ion for identi-

f"j ca t i on and the rema i nder shipped for ana l)ls is. l"1acroph)ftes and peri--

phyton \.,rere shipped in viater from the sampling sti'}tion, whfle inverte--

brates were frozen. Complete procedures for collection and processing
','

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

3.1.2.5. Permanent Archive

A ref~rence collection of the aquatic invertebrates and aquatic'

macrophytes found in the study region has been made. This c611ection

contains representative individuals of each species found. Inverte-

brates were preserved in 70 percent ethanol, except for chironomids

which were mounted on slides us-ing Cly1CP-IO Illountin~j rnedia. In addition

to the refer'ence collect-ion, each sample VIas preseY'ved 'in 70 percent

ethanol for possible inclusion "in the ardl"ives. Hyrax diat.om mounts

and CMep-IO mounts made directly on periphyton slides may also
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be included in the archives.

Por't-ions of ' samples analyz,ed for heavy metals "'tere preserved for future

reference. Macrophyte and periphyton samples were dried, ground, and

stored in Teflon Vials. Invertebrate samples were freeze-dried and

stored in v'jals.

Information and data from the water quality and fisheries studiei were

necessary to ana.lyze aquatic biology data for the ,regional characteri

.zation. Water quality data were obtained through the Operations and

Data Coord-ination staff. Fisheries data 'rlere obtained directly from

the. Fi sh Study Proj ect group. Data from "' eachi ng and b-j oassay programs

v/ere ne~ded for -j mpact 'anal ys is 5 and a1so obta i ned th rough the Opera t -Ions

and Data Coordination staff.

/

3.2. Sampling Frequency

Ito

Sampling frequencie~ are given in Table 5-4. For secondary samples,

co11ection occurs at the same frequencY as primary samples. However,

the even set of secondary samp"les (second, fourth, etc.) will not be

analyzed unless time and budget permit.

3.3. [9 ui prnen t

An equipment list is given in Appendix S-6. Drawings of the Hcster­

D~ndy sampler, periphyton sampler)'and anchor for samplers appear in

Figure S-l ..
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3.4. Control Provisions

3.4.1. General_.__._---

All aquatic biology personnel underwent a field training program before

regular sampling began. This program was used to demonstrate the collection

techniques employed in the aquat.-lc biology samp'1ing program. All personnel

had a \-/orking kno\yl edge of all procedures even though they 'dere not d-irectly

invo'lved with each phase of the project.

Personnel were required to follow procedures outlined in this

operations manual. Because the aquatic biology study was expected to evolve,'

I

field personnel were encouraged develop new techniques, procedures, and

parameters to be sampled. These ne\"1 techn-iques Y,'ere appr'oved by the head

of the aquatic biology program before implementation. Under' unusual field

'conditions, senior personnel vere expected to take appropriate action. All

changes in sampling routines were recorded in the field notebook. Compliance

chec ks vii th f-j e1d and "I abora tory procedures \'Jere made by the proj ect head to

ensure that samp"l-ing VIas carried out efficiently and accurately.

To ensure sampl~ integrity, samples were recorded as they were collected.

Additional checks were made at the time samples were ~aced into storage

and analyzed. Data sheets were developed for following the movement of

samples from stream to data within the final document.

To ensure taxonomic quality, selected per"iphyton a.nd invertebrate samples

were sent to consul t i ng taxonom-j sts for- ana lys is. Further veri fi co. t'j on of

refel'ence spec; e5 \'/aS carri ed out by experts in the vari GUS taxonorni c areas.
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For i nve r t cbra t e saInp ~I es, the secxper t S Vi ere; P. f\ . Levi -j s) USE P!\, Cinc inn at i ,

Ohio (Stenonema and Stenacron)' \tI. IVicCafferty, Purdue University

(Ephemeroptera); Unzicker, Illinois Nationa.'j History Survey (Trichoptera);

W. Hilsenhoff, University of Wisconsin dison (Plecoptera); E.F. Cook,

University of Minnesota (Diptera, Odonata, and Hemiptera); R.W. Gundersen,

St. Cloud State University (Coleoptera); and William Beck, Florida A and

MUniversity (Chironomidae). Selected periphyton slides were sent to

Dr. Charles Reimer, Philadelphia Academy of Natural Sciences. In addition,

some periphyton samples were exchanged between project taxonomists, and

slides reanalyzed to detect errors.

3.4.2. Calibration, Maintenance, and Testing of Equipment

Equipment manuals are found in the Hennepin Square and Kawishiwi Field

. Lab offi,ces. These manuals give procedures for operation, ma'jntenance,

and calibration of equipment.

4. RECORD KEEPING AND DATA TRANSMISSION

No specific data notebook was kept. Instead, numbered sheets were used

and bound in a notebook upon completion of the monitoring program. A

spiral-bound notebook was kept for following the movement of samples

from stream to laboratory to analys·is to final report. Pencil was used

to make all recordings in the fi~ld. Abbreviations are explained in

Appendix 5-7. Sample data sheets also appear in Appendix 5-7. Aquatic

biology data were transmitted to the Operations and Dat~ Coordination

staff on a monthly basis.
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5.1. Numerical Ana is

The fol1ovling numerical measures may be used for analys"is for both

periphyton and benthic invertebrate data:

1) species list--identification to the lowest possible taxonomic level

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

3) relative abundances

4) diversity index d:::: - L:(Ni/N) log N-i/N (from Hilhm and Dorr'is, 1968)

5) redundancy; dmax - -cT
r -

dinax - dmin

6) coeffh::; ents of similarity

(from \Ililhm and Dorris) 1968)

a),"c - 2 (EPj) (from Burlington" 1962)
- l:Pi+ L:Pj ~ .

where:

P (prominence value) = density x frequency ~t all stations

rP1 = sum of lower of two P values the two stations have in common

EPi - sum of P values at ith station

rPj = sum of P values at jth station

b) B k min (Xia,Xib)
= l/k L max (Xia" Xi100i::::l ~ IUj

(from Pinkham, 1976)

"'here:

k = number of comparisons betwoen two stations

Xia)Xib = number of individuals in the ith taxon at stations a and b
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c)
(',

p .
CC -- FTFf (frolll noback et al ~19(9)

\vl1e re :

P - number of matches

r~ :::: numb er 0 f t (l x0 n pre sen tat 0 nestat ion ancl absen tat an 0 ther

7) Chlorophyll ~ (ug/m2)

Depending on the magrdtude of the va.riability in the pararneters listed

aboye, statistical and graphical interpretation methods may be'employed

to characterize the streams.

,5.2. Pr~qress and Final Report~

Quar'terly reports \'/2re wri tten about the aquat:i c bi 01 ogy study f s s ta tus.

In addition, monthly reports of data\'l2re provided when available.

6. STUDY STAFF

Resumes of the aquatic biology staff are in Appendix 5-8.

7. ASSOCIATED PERSONNEL

Dt. Thomas vJaters of the University of t1innesota~ Department of Entomology,

Fish, and ~~ i 1d1i f e VIas the 0 n1y advis0 r tothest Y' ea111 aqua tic bi 0 109.1

program for the 1976 field program.
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Table 5-1.

Date

Tf? ntat 'j' ve hC? du1e far Aqua tic Bi 01 09Y Stu ely
(1\5 0 f Ap (' i "1 1977)

-. I terns

April and ,May 1976

"jay 17 ~ 1976

October 1, 1976

December 1, 1976

December 15, 1976

lJanuary 17, 1977

Februqry 1977

April 1, 1977

f1ay 1, 1977

f,1ay 15, 1977

October 1, 1977

November 1, 1977

April 1, 1978

-complete monitoring program design
,-h'ire staff

-start fieldmonitaring program

-all heavy metal i~entifications complete
-1976 fic<ld "lork essentially cOlTlplete
-·taxonomic analysis of qualitative sampll?s

-qualitative samples finished
- beg; n pre -I hrd na 1"y report on qua 1ita t i ve da ta

- pre l-j llri nary report camp1eted
-literature search completed
-quantitative analysis begins

·-Janua ry \'IOrl-:S hop
-begin developing plans for 1977 monitoring
. program

-winter field monitoring

-complete quantitative analysis
-begin final draft of overall report and data

interpretation for 1976 sampling

-complete report on overall 1976 monitoring
program

-complete plans for 1977 monitoring program

-beqin'1977 field sampling
-continue taxonomic analysis work

-complete field work
-aquatic bioloqy staff moves to Minneapolis
-qualitative and quantitative analysis work

continues
-all literature review work completed

-data interpretation in progress
-all field samples analyzed

-staff reduction
-begin final preparation of aquatic biology

section of environmental impact study and
monitorin9 reports
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Date

L Ten
(/\

Paqc 2 of 2
I'

t'i ve Sc cl u1e r !\q \1 at'j c 8 '10 '10 qJl S
of Jan 11 a ry 197/ ) . ( COil t d )

I t(:'n1

Ju'ly 1, 1978

December 1, 1978

January 1, 1979

draft environmental impact study report
comp'! eted

·~staff· reduction

·-f-j na 1 envi romTlenta 1 "in,pact study report
completed

-Regi6nal Copper-Nickel Study complete



Table S-2., Reg:Lcnal Biological l1onitoring Stations. Page 1 of 5

C'...~-:'~:' Jes:'g:;.at2d ~~.rst2:rs~H:;.d
'\..\'- _...,

... \':-",-.-C

:F~ll Laka

Sr~aga\C';'2.

[)

3

4

location

Outflow fron Fall Lake. 100 yards
upstrCJW or Newton Lake

Squaw Creek, north of Wi~ton~

between Cedar) Bass, and Fall
LaKQS

Outflo~1 frow Shagavla ~C.a1(·2..t. dO';Tr'.....~

streaw 100 yards from Highway 88
crossing

,T(j\>ms~iE.

63N

63N

63r1

P..st':9;2.

llW

11'w

12"-i

Se.ction

3

18

26

Ranl<

Fri~~v,

(a)

Secor.d3.2.-y

Station DesiQnaticn

K-l

5-1

K-2

Y-..c.\:..:i 5 :-::i.':~.i.l. 5 OLcflow fron Garden Lalz02. 1 at
i:ig'r1way 169

Outflor.,'" from i-J1.l.ite Iron Lake, s.t
Highway 16

Gaging station" K3.iTlshi'\-li Rlver

Casing statioD. South Kawlshiwi
E~vcr

South Ka'Hishiwi ~~ver, approxi­
TI8tely 200 yards inside Eoundary
Waters Canoe Area boundary

63N H';.;' 20 Tertiary K ?,J.-...,t

63N 11'(,] 32 Ter"cia1-J 7.-4

63N 9\-1 24 T2:rtiary K-6

62N 1m' 23 Tertiary K-7

62N lOW 6 Primar..f
....,. t\
2,-.c

(a) .A~d~ticnal station, no~ pare of regular mon1~oring program.



re~18 5-2. Regio~~l Biologicu: Monitoring Stations. (conto.) Pase 2 of-S

C\J-~~i rleBignaf:i~d

.:'-~:-:2

..:e.2.:: .l.;:; ..Lane

Is 2. OJ eJ~:a

::. .:-~s!::::. Cre.2k

3i-:c:-~ :"":':<e.

'watershed
Ii
jJ'

6

7

8

9

Lccation

Ga~ing st~tion at Highway 1
(dC~~lst~2a~ :rom bridge:)

Gaging station at inflow to Bald
Eagle: La.ke

Little Isahella River at East
To~a~awk Road~ USFS Road 424

}~uth af Filson Creek approxi­
mately one-eighth mile upst~aan

fro'X. confluence "'lith Kawishivli

"Birch 3.iV2:;: a, t High;.Jsy 21

Caging station inflow to white
Iron Lake, 150 yards do\mstream
from 3irch Lake dam

TO'i~71shiD

62N

6IN

61N

62N

61N

62N

'Ranq:e

12W

9\-1

9'1-7

11W

13W

llW

Section

23

6

29

24

27

19

Rank

Secondary

Tertiary

(a)

S'2:CQr~ca.ry

(a)

Secondary

Station ~esi~netion

BI-l

I-I

lIR-l

11-1

BR-l

K-5

~C:lr.. -?:. ::'2J. Cr e.e:<.

:'82.1c:l C":e~l--:.

9a Inflow to Sob Bay (Birch Lak(;;) 61N 12W 3q Secondary BB-l

9b tbuth of Keeley Craek (Birch Lake) .61N In1 17 Seco:lcary KC-I

scaticn e noc part of regular ~onitoring progra~.



T3.bl~ S-~2. ?~egional Biological }!onitoring Stations. (contd.) Page 3 of 5

C~-~~i D'2.sig-nat;ed \'Jat.ersned
~::22 0 Loca cion Township Range Section Rank Station Desiqnation

l):..:.::-... i("....Q. 10 Gaging station adjacent to
High-"Toy 112

Upstream; same as }~~\X upstream
site

60N

60~1

12'1<7

12W

~ 9

27

Prit.1ary

Tertiary

D-l

D-2

~

S:0:1)1 11 Adjacent to Roaring Stony Resort

Gaging station at USPS Road 424

Loc~tcd 0.8 miles ups~Tea~ fro~

Highway 1 crossing

At USPS Road 106

Outflow from Greenwood Lake,
about one ~ile dOW7.strcam

Between Stations SR-3 and SR-4 p

close to Lake County Road 2

61N 11';.] 30

60N lUI 8

60N lOW 28

60N 9iv 31

59N lOW 21

60N lOW

Primary

Tertiary

Secondary

Tertiary

Tertiary

(a)

SR-l

SR-2

S'R-3

SR-4

SR-S

SR-6

s '': Lo~...:.is 13 Gaging station at Highway 100

At USPS Road 133

I~~eciately upstream from Reserve
P~ilroad Crossing

58N

58N

S8N

15W

13i>1

12W

21

30

22

Primary

Te.rti.ary

Se.condary

SL-1

SL-2

51.-3

f~ditional station) ~ot part of regular monitoring program.



7able S-2. ~egional 31010g1ca1 Monitoring Stations. (contd. ) Page 4 of 5

D:2si'~~~a:e.d );"!2.::€:'t's·he.d
\~~e - Q Location 'I'm,rns'hl2 Range Section Re.nk Station Dcsiznstion

zf:.:rtri,:'ge. 14 Gaging station at County Road 110
(dc~~strcaw from bridge)

Coun:y Road 110, on~ ~i12 NE or
Hoyt La~Es (u?~trean froQ bridge,
ups crean of Colby LaKe)

58N

5:31~

141.j

14'W

13

9

?ric.ary

sz:c ol~da r.,l

P-1

P-2

Colvin Creek at USFS Road 420

South Branch of Partridge River
at USPS Road 113

Do~';rr1S t:rc;.~n1 from Erie H..ailro2.d
crossing

First and Second creeks north
of confluence vrith ?ar~ridge

River

5Bl\I 13H 9

59N 13~1 '11::
'"'~

.59::i 12'\<1 6

58N 15W 12

~Iertisry

Tertiary

Secor~cary

(a)

P-3

P-lt

P-5

}'&S-l

E=.~)2:-r3.SS 15

1<!jlTI:.an Creek, north of Hoyt: Lakes
at County Road 110

Upstr2nm from ~m~arrass Bridge

A~ Highway 104 crossing

S8N

60N

SON

lL}W

ISW

13W

4

25

IS

(a)

Primary

T-ert:1a~.cy

lJ-2.

E-l

:::-2

(a) Acciticnal station» not part of regular monitoring program.



Table S-2. Regional Biological Monitoring Stations. (contd.)

Station R2nk n

Page 5 of 5

P::i:::2.r)~

Sc:cG~c~ry

:erc:.z:.ry
Ad;:;ir:Lmal
r:I:c:al

7
10
13

6
36

~

Note: }~l pricary and secondary sites are in riffle areas unless othep#ise specified.
~ Tertiary sites include all habitat types.

,;,

::-'
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Table S-3. Se"lection' of U-iolog'ical flJordtorinS] Stat-Ions.

Page 1 of 3

Hater-shed--

Fa 11 La ke

Shaga\va

Kawishiwi

Kawi 5 hiv~i

Ka\'lishiwi

Ka\,ti s hi wi

Kavli s hi Vii

Bear Island

Isabella

Filson Creek

Birch Lake

Unnamed Creek

Kee1ey Creek

Station

K-l

K--2

K-3

K-4

K-6

K-7

K-8

B1-1

I-I

F-l

K-5

88-1

KC-l

Rank

Primary

Secondary

Tert-j ary

Tertiary

Tey,tiary

Terti a ry

Primary

Secondary

Tertiary

Secondary

Secondary

Secondary

Seconda ry

Jus t 'i f -j cat ion

Overal', bio'!oqica'j cond-it.-ions;
inflow to BWCA; cumulative effect
of a'"1 deve -I oprnent north of
Laurentian Divide.

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

Summation of North and South
KavI ish i wi <

Background ;nfotlnat-ion; summation
of "Bear Island and South
Kawishiwi rivers.

Background information in control
area.

Background informat'ion; potent·jal
effect from INCa site.

Upstream control station;
moni tors outf'low from mICA.

Overall biological conditions of
drainage basin v~ith "lovI potent"ial
impact.

Background information in control
area.

Potential site of INCa open pit,
drainage of INCO site into South
Ka \'J ish 'i \tJ i .

Summation of South Kavlishi\'li;
downstream of proposed mining and
Birch Lake outflovl (potential and
present development)..

Only kno\'1Il s'jqnificant heavy
metals input w-ithin study area.

Potential runoff from INCa
ta i 1-j n9 ba sin.
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Table S 3. Selection of Bioloqical
" '

~lC of]

lrl r '] n~l S i>1 0 II S • ( con .)

Hater-shed

Dunka

Dunka

Stony

Stony

Stony

St.ony

Stony

St. Lou'; s

St. Louis

St" Louis

Partridge

Partridge

Partr'iclge

Partridge

Station

D~'l

0··2

SR-l '

SR-2

SR-3

SR-4

SR-5

SL-l

SL-2

SL-3

P-l

P-2

P-3

P-4

Rank

Pr'i rna ry

Tert'j ary

Primary

Tertiary

Secondary

Ter'ti ar'y

Tertiary

Prirnary

Tertiary

Secondary

Primary

Secondary

Tertiary

Tertiary

tJ us t 'i fie at'j 0 n

Overall conditions of drainaqe
basin; downstream of present"and
potentia"l min'ing.

Backqround information on upstr'oarn
area of Dunka River and check on
A~V\X man'! tor-j n9.

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

Background information.

Upstream area of watershed below
confluence of Stony and Greenwood
riverso

Background information.

Bac kgi"ound i nforma ti on 0

Describes b<iolosricdl cond'itions in
the Partridge and St. Louis systems,
and the interaction between those
systems.

Background information.

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

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

Potential mining development
upstream; also upstream monitoring
s ta t ion fo r fl,uror-u and Hoyt La kes ~

Backqround inforrnat-ion in area of
potential tailing basin.

Background ;nformat'lon "in area. of
potential tailin~ basin.
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Table 5-3. Selectiori.of Bioloqical

3 of 3

i tor'j n9 Sta t-! OilS. (contd" )

Partr'j dge

Embarrass

Embarrass

Stati

E-1

E-2

Rank

Second

Pri rna ry

Tertiary

Jus t -if -j cat. ion

Upstream monitoring station for
Partr'j c1Cle v/atershecl.

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

Background information in upstream
area of watershed.



Table 5-Lj. Frequency of Sampling: Periphyton, Benthic Invertebrates, and Macrophyteso

RJl.J\iK
Primary Secondary Tertiary
No. Interval Noo Interval No. Interval

6 3 \<leeks 6 3 weeks 0
1 -- 0 --- 0

L~ 6 'tveeks 4 6 r,Jeeks 2 12 weeks
1 --- 0 --- 0

3 6 't-,'ree:zs 3 6 weeks 0
1 --- 0 --- 0

4 6 weeks 3 6 weeks 0
1 --- 0 --- 0

3 6 ~.Jeeks 2 12 ""reeks 2 12 \-leeks
1 --- 0 --- 0

1 --- I --- 1
0 --- 0 --- 0

1 --- 0 --- 0
0 --- 0 --- 0

ton (glass slides)

s'J.IT::1T,er-Iall

v.;r:'nter-spring

\.<linter-spring

\~Tin ter-spring

surr~-ner-fall

St.1IT""]e.r-rall

invertebrates
sUTTIrr:.er-fall

,:·;inter-spring

",rinter-spring

i;·;rin ter-s pring

Benthie:invertebrates (qualitative)
SUL':::::.er-fall

Hea\')! netals
sm:roer-fall
'<linter-spring

Benthic invertebrates (Hester/Dendy)
sur;-..:::-,er-fall

Tvne of Collection



Tab·le S·~~5? Fie'ld ling Schedule foY' uet ~ic B'io'lo ··S
''Ion'ito n~J (Sulmnc "1'11976).

j,,<

Heek #-----' hedule

1. and 2

3

1) Install samplers at stations.
2) Col'lect drift samp"les at primary sta·tcions.

Begin quali tive sampling at all stations.

4 and 5
~l
3)
4)

Collect pe phyton from glass slides.
Insta"·1 ne\'/ ~flass 51"ide 5cHlIp·lers.
Do ch"I 0 tophy 11 ana'I y sis .
Continue qualita ve sampling.

6 No sampling scheduled.

7 and 8

9

10 and' 11

1)
2)
3)
LL)

5)

1)

2)

1)
2)
3)

Pick up He~ter/Dendy samplers.
Collect periphyton from glass slides.
Install new Hester/Dendy and glass slide samplers.
Collect drift samples at prirnary and secondary

stat"; ons.
Do chlor0 phy'l 'I ~ ana1y sis.

Collect qualitative samples at primary and secon­
dary sites.

Begi'n rnacrophyte survey.

Collect periphyton from glass slides.
Do ch'l orophyll a ana lys is.
Continue qualifat'ive sampl'ing at primary sites.

12 Complete macrophyte survey-

13 and 14,

15

16 and 17

1)
2)
3)
4)

5)

1)
2)

1)

~l
4)

Pick up Hester/Dendy samplers
Collect periphyton from glass slides.
Install new Hester/Dendy and glass slide samplers.
Collect dr-ift samples at primary and secondary

stations.
Do chlorophyll ~ analysis.

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

Collect periphyton from glass slides.
Install new glass slide samplers.
Do chlorophyll a analysis.
Cont"j nue qua1i tat i ve sarnp 1i ng_

18 No sampling scheduled.

19 and 20
~l
3)

Pick up Hester/Dendy samplers.
Collect periphyton from glass slides.
Collect drift samples at primary and secondary sites.
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Primary Secondary rUary La s

1/4" .~ 1 Mile
Sourco; Superior National Foreat Map

Forest SBrvlce • US 0 j~

Duluth, MInn. 1972
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[Q] Prirnary [2] Secondary r ti 3 ry L kes

1/4" : 1 r\~ i Ie

Miles

Source: Superior N aUo081 Fore 15\ Map

Forest Service • US D A
Duluth, Minn. 1972.

I



Append-j )( ~~. GENFRf\L FILLD l\NU U\P,ORATO!~Y PfWCFDlJPIS

PREPA ON FOf< FI
'~--"-~----

1) Check eq u'j pment neces ~;'a Y'y fa r scheclu 1ed samp "I i n~l.

2) Label all sample bottles and conta.iners before leavinq tllE~ labotatory.

Labels should include collee-'eion date sarnp'le stat-ion~ type of sample,

and replicate designation.

3) Pre~are equipment for sample processing upon return from field.

FIELD SAMPLE COLLECTION

1) Approaching from downstream remove artificial substra samplers or

drift nets, carefully note their condition, and log them into the field

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

2) Follo\'1 prescr'ibed methods for handling each type of sampling gear"

3) If applicable, attach new samplers to anchoring device.

4) Make the following field observations and measurements:

a) water temperature
b) air temperature
c) stream conditions (e.g., turbid, clear, high, 10vl)
d) weather' conditions (e.g., cloudy, rain, v/indy)
e) stream ve10city (measured with Gur"ley current meter or equivalent).

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

6) If collecting qualitative samples, carefully note the collection time

and exact collect-ion location. Also note the various types of hairitat

samples and ho\'l sampledo



I\ppcnd -i x . ? '2 Paf.le i·

LAGORATORV pOOCE
-----------~

1) L09 in all sampl lUI labels should be checkt~d.

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

designated areas,

3) When working on sanlples, sign them out of storage and keep them labeled

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

4) When the sample has been completely analyzed, ch~ck it off the master

list and see that all vials, slides, and data sheets relating to the

sample have been correctly labeled.



Appendix S TI!O f'E!( IJH'y'rON
I'

FIELD PROCEDURES--._....- _.~-~_.__ ..__.---"--

Sal1lo1er In~;tallation_J~ . ~ ~__

1) Sus pen d t hi~e e s1i cleracks con t ai n 'j n9 fa ur s 1ide s (2S x 75 mll) each )

at each sample site (primary and secondary) in either a vertical or'

horizonta-I position depending on \'ldter level and siltation problems.

Slide racks are -jdent'ified by a letter (A through C) by facing the anchor-

ing dev"ice and looking upstream. The sampler on the left is designated I~)

next to it B, and on the right C. Each slide in a slide rack has been

given a numerical designation (1 through tt)

en5cri bed on the 51 i ere rack.

These numbers are permanently

,2) Suspend the slide racks approximately 30 cm below the water surface.

If the stream flOVJ is 10\'1, the slide racks are placed just above the sub-
'f: ~

str~te, totally covering the slides With water.

3) Colonization periods are three weeks long.

Substrate Retrieval

1) Detach slide racks from the anchoring device.

2) Place into a plastic slide box, in numerical order, sl·ide numbers 1 ~

3, and 4 from each s"1 i de rack~ (Sl ide boxes \ver'e 1abel ed in 1aboratory

with site name and slide rack designation.) Place a little water in each

slide box to prevent drying of the slides. Place the slide boxes into

a cooler for transport to the f·jeld laboratory for further processing.



l\ppcnJi x S P
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J ~lith fOf'CCp rd ck execs o nic s"1 i c)ncJ [\ ace s"li

and ra s;ollation.
_/

Each bot t 1e con ins 10 1111 0 f a. 90 percent acC' ton e sol u -1 0 n :; ut Ln~a t h

/"19C030 These bot tl cs are a1so p" aced into the coo lor for trans port to t.he

field laboratory for processing.,

4) The cooler "is dark inside and contains co'ld pa

1) Collect composite samples by scraping rocks, logs, and local vegetation

in riffles and pools. In addition, pipet ulgae found gro\'ling on s"ilt and

sand ..

2)' Place samples in an amber sample bottle (4 oz) containing 15-20 dro

of LugolCs solution. Fill the remaining volume with distilled water.

Actual sample volume should be 5-10 ml.

LABORATORY PROCEDURES

C~loror~~ll a Processing

1) Scrap on both sides the slide from the polypropylene bottle using the

edge of another microscope slide. Wash the residue into a 50 ml grinding

tube with a small amount of acetone (90 percent 119C03 saturated)" Using a

small funnel to ensure minimum sample 'loss, f'inse the solut'ion from the

polypropylene bottle into the grinding tube. Total volume should not

exceed 20 ml, unless the algae growth was exceedingly dense, in which



!\ppcndi Pa

\',

case vc-"J"'O hould not exc 45

2) j'1asserate the tissue vdtldn the ~J nding tubc~

minute using a t-issue ~p"'inder at IdS]h rpm.

r approxima ey,one

3) After g':'incling, pour the l'iquid 'into a 25 or 50~-ml volumetr'ic f'lask

and fill to the line with 90 percent acetone (MgC03 s rated) Q

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

a centrifuge at 500 9 for 25 min or 1000 9 for 10 min.

5) After centrifuging the sample measure optical density of a 4.2-ml

aliquot vlith a spectrophotometer using the Tr'ichrornett"-ic r-iethod of Pigment

D?terminat'icn (U;JESCO/SCOR) ~ and Lor'enzen Hethod of Phaeopigment Ooter-

minat'ion (American Public Health Associat'ion, 1976)&

Prep~r:?tion, P,"eservation, and S~rnp'le AElaly_sis ~f PeJ:.~pll;ttor0J?~e~~~~s

Cornpo~itiQ.Q.

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

of the existing flora on the substra.te., To accomplish this~ c'jean the s-ide

of least growth and one end of the other side. Mark the clean end with the

date and code number. On the rcma i ni ng arca vri til gro\'/th:; place enough

Lugol's solut'ion to cover the area. After one minute, \'Ia.sh off the excess

Lugol's solution tm'lards one end \'lith distil'led \'later, and place a small

amount of CMCP-IO rnount-ing med-jum on the slide. Put a large covers'lip

(No.1 or ll.J over the: area and al10\'/ the medium to spread out, appl.ying



1\ !) PC)\ cl i

some <I-j ghtL

box for stora0e.

9
( ,

p,r l? S sure < Dry several and p<l

box remove s<lide 3. r'lac(~ 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 IS solution, fill the remaining volume with distilled water. Secure

the cap t-igh y and prop(~rly mark the bottleQ Store the bottle 'in a cool

dark area until analyzed.

c) From the slide box remove slide 4. Scrape both sides of the slide into

a 25-011 beaker. Add 8 ml of 5 percent potassium persulfa oxidizing agent.

Heat the beaker to 950C for' 30 minutes (do not boil). Cool the sample and

transfer to a 50-ml centrifuge tube. Centrifuge at 1000 9 for 10 minutes.

Drain off the supernatant and add 25 ml of distilled water. Shake the

solution, then centrifuge at 1000 9 for 10 minutes. Repeat the washing

process three times. After the last washing) use a disposable pipet to

deliver several dro~s of the remaining solution onto a No. l~ coverslipo

Allow the solution to dry by placing the coverslip on a hot plate at 95°C.

(Avoid overheating which will cause splattering and cross contamination.)

Place a clean and appropriately marked standard microscope slide on a moder­

ately wann hot plate (157°C) and add a drop of Hyrax mounting medium at the

center of the sOlide. I\fter the sample has dried, pick up the coverslip,

invert, and place on top of the Hyrax drop. \'Jhen bubbling ,ceases, r'emove

the sOlide< from the hot plate, and apply light pressure to the covei~glass
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the Hyrax coo 1S ,a nd ha n (one m'inL! ).

2) rat'ion of os to be Count

a) Shake the preser ved sarn fJ "I e sol uti 0 n by 1"0 t (1 t -I n9 aI)0 Ut 30 timCS $ Pre .-

pare for sedimentation counts by filling a OZ, 10-cc sedimentation

chamber \fIlth the sample solutiono If the sarnple is too dense to count, a

dilution may be necessary and the appropri

calculation of organisms present.

dilution Llsed in

b) Fill the chambers and 0.110\'/ the contents to sett-le at the rate of

four hours per 10 mm of height

a} Sedi.r~l~D~~.J:~tt.on ~Ll!-J:l..t~-~Aftel" settl i ng J p" ace the chamber on the i nvertecl

microscope and examine under 40x and lOOx objectives. Strip counts are

made until a minimum of 100 of the most abundant species ~re counted.

Report data on the Periphyton Sedimentation Count bench sheet, along with

other observations.

number cell s / rm12 ::

Report quantitative determination of organisms as:

C x 1000 mm3 x V x OF
-----------~----------,,;,

L x Wx Dx S x A

\'lhere: C == number of cells counted (tally)
V =sample volume, m1
DF==dilution factor
L =lcn~Jth of a st.rip, mm
W =width of a strip (whipple grid image mn width)'
D :.:: deptho f ch(Hilber) rru11
S :.::number of str'ips counted
A =area of substrate scraped, mm2
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Peri phyton are p'l a

tat-ion counts:

-into the follo 1dlllg 1 groups during sedimen-

COCCO'! d b1ue~ green 'a 1gae
filamentous blue-green algae
COCCO'1 d ~Jreen

'fi 1arnentOLJS green
green flagellates
other cocco 'j d ,

species being identified and enumerated. This procedure is done. under high

magnification by exarnin'ing random lateral str-jps the \'Jidth of the \'Jhipple

gr-id, and identifying and countin~l all d'iatoms w-ithin the borders of the

grid until 250 cells (500 half cells) are llied. When the count is

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

spee i es . Repart dataon Per i phyton D-j atom Ana1y s -j s bench sheet .
',,1'

N ::: percent in diatom count x total count per 111m2

Diatom species identifications, made dur'jng the proportional counts, place

diatoms into the following general groups:

dead centric diatoms
live centric diatoms
dead pennate diatoms
live pennate diatoms

.Qualitative An~lysis

Process qualitative samples as quantitative samples, except only identi-

fications are made.
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FI ELf) PF~(JC[DURES: iILST[

11ETHODS !( ULr ,1 Tlie 1;\i \I EI\1 FG

tion

",) Suspend mod-ified Hc:ster~Dendy sCifllp'lers mi be en the surface and

'bottom, except \vhcre the depth is greater than 2.f1 m2ters in \vhich case

the sample~s should be suspen 1.2 meters belm'! the su ceo

2) Three replicate samplers are suspended vert-ica'rl,Y at all prhnary dnd

secondary sites. Samplers are identi t-:d by a 1e

facing the anchoring device and looking upstream.

is des i gnated A .next to -j t B,. and on the ght C

Hester-Dendy Samnl er Hetr·ieval______-. ._~ ..~__:.:..t:__~_. _

r (A throu~h C) by

"j eftha.nd samp1er

1) Place a dipnet under the sampler before removal from an oring device

to capture any organisms disrupted upon removal

2) Detach sampler from anchoring device and place in a plastic tupper-

ware container labeled with sample code number. Keep these containers

cobl until arrival at the laboratory.

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

ta i nero

4) After the tllr'ee samplers have been removed, at ;, ('vI samplers to the

anchoring device at applicable sites.
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1) I'd: ~l llbora di sman iJ e the Hes r·- Dc~n dy samp 1ers and s cy'ape

pl Cites 'into a. VIlli

2) r0 ur th e saIIIp 'I e t hr 0 ugh a ~!40 stan dard s i eve and r 'j nse vJi t h \'/a r' to

3) Place the rema'ining sample into a bottle and preserve with five percent

formalin.

1) f\nchot draft nets \vith' an upstream open"ing of 0.050 square meters,

net.,'length of 2~L~ meters, a zipper 0.3 meters from the back, and 440-l:Im

mesh size 11 the stream"

2) Three replicate nets ar'e used for' each collection at primary and second-

ary sites.

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

for 24 hours.

!l) Remove nets from the anchoring device and rinse the contents into the

bottom of the net.

2) Remove the end 'of the net at t.he zipper and place the contents into a



",

sample containl~r 'iclentif'ied vlith do. and co

e Processi

1) At the l~boratory \'/ash the samp'le through a f,!40 standard s'ievee

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

percent formalin.

QUALITATIVE SAI'lPL ING

1) Spend tVIO man-hours per' station co'llecJ'ing invertebrates from all

possible habitats.

2) Sampling consists of kick-net samples; picking organisms from rocks,

logs, debris, plants, and detritus~ and dredge samples if deep areas are

present. Exallline riffles, pools, and back\vaters.

3) Preserve all material collected in five percent formalin.

4) Hote relative abundances.

LA80RATORY PROCEDURES

1) Sieve and wash all samples to remove formalin.

2) Place samples in white enamel pan, pick organisms out of dcbr'is, and

place in jars containing 70 percent alcohol.
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3) If e sample -I ,'IS extrcrncly -la

4) Pre ration of (hi rOD d Larvae

p

ules, barl larvae in 5 10

the

a) To clear the head

b) Carefully remove the

c) Mount both head c e and crose

rcent KOH.

slide using eMe-IO

or equivalent mounting ia. Head ca ule should be ventral side up.

Light steady pressure should be appli to the cover~lip (round No. 1~)

to flatten and spread

store in 51; box~

A1~i alii '! i to dry overnight and

1) Identify organ-isms to the followin9 levels:

Non-i~sects--class 0nless obvious (e.g., Hyallel1a azteca)

Insects-~Odonata, Hemiptera, Neuroptera, galoptera, Coleoptera--family;

Diptera, Trichoptera, Ephemeroptera, Plecoptera--mature specimens to

species v/here keys exist, 'i-!hen specimen is 'immature, identify to lowest

possible level.

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

return remaining organisms to sample jar.

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

invertebrate bench sheets.



Appendix S

2) I\fter has n

of organisms and the r -Ind-lvidua"l e

-jes l-ist only.
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COLLECTIO:l P!\OC[DU
--.---~._.- ---~---~.., --. ----- -.,>----._- ----~_.- ~._-~~_...

<I) Dur"ing all prqcedures no lllC

tact v-lith the Sa.i;liJ1e.

tool S or' objects shaul U COiJe into con-

(

a) Collect plants by hand from the botto~ substrate and place in plastic

bagseant cd rri n9 1a ke \'J ate r f 0 fin t hat 10 cat "j 0 n. (See 0perat ions :"1 all ua1 ;

Aquatic 3iolo9y-~Lakes for complete collection procedures.)

b) Each sample should conta"in a rnin-imum of 20 grams viet \'/eight of each

species for hea metals analysis and an addit-ional specimen for identifi~

cat-ion.

c) 1\11 parts of the plant~ r-oots~ sterllS, lellves, and flo\.</ers are collected.
"

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

nation on it.

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

labororatory.

f) At the laboratory separate the plants from each site by species.

Place 20 qrams \'let\'Jeight of a species -in a \'Jhirl~pak bag \vith lake or

stream \'later form the collection site. Squeeze all air out of the bag and

close it.

g) !\ss-j9tl a serial number (see Data Sheets" part 2) to each species and
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th i on a. \'/a

on

3)

outs 'j ofthe ....'hi,· p() k

a) Follow collection procedures outlined above f' macrophytes e><cept

that indivi al species need not S JIAated< In most cases only

filamentous blooms 1'1 prov'! h v0 'I UIIIe torun heavy r:1CJ. t 01 san a. lysis 0

b) Preserve periphyton for identificaiton in Lugol IS as outlined in

Appendix $-3.

4) Inverteb

a) Collection procedures outli in P,p n are followed to obtain

a representative sample of invertebrates

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

parable metal items.

c) Snails) clams, lE~eches, crayfish, and "ins are separated in the

field as they are collectedo Sa:np'!es are placed in polypropylene bottles

or po'lyethylene bags. As \'lith the macrophytes~ 20 gra.ms vIet v/f~i9ht is

needed, plus specimens for i tification.

d) Use no prcservat.-ives in the field.

e) I\t the labora,tory, or'9an'is:lls {lre transferred to \'!hirl-~pak bags and

frozen. The fleshy body is removed from the shells of cla.ms and snails,
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iJnd

If

she 11 s d'j sea (L Uhi k bags con in a wate roof 10.

with the assigned serial n

DATA SIlEETS

1) For each \l/h'irl~pak baS] a da sheet (see Figure 55···1 ) must be

completely filled out in duplicate.

2) The serial number on each data sheet is trans rred to the sarnp·!e

labels~ Serial numbers follow the for'lIlat described be'!m'/:

A.0000 L \'lhere A stands for Aquatic BioloQY 0000 'is numbered conSCClJ-

tively starting at 0001 5 and X stCi.nds

and I (Invertebrates).

SHIPPIUG

r n crophytes ), P (Per'i phyton) ,

1) Samples are packed in styrofoam coolers for shipment.

a) Include' coo'l-paks vlith macrophyte and periphyton samples. These

samples should arrive at the laboratory for proces sin9 v"ithin 24 hours

after collection.

b) To keep invertebrate samples frozen, ship them 'in dry ice. Inverte~

brates may be stcJred frozen at the field station for several v/eeks before

shipment.

2) Ship samples to Reg i ona1 Copper-,~J i eke1 Study
13B Hennepin Square Building
2021 E. Ilcnnep-j n !\venue
r'linneapolis~ 1,1:1 55413
Attention: Laura King
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3) Up0 n Cl r r i va 'I i n

4 .
/'

'-,

in Citi s samples are transferred to the cor

laboratory for processing nd analysis.

CH/\1 N OF CUSTODY-----_.__ •__.

1) Str"ict chain of custody procedures are fo"llo\'/ed throughout the entir'e

process to ens'ure samp"1 e 'j ntegri ty.

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

as Figure 55-1. This includes a section for chain of custody
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Figure 55 1 T'i ssue f\na 'I s Fie 1d

COPJlER--rnCv.EJJ H;~CION!\L S'rUDY
AQUNI'lC BIOLOGICA1J I.',Oj'nTonI;~G

TISSUE fdU.LYSIS

Serial No. .

Species
station Location
Weather Conditions
Lake or Stream Conditions

Date Collected._---_ Station No. _

___~__'l:c;np,t _
_~_~T.em_l:l. _

Collection
Treans of Preserva
rrime of Collection , _
C51~eQted by
Comments .

Arrival Date Date of Analvsis
T i rn e })r 0 c e ss-ln~"-Be gl~rlS r,~ e tho ~1 0 f P l~ 0 C v~~ +-_==__=_
Analysis l,':et,hod .----
Comments

Chain. of Custody

From {S i F(nature LAsldress

1.

2.

3.

4.

5. ­

6.

?

-8.

9.

10.
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C' s n0 "i II c: '! \! (1

., ~ Inver

cat i on ra.

I'l-i,eros

l Oy
(l \

" if)

ce

150X, 600X '1500X . 1OX

2) 1\10 rzo Stereoscope ;·1-1 eroscopes
Hagnif-jcation range 4X lOOX
Se al # 15J52 and 15016

3) Beckman DU~2 Spectrophotollleter~
Power Supply, Serial # 331633

rial # l09200~1000614

4) C1 ay-Adams Cent t'! fuge Seri a1 JJ ./
If I 50

5) Anchoring Device (See Figure 1)
rJpproxll.Ja 'ly 36" h'lgh and 36 11 and
25-pound 3nehor--poured cone ise oa
oepth for samplers; various. length uprigh can

p'j ne a hed
prov'i cons
us a J so

t

6) Hester-Dendy Artificial Substratris (see Figure 5-1)
4 mw-nasonite multiple plate sampler; 75 mm diameter plates;
variable spacing; 144 ran long; 0.75 m2 area

7) Periphyton Glasslide Rack (see Figure 5-1)
11 mrn P1ex i 91ass and brass; 11 2 rnrn x 1'I 5 111m' 4 s 'I ide capacity

8) Drift nets
.0 .. 025 nl mouth; 2.4 m length; 425 pm mesh~niteY' nettin9

9) GII r 1e~Y Curr en t t·l et er s (Fu11 5 i ze and P.y 9my )
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Append-Ix S~,7 includes c)~~rnplcs nd data shee for'

the Aquatic Biology pram. Fi gure 7 1 an examp']e of a

their process status foll and recorded. .The "SJ\f'l1PLE DES I GNJrrr ON II

section includes the s'lte (e.g., P·-l~ 5); sample type (e.g. ~ drift,

periphyton); replicate (A, B, C); and date of samp·'e. The "S!\t~PLE

STATUS II section has blocks that are initia'led and dated as a. sample

moves through processing. Notes relative to the sample are made under

tht:: II OTHER /I co1umn or referred to oj on 'j n the back

of the log book. The I'Field Co'llection If sheets are printed on

waterproof paper and are numbered consec ively 1-500. Each sheet is

logged, even when voided, damaged or mutilated. The remaining sheets

are bench analysis sheets for the specific samples.

Stream designations and sample type cod~s are given in Tables 57-1 and

57-2. Stream names are indicated by one or two-letter abbrieviations.

Station locations are indicated by numbers. Nurnber-jng begins at a dov-m-

stream location and proceeds upstream (e.g., P-l is the mouth of Partridge

River and P-5 is the source). An example of a finished label is illustrated

below:

6-1,-76
SL~1-D-B

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

Station 1, D for drift sample, and B for replicate B.
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Table S7-1. Stream Des,ignations.

Stream Name Abbrieviation--------

Kavii sh-j 'II i Ri ver

Filson Creek

Isabella River

Stony River

Bear Island Creek

Dunka River

Embarrass River

Bob Bay Creek (Unnamed Creek)

Partridge River

St Louis River

Keeley Creek

K

F

I

SR

B1

D

E

BB

P

SL

KC
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Tabl c 57-2. SalTlpl e Typ{~ Codes.

S~~Iype_ Code

Periphyton P

'Hester--Dendy H

Drift 0

Phytoplankton PP

Zooplankton Z

Dredge DR

Macrophyte M

Qualitative periphyton

Qualitative invertebrate

QP

QI
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F<i gure
f'

lect'ion

REGlOi\/\,L' COPPER-NICK£L S'JlJDY

AQUATIC DIOLOGICAL HONITORING
FIELD COLLECTION DATA

Date; Time: Station: Primary__._ SE'cond;:wy__~ TcrtialY _

l-Ja ter Temp.: Air Temp.: Weather Conditions

Stream Conditions:

Periphyton Sampler

Hester-Dendy Sampler

Drift Samplers

Peiiphyton Qualitative:

Invertebrate Qualitative:

General Comments:

P-A:
P·-B:
P-C:

B-A:
H<-B:
H~C:

D-A:
D-B:
D-C:

Stream Velocity:
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Live Centric$~ ~_~ Dead Centries ._~ _

Live rcnn;)tes '~7~--DCild Pennate, __. _

TOla! Livf:? TOlal Dr:iJcl ~_~~

S· f{ Count _

Dale Collected __ ~ _

Anaryud bV

DatE' P.na1vzcd _

Counting Timc _

f---.-

----------'------+------1-------
)----------------------f-----+----

~
lOnulalia

----j------!----
~-'g;:..'n-)-a~-----.--------lr=_----
l P.hOlcolpheni", curvsta !--

0tilU10fll'IS--------------------~-+_----l
~~;;-.:.--- - ---f---

Svllfell.1l t-----t---

----------j-------

I __ $ynedllJ -.----------------j------t--------------------f------- :';::,: 1_

- --l=--=--=-= -----
L=---- ----- ------------------if-------+----j

-------------1 1" ",t·e II~-,-i,,--~-===================--------1-------+-----1---------------- .~ 1==_~ ,::::~:::================.=========~~========:-:-----1

E
F'R~STfSfC±Of'JD1HIR-f2.fr<2L.!£..0illfiPrrccnt

olhe I t [>-- • + +-__~--_--=- _~_ --'-J ~~=====~====-====~~==~=======~.=====.=:-------I

----------------ir----+-----

y...------------------+---.......-{----

>- . +- e---

No. llYe<ics

Rem.ll!ks:
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51 ell ion _.~.~ . , .__._~_~__. 0':\1(' AnJly zed ~. .~ .__.. _

Stal.e __.__.__ . .__'__.'_.~~ ._ l\n:llYl'ed

CODE ORG.fd-lISM Tully
._.'.-

.

TOlcl filamentou; l,llIp()f(-('n ;.lID

.

PrOIOIO.;)

-.=----_.~~
P~nnJIC1 c.Jmm L

--- ===f=------~

----.--===t:=----~
TOTAL

k'!llll!rnfT\L)

IPennalt Shdl~

:£ • fI h-C1Of _

,mh.

Cenlrio

PI~trvalivt _

,.~o. SlIdu

Aru $c1/lp4cf

ScnPI/'\II' dil\lH-d 1o _
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CliLOnOPHYL LAND U10MASS [)ATA

A,

B.

C.

Station:

Date:

Method of ~}arnp!e

Collection and Handling:

H. ~P~CTllQPHOTO[\'.'LgTn OAT,,\:
A.. OPTICf\L O[NSITY rv',E/-',SUREMENTS:

Ins \rullwnt Used: 0

Rep.

1.
2.
3.
4.

[xtrzn
Volum!:

Dilution
Factor

r--
7
-:-,-O----- Optical Density Re;tdinl:!3
~ 653b" 645 630

<l- (b = before acidification; a = aftN xidilicationJ

6633·
663
bla

B. CHLOROPHYLL C/..l,LCULATIONS;

','

Rep.

1.
2.
3.
4.

Concentration of
C'J,lororhyll in EXlract

_________(~9Jl 1 _

Chi! ChI!? Chl~

Sample are.,
or volume
(IJler~; rn 2 )---------

Chlorophyll content
of wmple

!ug! 1; rn;)·rn 2 )

Chi ~ Chi !2. Chi c

ill. f.1-uOnO~~.IERDATA:
1115trument Used:

Reading Before (bl
AcidillCLI\ion

----_.~._------------

Dilution Headin; Sen$.
Fl'ctor Rio) Level (Sl

Rep.
1.
2. ----- ----- ----
3. ------ ------
4. ----- ----~

Rewing After (31
AcidifIcation

(51

IV. 9J3~Ar-J!C;; MATTE R V\SH.FREE VvEIGHIl'

Empty Weight
Due. Crucible with Dry
No. Weight $Jrnple

(AI WI
Rcp.

1. ---._-- ------ ----
2. ------
3. ------ ------- -----
4. ----- -------~-

V. f!.EMAR l<S:

Weight
Aher
Firing

S"rnpls
0,-,1'

"'''eight

A1h
FrHe

Weight
(B·Cl

Organic
Malter

(pm/m21
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Ni\me of willer body ~__. ~ .,

Sortcd by . .. __._.__~ . . _

Lot No, _._. ,_. ~__. ~~

Station No. _

Date collected _

p d.lo iT
{f (mg)

ID WGT

f---.----------------1-----+----+----t----­
~-------.-------------t-----t------{I

----------f--~------+----- ---- 1---------.------!----
-------------1---- ----1----.------ --!--------1----

-------------- ------1---·-\-----+---·-

I------------i-------------I-~_==-r-_~--I
··TR.CHOrT"<A"~~~~~~-l--~:-=.~::=:I

~==~i~-
~T~--=:r=---==~-=

""-,----3=__ ~--+--I--___=
~-.:...E-M-E-.:...n_o-p-T-"E-R--A-----+_--_+__---_l_--- _

i--·---rt--------+------I----+-----j-----

1------------- --l-------+---­
1--------.-----------1------:-----

H IR !D rJEA

l-f-J_!l::t_·••~\_A~_TO_ID :_-_- _

~.---.-------_+_--__t----

I------------+------~-­

--------------------

"'VAI VIA - ==F=.--t----
GASTROPODA

i--------------~--------­

i-----",~--------j----.---

----------+---.------c=-I-_--::---=_+.----t------ =----------~C-e----­

}_O~)D:...:)O=_)N...:...IA:..:..T·....:.:.....A----------ii----t------+---1-------

1------------------1-----1--------

h!EUFWPTEHA

HEMIPTERA

COlEon ERA

Tot<ll II of orI/3nisfl/$
Toulll of taxa _

c> Initilil$ of t.Jxonomhcs in f!tis column

P====~~~-=-~==7~~~=~_='1_=c~,=~==l====.a

OTHER

l----.-----------+----~---

Total dry weiQht
Ash-free weight __~ _

t L t larva-i:, N "" nymph, P "" pUplJt?
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Resumes for the Aquatic.Biol staff appear in thi a -I. Inclu

are resumes Mark Johnson, Michael Nischuk Thoma La Steven

of the staff to each other
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Horne re s: ~

557 1
1

urces shivri Fie 1d Lab
POBox 569
E1 1\1N 5t> 731
( )

Present Duti ponsible for
b<j 0Togy mon-; fc)r i n9

on aquatic

Hark ence

June 1975
October 19

plant

\<Jor-
and Nuclear

o"iocrl 1
River in

Februa r'y 197 £.; -

June 197[:>

March 1973 ~

December 1974
Sen i 0 I" Bi 0 10 qi s t s r~<inne so Po '11 -j on Con t 1"0 <1 f\ 9eilft .
-Parffc"i pat(:)d~-fl1 corT'ection of base'j ine (ra~Ea-rn-V~ya.geurs

National Par'k ( ) ~ r'evievv of environmen 1 impa
statemen ( 19) review monitoring programs
at Northern Company's nuclear power stations
( 19 73s) 0 nthe t S 0 f po 'I 1uti 0 non
lichens along h Lake Superior (1973),
study on the ilings on periphyton
growth in La \'/a a member' of
the Henderson ( ).

"July 1971 ­
December 1972

s
for USE: in
pa -I n des -j ~,m

"in the v·icilri of the

ca
Station

Partici­
program
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v!ork

June 1972
September 1972

Educa on

Consul Colorado" Pa 1C1 ted
n s s urvcy con r pr'epa 1'a. 'j on ° an

environr.K:ll 1 -imp t sta t related to a ne\-'I ski
resort devel t near Vail ~ Colorado.

Master of Science t Department Fish and Wildlife Biology Colorado
State University, ~,1a.rch 1973 Thesi~) ent-i !If\quatic S'lota of the
South Platte River and St Vrain Creek in vicini of the St Vrain
Nuclear Genera.ting Station. 11

Bachelor of Science College
_St Paul t \.June 1971.

Biol ica1 Sciences~ University of nnesota.

Also attended Environmental P on Agen
"B-ioass in Pollution trol and Ana'! '1 ~

1973.

Prafes lonal Affiliati

fl'1ember, American Fisher'ies Society

Member, Phi Kappa Phi

Pub1i ca t'j ons

\·la r Trainin~J Course~

n in i, Ohio, October

Eve j" hart, H Hand ~1 D J 0 hnson. 1971 • AquCl tic bi 0 t a samp1i n9 pro 9Y'2 Tn •
Pages 8-24 in Environmental Radiation Surveil'lance Pro~]l~am for the
Public ServTce Company Colorado, Quarter"ly Report Jul I, 1971
--September 30 1971~ St Vrain Uuclear Genera ng on. Edited
by K ,,) Schi a. 9e r' and S T [3 a r d Colorado StaUn-I ver sity) FtC 0 11 ins
Col o}Aado.

Db cit. 1972. Aquatic biota sampling program Pages 2-27 in Environmen 1
Radiation SurvC"illance Program for the Public Service COI'lpany of
Colorado, P-\nnua-l Report, .January 1, 1971 December 31?' 197. Edited
by K J Schiager and S T Gard. Colorado S te Universi ,Ft Co"i-lins,
Colorado.
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Publeica

!},qua.ti bolo -I ing pr()~H~arn" Pages 11~15 in Env"i rOllmental
Survei'll anee Prog('cuD r Pub 1i c Servi ce Comp~any of
I t nd 2nd Quarterly Repo January 1, 1972 - June 30,

[ cl-l d K J Schi er an d S T rd. Colorado S t e Un i ve r s "' t Y ~
Col-lins» Col

Ob cit. 19l?v
di t"ion

Co"lora
19
Ft

(
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Home Address: 1551 Hal--_._.__ .._---~.......-.~.

St Paul, MN 55108
(612) 644-,5954

Office ress: Ka\'rlshiwi eld
~~----------

POBox 569
Ely, f'1N 55731
(218) 365-5034

Present Duties--Responsible for peri
chTorol~)F0!T1ana1 'j So, and (~'I d coo
aquatic biology program.

co'I'lection
na:L:"lon 'I ems

\4ork ence

Un i vers '1
u n e nvestiga on

populations in conjunction with eeo! ical
monitoring program Northern tes r Co~panyjs

Monticello Nuclear Plant located on the ssissippi
River. Responsibilities inclu sample call ion,
chlorophyll analysis and algae identifi ion and
enumeration. 2) Assisted in fish entrainment studies,
both natural and induced. Responsibilities inc1
equipment design and field sa~pling. 3) In September
1973) designed and started project "Pri Production
on the f1i-ississ'ippi R-iver a.t 1\1onticello r'1innes 11

Objectives of thi s study \\ler'e determine di t.:'rences,
if any ~ betv-leen the hoa ted and amb'j ent zones of -the
river. The 'study consisted of an ups oV/n~~tr'eam

evaluation of the effects of increased ratures
on chern; ca1 and bi 0109 -j ca 'I pa rdrr.e te rs . Th S \'101' k was
done as part of requiremc~nts for' a rna.s IS thes'is.
4) Assisted Dr Knutson in sampli and subsequent
identification of alqae in the cambia River, Pensa-
cola) Florida for Gulf r Company, hl t v-ie-ini
oftheh~ e1ec: t r -j c 9enera tin 9 p'! a, nt (N 0 vernbet, 19 ) .
5) Assisted in algae identification enumeration
of species taken from Lake Ontario, for NUS Corporation.
6) Assisted in an evaluation and update study of chemi-
ca1 and bi 01 0 9i cal pararne t er s C~l ean'/ate r La and
Clean'later FUver system (t/l-jnnesota) for test'irnony g"iven
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1972~1976

(conte!)
be re the Minnesota Water Resources Board on a
proposed watershed dis

Summer'
Fall 72 mno 9

!\ss"jsted on
fication and mappi of aqu

the lake In the fall assisted on
on fi h taken from the 1

vJorked wi th f\k
'in rn

and subsequent
c vegetation around

and 9rO\'/th \'/01' k

(
\

April 1972

Fall 1971 ­
Spring 1972

Summer 1971

u remen
H ck
A Jones, team the study
IITher-ma'l To'l erance ArnE:t'-i can t, Osrnerus
mordax" \'las the eval ion thE:~r'mal tolerance of the
three-ob 1-1 s !la'j 'lov1 \':0. " i s ta. ges of the
Arne -j can 5melt 1'-1 ng reproduct i ve per-j ad 0 Respon-
sibilities included: section appropriate test
temperatures; equipment up; compilation and evalu-
ation of data; and a formal repo

Assistant to Mr Robert Anderson. Studied the feeding
ha-bi ts-of--rhe shorthead redh-ol-;'~;e, stoma rnacxo" epi doturr~
(Lesueur), and the carp, ~pr"inus Carp"j 0 L., v/h-j ch v/ere
collected near the Monticello Nuclear Power Plant.
Assisted in field capture of specimens by electrofishing.
After removal of the stomachs, -ident-ification of the
contents \'Jere made, \'Jhich cons"jsted ma'inly of aquatic
insects.

udied productivity of Lake Sylvia in Wright County,
8i £J \~dtab Lake in Stearns County> and East Quarr'y" an
abanded granite quarry near St Cloud State College.
Project design and sampling were responsibilities.

Also have certificate as a SCUBA diver and hold senior diving certifi­
cate. Used this skill when doing fish surveys and general river work
for Northern States Power Company.
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I\pri~! 19 Received
coLmlU ni edt i () ns, Vi h-i c h

1 velri cul ar <",nd
to Fa Snelling,

r-1 <j 1968~ Duti es COll ..­

nic (first ec on
~---_~---- -:---.-~-------:._-_._- ·----cc 'C----'-

on ; 2) ion Chief
i r' rCl"Crro-j ns'lalla-='­
-land lines);

duty, atoan Sergeant
training schedules

1-10n -jr'ing
ntenance of al-l cornmuni­

plu~ wro and sub-
and <irdnq)'

r Non 5s"loned
writing ining

and eva uat ng tus
(a is Operations

ting of t-ical
in journals, and maintain-

O'dn

the same
cat-Ions
fn-i t
4)
Offer cers
schedu'J es, q-i V-I

J'

S ) G

Sergeant) <inc-l
plans, record ng these plans
ing records training

1967 -- pres

Education

Master of Arts vrith major in aquatic biology and emphasis on povJer p"lant
ecology, St Cloue! State Universit.y, 1976

Bachelor of Arts with major in biology and special emphasis on aquatic'
studies, St Cloud State Universi (Call 1972.
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Home Address: P 0
------~-----

E"'y ~ MN

Office Address. Kawi hi
-----'~----~-_ •.__.->

P 0
y,

(21B)

1

d L

Present Duties~F-ResponsFibile for i
taxonorny~- and cjuali ive sampling
program.

Hark Exnerience
--_._~----.

brate
b-lology

1973··1975

the
rati nq P-l a on the rnacro~

'I 0 -i n Fn ssis s -j ppi R-1 ve r
as isting in annual writing"

a. ssis tin9 vri t h f -j shand r ecap t ure studie , art i .­
ficial fish egg substrate studies, electro-fishing,
se'i ni ng, fri 11 and t r' iJ p net t 'j ng, and t ax0 n0my 0 f f ishes ;
and ass is ti ng th Fj nvertebra te dri ft, taxonomy, a.nd
algae studies Supervised two to four assistants in
the field and laboratory.

1974

1972

l!:!dep~l~en~L_Research Project, St Cloud t~~niver·siJ:,t.
Deternri ned the effect of ro Vi d tempera ture fl uctua t'j ons
on the respiratory rates of the stonefly, Paragnetina
~~ ut"jlizing a G"ilson Respirometer. --'-~---

Summer' f~eseatch Proqrarn, Univer's'j~Lof__ nne_sota.
L"iIllnolog-ical Laboratory on Lake Superior. Dut-jes
..------.----------,~--------.-.--.-.----- .. ,----- l'
lncluded qualitative and quantitatlve analysis of otle
periphyton (algae) and quantitative analysis of chloro­
phy11; and studied nut r i en t upta ke by the aqua t -j c
plant, .~~ra tt2r~hyl u~~nersum» i n cantrall ed ar-U f-j ci al
envi ronments e .
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!~ork Experi ence lcontdL

1971~1972

Edu'cati on

Semi
survey 0'

on the v/ater
ture on
of plankton using a

i ted in a la shore
ucncc of dome t'j c poll utan

Detcrmin the ternpera-
ic and respira on rates

Master of Arts in biology with emphasis on atic ecology and limnology
(35 credits), St Cloud State Univers'j $ 197 Research for nktS 's

degree inc'luded the determinat'ion of (:ffec of the \Ala 1" d'ischarge
from the NSP nuclear generating plan roi brate pulations
i nthe f" iss 'j ssippi R'; ver . popu1-1 0 n b'lornass
wei ght per' organi sm, and 'I i '1 es
the heated and nonheated portions
'preoperational study. .

Summer institute work, University of nnes
1972. 1I\'Jater Qual'jty Invest-jgat'ion
i ntr"'oducti on to a VIi de va r-) ety of ana ~ly-'d ca 1
of chemical and biological parameters (

is, ~}L!ne

ques. fl neral
hniques for the evaluation
") .

Bachelor of Arts Hith maJor in biology and minor in chenristry Bemidji
State Un'iversity, 1972. Emphas'is was in aqtlat'ic ecolo9Y and l'lmnology
(22 credits)o

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

Professional Affiliations and Journals

Member, North American Benthological Society

Member, Entomological Society of \1ashington

Member, The Ecological Society of America

Eatonia, A Newsletter for Ephemeropteris
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________-.L! ~ . _

Home Addres: POBox
Ely 731

Office Addres~· Kawishi eld Lab
POBox 569

Y'J S 31
(218) 365

Present Duties--Re ponsible
and sample processing for the
in invertebrate sample lection.

1 ion equipment maintenance,
aquatic biology program. Assist

Apr'i 1 1975 ­
September 1975

Conducted initi
r c consus on ow

ke Gran Study was signed
angling pressure, success ratio, angler
success of stae n9

June 1974 ­
r'1ar'ch 1975

ogy Consultants Incorporated. Duties included
~ollection, identification, quantification, and bio-
mass anal is ic macroinvertebrates. Proj
work included on of insects from Minnesota
(Northern Sta ssouri (Kansas C, !JaVIer
and L"lght) ng ssouti sin r'), 0 ahorna
(Pub1"j c Ser vee 0 f 0k1ah0 rna. ) and Colorado (5 unO i 1) 0

Duties also included identification, quantification,
impact assessment and stomach analysis on fish popula­
tions" ,with particular emphasis on "large river systems.

1972 - 1973 Colorado Sta University. Training included work
with docrora"\ candidate"-Y1n cu·lture of norther~n pi
population assessment of fish in smal"1 farm ponds"
and effects of northern pike introductions.

1972 Colorado Division of Wildlife. Work requirement in
fulfillment of degree in Fishery Bio1 jar is
p"la.ced on genera·l survey of sh populations in the
Colorado River within the State of Colorado also
included assessment of fish populations in both high



REsur~E

Hark

19 (contd) maunta'in "lakes and man--rnade reservo,;rs in re~l t-ion
to setting minimum stream flows.

Education

Bachelor of Science with major in biol ical science, Colorado State
University Fort Collins, , 19

t\ssociate of Arts and Science "Jith major in preprofess"ional forestry,
Paul Smith's College, New York, 1971.
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Home Addres· 220 E Sheri n.-..~--~.---~........,..~~

E"I y ~lN 55731

Office Address: Kawishiwi Field Lab-------.-
POBox
E<I)', 1"1N 55731
( ,> ) 'J6 h

L J J J

Duties ponsible for heavy
le proc;l::ss"ing
n peri collection

sample call ion, equipment
r .' I'~ i k -! aqua t 'j c b-j 0 10

procE's ing.

January
r1a reh 76

an pes ci
research
is'L Duties

planning, cons ing, and main ining bio-
assay systems fish and aquatic invertebrates,
a'iding in t~ conduction f these: bioCl.SSa.yS to d
mine tox'icant , performing routine analysis
wa. t er for hd rdnesS, all i I'd ~ ac i d"j ,pH, d -j ssol
oxygen, etc and keeping the rec routine and
specific biological and chemical Duties also
included the operation of a stock culture unit for
raisin~J and re ng the lubar-atory f'ish \.lorclanellaflor'idae.
In addition time was spent rtici ting n e
collections for both fis and aquatic inve
collection and ew 1i rature concerninq insect
eli... ·l dcs'ign (mel construct"ion dr'lft n ~-and irdtia.'/
field with the ne ience was ined in the
taxonon~ of t regional aquati fauna, and use of
abstract journals, scientific journals, literature re
trieval systems j books, e

Education .

Bachelor of Arts with major in biology, University of Minnesota-Duluth, June
1976. Upper division emphasis in fields of entolTloloSJY~ ichthyology, l'imnology,
vertebrate and invertebrate anatomy, anima'} behav'ior, and physio"logy.
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Overall ination
l'j ng~
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Supe
01111--------,- -,-

I .~~-----"--'--"""---·-'--1

Nat III
t·1·j '·1 s uk

III

Per'l
Per-j
Ch 1oropllyl'l '1-j
Field Coordina on
Ptob'l ems

on

INa tJ~; ~~i~~} OCh~--~--' J
Heavy 1 le Call on

,Equipment Inventory
Sample Processing
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Brandlova} \J.~ Z. nd"l, Cl. C.H.
Ontario with remar on some s
Zool 50(11).137 14

nela.] T C1
ies a distribu ion.

cer'a
n. \J.

Brooks, J,L. 1957. The systcrnat'jcs of NOI~th American
Conn. AcacL Arts -j. 13:1"-180.

Chengalath,·R , C.H. Fernando
Rotifera of Ontario wi
Biology Series, No 2

Broo ,\J , L. 1959 C1acl 0 cera . Pages 587 ,. 6 -j n \'I. T. Edin()non edito y' ,

Freshwater Biology. John Wil a Sons~ ew York and London.

and M.G. George. 1971. The Planktonic
keys to genera and species. Univ. of Waterloo

Waterloo Ontario.

Edmondson, W.T. 1
Fresh\'/ater" Bio"

Rot'ifer .
J tin 1

p es 420-- 4
and ns

oj n ~L T. Edmond son, eel i tor',
N(~\~-York and Lon n.

Frey, D.G, 1 9. The )<onomic
pores of the Chydori e ( a
44:27 50.

ic 'jgnificance
ue 9 1.

Gouldon, C.E. 1968. The sys tics and eval
Arne Y'. Phi 1, SOC, 58 ( 6) : 1 101.·

on of the inidae. Trans.

r~iegard, R.O. 1967 Three nevI! species of ItLona (Cladocer'a~ Chydoi~idae)
from the United States. Int. Revue ges Hydrobiol. 52(1):37-50.

Ruttner-·Kol"isko, A. 1974. Plankton rot-ifers. B'io'logy and taxonomy. in
H.J. Elster and W. Ohle, edi ,Die Binnengewasser. Volume XXVI.
Suppl. E. Schweizerbart!sche Verlagbuchhandlung, Stuttgart, West
Germanyo

Voigt, M. 1956. Rotatoria, Die Radertiere Mitteleuropas. Volumes I
and II. Borntraeger, Bei"lin, \IIest Germany.

t4ilsori, S. 1959. Free~l"iving Copopoda: Calano'ida.. Pa~les 738·-794
H. T. Edmondson, edi S'j 01 ogy. John \~"i 1 and Sons,
Ne\'1 Yo r k a. ncl Lon don.

Yeatman, H.C. 1959. Free-living Copepoda: Cyclopoida. Pages 795-815 in
\\1. T. Edmondson, ed -j tor, Fres hv/a ter Bi 01O~1Y. John vli 1ey and Sons:> ­
New York and London.
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Volume VII,

Le-ipzig.

Patr'ick, Ruth~ and Cha.rles Re'jmer. 1966.
Vo ~l urne I. Monog)~aphs of the f.\,caderny
Number'

Diatoms of thp United States.
Natural Sciences of Philadelphia,

Prescott, G.W. 1962 Algae of the Western Great La
Co., Dubuque, Iowa

Area. Wm C. Brown

Prescott, G.v1. 1970. How to Know the Freshwater' Algae" 2nd ed. Hm. C..
Brown Co., Dubuque, Iowa.

Randhawa, M.S. 1959. Zygnemaceae. Indian Council of Agricultural
Resear'ch. New Delfrl, India

Smith, G.M. 1920. Phytoplankton of the Inla Lakes of Wisconsin Pa
I and II. Wisconsin Geological and Natural Hi Survey,
Bu'-I t; t -i n #57 . Pp. 243, 227.

Smith, G.M. 1950. The Fresh Water Algae of the United States. McGraw­
Hill Book Co., New York.

Taft, C1arence E., and eel este \tJ. Taft. 1971 . ThE~ 1\ 'I gae 0 f \'J cstern La ke
Erie. Ohio Biological Survey. New Series 4(1):1-189.

Tiffany, L.H., and M.E. Britton. 1952. The Algae of Illinois Hafner
Publishing Company~ New York. (Reprint ed1tion 1971.)
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\.! eber, Co rtk, I I d I . 1971
Pollution Surveil lane
Qual'jty Control La

'ide COlflillon Diatom
tems S ions. E N
, Cincinnati J Ohio.

ter
lytj a"J

\~est~ G.S., and F. E Fritsch. 19270 A
Algae. Cambridge Universi Press.

tise on the 'itish Frcshv/a

\~lritfor'cl L.A. 'and G.J. Sci1Urnacher'? 973. A Hanual of Fresh\·;ater Algae.
Aparks Press, Haleigh, No h Carol'ina.

Chil'onomidae

Beck, W.M., Jr 1968. Chironomidae.
Organisms of the Southeast Unit

to Water Quali Indicative
S tes. FWP Atlanta, Georgia.

Darby, R.E, 1962. ~'id~F~S associa
special reference to t ir ecol
Hi'lgardia 32: 1-2

H-ilsenhoff, \4.L. 1975. at"le Ins
'Department of Natural Resources,

t }l 1-j for n 'j a ric (:: f -j e "1
(D-l P Ch'! y'onom'; del e) .

Wi con in. Techni a1
ison, ~/isconsin.

til

o
J.

r~ct son $ \{, T. ~ J r " 19 c;gop,n 1 uC '10 n '
Larvae. FWPCA, Cincinnati, Ohio.

Trichoptera

-ificcltion C ronomid

EHd ns, H. A. 19360 The i rnma tu r'e s es of sorne 1'11 nnesota Tr'! choptera 0

Ann. Entomal. Soc. Amer 29:656-681

F1i nt, O. S., \.1 r . 1960 . Tax0 nomy and bi 0 logy 0 f near ctic 1"1 nm ep '1 d
larvae (Trichoptera), with special reference to species in eastern
United States. Entomol. Amer. 40:1-117.

F1i nt, 0. S., Jr. 1962 . La rvae the cad dis fl y 9en us BJ~,)~_~.Q_~ i l.i!. i n
eastern North America (Trichoptera: Rhyacophilidae). Proc. U.S.
Nat iona1 t\1use um 11 3:465-- 493 .

Flint, 0.5., Jr. 196~. Notes on some nearctlc Psychomyiida€' \'1-ith special
referenee tot he i r "\ a r~vae (Tt' i chop t era ) . Proc . lJ. SoN ati 0 na1 [,1 useurn
115: 467-.4 B1.

Hilsenhoff, W.L. 1975. Aquatic Insects of Hisconsin. Techrdcal f3ul1~

1/89. His. Dept. Natural Resolwces.

Ress, V.H. 1976. The biology and inmmture stages of the caddisfly genus
eerae 1ea "i n ea s tern North Ameri ca (Tri choptera: Leptocer'j dae) .
Ann-.-Entomol. Soc. Arner. 69(6): 1039--1061. "
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larvae of the caddisfly f ly
Zool. 38:11 1170.

study of t _roth J\mer-j can
ne-! e (Trichoptc:ra)" Can,- ,,1.

Wiggins, G.B. 1977. Larvae of the rth American Caddisfly era
(Trich'optera). University of Toronto Press, Toron

Broo ,A.R. and L.A.
of Alberta s tc
Soc. Can. No. 51. En

ni (
no Pre s na

Hilsenhoff, t~eLo

Ac(~d. SC1 c

1970. Corixidae ( ter
a L rs. 58:2 235.

scans oj n

Hi" sen h0 f f, v!. L0 1975 . Aqua 'Vi c Ins
Wis. Dept. Natur. Resources.

of t'l-} s COil S -r n, hnical Bul'l.

Hungerford, HoB. 1959.
Freshwater Bio',

Hemiptera,
2nd ed. Jo

ges 9~)8o, 2 -j n H T. Edmondson, ed")
Wiley and on Inc., New York.

Usinger, R.l. 1956. Aquatic Hemiptera. Pages 182-2
editor, Aquatic lnsec of California .. Universi
Berkeley Calif()}~n·ia.

Coleontera
---~.:._-

in R.L, Usinger~

'oT -liforn-ia Press,

Brm'ln, H.P. 1 o. J\quatic dryopoid bceCles (Col -'cera) of the Un-jted
Statesol den t i f i cat "\ 0 n nua1 No. 6 vJate r' Po "I 1ut 'j 0 nCo nt r 0 "I Res earch
Series 18050 EL004/7,2. U.S. Env'irol1rnental Pi'otect"ion !~qen

Co 11 "j (~r J . E. 1969 . A t ax0 no rrd c r (~v 'j s -j 0 n 0 f til e ~J ell U (JJJ t i 0 SQrvus
(Coleoptera: Elrrddae) 'in t l1earct'ic region. Ph.t)~--rrles-:is-~-'-

Un -j vers i ty of r'1i nnesota.
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B'il senhoff ~ \.!. L.· 1
\4-i s. Dept. Na tur'.

consin. Technical Bull.
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) frll[)a-11()Qa ~- Ca n. En torno -I. 91: 51·~ sa.
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Allen) R. K., and G.F. Edmunds) Jr'. 1961a.. f\ revision of the qenus
J~~Qb~~~~~ll~ (Ephelllcroptera: Ephcrncrell idac~). I I. The sub9cnus
Caudatclla. Ann. Entomol. Soc. Amer. 54:603-612.
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The regional Copper,-Nic 1 Study \'/a des'igned to provide env'iroflmc:ntal data

in the potential copper-nickel devel area. These data can be us

first to c rae rize the region and anal e t'i 'j f~nv'j ronmen ta 1

impact copper-nie mining and secondly, as development

to determine the actual regional impact

Becau e of time limi tions it was

all lakes for the lana'! s Ins (-j d; a srna, '1°! n v/ere

selected samp 1 '1 n9 sed on a 'ination of

probabi 1i ty of 'impact from var; ous sources and cons'l ra t'l on

cha rae r'i s tic the 1a. VI as fo r the i on -I n tenns f sh popul 'i on

1ake rnorphomet ry) via ters hed, 1ake chenri stry i and access.

Lake sampling included quantitative phytoplank zooplankton, an

benthic invertebra sampling and quali tive thi 'lnve

and macrophyte collection. In 10. , phytoplankton are

pti mary producer's e Taxonom'i c ana lys is and ehl orophyl 'j a rneas uremen

of the phytopl ankton POPl1'] ions prov"j d(~ measures of a "I ake I strophic

status. Zooplankton and bentJdc invertebra slink pri ma. r'y produce

to fish. Study of these components provide "in rmat-ion on the ava'j"la--

bility of food for fish and on the "health" of the lakeo Heavy metals
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3. ~1ETHODOLOGY
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'loris appears "in I\p

3 • 1 . 1 • t) USt -I cat 'i 0 n 0 f "rechrd es

Because of time constra-lnts, it vIas irnposs'jble to sample lakes as thoroughl.Y
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sampling was don a ca.noe, second'ly most the bottom s i =

. men at the s d
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Qualitative invertebrate sampling similar to stream qualitative sampling
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provid information on the benthic fauna 'I zone. Q 1'I

ve collections also i infonna.t'ion on na'11 and 'lain popu'la '{on

which are particularly sensitive heavy metal .

SCUBA was chosen for macrophyte collection assure th roots, s terns ~

leaves, and flowers were lec ssure all species

along the 5e"! transect were col1 Macrophyte mapping was not

attempted b~cause of time constrain sand ause macrophyte surveys

were conducted du ng previous nne

lake surveys.

3.1.2. Procedures

Depa t of Na 1 Resources

Phytoplankton samples were call by lowering vertically the integrated

samp1er vri th both ends open in the WCl ter, unt i 1. the upper' end extended

two to three inches above the surface. The top was then capped and the

sampler raised until the lower end extended two to three inches ow

the water surface. The lower end was then capped and the sampler removed

from the water. Water in the sampler was drained in an 8-liter carboy

and mixed. Three I-liter samples were wi from th"is mixed-vlater

sample. These samples were kept in a cooler with cool-paks until arrival

at the laboratory.

Each I-l"iter 'dater sample \'las filtered tlnough a 0.45 pm Gelman Type A

..
\, 'r "
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3) Pour this solution i
place in a centri 5
10 min

1t er t lri II the ~Jl~ -j ndiu
a ssue gr-illder' at h'i9h rpln

liq d -in a 2
-I-i ne p

r 1"'1 ti on tu 21,)
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5) E~ter resul on perip
biomass bench sheets

a p an pi a

In addition to the thr'ee 'j-iter' SC\mp'!es \"!it:hdra.vln chlorqp 1

120-ml sampl es \vere vii thdr'awn from th(;~ -lntegr'ated vIa sarnp'l e at each

station for taxonomic analysis. These samples were preserved th

Lugol's solution in amber bottles and stored in the dark until ana

Taxonomic analysis of the phytoplankton samples was done Ecol

Consultants, Inc. (EC1) Fort Collins, Colorado following the ique

described by Uterrnoel (1958) and outlined by Vol']em'le-jder (1974). The

Eel analysis procedures follow.
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on stancla algal bench forms. Replica were transposed to su~nary

data presen ion 'in repo

Phytop'lan ton densi es \,/ere ca-' u'!

equation:

.,
o fo'l 0\1/'1 n9

Ct =: count

Vo·- or'j 'lnal sarnp'le volurne (ml)

vs =: sed i rne ntat -i 0 n vol ume (m1)

Vp =: pres rvation volume (ml)

on (or concentration ctor)

Ag =: area of one gr'i d ( )

chamber
2

Ae -- area of (mm -)

Ng -. number of gri ds coun

Zooplankton we~e sampled by taking three vertical hauls at each sample

site from approximately 0.5 m above the bottom to the surface. Collections
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\'/cre mode \IJl th a Stan rd sconsin 5 1e plankton net with n

mesh S'I ze and Clll eli r mouth wing. The 'Ieng each u1 \'1a s

recorded. Complete proced0res are outlined below.

Collection Procedures

1) Slowly lower the Wisconsin
bottom.

a h 0.5 m from

2) Raise the net in a slow but steady fashion

3) After remo ng the net e 10. carefully wash the sides
of the off 'j n the 1a tllOut s ubmerg'j ng the top of the

4) Remove the bucket
propylene bottle.

and nse into a 250-Ml 1y-

5) Add formalin to make

Taxonomic Analvsis
>'

10 percent formalin sol ion.

1) The fo"llO\'/in~J procedures are used by Ecology ConslJltants, Inc.
for zooplankton ana-lysis. To ermine the proper volume foy'

count'ing s an estimate is made of the zooplankton densi fOt~ all
stations. First the sample volume is concentrated to JOO-ml. Next
a I-ml subsample is removed th a calibrated pipette and placed into
a Bogorov count"ln~J chamber (Gannon 1 1). This subsamp-le is counted
for total zooplankton. Based on this enumeration, a sample volume is
calculated to yield sufficient numbers in each -jnd-i\ddual subsample
(ideall)/, 300 organisms). The sample vo'lume is then readjusted if
necessary.

2) After the appropria s 1e and subsample volumes are determined
the sar.lp·!es are examined. 1\ su ample i removed vlith C1 calibrated
pipette and p'laced into the count-ing chamber. The c!lambel" is examined
using a Bausch and Lomb s reo zoom binocular microscope ( 70X).
Usually some rotifers and dissected coperods are taken from
co L1 nt 'j n9 Cha IIIher p1 0 n a s1 -j ,a ndident 'j f' -/ usin 9 an 0-lympus
Vanox cOPlpound microscope (100--(jOOX). I~l'l 0 anisms are 'idon f-jed
and enumerat in e first subsample. In the sE~cond subs -Ie, all
taxa are counted except those 'jch are e rOllle'1.1 abundant in the
first subsample (greater than 30 organisms). If the total zooplankton
dens'ity is re']atively -10\\1, additional subsarnpies ar'e examined for -less
abundant taxa (those that are -less than a total of 30 in the first



I'

subsalilplC's)~. If 'ICc1
ex.d1:1 . ~; aille v0 " U!TH) S i:l nd C(J Unt -j

a'il samp'ies reprc.scnt-l'ng C\ rt ular s

f t Ii ~; cl

The number of 0 nlsills
follm,r)n9 equation:

r 1 i is ca'lcula ccording to

D ::::

3

o ::: number of organi ms r li
Ct - tota 1 number of 0 n'l sIns in su '\ es
VI -- total su a 'Ie VO"!UlnE2 in m"l
V2 - original samp'!e volume in
V3 ::: va" urne of \\'a r sarnp'l '; n 1i

All Cladocera and Cop are
imnature Copopo which are enumera
copepodi ,calanoid copepodi
R0ti ra are 'I t-j i ed
or speci es) ,

3.1.2.3. Benthic Invertebrates

ies t: for
id
I

(usua'] ly gen

The benth'! c fauna \A/as quant-j tively sarnp"l cd til i) at" dredge (peti

version, 15.2 x 15.2 em) or an Ekman d 1es v!ere

sieved through a #40 s ndard s'1eve and preserved th fma 1-; n. Three

replica samp 1es v/cre co 11 oaeh stat 0 .

Qualitative invertebrate samples were collect sh0 r e1-j ne i n

vicinity of the deepw2J s t'jons. lnJ,ny 0 r'a."' ZOlle

hab; as possiblc~ \,/erc: samp'led n9 In

addition to ernploy-ing aquat-jc nets and SCUBJ\ fC)j' qualitative sampling,

rocks and logs \'/ere removed from the bottom by hand and orgarrisms
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SE:~rv rmal'in xonorn'l c ana

3 1.2.4,

t c inver
, .

f\pp lq

~v r: rep l'0Ce ed s 'j Iwi 'I a r 'I y to s t r e(l In i nv

co 1'1 aquat'lc mac hytes a'J ong nsects from

zone tion to the maximum depth of the littoral

lone. trans in Birch Lake with

lW ns ) • These:: nsec were located in the vi nity of the

ua', t'l V(I i nve s t-lon

to. s first on remainin~J at

fi d station for i if-Icat'ion, and the remainder shipped for heavy

retai the field station were identi

(primarily clams and crayfish) collected

ion 3.1.2.4.) were analyzed for

hea tory, th one poy'ti on

rema n'j ri 'ion nd the rc?ma-inder being

S !1'1 pped meta 1sana lys 1 s. See J1\ppend 'j x 5 for camp'l etc deta i '1 s.

During each collection, dissolved oxygen) temperature profiles, and

Secchi disk readings were recorded.



, .'

3. J, . 7. Per rna n('nth i ve
.--.--------.-.~ .. -.-.. --. -.-..--~-.--. -- -l----· ---...,.-

A reference collection of benthic vIas

i ncorpora ted vii th the s trea.m ion. This nee

collection contained representative individuals of each taxon collected.

Invertebrates were preserved in 70 ent ethano'\ ~ exc(?pt chi ronomi ds

were mounted on slides.

mounted on herbarium In add t-ion

\'1ere dr i ed, pf~ essed a

diatom slides were rna

for inclusion in the archives.

3.1.3. Inforrnatio

Information and da from s ',es stud i \vcre

necessary for ass'j 10. on tic ion 'J

'ion. re 0 h the Operations

and D~ta Coordination s lY from

fish study project group. Da and "information from the bioas program

\'wr'e neceSScH'Y for impact asses

Operations and Data Coordination

El h the

Table L-2 'incl es the sarnpli various pa

See Appendix L-l for an i "I-1st"
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Operations

prov'l s ions

nual; Aq~atic Biology- Streams neral quality control

4. RECORD KEEPING AND DATA TRANSMI ION

No specific data notebook was kept; ins

then bound into a notebook upon completion

d numbered heets were used and

the monitoring program. A

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

la s, to laboratory, to anal is and to final report. Pencil was used

to rna all recordin d. ations used on da sheets

are ~xplained in Appendix L-2. Samp a'.,0. shee en x L-2

and Appendix 5-7. Aquatic biology d v/ere nsmitted to the Operations

and Data Coordination staff on a monthly basis.

5. RESULTS, ANALSYSIS, AND REPORTS

See Operations Manual; Aquatic Biology--Streams.for a complete numerical

analyses list. The only cha to be noted is that results of phyto-

plankton and zooplankton are expressed as number/liter and phytoplankton

biomass (chlorophyll ~) as mg/l. Quart~rly repo

status of the aquatic biology study. In ad ition monthly reports data

were. provided when available.

6. STUDY STAFF

See Appendix S-8 for study staff resumes.
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Operations
i'l 1

nu '!;
I'

tic g -; 'j e III i ni

1. I I!TI~ODUCT I AND E

1,.1. I ct.i

'Eleva metals levels ve been found in sma,'l'l unnamed creek

adj [r'ie ni is n Pit. e rneta.l I origin

'r s un

Creek bio has not

has nC~ v ~~ l'

t on B reh La bi

The e of these 1:. on

ex s 'j y rl In addi ti on\,;, "

from Ii file 'i n of B

No cone1us 'j ons \</ere i'esu'! 5 Barr gineering

(Ba, t rEi nee Y' i 'li tive su conducted

by the i ona1 -Nickel Study, Aquatic 8i ogy staff, indicated

s be the OUS S ions sample~. However,

reasons for these differences could not be determined (Johnson et. al.,

1(\] r ).:J oa . Various c such a.s natura" itat variation, channelization,

heavy metals, and uc levels appear to affect Unnamed

Creek b'j ota <

Re~rional Copper-~Nickel Study b'lolog'jca~1 rnonitoi"ing began 'in May 1976

and included a secondary station at t.he mouth of Unnamed Creek (Stat'ion BB-1)

(Llohnson 1 . ~ 1 ) d

s ed Ci S t C'f 'I a If)cjn-; tor") ram (Johnson et. al., 1976c).

Oil frolllLlds s(lmp'lin~~ are not yet available.
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Because little is kno\'Jn about the 1),10109ic 'I e C 0 hca,vy metals in

natural aquatic systems it was thought th t the Regional prer·~Nickel

Study might 9a'in valuab'le data. for use in (3,nal ing potential impac of

copper ~ 11 i eke1 l11i ni ngin nor the as t ern i1'j II nesota by 'j nten s i vel y s arnp1 -j n9

Unnamed Creek. Erie Hining Company also ind'lcated a. desire to tcrmine

the biological effec of heavy metals in Unnamed

and thus a joint effort \'Jas organi

k and in Birch Lake,

The study of Unnamed s on pc ton and ben ic invertebrate

components of the e use -I t \,to ht metal S \'lOul d

invertebrates. Phytoplankton were sampl

aced on benthic
('

acculllulate in the sedimen D·Dl L S VlC1.

less intensi y in 81 Lake

Th~ role of these organisms in the ecosystem and the reasons

for' sampling them can be found in Operat-lons 11anual; Aquatic B'iology-<=

Streams and Lakes ..

1 e 3. T-ime Schedul (~

Sampling "Jas init'iated in July 1976 and vIas completed in November' 1976 ..

A detailed time schedule is included in Table EM-l.

2.. STUDY AREA f\ND SAHPL I NG STAT I O:·~S

Study f\rea_,__•__-h:_--.,.__..-,__

The study area \'las located on the east side of Erie f1in"ing Company!s

Dunka Pitt east of Babbitt, Minnesota. The area is primarily composed of
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PitJ~ south end, flows

bogs. Ur. '" Creek or-i fri no at a ne dC\'/d r'-j tiS! s 'j on Dun

t u area and e re- Bi reh La ke..J

through Bob Bay. Dunka River, which origina s in bog areas south of

Dunka Pit, flows into Birch Lake's Dun Bay located northwest of

Dunka P-lt. Dunka

8ay.

served a a control area the study of Bob

Stations were selected for sampling after ning available

chemical and biological k and B-1 Unn

Creek stations corresponded to sta ions s ng

in 1975; except that 5-5 was not included

located ;mrned-i ately upstrcCi.m· fro!J;j confluence
,.1

1

and the tri butar'y enter'j ng the fl"om vIas added Cfab1e

and Figure EM-I). Water samples a.ll s '1ons were ana lyz chenri cally

except at Station 1a. I n 8-i r ch , three s tion were located

in Bob Bay and two stat'jons "in Dunka Bay. additi stat-ion vvas

located in the main body of Birch La -immed-j ate"ly north of Bob Bay

(see Table EM-2 and Figure EM-I). Ju tification for location of

each station is included in Tables 2 3. {\1'1 s ions v;ere in

addition to the regular monitoring stations rr~ntioned in Section 1.1.

Figures E~1-·1 and Et\i~2 include t.he 'Iocation of Erie r\1ining Study samp'j"ing

stations.
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3.. r"lETHO[}ClLOGY

3 ~ 1" Tee hrri s '

4

3.1~1. Justification of Trchni

In Unnamed Creek, a f'icial subs Vler-2 the p mary method of co'lle

ing periphyton and benthic in n and qu itat-ive

techniques \'/ere a.lso ernplo'yed~ Ju ti cat'ions of e techniques are

inc1uded oj n Ope rat ions l·1anua1 .

Birch La phytoplankton we

rearnso

d \)(-]

and benthic invertebra \'~cre co'l e d Ponar d

equipment i discussed in Ope

3.1~2. Procedures

ions nua"! '

Three glass slide racks were suspended in Unnamed Creek app

below the water surface, depending on expected water level

These slides remained in the stream for three weeks

mately 30 em

uctua. ons~

In addition, a qualitative survey of the naturally occurring periphyton

was carried out. 'All types of natural substrates were observed and

growth collected. Qualitative samples anal is consis of species i

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

numbers 1 and 3 Here taxonornoically analyzed (sed'irnentat-ion coun and pro-·
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E e r'iin'ing; Page 5'
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",

portional diatom coun

chlorophyll ~"

s1 i n rs 2 a for~

3.. 1,,2.2. Beni-It'ic Invertebra

S'ix modiFied Hester/Dendy samplers \'Jere su at each s am s t'ion

Vlcre su ponded just above

the s alil bottom.

Three dr-l'ft collections \'Iere made 'in Unnamed Creek an

upstream opening of 0.025 of 24m and urn mesh i ze: \'ICre

p'laced in the str'eam for hOLl s () t'irne t'll:\S not c tied'l
..)4

as' 10 ngas it\'Iasciur'j n9

duri ng the day vri th pea

'I i 9hthour s ~

b'leen sun and sunr-'ise

1m·; and constant

Decause Hester/Dendy samplers and drift nets are sele lve in sampling,

qualitative invertebrate samples were collected in 0 r cornpi', e a

species 1ist of the enti re natural com-nuni Sampling corisisted of cxamin-

ing all various stream hab'itat types such as poo'is and riffles, va ous

sized rocks, logs and silt for two man-hours. In addition to picking or-

ganisms from logs and boulders) the kick~net method \'/as employed wherever

feasible. Complete procedures are described in Appendix S

At each lake stat-ion, \'/ater \'Jas co'llected \'Jith the integrated sarnplet de~

scribed in Operations r'lanual; Aquat-ic Biology-, Lak(~Se Three repl'j

"lere collected for chlorophyll a analysis and phytoplankton taxonomy"
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Compl ~inld and anal is procedures re sCr'i rations ua 1 ;

Aquatic Biology--La

3.1.2.4 Benthic

Ponar dred samp! es IvJcre col 'I ected at each 1a

station. Samples were sieved rou a s Ii

and the remaining sample preserved in

procedures are described in Operations

10

u

t

atic

-j n.

0·1 -La

3.1.2.5" ~1eta1s Ti ssue An

Macrophytes, invertebra sand

conjunction with regular stream a

\'/l~re

tissue collection

in

Creek, Bob Bay, and Dun Bay; (11 cou'ld be

Collection and processing procedures are incl

Aquatic Biology--Streams and Lakes

3.1.3. Permanent Archive

in Opera.tions nua 1;

A reference collection of benthic invertebrates was placed in a permanent

archi ve. These samp'1 es vvere preserved oj n 70 percent ethanol. {\c!cJ.-i t-j ana l"ly

Hyrax diatom mounts, chironomid ~lides, ~nd the remainder of the

benthic invertebrates (preserved in 70 percent ethanol) were made

for inclusion in the permanent archive.

All f-jeld collections and chlorophyll ~ measurements were the responsi-
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bility of the Regio~~l ~opper ic I\quatic B'1o'l s ff.

Periphyton and benthic invertebra samples we~e anal logy

Consul-tan ,Inc., . Cbllins, Colorado. This contract was writ

and financed by Eri Mining Company.

Heavy metals anal is of macrophytes was done the Un i vers-j of

~1innes St. Paul ~1i nnes , through a Regional Copper-Nic 1 Stu

contract. ,Invertebrates were analyzed for heavy metals by the Department

of Natural Resources, Chemistry Laboratory.

3.1.5. Information I From Other P rams

Data from the 'leach'ing st were necess compl

of the b-i o'l og i ca 'I da ta. Tld sin format i all vIas

Operations and Data Coordination staff.

3.2. Sampling Freguenc~

Tab1e [fvl- 4 shows the saInp1'j n9 f r equency for the va r'J 0 Uspa ramet ers .

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

equipment lists for sampling procedures employed in the Erie Mining S

3.4.1. Genera"

Quality control provisions described in Operations Manual; Aquatic
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Biology- Streams hav~ be~n employed n the [ r'1 in i Study. In a ition
. ,

the following procedures were in itu

1) all oper'ations of the Unnarned Creek
biology project head to assure accuracy

en re sample integri

udy were directed by the aquatic
each ge of the study'

2) Erie Mining Company personnel accompanied aquatic biology sta
mernbers on a1-1 sarnplh19 trips and could accompany the Copper-N-ic 1
staff to the Kawishiwi Field tion to a rve sample processing"

3) to ensure sample integri a elimin bias, all samples were
given a serial number before analysis and shipping'

4) strict chain of custody procedures
and transport of all samples coll

-in the hand1'ing
ning

3.4.2<c Calibration

Operations nual; Aquatic Bio1

4. RECORD KEEPING AND DATA TRAN ISSION...-. __~ ~__"_~__ ~__'_' ' ' '_'''''''''_-Y''.~_

Field data were recorded on data sheets in a loose-leaf notebook. All

data were recorded in pencil. Sample data sheets are included in Operations

Manual; Aquatic Biology--Streams and Lakes. Xerox copies of all fi d

and 1aboratory data sheets were subrni tted to Regi ana1 Copper~N'1 eke1 Study

Operations and Data Coordination staff and Phil Brick (Erie Mining Company)

vlhen available.

5.1. Numerical Ana

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

analyses that were employed in the Erie Mining Study.
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res Clnd Fina'i s

i"10nth'ly reports sarnp1e \'Jere subnri by [col Consultant

Inc. to Erie Mini Company and Regional Cop r-Nickel Study wi

all analyses completed within 45 from receipt of the final samples

shipment. A final report covering the results of the 1976 study was

written

19770

the aq p ect head and on September 1,

6. STUDY ST/\FF

r(~ urnes 0
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The '1977 cl c-\tic biolo~]y study ha been 5 i ~JlI t)dclit'iona'i ta

on t hos C V! It r s h S V-I here the 9r C' 21 t est i 111 Pd, cti s

nded into several other areas interest:

1) Qua'litat-ivc and drift sarllpl'ing 'is be'ing done in areas prev-ious'ly not

sampled "in 0 to de ve 'j (lpas.ystern 0 f c 'I ass 'j i n9 5 t rcams -j nthearea. Iv'uch

oft Ii iss amp 'I -j n9 \,'J as donei n 10 vv (~r 0 r cl e. r s t rea IIIs (i e, 1s tan d 2nd) . 0a frorn

this survey will be related to the m~re intensive 'La collection at other

stat'ions, Third and fourth order streams are represented by regular JIlonitoring

stat'Ions,

2) Intensive dr'ift kick net, and pe phyton sompli in the River/Little

Isabella River Watersh s and at two 4th order stations (regular monitoring sta-

tions). In this area, it is hoped to relate stream order and terrestrial veg-

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

3) Leaf decoll1pos'ition study in the Snake R-iver/Litt-Ie Isabella R"iver Watershed

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

5Al,lPL II'·lG 5T/\1 IONS

As in '1976, aquatic biolo~jY lIIonitor'ing stat-jons hCive been designated primary)

secondary, «nd tertiary. The follo\'/ing is a list of the stations to be sampled

in 1977:

Prima ry : K- -I, K-- B, SR_. 21 , 0- 1) [,"' 1) P-, " 5~ - 1
Sc:,condary: [(--2. P-5,_ P--2, Sr~-3, BI 'I, 5L--2 1
Te r t i a ry : KC- ,1, F-., 'j I, SR-. 4, 0- 2, P- 3, P-4, I - 1, K-- 6, E~ 2, SR·- 'I 1

1stat 'j 0 n des 'j ~Fl at ion di f fer en t 'j n 197 6



d

Additional sCllflp'ling stat-ions \'/i-I"I d II tC\ITI)

nUlilbe r s . Pr -i III cH'Y SCSstcrc-1 0 ns are 10 ccrtccl i n ke ver/Little Isa lla

R-iver I'latershed, \'/11"110 secondary SCS s on are spread throu~Jhout the ent-ire

area. In SOlTi2 cases, SCS stations are a"Iso cons-i as ul ar mOil! tOY'; ng

stations. In the following listing of SCS stations s tions -j ch sey"ve as

both moni tor'i n~J and SCS sta ons are -i i cated,

SP-l Mouth Sphagnum Creek

LI - 3 L-j t..U e I sa bell a R'j ve r he ad'ilate r s

St, LOLris River

k at Forest Rd. 173

Snake Rivet

r

o

o

"1 st 0 r

2 er

2nd 0 r'

3

(~th

1st order'

k

('ound

r"est Hd, 173

\)E~nC vi/Sn ke10\"1 c:

lla vel' at L.r.
-11a ver at

c

Litt"le Is

Little Is

Sna

L1-,1

L1--2

SC 1

S[-l
SL~1

Primary SCS station:

SR-2 Stony River

Secondary SCS stations: N·-l N-ip ek

KC-l Keeley Creek tributary

D-3 Dunka headwater

F-2 Filson Creek headwater

NR-2 Nira Creek headwater

SH-l Shiver Creek

4th

1st 0

II

II

II

II

r

T~-I To-jill; Creek

KC-l lljouth Keeley CrC?ek
CY ---I Coyote Creek

SG····1 Spring Creek

N\'}-l North Branch t'1h i te cc n-j vcr

BC·- -\ Bear' Creek

SE-2 Snake R'i ver

NR-l Nita Creek

DC-l Dc:n"i ey Crock lo\'/ N-l r'u Cone"ILl nee

II

2nd order

"
II

II

II

II

II

3rd ordel'



l\lF-fllO

I, riphyton

A. ip tef' 1I- r :; u -ing sl'ides cIt stream

stat-Ions. These s

diagram is at hed.

Icrs !lold e-'9I1t 51i vertically at a constant pth. 1\

B. TVIO samplers are p'! at p lIJary Il!onitori 'j x r Cl ncl 0m s'I i ('
J

are selected b'j orne; s s (a sh dry \'/f~ i r, '1 3) and chlorophyll a

determi nat i ems' r teJil orTI 51'j .) are s lc:c ( \
r C i' .' (. 11Y'nl-I'ld~ '·LL -"I (',I ), IU ,_, I , _ ., '", -1 0 '7 'j)f 5 j j

permanen d-l tom mount lliounts arc J) by uSlng the potassium

C. One sarnpler is pl c at seconda ry mOll -j to stations; random s'l-ides

are selec (' biomass nel ch'j o}"ophy'll~; r' (\)1 d0 l!I S '\ '\ S d res e1ected f 0 t

diat-mll anal)lsis.

D. P\i: primary s classification stations one sampler was installed; three

random slides will be selec for biomass and chloroph.v'I'j ,~analyses; two s']jdes

w-j'll be us

E A 3-week colonization

F. Qua 1 -j tat i ve pet 'j I) hY ton SdillP-, es v} i 1 'j

II. Benthic Invertebrates

collected as in 1976.

A. "10d i fie d He st er '- Den cIy sa 111p'j e r s w-j 'I 'I be p1ace don the s t to aIn bot tom to e1-j Illi nate

any of the problems caused by 'iovi flO\'/s. Four samplers \'ril'l be pluced at pY'imary



s t d t 'j 0 n ; til r cc ~) ry s ta ti () n " at

s t r f:' Cl rn c 'I a s -j fi c ti 0 n s to Lion s S'j x -,VJce k co -10111 (1 t on oyed.

B. Three clti o.t all s i em s duri tI ~J S0 IIIP'I i nq s for

?4 hours. Exceptions to Uris arc silla-Il strClJ,1ll c-laification stat-io:l v/here

one or tvvo nets sdmp"! e C'ssenti o-I'1y the errt"i re s trC'arn [\leyi dr-'j nc shave

shortened to a ro)cimatf:'Iy 105111, Current vc"lucity 'IS mez:\ ured at the time of

net installation and re

Or9ani c mater 'j a "I col -, ec

eval to provi a t r e t-illlat,e yo'!ulile sa -les.

in the d nets '11 dryed at 105°C 24

)"emovt'd 10

s(:! ratc-Iy din the tVIO h

jf no neVJ inve

C. Pool and riffle sections are s

qua-!'i ta ti ve. T'j me spf..'nt in each LrCdlJl

cat ion stat 'j 0 ns ~l the saTlIp'I 'j ng t'i nK' VIas r e

found duri n9 -15 minutes of sarnp1i

)'(lC d. l\t st :il c') ss-j

bra -[ S \;J ere

D. Three 60-second kick-net samples are col lee from each pr'irna

upstream frmn an aquati c insect net and eli ;)turbi ng the sub~)tra

Invertebrates are picked in the field.

at the saille t'ime of drift sampling These samp'] es are co'll ec by standing

r 60 seconds,

III. Comparative Stud-ics

on the comparabil-ity of da co'l'j (-:cted from the 6

sl -j de rack and the '191'7 Per'j phytometer I I v,Ji'll collected at K-5. Sixteen

s'l-ides have been sus ndcd Froln each type of ajllph--'t~ (:,'i~jht, ch-lo)'opl«l'j and

e-ight diatom analyses vrill be made from each type of periphyton sampler. Tax-­

anomie differences and variability vJithin and betV/cen sampling methods vril'!

be determined.



B. [',c:n Lh c 1nvcrLcbl,i L('
by

a'I so 'j nf] COl) C t. ,) Ij

four hilVt: u

\1',1 Ii 1 Ii a 11! d C:' P1d

L r:' I'oui' :liP I t'S \1e en p1
,J

S co! -I '\ 'I ana 'I yzI

d Oli Lh(' [Jott.om -j C'
~~)

on lUln and

taxonollri Cd 1') y.

nee s -In Lax(I cl C' c

vri '\1 be detcnwj

v0 t'; bi '\ -, t.y \'1 i t h 'j n a II d '\ i nSJ methods

C. Dri
1 'ur'! c111 1-; ~J Ii (; Ur san d '\ nth e cJ
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PERIPHYTON
QULiDtitative

PrilTJ.3. ry

Secondary

Pri;nary SCS

Qualitative

Primary

Secondary

Tertiary

Primary SCS

Secondary SCS

INVERTEBRATES
Heste-::/

Primary.,"

Secondary

DRIFT

Primary
r- l.;:,ecanCtary

Prj_ITLary SCS

Secondary SCS

TATIVE

Primary

Secondary

Tertiary

Primarj SCS

Secondary SCS

in 9 ,5cui e
. I

.t-\.PRIL HlJ"Y JUNE .JUI.JY

~,

AUGUST SEP~~--

LEP2 P}'dCKS

Primary SCS
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C' ( 1 2) opi n-I on at~) . -'

1a northern 'lakes and rare els(-;
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to S. nia rae whenever a nd present outs is

-, 0 t e·' -, a co III t a \tIa s tal·1 ~i ed VI here hal for InO reo f a val ue VIaspres ent,
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s d-I a ing to the

description and illustration of ~ustedt (1930A). Bruoan
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rsonal

communication) f'l s t this forrn -j
~l exceed-1 ly rare hi northeastern
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--------------- ,~------

d"jstinguisiled and has found by Brugan rsonal communication) in

surface sediments of -'"I Lake and Eradbl! (1975) in s iments of

Sha Taxonomic di t-jat-ion of los r i a arn Ld ua. and

a ttempted to fo 1'lovJ the cri ter -j a of Lund (1 ) that Melosira ambi ua

ha.s a U shaped sulcus appearing 'like a small \vh'ite eye: \'Yhile tl~.LQ.sir~_
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by Patrl C k and Re i mer (19G6) as lJ..: ft..Q~~_j_~a. Mas t of thes e va 'J Yes \vc.:re

broken and I found it difficult to differentiate which of the two taxa

was more nearly correct
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100rn'1 cJ

s t"j r r i n9 0 r

ana"lyzed until 40 or InGle -;ndividua"l of t COlnmOrt speci es d co un d.

A 5ml subsample was removed with a sen,-St 1(: pit and r '1 ns c: cl i II to a

ra and po 'j nth s suhS i:JI E\ I'jC te

counted un a B2i.U~~ch and stercOlOOnJ c1i(;scctill~1 era

Add"j t i ond -I subsamp"j es \-lere ana -I y "il 110 (n" mor-e of the common taxa

had enumerated

In 1977 sampl (~S, v/cr'e i denl.:-! (~d to subo r ("j .(~o C(llanoi

Cycl opoi cla ) only, pOI a kton; and prcJtozocll1 \-](.=;re
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The nl I -,
1 c: 0 II t l '0 -, )'(1111 0 -, CJ Ild-I Coppc Ilii kcl Stu V/d

-I Ii'i [~ -, atc:,d to a u the accurJcy Lit !\qu t -i l~ Eli 0·' F' fe-un "') nd to(J

llli.dntain con -istl=:,ncy tl<Jeen p E'ct tll~<onollljsts and con u-lt-ill~J ta

oII 0 Iwi s t sin -j t -, fi Cut .j 0n 0f r -j phy ton i II Ve(' t e t e, ancl f -j sh -L II x. .,

CJrlOliljl (Tabl e -\), Pro ures viere clC:'vr~l each ta>:a c! p 'i liS) on

t Ii e a. na1 "s III ctho d eIIIp1o.y ed a the ~~ reo f t d >~ 0 110nri c ce r t <1 i n t.y .

Peri

Emphasis in the per'iph:(con program vvas on diatoms. Although d'iatorns are

t ht~ eas 'i est a1gal g(' 0 UP to i cJ ent i f.Y tothe s i es 1eve 1 J X 0 n0 nri c di f'

f -I cu'I tie soc cur, The se el i cu1 es are the res u1t 0 f t h(-~ -j 'I 0 vri ng pro --

blems: (1) -insu 'icient

d-j -i cu'I -j n deve -lop n9 a cI i ato ill ere nC f\ C (I -I 1 t ion (Illa1\ eII t

sli ; (3) lnsu icient resolu ion of dia ultrastructure, (4) di ren-

ces in frus 1e s'12e' bUS of 9 (::nce" (~;) qua-I-; sa ie

parations; (6) condition and orientation of s -imen -I ng i dent'j fi es;

with some species characteristics.

Bee ause 0 f thesed iff i cu'I tiesathr ee ph a5 e pro9ram VIa s de vel 0 ped " Firs t ,

random samples were selecteel from the first 1976 samples analyzed. These

samples were analyzed and recounted by the original taxonomist or exchanged

It/ith the other staff diatom taxonomist CTable 2). Second, t\,/O consu"lt-ing

taxonomists (Table 'I) \,v('re contrated to reanalyze project sl ides. It

\tva s not po S sib 'I e for con su1t.ant s toexaIn i ne spec i fi c i nd i v i dua -I s, since

the microscopes employed by project taxonon1-ists d-id not have etchoin9 ca bil-

it-ies to desiSJllate these 'ind-iv'iduals; consultants repeated the

species proportiolla-I count on each slide. Project and consultants species

1i s t san cl r e1a t -j ve a bundan c(' S Vier t: c01/1PCl )"(::' cl to cl c t enni nethe t.ax0 11 0 nri s t son

a single slid(~ (Tab'le ~_:;). Three replicate counts \'Jere IIlade on this slide

to detennine dis ibution patterns on an individual slide.

The quality contro" program indicated several problems. Spc~cies indentif'ica-

ti ons vri th in the genera ~YJil~_eJ},~, ~nJ~~l.<:lEj_~,) !~J_(~sjta, l~_0,Yi~~, iiLt~_~-'-l_L~

and 2Y.0~r~_ v/ere 'inconsistent betvJeen project and consu-I tallt taxonomi sts

(Tab1e 2, 3, and 4)' As are su 'J t a 'I 1 s pec i esinden Vi f i cat ion s 'i nthe se



fJI_ilcrd Ie drull 1IIIC(Clcr'phil-lc] nd 1\.1/111111 Ie, liil-_!

~jrou in l til L

4 ) . J'
Cl I 2) inSJui Ii by (~cL ts t n

C() Ii sul t aII t xa 1 11 tif i (! rr'l!~,t.1Jl(:

most cases b-Ie 3 3 l) clnd ~I). Dominant -lOS \t.fere

onOlll'ists (TaL'1 ~I). Differences tVJCerl a'l-1 taxonolnists p

all tax.,

eet and

consu'l tant ~ vJcre In1 n'ilna'j at the

cJ -j atom di t but i 0 II son t h s 'j i s influen s

cneous

'j es 'J '; s t san cl r e1at1ve

a I) undu. nee s r ecorded dur 'i n~J s1i ex 1I () t -j 0 n, CJ s 'j nd'j cat inth r ee

counts conducted t::,ct ta>,:ollol:ri ts Crable 5), DOllrinant taxa \lIen:

consis ntly encounte in count, altho h

relative abundance varied.

Tv/o S ies names \vere cha au E..' d i tom nOnl(~:nc '] atu re V/Z'1 c; rev'j s

Cocconeis 1 cen la was c '\ ace n t, [(I \f aY', 'I i n tad nc!

e 'I 0 Ii atum I,'i d S c hJ nSJ to D VEl!' "

1\1 -, r md nent 'i phy ton s1 i d rn () unt S 1"1 (-l P-: ac din

reference collection for future son. The locJtion

is documcn In elllU

I NV ERTE8Rl~TES

C;LJ t';

t hi s collect'i on

Identification to the species level VvdS influenced by the sex s maturity,

and condition of the specimen extent of ta,Y,onolll-ic descr-lptions 'in the -I-iter,­

ature, and the need to rear inlilielture specimens to lt stages for posit-ive

larval ider1tification.

Taxonomi c consu'l tCllltS \'Jcre con '('de

verify or correct icJent-ificcit-iuns. Consultant selection VIas based on author·-

ship of taxon c r en COl! :J t c )~ i i) 1 us by the p ect -I i ar i ty

the reg" ona 1 taxa, and n~collilll(:ndJ t-j ons tcL<onolrri s ts hdv-j nq (> i se -j n

specif'ic eni:omohJ:Jlca'l ar'eels (Table 'I), As each c!Chl'itioilit-1 taxon V/dS

-j dell t i f 'j i t \'~ass C' nt to C' app'(0Pl' i teeun sul t E\ 11 t r() r n() ti 0n nd

verification. Verif'icd specimens \tlere p'Iaced 'in a reference collecUon and

as recor'd of Study Area. taxa for future cOllipari sons.
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