
o
u~

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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RLSUl'lE FOf~

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

(



\',

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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II n~J

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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HESUi/iE FOD C-TEV
------------=-.cc-·~--:

________-.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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Bourelly Po 1 1
and Ci c: 5 Par -j s ,

Les algu
France. pp.
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Drouet, F. -and W.A. Daily.
Butler Universi Bo

19 Rev -j s 'j 0 n
ieal Studies XII, I
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'ianapol-is, Indiana.

F"ott, B. 1 Algenkun Gus lag, Stuttgart, West Germany

Fi"-jtsch, F"E. 1 'fhe S
I and I e Cambr'i

Hustedt, F 1930. D'ie
Flora von Deutschl
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and d ion of the Algae. Volumes
Press. pp 7 ,939.

l. benhorst, editor, Kryptogamen-
ich und Sc iz. Volume VII,

e'l 'I sC In • b. h. Le '\ pz 'j 9.

Hustedt, F. 1
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Hustedt, F. 195 1 Oi
Flora von Deutschland, as
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L iprig.

i ,Kryptogamen-­
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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Hi99'ins, G.B. 1960. 1-\ prelirrrlna
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
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consin. Technical Bull.

'Allen, H.K., and G.F. Edmunds, J .
Epllerner'e 11 a (Ep tapter-a: Ep
) frll[)a-11()Qa ~- Ca n. En torno -I. 91: 51·~ sa.
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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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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
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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.
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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 '
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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
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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
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~,

AUGUST SEP~~--
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Primary SCS
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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
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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
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