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ABSTRACT

A study of the benthic invertebrates in lakes of the Regional Copper-Nickel
Study Area (Study Area) was conducted in 1976 and 1977. Quantitative and
qualitative samples were collected in order to describe the benthic
invertebrate communities in the l-ittoral and profundal zones of Study Area
lakes. Profundal zone densities ranged from 129 organisms/m2 to 3869
organisms/m2 . The dominant taxa collected in the profundal zone were
Chaoborus spp., Hexagenia limbata, Procadius spp., and Chironomus spp.
Four types of lakes were found based on invertebrate associations:
Chaoborus/Hexagenia lfmbata/Procladius; Chaoborus/Procladius; Chaoborus;
Chironomus. Little difference was noted in transect sampling across the
profundal zone; many more taxa were collected in the littoral zone than in
the profundal zone. Bivalve populations were found throughout the Study
Area.

Lakes within the Study Area were found to be similar to other lakes in the
upper midwest and Canada.

i

PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOTE



.INTRODUCTION TO THE REGIONAL COPPER-NICKEL STUDY

The Regional Copper-Nickel Environmental Impact Study is a comprehensive
examination of the potential cumulative environmental, social, and economic
impacts of copper-nickel mineral development in northeastern Minnesota.
This study is being conducted for the Minnesota Legislature and state
Executive Branch agencies, under the direction of the Mlnnesota Environ
mental Quality Board (MEQB) and ~ith the funding, review, and concurrence
of the Legislative Commission on ~nnesota Resources.

A region along the surface contact of the Duluth Complex in St. Louis and
Lake counties ,in northeastern Minnesota contains a major domestic resource
of copper-nickel sulfide mineralization. This region has been explored by
several mineral resource development companies for more than twenty years,
and recently two firms, AMAX and International Nickel Company, have
considered commercial operations. These exploration and mine planning
activities indicate the potential establishment of a new mining and pro
cessing industry in Minnesota. In addition, these activities indicate the
need for a comprehensive environmental, social, and economic analysis by
the state in order to consider the cumulative regional implications of this
new industry and to provide adequate information for future state policy
review and development. In January, 1976, the MEQB organized and initiated
the Regional Copper-Nickel Study.

The major objectives of the Regional Copper-Nickel Study are: 1) to
characterize the region in its pre-copper-nickel development state; 2) to
identify and describe the probable technologies which may be used to exploit
the mineral resource and to convert it into salable commodities; 3) to
identify and assess the impacts of primary copper-nickel development and
secondary regional growth; 4) to conceptualize alternative degrees of
regional copper-nickel development; and 5) to assess the cumulative
environmental, social, and economic impacts of such hypothetical develop
ments. The Regional Study is a scientific information gathering and
analysis effort and will not present subjective social judgements on
whether, where, when, or how copper-nickel development should or should
not proceed. In addition, the Study will not make or propose state policy
pertaining to copper-nickel development.

The Minnesota Environmental Quality Board is a state agency responsible for
the implementation of the Minnesota Environmental Policy Act and promotes
cooperation between state agencies on environmental matters. The Regional
Copper-Nickel Study is an ad hoc effort of the MEQB and future regulatory
and site specific environmental impact studies will most likely be the
responsibility of the Minnesota Department of Natural Resources and the
Minnesota Pollution Control Agency.

ii
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PURPOSE

This regional characterization is intended to describe the dominant taxa

of the region and their relationships, as well as the similarities and

differences between the sites sampled. It provides a basis for assessing

the potential impacts of copper-nickel development. It does not, in

general, provide the baseline data necessary to detect impacts of develop

ment at particular sites. Techniques for'developing such a baseline and

ways in which these data might be used in planning a baseline monitoring

program are discussed in a separate report, Biological Monitoring of

Aquatic Ecosystems (Regional Copper-Nickel Study 1978).

iii



INTRODUCTION

Two distinct zones are present along the bottom profiles of lakes. These

zones are the littoral (the zone which supports benthic vegetation), and

the profundal, (area with no benthic primary producers). Distinct groups

of benthic invertebrates inhabit the littoral and profundal zones

(Brinkhurst 1974), Golonizing the substrate and aquatic vegetation.

Other invertebrates such as Chaoborus spp. can be found migrating between

the profundal substrates and the hypolimnion (Hilsenhoff and Narf 1968).

The benthic invertebrate fauna is generally more diverse in the littoral

zone than in the profundal zone. The differences in density of organisms

are not consistent between the two·zones. Within the profundal zone there

is a general decrease in abqndance with increasing depth (Brinkhurst 1974).

Benthic invertebrate species have specific physical-chemical requirements

and because of this have been used to indicate lake types (Brinkhurst 1974).

These lake classification systems generally deal with 'indicator species

of organic pollution and/or lake productivity. The size of the benthic

invertebrate populatio~ also provides information on the relative produc

tivity of lakes. Benthic invertebrate larvae and adults serve as a major

food source for forage and young-of-the-year game fish (Scott and Crossman

1973, Pope et ale 1973) therefore, benthic invertebrate populations can provide

information on the potential for fish production.

Because of the importance of benthic invertebrates in the lake ecosystem

and the information they can provide on lakes, a survey of the benthic

invertebrates of the Regional Copper-Nickel Study Area (Study Area) was

initiated in May, 1976. This survey was designed to provide basic
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information on the dominant species of benthic invertebrate, their relative

abundance and distribution within the Study Area. By relating these

biological parameter,s to physical-chemical conditions, it is

possible to generally describe lakes in which no sampling was done. This
,

characterization then provides a 'basis for the prediction of impacts on

lake ecosystems in the Study Area.

METIIODS

Study Area

The Study Area encompasses 2130 sq mi of Lake and St. Louis counties in

northeastern Minnesota (Figure 1). This area is divided into two major

watersheds by the Laurentian Divide. Water north of this divide flows to

- '

Hudson Bay while water south of this divide flows to Lake Superior. Lakes

within the Study Area range from shallow and bog-stained to deep and clear.

The deep-clear lakes are generally located along the northern boundaries

of the Study Area.

Study Lakes

In 1976 five lakes were selec,ted for quantitative and qualitative sampling

(Figure 1 and Table 1). These lakes were selected on the basis of potential

for impacts. One lake with high potential for impact. and one lake with low

potential for impact was chosen from both north and south of the Laurentian

Divide. In addition, Birch Lake was chosen as a primary lake because of

its high potential for impact and its importance in the Study Area. A

further criteria for these lakes was that their ecological classification

by the Minnesota Department of Natural Resources (MDNR) was to be similar.
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Two quantitative and two qualitative stations were located in each lake

except for Birch Lake where four stations were sampled. Quanlitative

stations were located alo~g the shoreline in the littoral zone.
'.

In 1977 seven lakes were sampled quantitatively (Table 1). These lakes were

chosen because they represented a wider range of lake types. A further

criteria in selection was their accessibility by boat. Single stations

were located in the profundal zone of each lake except Birch Lake where

two stations (LB-1 and LB-3) were sampled. In addition, to examine the

relationship of depth to the distribution of profundal organisms, two

transects of five stations each were sampled across White Iron Lake using

the 1976 station locations as center points. No qualitative stations were

sampled in 1977.

Field Procedures

Lake benthic invertebrates were sampled quantitatively with a Petite

Ponar dredge (15.6 X 15.6 em). Three replicates per site were collected

in 1976 and two per site in 1977. Samples were sieved through a No. 40

u.S. Standard Sieve and preserved in ten percent formalin in the field.

Qualitative samples were collected from all substrates at each site with

aquatic insect nets and by hand for two man-hours and preserved in ten

percent formalin. Collections of mussels (Pelecypoda) were made by SCUBA

in deeper'areas in and adjacent to qualitative sampling sites. Detailed

field procedures can be found in another report (Regional Copper-Nickel

Study 1977).
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Laboratory Methods

Samples were sieved to remove the formalin, and organisms were sorted from
'.

the debris and represerved in 70 percent alcohol before identification.

When possible~ insects were identified to genus and species; other inver-

tebrates were identified to the class or family level. The groups of

invertebrates considered in this study are listed in Table 2. Detailed

laboratory procedures can be found in another report (Regional Copper-Nickel

Study 1977).

Sampling Frequency

Quantitative and qualitative samples were collected in May and October, 1976,

while in 1977 quantitative samples were collected in May. Sampling months

were selected based on data presented by Shults et al. (1976) for Shagawa

Lake, which is located in the Study Area. They reported maximum benthic

invertebrate densities in May and October.

RESULTS AND DISCUSSION

Density of Benthic Invertebrates

The density of benthic organisms in the lakes of the Study Area was generally

low, ranging from 129/m
2

in Tofte Lake (May, 1977) to 3869/m2 in Colby Lake

(May, 1976)(Table 3).

Dominant Profundal Taxa

Table 4 and Figures 2 and 3 present data on the relative abundance of the

four most abundant taxa collected from Study Area lakes. The most abundant

organisms found in quanti tative samples were Chaoborus spp., Hexagenia limbata,
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Procladius spp., and Chironomus spp. These taxa comprised 89 and 87

percent of all individuals collected in 1976 and 1977, respectively.

CRaoborus was the most abundant and widespread invertebrate found

in the area and constituted 23 to 91 'percent of the fauna in lakes where

it was collected. Tofte Lake was the only lake where Chaoborus ~. was

absent. Procladius ~., the second most abundant organism collected,

was found in all lakes except Tofte and Wynne, and, when present, accounted

for 1 to 38 percent of all individuals: Hexagenia limbata was collected

in 6 of the 10 lakes, comprising up to 54 percent of the individuals at a

station; however, it was not found at all stations in those lakes where it

was collected. Chironomus~. also appeared in six lakes and ranged from

1 percent of the organisms in Colby and Birch lakes to 100 percent in

Tofte Lake.
2

The mean numbers of organisms per m for all taxa collected

in 1976 and 1977 quantitative samples are presented in Appendix A, Tables

1 and 2, respectively.

Comparison of Lakes on the Basis of Dominant Profundal Taxa

Figure 4 demonstrates the differences between lakes based on the average

percent' abundance for the four dominant taxa. Six of the lakes (Colby,

White Iron, Birch,' White Iron, and Greenwood) are characterized by large

numbers of Chaoborus ~. and the presence of Procladius ~. and Hexagenia limbata

These lak~s all have fine silt substrates. Two lakes (Seven Beaver and

Bear Island) are characterized by abundant Chaoborus ~. and the presence

of Procladius .... , but lack Hexagenia limbata. These two lakes have

substrates containing coarse detritus, a habitat which does not support

Hexagenia limbata (Fremling 1970). Wynne Lake has a hard clay substrate

and supports only Chaoborus Tofte Lake, the deepest lake sampled, has
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very soft and flocculent sediment and low dissolved oxygen in the bottom

waters in the summer (less than 2 ppm at a depth of 12 m in July, 1976, and

1977)(Regional Copper-Nickel Study 1978b). Both of these factors probably

restrict the fauna in Tofte Lake to almost nothing but Chironomus spp.

Thus, the bottom substrate and chemical cha~acteristics of Study Area

lakes appear to determine the occurrence of the dominant taxa.

Distributions Within Lakes

Samples taken along transects in White Iron Lake were all in the profundal

zone as the littoral zone was too rocky for dredge sampling. The dominant

organisms found along the transects were the four dominant profundal

organisms discussed above (Table 5). Depth at transect stations ranged

from 2.5 to 6 m and appeared to have little effect on the benthic

fauna of White Iron Lake. The average percent composition for the transect

sites in White Iron was similar to the average percent composition of the

other Study Area lakes with the Hexagenia limbata/Chaoborus/Procladius

association (Figure 4).

Because the littoral zone of Study Area lakes is generally rocky and narrow,

no quantitative sampling was done in this zone; hence, comparisons between

littoral and profundal zones can only be made on the basis of qualitative

samples in the littoral zone and quantitative samples in the profundal

zone. These samples indicated a greater invertebrate diversity in the

littoral zone ~ith 73 genera in 10 orders (Table 6) as compared to 18 genera in

9 orders in the profundal zone (Appendex 1, Tables 1 and 2).

The most abundant taxa in the littoral zone within each order were:

Acroneuria lycorias (Plecoptera); Stenonema tripunctatum, Leptophlebia,
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and Ephemerella temporalis (Ephemeroptera); Basiaeshna janata (Odonata);

Corixidae (Hemiptera); Hydroptila, Grarnmotaulis, and Molanna tryphena

(Trichoptera); Sialfs (Megaloptera); Dytiscidae (Coleoptera); Endochironomus,

Glyptotendipes, and Procladius (Diptera); Physa (Gastropoda); Hyalella azteca.
(Crusteacea). All taxa from littoral qualitative samples (Table 6) except

Didymops transversa, Somatochlora williamsonf, and Arypnia improba were- also

collected in stream riffle or pool areas in the Study Area (Regional Copper-

Nickel Study 1978a). These taxa are not restricted to the littoral zone in

lakes (~alker and Corbex 1975, Wiggins 1977).

Pelecypoda

• Bivalve faunas often react quickly to any disruption of the aquatic

ecosystem (Fuller 1974). The presence of bivalves in the Study Area is an

important indicat~on of the extent of present impacts in the Area. Imlay

(1969) has recornmended "documentation of existing populations" in areas of

potential environmental change. Mussel species collected by SCUBA are

included in Table 7. Mussels were found at all stations sampled in 1976,

with Actinonaias carinata carinata and Anodonta grandis grandis the most

widespread species.

Comparisons With Other Studies

The domiriance of four taxa (Chaoborus ~., Hexagenia limbata, Procladius

and Chironomus ~.) in the" profundal zone is similar to the findings of

several other studies in the Upper Midwest and Canada. Hilselhoff and Narf

(1968) sampled statewide in Wisconsin lakes and found that the profundal zone

was dominated by Chaoborus ~., Chironomus ~., Procladius ~., and

ceratopogonids. The other invertebrates found were thought to originate
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in the littoral zone. Schults et ale (1976) studied Burntside and Shagawa

lakes, located near El~ in the Study Area. Shagawa Lake which has been

enriched by sewage input from Ely is dominated by Chaoborus .... and

Chironomus~. The dominance of Chaoborus
t

is similar to many Study

•

Area lakes. Burntside, a deep and clear lake, is dominated by amphipods,

Chaoborus liliiii. and pelecypods, which is different from the Study Area lakes

investigated. The Burntside Lake fauna is probably typical of deep, clear

lakes in the Study Area. The Burntside fauna is similar to the benthic fauna

reported from Experimental Lakes Area (ELA) lakes with a mean depth greater

than ten meters (Hamilton 1971). In (ELA) lakes with a mean depth less

than ten meters, Hamilton (1971) found that Chaoborus, and chironomids

including Procladius and Chironomus were the dominant benthic invertebrate

taxa. This pattern is similar to Study Area lakes of similar depth.

Although Hexagenia' limbata was found in six of ten lakes sampled in the

Study Area and observed emerging in Shagawa Lake by Regional Copper-Nickel

Study staff, it was not reported by Hilsenhoff and Narf (1969), Hamilton

(197~, or Shults et ale (1976). It was, however, found to be an important

profundal organism in the Churchill and Reindeer river lakes system in

northern Saskatchewan (Willard 1975, Sawchyn 1975). Its absence in the

silty-bottomed ELA lakes, Wisconsin lakes, and Shagawa Lake is surprising

since it is widespread in silty-bottomed,. well-oxygenated lakes and rivers

(Fremling 1970). Data from the present study seem to confirm its preference

for silty substrates, a condition found in many Study Area lakes.

The range of densities of benthic invertebrates in Study Area lakes

(129-3869 organisms/m2) is approximately equal to that reported for ELA

lakes less than ten meters in depth (230-3600 organisms/m2) (Hamilton 1971).
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Densities in Study Area lakes are also comparable to those in oligotrophic

2 G

Burntside Lake where 1100 to 2400 organisms/m were reported by ~hults et ale

(1976). This is in,contrast to the higher density reported in Shagawa Lake

2 G-
(29,OOO/m , June 1973) by ~hults et ale (1976) which can be attributed to

the effects of nutrient inputs from the sewage treatment plant.

PRELIMINARY DRAFT SlJR.Ir=~T Tf"\ 1\11 A IAn n.r- \ I •. ,..."..1 __ ,.... ...



Page 10

REFERENCES CITED

Brinknurst, R.O. 197~. The benthos of lakes. St. Martin's Press,
New York. 190 pp.

Fremling, C.R. 1970. Mayfly distributions as a water quality index.
United States Environmental Protection Agency, Water Pollution Control
Research Series, Report No. 16030 DQH 11/70.

Fuller, S.L.H. 1974. Clams and mussels (Mollusca: Bivalvia) pages 215-273
in C.W. Hart and S.L.H. Fuller, eds. Pollution ecology of freshwater
invertebrates. Academic Press, New York.

Hamilton, A.L. 1971.' Zoobenthos of fifteen lakes in the Experimental Lakes
Area, northwestern Ontario. J. Fish. Res. Bd. Canada 28:257-263.

Hilsenhoff, W.L. and R.P. Narf. 1968. Ecology of Chironomidae, Chaoboridae,
and other benthos in fourteen Wisconsin lakes. Ann. Entomol. Soc. Amer.
61: 1173-1181.

Imlay, M.J. 1969. Some research needs and methods for protecting naiads
from extinction. Annual Report. Am. Malacol. Union 1969:49-51.

Pope, G.F., J.C.H. Carter, and G. Power. 1973. The influence of fish on
the distribution of Chaoborus spp. (Diptera) and density of larvae in
the Matamek River system, Quebec. Trans. Amer. Fish. Soc. 102(4):
707-714. '

Regional Copper-Nickel Study. Johnson, M.D. et ale 1977. Operations
manual-aquatic biology. Minnesota Environmental Quality Board.
St. Paul, MN.

Regional Copper-NickeJ Study. Johnson, M.D. et. ale '1978a. Benthic invertabrates of
streams. Minne80ta Environm~ntal Quality Board: St.'Paul, MN.

Regional Copper-Nickel Study. Mustalish, R.· 1978b. Water quality.
Minnesota Environmental Quality Board. St. Paul, MN.

Sawchyn, W.W. 1975. Impact on the Reindeer River and four Churchill River
lakes. Final Report 9. Churchill River Study. Saskatoon, Sask.
260 pp.

Schults, D.W., K.W. Malueg, and P.D. Smith. 1976. Limnological comparison
of culturally eutrophic Shagawa Lake and adjacent oligotraophic
Burntside Lake, Minnesota. Amer. MidI. Natur. 96:160-178.

Scott, W.B. and E.J. Crossman.
Res. Bd. Canada Bull. 184.

1973. Freshwater fishes of Canada. Fish.
966 pp.

Walker, E.M. and P.S. Corbet. 1975. The odonata of Canada and Alaska.
Vol. 3. Univ. of Toronto Press, Toronto. 307 pp .

.- ....

PR.. E_LIMINARY DRAFT SUBJECT"
~._----- - ., # T? ~A~OR REVISION DO NOT QUOTE'--'



Page 11

REFERENCES CITED (contd.)

Wiggins, G.B. 1977: Larvae of North American caddisfly genera (Trichoprera).
"'»:'" Univ. of Toronto Press, Toron to. 410 pp.

Willard, J.R. 1975. Benthic fauna in Sokatisewin Lake. Final Report 14.
Churchill,River Study. Saskatoon, Sask. 54 pp.



I
'"0 Physical and chemical characteristics of Study Area lakes that were

k

Table 1. i'

:u ;:"

m sampled for benthic invertebrates in 1976 and 1977.
r--$;:- -------DEPTH ALKALI1ft'fYa SURFACEZ

STATION AT COLORa (mg/l as AREA YEAR IMPACT»
:0 J.AKE_ _~ ____ NUMBER _SITE(m) SUBSTRATE pHa (Pt-Co units) CaCo1) (k.m2) SAMPLED POTENTIAL

-< Bear Island 1 6 Coarse sand 7.40 39.50 15.50 8.64 . 1977
0
:0

~

Birch 1 5.2 Fine silt· 7.10 54.90 23.40 ,25.62 1976-77 High -» 2 5.2 " 1976

" 3 7.2 " 1976-77-;
4 7.0 " 1976

(f)

C Colby 1 6.0 Fine silt 7.10 133.75 33.0 .2.24 1976 High
CO 2 6.8 tv 1976
C-

~m Gabbro 1 4.9 Fine silt 7.25 100.25" 17.75 3.63 1976 Low()
2 3.9 " 1976-;

-; Greenwood 2 1.6 Coarse organic 6.65 170.00 8.00 • 5.06 1977
0 ~ material-fine

s.:: silt

»
1 2.5 7.25 21.50 2.05C- ! Sand Coarse organic 80.00 1977

0 material-fine silt
:0

:0
Seven Beaver 1 1.4 Coarse Detritus 6.5 172.5 13.67 5.63 1977 Med.

2 1.5 " " 1977m
< i Tofte 1 15 Fine silt 8.55 3.0 70.5 .47 1977-
(f)- White Iron 1-1 2.5 Fine silt 6.95 73.75 17.15 13.85 1977 High
0 -2 3.5 " 1977
Z -3 10.0 " 1976-77
0 -4 5.5 " 1977
0 -5 2.5 " 1977
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0
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0
C
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Table 1 (contd.)

aSummertime averages (June, July, and August) from Regional Copper-Nickel Study (1978b).

ALKALINITYQ SURFACE
aCOLOR (mg/l as AREA YEAR

pHa (Pt-Co units) CaCo1) (km2) SAlWLED

;

IMPACT
POTENTIAL

1977

1977
1977

1976-77
1977
1977

42.5

•

73.757.2

DEPTI!
STATION AT

LAKE NUMBER SITE(m) SUBSTRATE

'White Iron 2-1 2.3 Fine silt
(contd.) 2 3.4 "

3 4.2 "
4 3.0 "
5 2.0 "

Wynne 1 6 Hard clay

"-~I
I
I



Table 2. Invertebrate groups classified as benthic invertebrates in
the Regional Copper-Nickel Study.

I
I

Nematoda
Annelida
Isopoda
Amphipoda
Decapoda
Acari
Insecta
Gastropoda
Pelecypoda

Q
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Table 3. Mean total number of benthic invertebrates m-2
collected per lake in 1976 and 1977 with a Ponar dredge.

I,

1976
LAKE May Oct. May, 1977

,
White Iron 517 610 473

Colby 538 3860 ---

Seven Beaver 761 --- ---

Gabbro 784 474 ---
Birch 850 1351 1033

Tofte --- --- 129

Wynne --- --- 237

Greenwood --- --- 323

Bear Island --- --- 581

Sand --- --- 1399

PRELIMINARY DRAFT SUBJECT TO MAJOR REVISION DO NOT QUOTE



Table 4. Overall percent relative abundance of the
four dominant benthic invertebrate taxa collected
in quantitative lake samples in 1976 and 1977.
Percentages calculated from mean number of organisms
per site.

c,

_________ DATE

TAXA ~

Hexagenia limbata

Chaoborus

Chironomus

Procladius

Total Percentage
of these taxa

1976

3

77

3

6

89

1977

6

68

5

8

87
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Table 5. Abundance percentages of most abundant taxa in two •
transects in White Iron Lake, 1977. (Percentages are calculated
from the mean number of organisms per site.)

WHITE IRON LAKE
TRANSECT 1 TRANSECT 2 Percentage of To al

Site Site Organisms Collected
TAXA 1 2 3 4 5 1 2 3 -4 5 in Two Transects 1977

Hexagenia
limbata 71 43 23 . 0 43 30 15 19 43 8 28

~ -

Chaoborus 0 43 23 78 0 35 55 55 36 46' 40

ChironoIDus 0 0 8 0 0 13 5 0 7 0 5.
Procladius 14 0 39 . . 0 43 0 0 6 0 0 8
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Table 6. Relative abundance of lake benthic invertebrate taxa qualitatively collected
'in two hours per site in May and October, 1976.

.~
BIRCH LAKE WHITE IRON LAKE GABBRO LAKE SEVEN BEAVER LAKE COLBY LAKE

1 2 3 4 1 2 1 2 1 -2 1 2

TAXA May Oct May Oct Hav Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct

PLECOPTERA ~ -
Capniidae 1
Acroneuria lycor1aa 2 1

i Perlinella~ 1

EPHDIEROPTERA 1 1
Isonychia sp 0- 1
Siphlonuridae 1
Siphlonurus sp. 4
Siphlonurus marshall1 2
Heptageniidae 2 2
Arthroplea bipunctata 1 13 1 1 3
Stenacron spo 13 16 1 8 31 11 16 4 1 19 11
Stenacron candidum 1

I
Stenacron interpunctatum 1 1 9 2 5 2
Stenacron minnetonka 1 1. Stenonema sp. 2 8
Stenonema tripunctatum 29 1 8 2 15 8 19 1 2 46 10 37

I Siphloplecton interlineatum 4 2 2
;

Baetidae 1

: -Callibaetis sp. 1 1 5 24

~sp. 1
Leptophlebi1dae 1 6 1 3 1 4 7
Leptophlebia sp. 9 3 15 5 2 40 3 16 5 7 13 4 19

I 4 1 2I Ephernerella sp. 1 1 8f

1
I

Ephemerella versim1l1s 1
Ephemerella temporalls 2 4 2 2 7 1 77 22 10 16

. Caenis sp. 2 1
Ephemera simulans 20 1 13 2 1
Hexagenia sp. I 2
Hexagenia limbata 1 2 1 2
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Table 6 (contd.).
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BIRCH LAKE WHITE IRON LAKE GABBRO LAKE SEVEN BEAVER LAKE COLBY LAKE

\

1 2 3 4 1 2 1 2 1 2 1 2

TAXA May Oct May Oct Hay Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct

ODO~OTA .
Coenagrionidae 8 3 1 19 1 3
Enallagma sp. 8 3 1
Gomphidae 1 2 1
Dromogomphus spinosus 2 1

~ - 1
Hagenius brevistylus I 1 '1
Aeshnidae I
Aeshna sp. 3 3
Basiaeschna janata I 2 I I 2 3
Boyeria sp. 1 1 1
Boyeria vinosa 6 I
Did]TIops transversa 1
aacromia sp. I I 1
~~cromia illinoiensis 1.
Sonltochlora williamson! 1
Tetragoneuria sp. I S

HEMIPTERA
Gerridae 1
~sp. 1 2 1 1
Notonecta sp. 3 1 2 1 6 1

, Ranatra sp. 5 1 8

I
1 9 8

; Belostoma sp. 1 1 1 1 5 4
, Lethocerus sp. I

Corixidae 2 10 18 20 3 4 13 1 7 1 I 8 20 33I

TRICHOPTERA I
I

.; Nyc tiophylax moestus
1

1 1 1
! Polycentropus cinereua 2 1 8
. Polycentropus interrupta 2

Hydroptillidae 1 1 1 5
Agraylea sp. 3
Hydroptila sp. 56
Ochrotrichia ap. j 1 2 5 19
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BIRCH LAKE WHITE IRON LAKE GABBRO LAKE SEVEN BEAVER LAKE COLBY LAKE

1 2 3 4 1 2 1 2 1 2 1 2

May Oct May Oct Hay Oct May_ Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct

-TRICHOPTERA (cant.)
Agrypnia improba 1
Banksiola crotchi 1 2
Phrygahea cinerea 1 1 ~

Ptilostomis sp. 1 1 1 2 3 1
Limncphilidae 1 1 . 1
Grao.motaulis sp. 2 28 5 27 1
Nemotaulius hostilis 1
Pycnopsyche guttifer 1 1 1
Agarodes distinctum 8
Molanna sp. 1
Molanna blenda 2
Molanna tryphena 1 2 1 17 3 2 2
Helicopsyche borealis 17 1 3 4 1 3
Ceraclea sp. 1 1 1
Ceraclea neffi 2 . 3 5 5
Ceraclea resurgens 1
Triacnodes injusta 1
Triacnodes tarda 1

MEGALOPTERA
Chauloides rastricarnis 1 3

\ Sialis sp. 7 2 1 2 1

C6ELOPTERA
Haliplus sp. lA 2A-lL 3A lA 2A lA
Dytiscidae 2A 5A 2 7 2 4 6A 4A lA

; tyrinidae 1 1
; Dineutus sp. 2
1 Gyrinus sp. 1 3A 8 6 3A lA lAI

Hydrophilidae lA 1 lA lA
Ectopria nervosa 2 3
Dubiraphia sp. 2 1 1 1
Macronychus glabratus 2
Donacia sp. 1



-0
:0
m
r
~

z
»
:0
-<
o
JJ
»
."
-{

(j)

C
OJ
e-
m
()

--I
-{

o
~
»
c-
O
JJ

JJ
m
<
(j)

o
z
a
o
z
o
--t

o
C
o
-I
m

·Table 6 (contd.).

T~
BIRCH LAKE WHITE IRON LAKE GABBRO LAKE SEVEN BEAVER LAKE COLBY lAKE

1 2 3 4 1 2 1 2 1 2 1 2

May Oct May Oct May Oct May Oct May Oct 'Hay Oct May Oct May Oct May Oct May Oct May Oct May Oct

I
-DIPTERA 1 lA 2A

1
Tabanidae 1
Aedes sp. 25 2 1

~

Chironomidae -
Clin0tanypus sp. 1 2 1
Conchapelooia sp. 5 2 14 5 3 1 100 6 5

I Dicrotendipes sp. 8
Endochironomus sp. 1 1 6 1 1 1 7
Eukieffcrriella sp. 4
Glyptotendipes sp. 4 8 3 1 I 2 9 7
Vlrsia sp. I
P;)}pomyia group 2 25 1 12
Polyped Hum sp. 1 2
Procladius sp. 3 17 7 2
Stenochironomus ap. .

1
Xe~~chironomus sp. 1 2 1
Chironomidae pupae 2

GASTROPODA 2 2 1 2 4 6
cf. A~nicola limosa 16

:' Ca::.nelona dec~

I" Ferriss ia sp. 1· 1 7 1 1 1
'. Gvraulus sp. 2 9
HelisQ~3 anceps 2 1 1 1!!.. c2::".r<J.nulata

, .!I. corpulen tum 1
H. tri'lolvis 6 7 1 3 1
Helisor:;.1. 5p. 2

~ Phvsa gvrjna 6 4 2 2 43 3 81 3 61 /1 13 2 1 12 27 81 1 61
1 Sphapri~m stria;1num

.
1

Stagnicola sp. 30 1 1 30
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iTable 6 (contd.).

~
BIRCH LAKE WHITE IRON LAKE GABBRO LAKE SEVEN BEAVER LAKE COLBY LAKE

1 2 3 4 1 2 1 2 1 2 1 2

'IA,.Y.A May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct May Oct
~

DECAPODA 1 1 1 2 1-
CRUSTACEA

Crangonyx sp. 1 1 1
Hyalella~ 1 17 7 14 29 54 41 1 4 24 2 37 29 33 10

NE1-:.ATODA

TURBELLARIA 1 1

HIR1JDL"iEA . 6 2 4 11 2 1 2 1 1 3 2 3 2

OLIGOCHAETA 2 1 2 .. 1

PELECYPODS
Sphaeriidae 2 7 2 1 6 1 42 9

OTHER
Lepidoptera 1 1
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Table 7. Clams collected by SCUBA in July, 1976.
,"
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N
TAXA LWI-1 LWI-2 LG-1 LG-2 LC-1 LC-2 LB-l LB-2 IB-3 LB-4 LSB-l LSB-2

Unionidae X X X X X X
Actinonaias carinata 4

carinata X X X X X X X X X
Anodonata sp. X X
Anodonata grandis -

grandis X X X X X X X X X X ·X X
Anodonata inbecilis X X
Lampsilis sp. X
Strophitus-Anodontoides-
Anodonata sp. X



".-"..... APPENDIX

Table 1. Mean number of lake benthic invertebrates m- 2 collected
with three Ponar dredge in May and October, 1976.

-2Table 2. Mean number of lake benthic invertebrates m collected
in May, 1977, with two Ponar dredge.
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-2-lTable 1. Mean number of lake benthic invertebrates m collected with
three Ponar dredge in May and October, 1976. •

SITE SEVEN BEAVER WHITE IRON COLBY GABBRO BIRCH
1 2 1 2 1 2 1 2 1 2 .' 3 4

TA.'<A Mav Oct May Oct May Oct May Oct May Oct Mav Oct May Oct May Oct Mav Oct Mav Oct May Oct May Oct

Ephe:-::eroptera
Hexaeenia sp.
Hexa~en1a limbata 14.4 14.4 100.4 172 14.4 71.8 14.4 28.7 129.2 14.4 28.7 11.8 28.7 28.7 11.8

'I'rlchoptera
Leptoceridae 28.7 -
Hydropsychidae 14.4 14.4 43.0

Diptera
Chaoborus sp. 516.6 588.21 43.0 100.4 57.4 631.4 114.8 904.0 617.0 6615.4 420.6 200.9 559.6 315.7 559.6 645.8 401.8 1707.6 861.0 1191.0 559.6 760.6
Pa bO:"lvia group 14.4 28.7 14.4 14.4 14.4 14.4 43.0

Chironomidae
Abla~€'~ sp. ' . 14.4
Cardiocladius sp. 14.4 14.4 14.4
Clinota~v~us sp. 43.4 14.4 14.4 28.7 14.4 14.4 43.0 28.7
Chiro:1o-:Ju5 sp. 516.6 43.0 11.8 28.7 14.4 14.4 14.4
Chonchapelopia sp. 14.4 14.4
Coelotanvpus sp. 18"7 . 43.0 14.4 28.7
Crv:'t')chironomus sp. 28.7 14.4 43.0 -
E~kieff€'riella sp. 14.4
~;'E'~ilul'1 sp. 14.4 14.4 28.7
Pcttr.Jstia sp. 14.4
Procl.3dius sp. 86.1 129.2 14.4 14.4 100.5 43.0 . 43.0 100.5 28.7 57.4 43.0 114.8 186.6 287.0 143.5 129.1
Psectrotanvpus sp. 14.4 71.8 28.7 14.4 14.,4 14.4 28.7 14.4
T3;,'."tarsus sp. 14.4
Zavreli:.;yia sp. 28.7 43.0
l"nidentified 14.4 28.7 14.4
, Chironocidae

Megaloptera
Sialidae

i Sialis sp. 14.4 14.4 43.0
I

Hemiptera.
Cor1:ddae 14.4 43.0 14.4 114:8 14.4

llirud1nea

,Pelecypoda 1\

1
Sphaeriidae 14.4 43.0 14.4 114.8 14.4 71.8 14.4 114.8 28.7 28.7 14.4 28.7

I
~ematoda

Oligochaeta 28.7 43.0 200.9 14.4 14.4 14.4 100.5 57.4 11.8 28.7 71.8 14.4 28.7

*~ean Total Number/Site 674.6 847.1 846.6 244.2 186.6 975.7 258.4 1033.3 818.0 6687.1 707.8 272.7 861.2 674.6 818.1 818.1 545.5 2009.1 1248.6 1549.8 789.2 1027.0
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-2Table 2. Mean. number ·of lake benthic invert~hrat~s m collected ~n May, 1977,
with two Ponar dredge.

BEAR BIRCH WHITE IRON LAKE .t'

~ GREENWOOD TOFTE WYNNE ISLAND SAND LAKE TRANSECT 1 TRANSECT 2
TAXA LAKE LAKE LAKE LAKE LAKE 1 2 1 2 3 4 5 1 2 3 4 5

;
Ephemeroptera

Ephemeriidae 21.5 21.5 21.5
Hexagenia I1mbata 21.S 86.1 64.5 21S.2 64.5 64.S 64.5 150.6 64.S 129.1 129.1 21.4-

Diptera
Chaoboridae

Chaoborus sp. 129.1 21S.2 344.4 1140.8 86.1 731.8 64.5 64.S lS0.6 172.2 236.7 365.9 107.6 129.1
Ceratopogonidae

Palpomyia group 21.5 ,
ChironoI:lidae

Ablabesmyia sp. 21.5 21.5
Chironomus sp. 129.1 107.6 21.S 64.S 21.S 21".S
Clinotanypus sp. ... 21.S
Coelotanypus sp. 21.S 21.S 21.S 21.S 21.5 21.S
Concharelopia sp. 21.5 21.5 21.5
Epoicocladius ap. 21.S
Larsla sp. 43.0 21.S
Po lypedflum sp. 64.5 21.S 21.S 86.1
Procladius sp. 86.1 . 21.S 129.1 86.1 43.0 107.6 64.S 43.0
Psectrotanypus ap. 21.5 .
Unidentified 21.5 21.7 107.0 64.S 21.5 21.5 43.0
chironomidae

l-'.egalop tera
Sialidae

Sial1s ap. 21.5 21.S 43.0

Hemiptera ,

- Corixidae 21.5 86.1

Nematoda 21.S

Oligocheata 21.5

Sphaeriidae 21.5 43.0

*~.ean Total Number/Site 322.7 129.1 236.9 581.1 1399.0 1054.5 1011.5 301.2 150.5 279.6 193.6 150.5 494.8 430.2 667.1 301.2 279.5
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XEROXED .COpy, REGISTRATION IS NOT ACCURATE

LL~@~IfITIQ)

SL-SITE LOCATION &
CLASSIFICATION

LIIH-lIIRCIi LAKE
LCY-COLBY LAKE
LGO-GABRO LAKE
LSB-SEVEN BEAVER lAI<E
lWI-WHITE IRON LAKE

LBO-BEARHEAD LAKE
LBG-BIG LAI<E
LBI-BEAR IBlAND LAI<E
LBG-BABB LAKE
LCT-CLOQUET LAKE
LCW-CLEARWATER LAKE
IF -FALL LAI<E
LGD-GREENWOOD LAKE
Ll -LONG LAKE
LO -LAKE ONE
LPN-PIRCH LAKE
LPN-PINE LAKE
LSD-SAND LAKE
LaM-SOUTH MCDOUfllAl
LaT-SLATE LAKI
LTF-TOFTE LAKE
LTG-TRIANGLE lAKi
LTl-TURTLE LAKI
LW -WYNNE LAKE
LWF-WHITEFACi

RESERVOIR

1:422.400

IllE--LTF-1/PZlQN
I SL I SN 1761771

® PRIMARY 1976

• PRIMARY 1976 & 1917

[!] SURVEY 1976

• SURVEY 1976& 1977

SN-SITE NAME & NUMBER

76177 -SAMPLE TYPE
BY YEAR

QI-eENTHIC INVERTEeRATES,QUALITATIV

PZ-PHYTOPLANKTON AND ZOOPLANKTON
QUANTITATIVE

QN-PHYTOPLANKTON,ZOOPLANKTONAND
eENTHIC INVERTEeRATES, QUANTITATIV

QT-PHYTOPLANKTON, ZOOPLANKTON AND
eENTHIC INVERTEeRATES TRANSECT,
QUANTITATIVE

DP-PHYTOPLANKTON AND eENTHIC
INVERTEeRATES, QUANTITATIVE

PRIMARY
LAKES

SURVEY
LAKES

IBECONDARYI

AQUATIC BIOLOGY LAKE STUDY SITESFIGURE 1.

'\
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FIGURE 2.. z
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RELATIVE ABUNDANCE OF THE FOUR DOMINANT TAXA COLLECTED IN .1976 QUANTITATIVE ~

LAKE SAMPLES. PERCENTAGES CALCULATED FROM MEAN NU~v18ER OF ORGANISMS PER SITE 0
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IGURE 3.

RELATIVE BU DANCE OF THE FOUR DOMINANT' BENTHIC I ERTEB

COLLECTED IN 1977 au NTITATIVE LAKE SAMPLES~ PERCE G S

CALCULATED FROM THE MEAN NUMBER OF ORGANISMS PER SITE
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AVERAGE PERCENT COMPOSITION OF DOMINANT TAXA IN STUDY AREA LAKES
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