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WATER-QUALITY RECONNAISSANCE OF LAKES
IN VOYAGEURS NATIONAL PARK
MINNESOTA

By Gregory.A. Payne

ABSTRACT

Water samples were collected from three lakes in Voyageurs
National Park to assess chemical and biological water quality
in March and August 1977. Bottom material samples were also
collected and analyzed for chemical quality. Results of the
analyses show that the water system was dilute; specific con-
ductance ranged from 32 to 111 micromhos. Blue-green algae,
particularly Oscillatoria, were the most common phytoplankton
in the samples. Differences in water quality, shown particu-
larly by concentrations of nutrients and dissolved solids,
were detected between samples collected in different areas
of the park. The collected data were used to design a moni-
toring program to assess eutrophication that may occur during
the development of the park.

INTRODUCTION

This report is a summary of work done in Voyageurs
National Park (hereafter called "the park") by the U.S. Geo-
logical Survey in cooperation with the National Park Service.
It includes a description of the sampling discussion of ana-
lytical results, and discussions of a monitoring/sampling
program. A computer listing of data collected during the
study accompanies this report.

DESCRIPTION OF SAMPLING

Eleven lake sites were sampled for water quality during
March and August 1977. Samples were collected from two sites
-each at Black Bay, Meadwood Bay, Gappas Landing, Harrison
Narrows, and Kettle Falls, and from one site at Brule Narrows
(fig. 1). The paired sampling consisted of collecting one
sample near shore and one near mid-bay.

Samples were collected and analyzed according to proce-
dures described in Brown and others (1970), Goerlitz and Brown
(1972), and Greeson and others (1977).
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Water samples were analyzed for the common cations and
anions, physical properties, nutrients, and phytoplankton.
Bottom material was collected at each site and analyzed for
organic carbon and nutrients. The following is a list of the
chemical constituents, physical characteristics and biological
components determined from the samplings:

Chemical constituents of

Physical characteristics water samples
Air temperature Dissolved calcium
Water temperature Dissolved magnesium
Water depth Dissolved sodium
Dissolved oxygen Dissolved potassium
Dissolved oxygen Total and dissolved iron
percent saturation Dissolved manganese
pH Bicarbonate
Transparency Hardness
Specific conductance Total and dissolved phosphorus
Turbidity Total ammonia nitrogen
Total and dissolved Kjeldahl
nitrogen

Total and dissolved nitrite
plus nitrate nitrogen

Total nitrogen

Dissolved and suspended organic
carbon

Chemical constituents of bottom material

Organic carbon

Total phosphorus

Total ammonia nitrogen

Total Kjeldahl nitrogen

Total nitrite plus nitrate nitrogen

Biological components

Phytoplankton cells per milliliter
Taxonomy of phytoplankton
Co-dominant phytoplankton genera



RESULTS OF ANALYSES

The scarcity of data collected during this reconnaissance
allows only slight interpretation of results, but they are
deemed sufficient for planning a monitoring program. Concen-
trations of most chemical constituents were low, which is
typical of waters in this region of Minnesota. Specific con-
ductance ranged from 32 to 111 micromhos per centimeter at 25°
Celsius. Alkalinity varied at some sites, but, in general,
water from the Harrison Narrows, Kettle Falls, and Brule
Narrows areas was soft, and water from the Black Bay, Gappas
Landing, and Meadwood Bay area was moderately hard, based on
criteria described by Moyle (1971).

The six areas sampled can be divided into two groups
based on several of their water-quality characteristics.
Black Bay, Meadwood.Bay, and Gappas Landing areas, in general,
had higher values for conductance, bicarbonate, phosphorus,
nitrite plus nitrate, and phytoplankton cell counts, than the
Harrison Narrows, Kettle Falls, and Brule Narrows areas.

Seasonal variations in many of the characteristics were
found, even in the small number of samples collected in March
and August 1977. Seasonal variations may be greater than
changes caused by development of the park facilities. There-
fore, monitoring should take into account seasonal variability
to allow comparison of results over an extended time.

pH ranged from 6.6 to 7.5 in March and 7.1 to 8.9 in
August. The rise in pH in August is probably associated with
increased photosynthetic activity.

Dissolved oxygen was near 100-percent saturation at all
sites in August. In March, dissolved oxygen saturation ranged
from 62 to 99 percent. The lowest dissolved oxygen concentra-
tion in March was 8.6 mg/L (milligrams per liter). This con-
centration is not extremely low, but it indicates that some
oxygen depletion had occurred under an ice cover.

Dissolved phosphorus ranged from 0.00 to 0.02 mg/L, and
total phosphorus ranged from 0.00 to 0.06 mg/L. The Meadwood
Bay, Gappas Landing, and Black Bay sites had higher total phos-
phorus levels (0.02 to 0.06 mg/L), whereas the Brule Narrows,
Harrison Narrows, and Kettle Falls sites had lower levels
(0.00 to 0.03 mg/L).



The March sampling showed that nitrite plus nitrate con-
centrations ranged from 0.11 to 0.43 mg/L. Concentrations
were lower in August, typically 0.01 mg/L, except at one site
in Black Bay, which increased between the March and August
samplings. Generally, more of the nitrogen was in the organic
form, as shown by the Kjeldahl nitrogen measurements. The
proportion of Kjeldahl nitrogen in the dissolved versus the
suspended state was different between sites and may be asso-
ciated with varying levels of biological activity, variable
inputs from the watersheds, or other reasons.

Analyses of bottom material gave some indication of dif-
ferences between areas. Some sites had soft bottom material
that was easily sampled, whereas others, particularly Brule
Narrows and Gappas Landing, had rock or very firm sand bottoms.
Samples could not be obtained at Gappas Landing in March and
at Brule Narrows in August because of the hard bottom. Con-
centrations of organic carbon, nitrogen, and phosphorus were
variable between areas and between the paired sites at each
area.

Phytoplankton respond to water-quality changes and there-
fore can be used as indicators of water quality and of changing
conditions. Considerable variations in cell counts occurred
between the six areas, which may indicate differences in avail-
able nutrients. However, phytoplankton populations naturally
fluctuate rapidly, often weekly. More meaningful data could be
obtained by making comparisons between samples collected at the
same time of year, preferably during a period of maximum growth.

More than 80 percent of the phytoplankton samples were
dominated by blue-green algae. Although these algae are not
necessarily indicators of high nutrient enrichment, they often
thrive under such conditions. O0Oscillatoria were common and
may be significant because they belong to a common genus in-
dicative of early stages of eutrophication. Excessive growth
of blue-green algae can cause nuisance conditions. Therefore,
continued monitoring of phytoplankton is advisable to detect
changes in cell counts, species composition, and diversity,
particularly trends toward increasing amounts of blue-green
algae. '




ANTICIPATED WATER-QUALITY CHANGES

Accelerated nutrient enrichment is the most likely change
expected to result from development of the park facilities.
The enrichment would be reflected in increased concentrations
of nitrogen, phosphorus, and organic carbon. Phytoplankton <
and benthic invertebrate populationss,species composition,
and diversity may also change in response to the enrichment.
Because the water is dilute, small additions of dissolved o
material, particularly nutrients, are likely to result in
large changes in algal production.

Bacterial contamination may become a problem. Therefore,
sampling for bacteria could be begun when visitor use in-
creases to determine whether contamination by fecal coliform
is a problem near developed areas. 'Bacteria sampling would
probably be necessary only during peak-use periods.

SUGGESTED MONITORING PROGRAM

Any well-designed water-quality study must start with
clearly defined objectives. In this study, the problems are
mostly potential. Accelerated enrichment has been mentioned
as a potential problem. Other problems, such as contamination
by coliform bacteria and by trace metals such as mercury, may
exist or emerge as the park is developed.

Because nutrient enrichment could be detrimental to
water quality in the park, future sampling would sensibly be
focused primarily on nutrient enrichment initially and expanded
or modified to include other problems when needed.

There is an apparent need for the Park Service to monitor
the lakes for changes in water quality. Monitoring of nutri-
ent enrichment requires selection of characteristics to be
monitored and selection of proper frequency and timing of
sampling. The timing of sampling is important because nutri-
ents are affected by uptake and utilization by shoreline
vegetation and algae and accumulation and release from bottom
sediments. Because the main problem is expected to be exces-
sive algal growth, it is important to consider the nutrients
that are available for algal growth. The best time to sample .
for available nutrients would probably be shortly after the
spring thaw and subsequent lake overturn. During that time,
the available nutrients would probably be at maximum concen-
trations. Sampling over a period of years during the spring
overturn may reveal long-term trends of increasing concentra-
tions of available nutrients.
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In addition to sampling for nutrient concentrations, it
may be advisable to sample for effects of nutrient enrichment.
Because phytoplankton respond to enrichment, determination of
phytoplankton populations, species composition, and diversity
can reveal changes over a period of time.

Benthic invertebrates also respond to changes in lake en-
vironment. Sampling for benthic invertebrates will determine
whether that community is changing in numbers, species compo-
sition, and diversity.

The original sampling sites are probably adequate to de-
tect local changes caused by development. Control sites could
be located in mid-lake and in areas that are well mixed by
wind. On Kabatogoma Lake, one control site may be sufficient
for both Gappas Landing and Meadwood Bay.

The following is a possible monitoring program: Chemi-
cal and phytoplankton sampling to begin at the time of spring
overturn. Temperature and dissolved oxygen profiles to be
obtained at each site. Profiles will provide valuable infor-
mation and, in combination with Secchi disc readings, will
permit decisions for better phytoplankton sampling. The
sampling to be repeated in August, when algal growth, partic-
ularly blue-green algae, would be expected to be highest.
Benthic invertebrates also to be sampled in August. Finally,
a November sampling for chemical constituents and phytoplankton
would determine water quality at the time of autumn overturn.

The following is a list of physical, chemical, and
biological characteristics for analysis:

Physical characteristics Chemical constituents
Air temperature Total nitrite plus nitrate
Water temperature (profile) Dissolved nitrite plus
Depth ‘ nitrate
Dissolved oxygen (profile) Total Kjeldahl nitrogen
pH Total phosphorus
Transparency (Secchi disk) Dissolved phosphorus
Specific conductance Dissolved manganese

: ' Organic carbon (bottom
Biological components material)

Trace metals1

Phytoplankton

Benthic invertebrates

Fecal coliform and fecal
Streptococcus bacteria

1Samples can be collected once to determine background levels.
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SUMMARY

A water-quality reconnaissance in the Voyageurs National
Park during 1977 reveals that (1) some differences in water
quality exist between the six areas sampled, (2) the water in
the areas is dilute and likely to be impacted by addition of
dissolved material, (3) seasonal variation occurs in many of
the constituents, requiring systematic sampling to allow com-
parability over a period of years, (4) phytoplankton popula-
tions are variable with site and were commonly dominated by
blue-green algae, and (5) nutrient enrichment is a potential
problem.

Evaluation of the data can be used as a basis for develop-
ing a monitoring program to assess anticipated changes. The
proposed program rests on the hypothesis that the most likely
impact of development of the park facilities would be nutrient
enrichment, resulting in changes in the phytoplankton and ben-
thic communities. The proposed analytical schedule ‘and fre-
quency of sampling is expected to provide the data to assess
the expected impact adequately.
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Qb 838063 006001 RANY LAKE AT BLACKN HAY NAZKORLS NR O TSLANYYIEW MN
LAT QRe3Hw3B LONG $98«4Ce00 SEo 0}

MAR, 14, 1977
1680 HOURS

10EMYEIFICATION OF PHYTOPLANKION

500,000 CELLS/ML

ORGANISH  Namt COMMON  NAML CoLLS/nL PLR CENT

CHLOROPRYTA GREEN ALGAE
+CHLORCFMYCLAE

2o CHLOROCD(CALES

e s OOCYSTIRACEAF

0es e ANKISTKODESMUS 870 0
0s e SCENEDESMACEAE
oes o BCENENESAUS 3,500 1

¢+ s VOLVOCALES
00 s CHLAMYDONONADACEAE

eensLHLANYDOMONAS ’ 2,600 1
‘ TOTALS 6,900 2 1o4SDIVERSITY
CHRYSOPHYTA .
oRACILLARIOPHYCEAE DIATUNS
oo CENTRALTLS CENTRIC
0ssCOSCINDUISCACEAE
0eeeCYCLOTELLA : 4,300 |
B . e MELOSTRA . 140,000 28
eses STEPHANNDISCUS R 870 0
oo PENNALES . PENNATE
s tACHNANTHACFAE )
00 s COCCONETS 870 0
ess FRAGILARTACLAE
veedFRAGILAR]A 2,600 1
o e s NAVICULACEAE NAVICULODID
ve e s AMPRIPROKA 870 0
eees CALONFTS 1,700 0
eessDIPLONLIS 870 0
0se s GYROSTIGHMA ) 870 0
epesNAVICULA : 5,200 1
esee PINNULAR]A : 870 0
* L ,eeSTAURONELS 0
ea o NTTZSCHIACFAE
s eaN1TZ3CHIA 2,600 1
05 o SURIREL LACEAE
vereSURIRELLA 1,700 0
eos TABELLARIACEAE : .
ves s TABELLARIA 1,700 0
TOTALS 160,000 32 1413DIVERSITY
CYANOPHYTA HBLUE=GREEN ALGAE
TMYXOPRYCEAE
0 s CHROOCUCCALES coccolo
0s o CHROOLUNCCACEAE
# o, ANACYSTIS 240,000 48
2o OSCILLATORIALES FILAMENTOUS

+e o OSCILLATORTACEAE

0esoOSCILLATORIA ) 16,000
eessSPIRULINA 6,100 1
0o e RIVULARTACEAE
0o e e RAPHIDIOPSIS o 65,000 13

TOTALS 330,000 65 1413DIVERSITY
EUGLENOPHY YA EUGLENCLIUS
JEUGLENNPHYCLAE

oo FUGLENALES
oo s FPUGLENACERF
vere TRACHELOMONAS 2,600 1
TOTALS 2,600 1 0,0=0JVERSITY

NOTE S CELUL/ZML VaLueS aut BASED ON ACTUAL COUNTS AMD WEPCRTED TO TwO(2) SIGNIFICANT FIGURES
# e DOMINANT DRGANTISHMY GREATLR OR EQUAL TO 15X
a » ORSERVELD OKAAMISHY HY ACTUALLY COUNTED
ANALYSIS METHND) GIASS ChamBRER(12MM Clhf ), INVERTED MICRUSCOME
DIVERSITY INGICHS, BASED ON ACTUAL COUNYSY
PHYL/DIV 1,1
CLASS 1,1
ORNER §,8
FAMTLY 2,0
GENERA 2,2
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ARAS3IA093100001 RATMY LAKE al

AUG,

»
LAT 4B=35e38  {Gug

LACKR BAY NARKWS hk
095=10=00 SEGC )

&2, Y977
1950 HOURS

TOENTTIFICATION OF PHYTOPLANKTON

e e . 210,000 CHLLS/ML

ORGANISH  NAME

CHLORNDPHMYT A
e e g CHLOROPHYCE AE
v o CHLOROCOCCALES
eeoeCOLLASTRACEAE
veee COELASTRUM
- 9eoMICRACTIN]IACEAE
e e s GOLFNKINTA
¢ cmimemee -9 9 ¢ QUCYSTACE AE
+ANKISTRODFSMUS
esesDICTYOSPHAERIUM
esoo FRANCE] A
ceees o KIRCHNERIELLA
es0s00CYSTIS
s+« TETRAEDRON
eo o SCENELESMACE AL
. ....SCENLOES”US
s  LYGNEMATALES
cieneaeoDESHMIDTIACEAE
o0 o ARTHRODE SMUS

v ——— —§

oo CHRYSOPHY T A
+BACILLARIOPHYCEAE -
..ao CENTRALES
«peCOSCINODISCACEAE
eeesCYCLOTELLA

ees s MELOSTRA
e ¢ PENNBLES

0o s ACHNANTHACEAE
.0e0sCOCCONETS

eoo FRAGILARIACEAE

a0 80 9YNEDRA C e e e

,.,POMPHONENAYACtAE

L M. 4esesGOMPHONEMA . e e

eo o NITZSCHIACE A
“eeeoNITZSCHIA

COMMON  NAME

Gutéu ALGAE

PLACODER™ DESMIDS

1SLANDVIER MN

e TOTALS
"pIavoMS
CENTRIC
PENNATE L
TOTALS

LCHRYSNPHYCE AE

+CHRYSOMONADALFS
vt (DCHROMONADACE AF
CeeesDINOBRYON

CYANNPHYTA
Lo ... JCYANDPHYCEAE
«oCHROCCOCCALES

. eesCHROCCDCCAEAE
¥ .0 sANBCYSTIS
o JHOKMDGONALES
0o oNOSTOCACEAF
ses s APHARTZOMELON
s s DSCILLATORTACEAE
B .ol YNGEYA
s s s PHORKIDTUM
« o CHROCCOLCILES
0s s CHROCCOCT AF AF
H 4, 0sGNMPHOSPHEERIN

EUGLENOPKHYTA

cemerrmies mem e g EUGLE NOPHYCEAE
o EUGLENALES

_eesEUGLENACEAF
eotos TRACHELOMONAS

BLUE-GRLEN ALGA&

VELiﬁu;BROuﬁmALEAE"‘M

" r0TALS

€COCCONID BLUE=GREENS

CFILAMENTOUS BLeGREEFN

COCCOI0 HLUE=GREENS

TOTALS

tUGLENOTIDS

T0TALS

H e DOMINENY NEGenu]SMY GREATER OKR EWUAL TO 1S%
# o GHSEFRVED NRGANTSMY NOT ACTUALLY COUNTED

ANALYSIS HETHODY I ASS CHarReR(12HM (1),

DIVEKRSITY INOTCES, RASED nu aClual COUNTSS

PHYL /D1
CLASS
QRNER

fAvILY
GF rbsa

) 20

"Novzu CELL/ZML VALUES ARF RASED NN aCTUAL COUNTYS AND REPORTED T0 TWO(2) SIGNIFICANY FIGURES

INVERTED ~tCnoacoPr

CELLS/ML PER CENT
1,200 1
290 0
Cse” . e
2500 1
580 0
1,000 0
10200 1
. 440 0. S
4,600 2 _ _
150 ) o -
13,000 . . .6 . 2473DIVERSITY
. T30 ... L0 Ll
3,300 2
) ) e —
et 90 e B e
N 0 o
1,300 1
S,700 3 1,52DIVERSTItY
1,900 . T L
1,900 1 0,080 IVERSITY
71,000 34
1,200 1
58,000 28
9,300 u
48,000 23 .
190,000 90 1,8ED]VERSITY
290 )
290 0 0,08DIVERSITY



4B3511093092801 RAINY LAKL AT BLACK HAY NR ISLAMD VIEa MN
LAt 4gelsetl LONG 093e09+28  SEQ 01!

MAR, 14, 1977
1400 HOURS

"IDENTIFICATION OF PHYTOFLANKTON

2,800 CELLS/ML

N

NRGANISM NAME COMMON  NAME CELLS/M PER CENT
CHLOROPHYTA GRELN ALGAE
+CHLUROPHYCEAF

e o CHLOROCOCCALES
ee s OOCYSTACEAE

0ss s ANKISTRODESMUS i 0
TOTALS 11 0 040EDIVERSITY

CHRYSOPHYTaA

«BACILLARTIOPHYCEAE DIATOMS

oo CENTRALES CENTRIC

0o« COSCINDDISCACE AE

sessCYCLOTELLA . e3 1
¥ ., HELOSIRA 2,100 15

oo PENNALES PENNATE

0o o ACHNANTHACEAE

oo s ACHNANTHES . 23 1

eessCOCCONE]S 23 1

0es CYMRELLACEAE

e s AMPHORA 34 1

oo FRAGILARTACERE

eev s ASTERTONELLA 57 F

esesFRAGILARILA 250 9

«o s GOMPHONEMATACEAE

eees GCOMPHONEMA . 11 0

eeoNAVICULACEAL . NAVICULOID

ces s PIPLUNFIS ' 11 0

eesoNAVICULA 150 5

ees s PINNULARIA 23 1

e oNITZSCHIACE AE :

s o e HANTZSCN]A j 11 0

ves o N1TZ2SCHIA ' 57 F4d

eoo TABELLARIACERE

vese TABELLARIA 1" 0

: TOTALS 2,800 Q8 1,S5SDIVERSITY

NOTES CELL/ML VALUES ARE RASED ON ACTUAL COUNTS AND REPORTED TO TWO(2) SIGNIFICANY F1GUKES
# = DOMINAMT OPRGANISMY GREATLR OR EQUAL TO 1SX
ANALYS]S METHODy GLASS CHAMARER(9emM CIRC), INVLRTED MICROSCOPE
DIVERSITY INDICES, HASED On aCTUAL COUNTSE
PHYL/DIV 0,
CLass o,
ORDE® 0,
FARTLY ¢,
GENERA 1,

21



483511093092801

ORGAMISM  NAME
CHLOROPHYTA
e - CHLUROPHYCE AE
¢« o CHLOROCOCCALES
- - epeDOCYSTACESE
e e s ANKISTRODESMUS
iece e eeegDICTYOSPHAERIUM
ces o XIRCHMERIEL| A
e 4eea00CYST]S
0o s SCENFDESHACEAE
Leee e SCENEDESMUS
0o IYGNEMATALES
i e e aaeDESHIDIACEAE
000 e ARTHRODESMUS

e iecee . CHRYSOPHYTA
JBACILLARIOPHYCEAF

e ecam—m e~ 0 o CENTRALES
0eeCOSCINDDISCACEAE

e oo 0 0 8 ¢ CYCLOTELLA e

eesPELOSTHA
. .aoPENNALES

es o FRAGILARIACE AE
o —eessSYNEDRA

0o o NAVICULACEAE
e NAVICULA .
NIT2SCHIACFAE
et a0 0 s NTT25CHIA

CYANOPHYTA

———aCYANDPHYCE AE
o CHROCCOCCALES

. .eeesCHROCCOCCAEAE

¥ oessANBCYSTIS

e o HORMOGUNALLS
eesOSCILLLTORTACEAE
o.caL'“GBV‘
oo'cPHOR"IOIU"

EUGLENDPHYTA
+EUGLENOPHYCE AE

.o o EUGLENALES . R

0o o LUGLENACEAE
- .~ eeeeEUGLENA
eees TRACHELOMONAS

RATNY LAKE AT KL ACK BAY NR JSLBAND VIEw MN
LAT 4BesSett

(UNG 093e0Y%eR28 Sto 01

AUG, 22, 1977
1900 HOURS

JOENTJFICATIONN OF PHYTOPLANKTION

170,000 CELLS/ML

COMMON  NaME CELLS/ML
GREEN ALGAE
1,300
2,000
810
e N 3,600
3,100
PLACODERM DESMIDS
. 650
e e e e ... TOTALS. 12,000 .
DIATOMS
CENTRIC
e et e e e e ... 810
6,200
PENNATE . .
L .. 160
NAVICULOID
T 1,300
10TALS 8,500
" BLUE=GKEEN ALGAE
" e0CCOI0 ALUE=GREENS
o ' 130,000
FILAMENTOUS BLeGREEN
- I - . 14600
12,000
TOTALS 150,000
. . . EUGLENOIDS.
f60
330
TOTALS 490

CENT

~N o N NNO -

o

19

~ -

oo

... .. 2¢38DIVERSITY

1.23DIVERSTTY

0,58DIVERSITY

0,93DIVERSITY

TUTUUNOTEY CELL/ZML VALIES AWF AASEN AN +CTuaL CNUNTS AND KEPORTED TO TwO(2) SIGNIFICANT FIGURES

N e DONINLET NRGAMIS4) GREFATER NR EOUAL TO 15X

2 o OASERVED NRGAMISMY NOT ACTUALLY COUMTED

ANALYSIS METHODS GLASS CHAMRER(Y12#» CIRC), TANVERTED MICRUSCNHPE

DIVERSITY IunICES, RASED 0+ aCTial COUNTSS

e . PHYL/D]V n

CLASS 0
1
1
1

DRDER
FAMILY
GENERA

22



UR2607092515701 KAHETNGAMA LK AT MOUIHOF MEAOWOND HBAY NR RAY MN
LAT 4Re26=07 LONG 092=51=17 SEQ Of

MAR, 17, 19717
1100 MOUKS

IDENTIFICATION OF PHYINPLANKTON

2,500 CELLS/ML

ORGANISM NAME COMMON  NAME CELLS/ML PER CLNI

CKLOROPKYTA GREEN ALGAE
+CHLOROPHYCLAE

« «CHLOROCOCCALES
0. s CHARMCTACEAL

vo o SCHROEDERTA ) .
00¢00CYSIACEAE
0eessQICTYOSPHAERTUM _ " .

0o VOLVOCALES
00 s CHLAMYDOMONACACE AE .
see e CHLAMYDOMONAS 3o H
v IYGNEMATALES
0e s DESYIDIACEAE PLACODERM DESMIDS
% ., COSMARIUM 8 )
TOTALS S0 10 J418DIVERS]ITY

CHRYSOPHYTA
JHACILLARIOPHYCEAE DIATOMS
+oCENTRALES CENTRIC
00« COSCINODISCACEAE
ess e MELOSIRA ‘ 86 ]
ees o STEPHANUDISCUS 14 1
e oPELNALES PENHATE
eee CYMBELLACEAE
vee s ANPHORA 39 2
oo FRAGILARTIACFE LE
easoPRAGILARIA ) 21 1
0s e GOMPHONEMATACEAE .
e s GOMPHONEMA ]
oo NAVICULACEAEL NAVICULOID
seesOIPLONETS 7

% ., eeGYROSIGMA
e eeNAVICULA 39

TOTALS 210 1

oS

P d®@o

2,3301VERSITY

CYANOPHYTA BLUE=GREEN ALGAE
«MYXOPHYCEAE
0o CHROGCOCCALES coccoln
o0 CHRONCOCCACEAE
K . sGOMPHNSPHALR] A 1,500 67
esOSCILLATORIALES FILAMENTOUS
oo OSCILLATORTACEAE
# o eesOSCILLATORIA 500 22
T0TALS 2,000 89 0,68DJVERS]ITY

NOTES® CELL/ML VBLUES ARE BASED ON ACTUAL COUNTS AND REPORTED TU Tw0(2) SIGNIFICANT FJGURES
# « DOMINANT ORGANISMy GREATER OR EQUAL 10 5%

% w OHSERVED ORGANISMg NOT ACTUALLY COUNTED
ANALYSIS METIHODY GLASS CHAMRER(12M" CIRC), INVLRIED MICROSCOUPE
DIVERSITY [NDICES, BAS+tD ON ACTUAL COUMTSS
PHYL/DIV 0,6
CLASS 0,6
OHDER §,4
FAMILY 1,8
GENERA 1,5,

23



482607092511701 XABRTOGAMA LK AT MOUTHOF MEADWOOD BAY NR RAY MN

LAY 4Be2be7

LONG UY92eSlet?

StQ o0t

AUG, 24, 1977
1130 HUUKS

I0ENYIPICATION OF PHYTUPLANKTUN

ORGAN]ISM NAME

CHLOROPMYTA
+CHLOROPHYCE AL

« s CHLOROCOCCALES
0o oCOELASTRACEAF
es 0o COELASTRUM

ve s OUCYSTACEAF

ees oNEPHROCYTIyM
0o o SCENEDESMACE AE
ess s SCENEDE SMUS
veso TETRASTHUM

CHRYSOPHYTA
+BACILLARTOPHYCEAE
e o CENTRALES

09 COSCINODISCACEAE
seeeCYCLOTELLA

coe e PELOSIRA

ees o STEPHANOOTISCUS
s PENNALES

eo s FRAGILARTACEAE
ee0sSYNEDRA

«XANTHOPHYCEAE

« JHETEROCUCCALES
ces CHLORUTHECIACEAE
0esoOPHIVCYTIUM

CYANOPHYTA
«MYXOPHYCEAF

24 CHROOCUCCALES
0es CHROOCOCCACEAE
eev e ANACYSTIS

040 GOMPHOSPHAER]A
0o OBCILLATORIALES
oo NUSTOCACE AE
ceceANABAENA
veesOSCILLATORTACEAE
vee s LYNGBYA
veesOSCILLATUR]A

EUGLENOPHYTA
+EUGLENDPHYCLAE
oo EUGLENALES

se s EUGLENACEAE
0esoEUGLENA
veso TRACHELOMONAS

PYRRHOPHYT A
«DINOPUYCEAE

o oPERIDINIALES
es oCLRATIACEAE
eee CERATIUM

43,000 CELLS/ML

COMMON  NAME

GREEN ALGAE

JOTALS
DIATOMS
CENTRIC
PENNATE

TOTALS

YELLOW=GREEN ALGAE

TOTALS
BLUL=GKEEN ALGAE

cucco1b
FILAMENTOUS

10TALS
EUGLENDIDS

T07ALS
FIRE ALGAE
DINOFLAGELLATES

TOTALS

CELLS/ML

210
130
140

500

18
14400
230

54
1,700

18
18

7,800
19,000

8,300

770
4,500
40,000

i8
i8
36

36
3o

PER CLNT

-0 o <

1.72DIVERSITY

- o

s o

0,88DIVERSITY

o

0,0EDJVERSITY

18
au

20

11
95 1,9sDIVERSITY

0 1,08DIVERSITY

oo

0,0mDIVERSITY

NOTE® CELL/ML VALUES ARg Ba&SED ON ACTUAL COUNTS AND REPURTED TU T#40(2) SIGMIFICANT FIGURES
# o UOMINANY QRGANISH) GHEATER OW EWUAL 10 1SX

ANALYSIS METHODS GLASS CHaAMBER(I2MM CIKC),

DIVERSITY InDICES, BASED NN aACTUuAL COUNTSS

0,6
0,u
1,2
1,6
2.2

24

INVERTED mICRUSCOVE



UH2603092511401  NAUETIQGAMA LK IN MEADWOLD BAY hR RRAY MN
LAT 4Re?2pw0} LUNG 09Y2eSteld SEq 03

MAR, L7, 1977 .
0950 HOURS .

IOENTIFICAYION OF PHYTOPLANKTON

2,900 CELLS/NML

OKRGAN]SM NAME COMMUN  NAME CELLS/ML PER CENT
CHRYSQPHYTYA
2BACILLARIOPHYCEAE DIaTOMS
o dCENTHALES CENTRIC
¢+ o COSCINODISCACFAE .
sessCYCLUTELLA 39 1
# . MELOSTRA : 1,500 52
eees STEPHANODTISCUS 140 5
o o PENNALES PENNATE
._.ACHN‘U\H‘ACEA[
cen s ACHNANTHLS 13 0
oo FRAGILAKIACE AL
ter e ASTENIGNELLA 26 1
¥ o,.eeFRAGILAR]A 490 17
" eeeNAVICULACEAEL NAVICULOID
¥ o, eNAVICLLA . 4so 16
0a o NITZSCHIACEAE
veedNITZSCHIA 230 8
TOTALS - 24900 100 R,05D]VEKSITY

NOTFy CELL/ML VaLUES ARE HASED ON aCTUAL CCUNTS AND REPORTED TO TWO(2) SIGNIFICANT FIGURES
¥ o DOMINANY ORGAMISM) GREATELR NR EAUAL TO 15%
ANBLYSTS MEYHODy GLASS CHaMHER((eMM CIRC), 1nVERTED MICROSCOPE
DIVERSITY INDICES, BASED ON ALTUAL COUNTSI
ORNDER 1,0
FAMILY 1,6
GENERA 2,0
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48260309255140!
LAT 4Be26wy3

LUNG 092wSlefu

AUG, 24, 1977
1230 MOUKS

KABETOGAMA LK JN MEAUWUUD BAY NR RAY MN
SEQ 01

JDENTIFICATION OF PHYTUPLANKTOUN

ORGANISM NAME

CHLOROPHYTA
+CHLOROPHYCEAE

¢ o CHLOROCOCCALES
¢e e OOCYSTACEAE
oo o KIRCANERIELLA
0s0400CYSTLS

00 s SCENEVESMACEAE
000 s SCENEDESMYS
oo TETRASPORALES
seoPALMELLACE AE
eeeeSPHAEROCYSTIS
oo IYGHNEMATALES
0eeDESHIDIACEAE
ee0 s COSMARIUM

090 COSMUCLADTIUM

CHRYSOPHYTA

oBACILLAKIUPHYCEAE

0o CENTRALES

e0eCOSCINODISCACEAE
% 4essCYCLUTELLA

ove MELOSIHA

1es s STEPHANODISCUS

vo PENNALLS

e o FRAGILARIACEAE

eeeoASTERIONELLA

eseoFRAGILAR]LA

eeeeSYNEDLRA

CYANOPHYTA
«PYXOPHYCEAE
+ ¢ CHROOCUCCALES
¢0sCHROOCOCCACEAE
eeeeANACYSTIS

# 4e0oGOMPROSPRAERTA
oo OSCILLATCRIALES
e s NUSTOCACEAE

B oo ANABAENA
ees s APHANIZOMENDN
200¢0SCILLATORTACEAE
0essOSCILLATORLA
esaoPHORMIDIUM

EUGLENCPHYTA

LEUGLENDPHYCEAE

0 sEUGLENALES

ee sEUGLENACEAE
eees TRACHELOMONAS

PYRRHOPHYTA
+OINGPHYCE At
2o PERTOINIALES
~eee CERATIACEAE
seeo CERATIUM

44,000 CELLS/Mu

COMMON  NamME

GREEN ALGAE

CELLS/ML

Q4o
S4q

220

1,200

PLACODERM DESMIDS

DlatomS
CENTRIC

PENNATE

BLUESGREEN AL
coccolv

FILAMENTOUS

EUGLENDIDS

FIRE ALGAE
DINOFLAGELLAT

3680
670
TOTALS 3,500

1,100
3%0

160

3,300

TOTALS 5,000
GAE

2,200
1S,000

11,000
4e200

270
3,200
TOYALS 36,000

81
TOTALS 81
(2]

Sa
TOTALS 4

PER CENT

on

BN -

RV E-

- -O

oo

oo

2¢2=DIVERSITY

146sDJVERSTTY

2,0=DIVERS]TY

0,080IVERSITY

0,08DIVERS]TY

NOTES CELL/ML VALUES ANF RASED ON ACTUAL CQUNTS AND REPOMTLD TU 140(2) SIGNIFICANT FIGUKES
8 w DOMINAKNY NkGAN]ISY) GREATER OR tWUAL YU 15X
® w OBSERVED OKGANJS™) NOT ACTUALLY COJYNTED
ANALYSIS METHONY GLASS CramiltR(gern CInc),

VIVERSITY INDICES,

HASED 0 aCTuag CGuSTSY
PHYL/DLy 0,9
CLass 0,9
oRLEP {,9
PamiLY 2,3
GENEwA 9

26

THVERTED MICRUSCOPE
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082630033011701
LAT dRe?beld0

KARETOGAPA LK AT GAPPAS LAMDTIKG

LLONG (98e01=17 Stg 0}

MAR, 16, 1977

1330 HOURS

IOFENTIFICATION OF PHYTORLANRIQN

12,000 CELLS/ML .

DRGAN]ISM  MAME

CHLORQOPHYTA
+CHLUROPHYCE BF
o CHLOROCOCCALES
ees O0OCYSTACESE

A L, s ANKISTROUESHUS

t L, OICTYNSFRHALRIUNM
oo SCENEDESHACE AE
ves s SCENEDESMYS
0o YOLVOCALES :
ee o CNLAMYDUNONADACEAE
e0e s CHLAMYDONONAS

CHRYSOPHYTA
«BACILLARTUPHYCEAE
s CENTRALES
00 s COSCINNDISACEAL
¢ ,eeCYCLOTELLA
ves e MELOSTIRA
0s 0o STEPHANQDISCUS
0o PENNALES
0o o ACHNANTHACEAE
ees s ACHNANTHES
eed CYMBELLACEAL
see s AHPHORY
Th peesCVNBELLS
eooFRAGILARTACELE
2 .eeFRAGILAR]A
2 LeeeSYNEDRA
oo NAVICULACE AL
Ve e AMPHIPROWA
* L, ee0YROSIG~A
eoseNAVICILH &
0o o NITZSCH]ACFAE
eee s NITISCHIA
e s SURIRLLLACERE
L e e SURTRELLA

JYANTHOPHYCEAE
o HETLROCOCCALES
0 e s CHLUROTHECTACEAE
ver e OPHIDCYT 0N

CYANOPHYTA
JMYXOPHYCEAE

o o CHROQCOCCALE S
eesCHROUOLOLLCACL AL
B o eesGUMPROSPHEL KA

COMMON  NAME

GREEN ALGAE

T0TALS
D1aTOMS
CENTRIC
PENNATE
NAVICULOLID
107ALS

YELLUOWeGREEN ALGAE

TOTALS
BLUE=GREEN ALGAE

coccolo

1

T0TALS

MR OKAY MN

CELLS/ML

43

720
770

43
230

1
Te

9

460

ee
22

11,060
11,000

PER CENT

Do

90
90

0s38DIVERSITY

2y 1B0IVERSITY

0 0E0IVERSTTY

0,020IVERSTITY

NOTEg CFLL/ZML VALUES art HASFED UN pCTuaL COULTS AND KEPURTED YU TAN(2) SIGHIFJCANT FIGURES

K e DOMINANT ORGAMIT S
e OASLHVED (RRaTovy
ANALYSTS »eIw0ny L asns

GRFEATER D PROAL TO 15%
NOT ACTLALLY (COUNTLD

CraMBpw (e CTWCYy JNVERTED “ICRUSCOPE

DIVERSITY 1nOICHS, HASED 0% ALTUAL COUNTSY
FuYL /DY
CLass

Fav)Ly
OHENERA

0,6
0,6
DuDER 0,7
0,7
0,7

27



UB2630095011701 KABETOGAMA LK AT GAPPAS LANDING NR RAY HN
LAY 4Bepbel0 LONG 093e0ley? SEQ ot

AUG, 24, 1977
1330 HUURS

IDENTIFICATION OF PHYTOPLANKTON

28,000 CELLS/ML

ORGAN]ISM NAME : COMMON  NAME CELLS/ML PER CENT
CRLOROPHYTA . GREEN ALGAE
+CHLOROPHYCEAE -
++CHLOROCOCCALES
000 00CYSTACEAE
0e0e00CYSTIS 39 0
o LYGNEMATALLS
0o o DESHIDIACEAE PLACODERM DESMIDS
eses COSMARIUM 78 0
T0TALS 120 0 0.9sDIVERSITY
CHRYSOPHYTA
WBACILLARIOPHYCEAE DIATOMS
o CENTRALES CENTRIC
veoCUSCINODISCACEAE
veeeCYCLOTELLA : 39 0
veoeMELOSIRA 91 0
eee o STEPHANDDISCUS 91 0 .
’ TOTALS 220 1 1,S8DIVERSITY
CYANOPHYTA BLUESGREEN ALGAE
«MYXUPHYCEAE
0 s CHROQCOCCALES cucecold .
»s s CHROOCOCLACEAE
ees s ANACYSTIS 1¢500 H
¥ eeeosGUMPHOSPHAERIA 14,000 49
¢sOSCILLATORTIALES FILAMENTOUS
© 99eNOSTOCACEAE
# .0 ANABAENA $.100 18
0o s OSCILLATORTACEAE
¥ o,esPHORMIDIUM 70600 26
TOTALS 28,000 99 147301VERSITY
PYRRAOPHYTA FIRE ALGAE
«DINOPHYLEAE ODINOFLAGELLATES
oo PERIDINIALES
0o 1 CERATIACEAE
ese s CERATIUM . 26 0 :
' TOTALS 26 0 0,08DIVERSITY

NOTE3 CELL/ML VALUES ARE BASED ON ACTuUAL COUNTS AND REPORTED TO TWO(2) SIGNIFICANT FIGURES
¥ o DOMINANT ORGANISM) GREATLR OR EWUAL TO 315X
ANALYS]S METHODS GLASS CHAMBER(32MM CIRC), INVERTED MICRUSCOPE
DIVERSITY INDICES, BASED On ACTUAL COUNTSH
PHYL/DLV 0,1
CLASS 0,1
ORDER 1,1

FAMILY 1,5
GENERA 1,8
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-

.
"

4uB2642093011901

LAY 4Ba2beu?

KAKETOGAMA LK NKR GAPPAS LANDING %R RAY MN
LONG 093a01el9 stQ ot

MAR, 16, 1977
1415 MOUKS

TOENTIFICATION OF PHYTUPLANKTON

ORGANISM NAME

CHLOROKENYTA
JCHLOROPHY(EAE

W CHLORDCNCCALLS
oo (MERMCTACEAE
eee e SCHROEDLRTA
solYGNEMATALES
ees DESHIOTACE AL
eeeoCLOSTERIUM

CHRYSOPHYTA
CRACILLARINDPHYCEAE
o CENTRALES

" 0esCOSCINODISCACE AE

0eso CYCLOTELLA

CYANOPHYTS
«MYXOPHYCFE

¢ CHROOCOCCALES

0e s CHRODCOCCACEAE
ves s AGRENELLUY

ces s GOMPHOSPHAERTA

1,800 CELLS/mL

COMMON  NANME CELLS/ML
GREEN ALGAE
37
PLACODER™ DES™IDS ‘
TOTALS 37
DIATOMS
CENTRIC
7
T0T4LS 7
BLUE=GREEN ALGAE
coccolp
1,700
TOTALS 1,700

PER CENT

90
92

> O

90
98
186

0, OEDIVERSTTY

" 0,0301VERS LYY

04,08DJVLRSITY

NOTED CELL/ML VALUES 4ARE HASED ox ACTUAL ruwnts AND REPQORTED 70 Th0(2) SIGNIFILANT FIGURLS
4 e DOMINANT CHAGANISH) GREATLR OR EQUAL TO 15X
% o QRSERVED CRAANIS*™p %0T ACYUALLY COumTEY

ANALYSIS ML Tring

GLASS CHarBLa(y2u» CIRCY, INVERTEV MICROSCOPL

OIVERSITY INDICKFS, RASED QW ACTuAL COUNTSH

PHYL/DLIV 0O,
CLess o0
ORCER ©

FAMILY G
GENERA 0

N'\JN"VN
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482642093011901 XABETOGAMA LK NR GAPPAS LANDING NR RAY MmN .
LAT 4Be2beu? LUNG 093egplely $tQ 01

AUG, 24, 1977
1000 MOURS

IDENTIFICATION OF PHYTUPLANRTON

14,000 CELLS/ML

14

ORGANISM NAME COMMON  NAME CELLS/ML PER CENT

CHLORDPHYTA GHEEN ALGAE

WCHLORNPHYCEAE }

¢ o CHLOROCOCCALES - ) -

00e00CYSTACEAE

000o00CYST]S 16 0

0o VETRASPONRALES

se o PALMELLACEAE

s0e s SPHAEROCYSTIS 330 2

v eLYGNEMATALES

0o s DESMIDIACEAE PLACODERM DESMIDS

009eCOSMARIUM 33

vees STAURASTRUM : 8
TOTALS 390

wo o

0,8aDIVERSITY

CHRYSOPHYTA

W+BACILLARJOPHYCFAE OI1ATOMS

««CENTRALES CENTRIC

00 s COSCINODISCACEAE

es e CYCLUTELLA 82

eee s MELOSIRA [T

ees s STEPHANODISCUS 130
. TOTALS 250

N ©Oen

144sSDIVERSITY

CYANOPHYTA BLUEwGREEN ALGAE
TMYXOPHYCEAE
0o CHROOCOCCALES coccogo
0e s CHROOCOCCACE 8E
et g ANACYSTIS 290 2
¥ 4e0sGOMPHOSPHAER]A 8,200 ' 60
0oOSCILLATORIALES FILAMENTOUS
0s s NOSTOCACEAE ’
se0 o ANABAENA 10400 10
«soOSCILLATORIACEAE
# 4eesPRORMIDIUM . 3,200 a3
TOTALS 13,000 95 144sDIVERSITY

EUGLENDPHYTA EUGLENOIDS

<EUGLENOPHYCEAE

e s EUGLENALES

0s oEUGLENACEAE

eeso TRACHELOMONAS _ s 0
T0TALS 8 0 0,0EDIVERSITY

PYRRHOPNYTA FIRE ALGAE

+OINOPHYCEAE DINOFLAGELLATES . -
oo PERIDINTALES

0o CERATIACEAE

vessCERATIUM ) 0 a

vesPERTDINJACEAE .

esesPERTDINTUN 8
1074LS 16

oo

{408DIVERSITY

NOTE® CELL/ML VALUES ARE BASKFD ON ACTUAL COUNTS AND KEPORTED TO TwO(2) SIGHIFICANT FIGURES
¥ o COMINANT OKRGAN]ISM) GREATER 0K BWUAL TO 15%
ANALYSIS METHADE GLASS CHa™MBER(§eMM CInC), INVERTED MICRUSCOPE
DIVERSITY INDICES, BASED ON aCTuaL COUNTSY
PHYL/DLV 0,3
CLASS 0,3
OHDER 1,2
PAMILY 1,5
GENERA 1,7
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4820560922082008 SANEPQOINT LK ABV MARRISON NARKNWS NR CRAME (LK MN
LAT 4Re?0=56  LONG 002e28-20  SLQ 01

WAR, 16, 1977
0900 HOURS

IOENTIFICATION OF PHYTOPLANKTON

110 CELLS/ML

ORGAN]ISM NAME COMMON  NAME CELLS/ML PER CENT )

CHLOROPHYTA GREEN ALGAE
+CHLORUPHY(CLSE .

¢« s CHLOROCNCCALES

esOOCYSTACEAE ;
ees s ANKISTRODE SMYS . 3 3 ' o
« s VOLVOCALES

0o s CHLAMYDOMONANACEAE ’

ees s CHLAMYDUMONAS : o
TOTALS BT ] 9 0,9%DIVERSITY

CHRYSOPHYTA
WBACILLARIOPHYCEAE pratoms
1o CENTRALES CENTRIC
0eeCOSCINODISCACEAE

¥ .0 CYCLOTELLA 23 22
o o PENNALES PENNATE
0eoN1TZSCHIACEAE

0eessNIT2ZSCHIA o
' TOTALS 21 25 0.SEDIVERSITY

CYANOPHYTA BLUE=GREEN ALGAE
«MYXOPHYCE AL
¢ o CHROOCGCCALES coccolo
0o s CHRUOCNCCACE AE
oo s ANACYSTIS 13 13
B o .eoGOMPHNSPHALRTIA . 23 22
e s OSLILLATORIBLES FILAMENTOUS
0o s NUSTOCACE AE
W, e APHANTZOMENDN . 30 28
TOTALS (1 63 14S5DIVLRSITY

EUGLENOPHYTA EUGLENDIDS
+EUGLFNDPHYCE AL :
oo LUGLENALES
e o EUGLENACF AE .
. seee TRACHELO"ONAS 3 3
3 3

107ALS 0,09DIVERSYITY

NOTE® CELL/ML VALUES aRE BASED ON ACTUAL COUNTS AND REPORTED 10 1wN(2) SIGNIFICANT FIGURES
# o DOMINANT (RGANTSMY) GREATER (R EQUAL TO0 18X .
ANALYS]IS METHODy GLASS CHAMHER(124m CIKC), INVERTED MICHROSCOUPE
OIVERSITY INDICHES, RASED ON ACTUAL COUNTSH .
PHYL/DIV 1,4
CLASS 1,4
ORDER 2,2
FANILY 2,2

GENERA 2,6
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482056092282001 SANNPOINT LX ABY HARRISON NARROWS NR CRANE LK MN

LAT 4Be20e56  LUNG 092-28e20  SEQ 01

AUG, 24, 1977
1000 HOURS

IDENTIFICATION OF PHYTUPLANKTON
9,300 CELLS/ML

oactnxan: NAME COMMON  NAME
‘CHRYSOPHYTA

¢BACILLARIOPHYCEAE DIATOMS

o CENTRALES CENTRIC

00 oCOSCINUDISCACEAE
000sCYCLUTELLA
o PENNALES PENNATE :
0ss FRAGILARTACEAE
esveBSTERIONELLA .
esedFRAGILARIA
eeeeSYNEDRA
os «GOMPHUNEMATACE AE
0s0sGOFPHONEMA
TOTALS

CYANOPHYTA BLUE=GREEN ALGAE
«MYXOPHYCEAE
0o CHROOCUCCALES cucecolo
09 ¢ CHROOCOCCACEAL
eseosANACYSTIS
# o4esGOMPHOSPHAER]A
oo USCILLATORIALES FILAMENTOUS
vs o NUSTOCACEAE
see e ANABAENA
veeOSCILLATOKIACEAE
000e0SCILLATOR]A

TOTALS

PYRRHOPHYTA FIRE ALGAE
+DINDPHYCEAE DINOFLAGELLATES
« o PERIDINIALES
eesCERATIACEAE
vee s CERATIUM
TOTALS

CELLS/HL

12

600
160
12

790

4,300
3,000
a70

730
8,400

18
18

PER CENY

P X-3 oN -

1405DIVERSITY

46
32

91 1,68DIVERS]ITY

0
0 0,0=DIVERSITY

NOTES CELL/ML VALUES ARF BASED ON. ACTUAL COUNTS AND REPORTED YO Tw0(2) SIGNIPICANY FIGURES

# « DOMINANT ORGANISM) GREATER UR EVUAL TO 1S%

ANALYS]S METHNDSL GLASS CHAMBER(12MM CIKC)y INVERTED MICROSCOPE

DIVEKSITY INDICES, BASED aN aCTyaL LOUNTSY
PHYL/DIV 0,4
CLASS 0,4
OROER 1,0
FAMILY ,1
GENERA 2,0
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0822260922833V  SaNDPOINT LK HL MAKRISUN NARKOAS NR CRANE LK, MN
LAT 4RaP2=26 LONG (92=28=53 SEQG 01

MAR, 16, 1977
0945 HOURS

JOENTIFICATYION OF PHYTOPLANKTON

1,000 CELLS/ML

OKRGANISM NAME COMMON  NANME CELLS/ML PER CENT

CHLOROPHYTA GREEN ALGAE

«CHLOROPHYCEAE

0o CHLOROCOCCALES

vee00CYSTACEAE

ees s ANRISTRODESHUS 38 q
0o o SCENEDESMACEARE

ves e SCENEOESHMUS 7 1
0o YOLVODCALLS

4s o CHLAVYDOMONADACEAE

000 e CHLAMYDOMONAS 3 0
TOTALS 48 S 0,93DIVERSTITY
CHRYSOPHYTA .
WBACILLARIOPHYCEAF DlaTOMS
0 s CENTRALES CENTRIC
00« COSCINCDISCACEAE
eeesCYCLUTELLA L] 2
eessMLLOSIAY . 65 6
oo PENNALES PENNATE
ep o FRAGILARIACEAE .
ceseFRAGILAR]A ? 1
e e o NITZSCHIACEAE
eoo e NTTISCHIA 7 [
oo TABELLARIACEAE
ceso TABELLAR]IA : 3 0
TOTALS 110 10 146801 VERSITY
L,CHRYSCPHYCEAF YELLOW=BROWN ALGAE
s s CHKYSOMONADALES
ss s OLHKOMONADACEAE
ses e DINGBRYON 7 ) b
TOTALS 7 1 0,08DIVERSITY
CYANOPHYTA ! BLUL-GREEN ALGAE
JMYXOPHYCE AL
o s CHROOCNCCALES coccolo
0 o CHRONCOCCACEAF
ces s ANACYSTIS 96 (]
B e HOMPHOSPHAEK]A 640 62
eoOSCILLATORIALES FILAMENTOUS
0eeOSCILLATORIACEAE
veesOSCILLATORIA _ 140 13
i 107ALS 880 84 © - JeYBDIVERSITY

NO!E: L(LL/"L VALUES ARE RASED ON ACTUAL COUNTS AND REPORTED 10 TwO(2) SIGNIFICANT rlouuns
# « DOMINANT ORGANISMy GREATER OR EQUAL 10 1S%

ANALYSIS METHOD) GLASS CHAMDER(|12MM CIRC), INVERTED MICROSCOPE
DIVERSITY l~urcss, BASED N4 ACTUAL rou~rsz } .
PHYL/OTV ©,
CLASS 0,
OROER |,
FAMILy o,
GENERA 1,

33



)
482226092283301 SANNFOINT LK Rl HARRISNN MARROWS AR CRANE LK, MN
LAT 4Be22w2bé  LONG 092-28+33  SkG 01
S AUG, 24, 1977 o - )
0900 HOUURS
- IDENTIFICATION OF PHYTOPLANKTON
e arm e v e et m — 9,100 CELLS/ML e =
. 2
ORGANISM MAME COMMON  NAME CELLS/ML PER CENT
CHLOROPHYT A . GREEN ALGAE
e e e g CHLORQPHYCE AE - e m e e et e i e e e e e e e i e -
2 o CHLOROCOCCALES
09 e COELASTRACEAE . B L - . . .
eeeesCOELASTRUM 250 3
e e g g g OUCYSTACE AE . e e e e e .. - -
0e0sDICTYOSPHAERTUM . 18 [
e eeeeee e 0 0 « 0OCY ST 8 SO S UNUPSEURPUS 1 - RS UURU SO DU,
eos SCENEDESMACEAE '
e e - weeeSCENEDESMUS e e . 37 0 . .
TOTALS 410 L} 1.4aDIVERSITY
CHRYSOPHYTA :
—— Y Y oS TN 1.5 ¥ L N7 o 7 Y o o 0 & 1 4 o 1. U OO RUOU
e« CENTRALES CENTRIC
. COSCINODISCACEAE . . e e .. . . [P e e e
oo CYCLOTELLA 14 0 .
e e e g o PENMALES . ... .. PENNATE e e e . I . e
oo s FRAGILARIACEAE
e e 200 o ASTERTQONEL LA e e e e e+ e e 1RO 9 L e e
eoeoFRAGILAR]A 28 0
e meenn-a s 0 s SYNEDRA . T . . 4 . 0 .
TOTALS 870 10 0,62DIVERSITY .
. CYANOPKYTA BLUEL «GREEN ALGAE
ceimiem e - CYAMOPHYCEAE . . L L . . - e e I .
2o CHRNCCOCCALES COCCOID BLUE=GREENS
e ieen e 0 ¢ CHEOCCOCCAEAE e R s e e
eos e AGMENELLUM 180 2
e ¥ gee s AMACYSTIS . s e . . 5,500 . .. . 61 . e e
¢ s HORNQGUNALES FILAMENTOUS BLeGREEN '
rmeie e v e e @ s MOS TOCACE AL - o i e i e e e e e e e e e e e e e e e s e
vess ANABAENA . 170 2
- -9aCHROCCUCCALES . ...COCCOID BLUE=GREENS
«oo CHRNCCOCCAFAE
# 440 GOMPHOSPHAERIH 1,900 el
TOTALS 7.800 86 1,13DIVERSTITY
PYRRHOPNYTA FIRE ALGAE
+DINUPHYCEAE . DINOFLAGELLATES
oo PERIDINTALES
eo e PLRIDINIACEAE .
vesoPERTDINIUM : 9 0
et e o e e e i 2 e+ ¢ s e n i+ e e e e e VOTALS 9L L 0 . 0,03DIVERSITY ...
NOTES CELL/ML VALUES ARE BASED ON ACTUAL COUNTS AND REPORTED TO TWO(2) SIGNIFICANT FIGURES
-~

# o DOMINANT ORGANIS™M) GRFATER DR EWUAL YO 15%
ANALYSIS METHNADE GLASS CHAMBER(12MM CIRC), INVERTED MICRUOSCOPE

o e . DIVERSITY INDICES, HASED NN ACTUAL COUNTS? } L e s
PHYL/DIV 0,7
CLASS 0,7 ~
ORDER 0,9
FAMILY 0,9
GENERA 1,8
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GB3022092560701 RAINY LARE AT BRULE “AGKOAS N& INT FALLS Mw

LAT 4Be=lpeie LONG 092e5ne07 SEQ 01

MAR, 15, 197/
1225 HOUKS

10FNTTIFICATION OF PRYTOPLANKTON

720 CELLS/HL

ORGANISM  NaME v COMMON  NAME

CHLOROPHYTA
+CHLUOROPHYCEAE

e o CHLOROCOCCALLS
ceeQOCYSTACEAF

e o ANK]ISTROVES S
«DICTYOSPHARRTIUM
JKIRCHNERIFLLA
.,,SCE~EOE5"AcLAt
0eee SCENENESHUS

eo TETRASPORALFS
eeoPALMELLACESE

0es s GLOEGCYSTIS . :
s YOLVOCALES

0eeCNLAMYDOMONADACEAE

eee o CHLAMYDOMONAS

GREEN ALGAE

TOTALS

CHRYSCPHYTA

BACILLARIOPHYLEAE DIATOMS
s s CENTRALES CENIRIC
0o COSCINODISCACEAE

eeseCYCLOTELLA

re s  MELOSTRA

0 o PENNALES PENNATE
oo FRAGILARIACEAE
eees ASTERIONELLA
NAVICULACLAE
,,,.NAVICULA

co yNITISCHIACEAE
eee o NITZSCHIA

NAVICULOID

YOTALS

oCHRYSOPHYCEAE
e o CHRYSOMONALALES
0 e ¢ OCHROMONADALEAE
vessDINCORYON

YELLOweBRONN ALGAE

TOTALS

CYANOPHYTA
MYXDPHYCF AL

o CHROGCGCCALFS coccolo
e oo EHRODCOCCACE AR ‘

BLUE=GREEN ALGAE

CELLS/mL

40
270

[
330

S
97

170

o o

210

¥ ., . ANACYSTIS

TOTALS 210

PER CEN)

29
29

14090 1VERSTTY

1.520IVERSITY

0,03DIVERSITY

0,08D)VERSITY

NOTF 1 CELL/ZML VALUES aRE BASED ON ACYUAL COUNTS AND KEPORTED TO TaU(2) SIGNIFICANT FIGUKES

K e DOMINANY NOAANTS™) GREATER OR EAUAL 10
ANALYSIS METung GLASS Cra-HER(§12mM CIRC),
DIVENS]TY 1nUICES, HASED On AClUAL COUNTSE
PHYL/DIYV 1,5

CLASS 1,6

ORDER 1,8

FArTLY 1,9

CEnERA 2,4

35

15%
INVERTED MICRCSCOFL



483622002560701 RAINY LAKE AT BRULE NAKROWS NR INT FALLS MN

LAY 4Beypep? LUNG 092ebta0] StQ 01

AUG, 23, 1977
1200 HOURS

IDENTIFICATION UF PHYTUPLANRTON

Gob00 CELLS/ML

ORGANISHM  NAME COMMON  NAME

CHLOROPHYTA . CREEN ALGAE
2CNLUROPRYCEAE
2o CHLOROCOCCALES
0es00CYSTACEAE
es o s ANKISTRODESHUS
0ees0OCYSTIS .
TOTALS

CHRYSOPHYTA

o+BACILLARIOPHYCEAE DIATOMS
¢+ CONTRALES CENTRIC
eeeCOSCINODISCACEAEL '

090 o MELOSIRA ’

oo PENNALES PENNATE
ves FRAGILARIACEAE -
,,,,A$1£klo~tLLA

.,.GUMPHONEMAYACEAE
o¢0 s GOMPHONEMA

ess TABELLARIACE AL
seeso TABELLAR]IA
TOTALS

«CHRYSOPHYCEAE YELLO#=BROWN ALGAE
«sCHRYSOMONADALES .
¢ s OCHROMONADACE AE
ove s DINOBRYON
T0TALS

CYANUPHYTA BLUE=GREEN ALGAE
MYXOPHYCEAE
0o CHROOCUCCALES coccol10
0 e CHROOLOCCACE AE
0o e AGMENELLUM
K pe0eANACYSTIS
8009 GOMPHOSPHAERIA
0o OSCILLATURIALES FILAMENTOUS
0 ¢« NUSTGCACEAE
ses o ANAHAENA
se e o APHANIZOMENON
0o s OSCILLATOHIACEAE
vee o PHORMIDIUM
T0TALS

PYRRHKOPHYTA FIRE ALGAL
+DINOPHYCEAE DINOFLAGELLATES

+oPERIDINIALES
ve e PERIDINIACEAF
evo s PERIVINIUN
TOTALS

CELLS/ML

28
3]
48

35

350

ar0
970

.~

170
2,000
620

83
410

48
3,300

14
14

PER CLNT

-

-7

“e
14

on

oo

S

1,08DIVERSITY

1, 78DIVERSITY

0,08DIVERSITY

1eTEDIVERS]ITY

0,08DIVERSITY

NOTE® CELL/ML VALUES ARE HBASED ON ACTUAL COUNTS AND REPORTED TU TWO(2) SIGNIFICANT FIGURES

# o DOMINANY ORGANISMy GHEATEH OR EUUAL TO J5%

ANALYSTS METHNDE GLASS CHEMHER(12MM CIKC), INVERI1ED MICROSCOPE

01vtRsx1v INDICES, BASED Ow aClual CUUNTSY
PHYL/D1V
CLASS

36



«

4B3015092380101 KETTLE R BL KFT, FALLS NR INVTERNATIONAL FALLS MN
LAT U4R=30e1Y% LONG 092+ 38«01 SLQ 01 .

MAR, 15, 1977
1049 HOUKS

JOENTIFICATION OF PHYTOPLANKTON

2,200 CELLS/ML

ORGANISM NAME COMMON  NAME CELL8/ML PER CENT

CHLUROPHYTA GREEN ALGAE

+CHLOROPHYCE AF

+ o CHLOROCOCCALLS

0o« SCENEDESHACLAE .

0es s SCENEDE SMUS ' 58 3
o VOLVOCALES

0s s CHLAMYDOMONADACEAE

ves o CHLAMYDOMONAS 29 1
TOTALS 87 4 0,930JVERSITY
CHRYSOPHYTA
+BACILLARIOPHYCEAE Dl1AT0MS
o CENTRALES CENTRIC
00eCOSCINOCISCACEAE
0eesCYCLOTELLA 220 10
K e oMELOSTRA 360 17
o PENNALES PENNATE .
e s ACHNANTHACE AL
ees s ACRNANTHES . $a 3
eea o COCCONELS 58 3
0o o RHOICNSPHENTA 14 1
eooCYMBELLACE AL )
oo s AMPHORY 14 1
eees CYMBELLA 14 ]
oo EUNOTIACE AE .
eesotUNDT]A 14 1
se o FRAGILARIACEAE . .
s o ASTERIONELLS ) 43 2
¥ .. FRAGILAR] ) 520 24
o¢ s GOMPHONEMATACEARE .
voe e GOMPROMEMA 29 H
s o NAVICULACEAE NAVICULOID
100sGYROSTIGMA .o 14 1
ees e NAVILULA . 200 9
vesePINNULARIA . - 29 ]
eees s STAURONELS 29 1
0o s NIT2SCHIACEAE
B, e oeNITZSCHIA 480 22 i
TOTALS 2,100 98 J,05DIVERGITY

NOTES CELL/ML VALUES aRE HASED ON ACTUAL COUNTS AND REPURTED 10 TwO(2) SIGNIFICANY FIGURES
¥ o DOMINANTY QRGANISY) GREATER D F0UAL TO 185X
ANALYSIS METHODY GLASS CHeMHER(12MM CIRC),) INVERIED MICROSCOPE
DIVERSITY INDICES, RASED ON ACTUAL CUUNTSS
PHYL/DLY (42
CLass 0,2

ORDER 1,1
FAMILY. 2,8
CENERA 3,2

37



et

u830150923580101 KETYLE R BL KET, FALLS NR INTERNATJIONAL FALLS
LAT 4BelnelS  {ONG 092«3Be01  SEG 0}
T T T e o " AuG, 23, 1977 o
- 1030 KUURS

IDENTIFICATION OF PHYTOPLANKTON

2,10V CELLS/ML

ORGANISM NAME COMMON  NAME CELLS/ML
CHLOROPHYTA GREEN ALGAE
e CHLOROPHYCE AE - - e e e e e e IR
+ s CHLOROCOCCALES
. - 0pe00CYSTACEAF
one o ANKISTRODESMUS 16
“-“..H_.,w_,...OltTVOSPHAEVIUM - - —- 86
0e0 00CYSTIS 230
09 ¢ SCENEDESMACE AE e e e e e
[ ] CRUCIGENT A 320
e oo TETRASPORALES PR S
0p s COCCOMYXACESE
eeieeem . cmaeee ELAKATOTHRYIY . - e = 11
2o VOLVOCALES
—— eesCHLAMYDOMONADACEAE N e o N .
ees s CHLAMYDOMONAS 11
.. . T . TOTALS 670
oo ~CHRYSOPHYTA .
«BACILLARIOPHYCFAE DlAYOMS
e nn e+ CENTRALES e wwme.. .. CENTRIC e e e e
essCOSCINODISCACEAE
B 0 eeeCYCLOTELLA - . } I -3
STEPHANODISCUS 5
- aoPENNALES . PENNATE S
oeo FRAGILAKIACEAE
e e w0 0 s ASTERTONELL A - S Y ) 3
vess SYNEDRA 21
o0 p « TABELLARTACE AE . L
eosVABELLARIA 86
e e e . ... .. TOTALS 170
e -o CHRYSOPHYCEAE v e e o YELLOW®BROWN ALGAE -
oo CHRYSQHOLADALES
00s OCHROMONADACEAE - ) e
vee s DINOHRYON : [
e . 107ALS S
i CYANDPHY T4 wrremme e - .BLUEWGREEN ALGAE e
JCYANUPHYCEAE
+oCHRNCCOCCALES €0CCOID BLUEGREENS
+p e CHROCCOCCAEAF
¥ .o ANACYSTIS . 670
o dHORMNGUNALES FILAMENTOUS BLeGREEN
meiame e .8y o NOSTNCUACE 4E e e . -
ees s ANARAELA 260
¢« CHROCCGCCALES CUCCOID HLUE=GREENS
00 s CHROCCOCCAEAE
0oes GOMPHOSPHAERTH 270
1,200

TOTALS

NOTES CELL/ML VALUES AWE RASED NN ACTUAL COUNTS AND REPORTED TO TWO(2) SIGNIFICANT

# o DOMINANT NARGANISHM) GRFATER 0K EWUAL TO 14HX
ANALYSIS METHONG GLASS CHAMHBER(12Mm CIKC),
DIVERSITY InDICES, HBASED nn aClual COUnTSY

- . PHYL/DIV 1,3
CLASS 1,3
ORDER 1,9
FAMILY 2,3
GENERA 2,9

MN

[\

- PER CENT

. 14TSDIVERSITY

- X

.!-QIDIVERS!TY

oo,

0,08DIVERSITY

13

59 1oUsDIVERSTTY

FIGURES

INVERTED MICRUSCOPE



4B3003092360301 KETTLL RV REL KETTLE FALLS NR OINT FALLS MN
LAT 4Re30evl LOKG Q2eyB=0$ Stau o1

AW, 15, 1977
0930 HUUKS

JOENTIFICATION OF PHYTOPLANKTON

870 CELLS/ML

ORGANISM  NAMLE COMMON  NAME CELLS/7®, Ptk CENI

CHLOROPHY T GREEN ALGAL
JCHLORDPHY(E AE )
esCHLOROCOCCALLS

2o s OUCYSYACESE

oo e ANKTSTRODEOMYS 3 0
oo VOLVOCALES

0oe CHLAMYDOMONADACE AE '

00 0e CRLAMYDOMONAS 9 )
oo LYGNEMATALES

0esDESHIDIACEAL PLACODERM DESMIDS
0essCLOSTERIUM 3
) : TOTALS 15

-o

LeUSDIVERS]TY

CHRYSOPHYTA
oBACILLARIOPHYLEAE DIATOMS
oo CENTRALES CENTRIC
+eesCOSCINODISCACEAE
eseeCYCLOTELLA . 23
seesMELNSTRA : . 9
o PENNALLS PENNATE
oo RCHNANTHACEAE
<ACHNANTMES 3 0
e o CYMBELLACEAE .
sese CYMBELLA [ 1
e o FRAGILARIACEAE
ceesFRAGILARIA 93 i
eses SYNFORA [ 1
oo e GOMPHUNEMATACEAE
P aae s GOMPHONEMA 1
eesNAVICLLACEAE NAVICULOID
ouatc‘LO"Els 3 0
CNAVICULA 26 3
se s PINNULARTA 3 0
0o s NIT2SCHIACEAE .
ees o NITZSOHIA 6 1
e o SURIRELLACEAE
% L.eoSURIRFLLA e 1
ees TABELLARIACEAL
cons TABELLARLA 3 0
TOTALS 180 23 2,43D]1VERSITY

-

CYANOPHYTA BLUE=GREEN ALGAE
JMYXOPHYCEAE
+CHROOCOLCALES coccolo
0s o CHRODCOCCACEAE
Ky yeeGOMPHOSPHALRIA 640 74
. 0eOSCILLATORIALES FILAMENTOUS

vesDSCILLATORTACERE

eeesOSCILLATORIA 23 3
. TOTALS 660 12} G429DIVERSITY
EUGLENCPHYTA EUGLENOLNS
JEUGLENUPHYCLEAL
0o EUGLENALES

v oo FUGLENACEAE
sees IPACHELOUMONAS
0,08DIVERSTTY

oo
-

TOTALS

NOTHY CELL/ZYL VALUES AWF RASED ON ACTUAL COUNTS AND REPOKTED TO TWw0(2) SIGHNIFIUANT FIGURLS
# o DOMINANT OPRANTISY) GREATFR OR EQUAL TO 15X )
* & GHSERVED DWRANISME NOT ACTUALLY LUOUNTLD .
ANALYSTS PETHNGY GLASS CRA*BER(121M CINC)y INVERTED MICRUSCOPE
OIvERSITY InDICES, HASED O« ACTUAL COUNTSS .
PHYL/D]V 0,9

CLASS 0,9

0uNER 1,2 \

FARILY 1,5

CENFRA 1,6

39



dB3003092380301

LAY Wba3ped

KETTLL Rv REL KETILE FALLS NR OJINT FALLS MN

LUMG VU92ebe(S Stu o)

AUG, 23, 1977
0930 HUUKRS

T0ENTIFICATION OF PHYTUPLANKTON

ORGANISM NaAME

CHLOROPHYT A
+CHLURUPHYCE AE
+ o CHLOROLOCLALES
se s MYDKGUILTYACE AL
vee o PEDIBASTHUM
ee o OUCYSTACEAE
vee o ANKISTROUESMUS
. aeselOLYSTLS
veo e QUADRIGULA
~ wese VETRAFGRUN
ve o SCENEUESMACE AL
ees s CRUCIGENT R
vee o SCENEDESHUS
eo JETRASPURALES
seePALMELLACEAE
. eeseSPHALROCYSTIS
0o VOLVOCALES
ces VOLVOCACEAE
cev e EVDORINA
2o JYGNEMATALES
oo DESMIVTIACELAE
CeeeeCLOSTERIUM

CHRYSOPHYTA
oBACILLARIUPHY(CE AE
¢ CENTRALES
. ¢eeCUSCINDDISCACE AE
seesCYCLOTELLA
eee o MELOSIRA
o dPENNALLES
L eesFRAGILARIACEAE |
veesASTERTUNEL LA
ee o NAVICULACERE
eeeoNAVICULA
2o eNIT25CHTACEAE
eee s NITZSCHEA
see TABELLARIACEAE
eese VABELLAR]A

CYANUPRYTA
WCYANOPHYCEAE
e CHROTCUCCALES
oo s CHRGCLUCCAE AE
co e e AMACYSTIS
veved A THCERTA

cesabh S HFLLUM
¥ L eeePNEOYSTIS
CaaBORMNGUNALES
e s WUSTULACEAF
..,.ANAHAFHA
ves s APLALLZUMENOY
0e s OSCILLATORTACLAE
Ceee o MHORMINIDT LM

4,700 CELLS/ML

CELLS/ML

COMMON  NAME PLR CENI
GREEN ALGAE
15 0
o 30 1
- e - I 10 .0
160 3
. . ] °
- - 99 . R,
30 1
. . N .. 120 . 3
) ) ) - 79 2
T PLACOOERM DESHIpS 7T T -
B . ... .. 5 e 0
TUTALS 550 12
plATOMS e i .
CENTRIC
o 20 )
. . 79 2
PENNATL
- s e i e
NAVICULOIV s
: H 0
54 |
. - , e 6o 5
101ALS 290 6
BLUE=GREEN ALGAL
.. . .GUCCOIV HLUE=GREENS. e
620 13
510 12
2,400 50
FILAMENIOUS BL~GREEN
200 4
74 2
59 1
TOTALS 3,900 82

&,
"Z24TIDIVERSITY
2,3zDIVERSITY
-

1o TBDIVERSITY

NOTES CLLL/ZML VAL uES Awp BASED 0N ACTUAL LOUNTS AND WEPORTED TU TWO(2) SIGNIFICANT FIGUKRES

¥ e DUMINAMT QRGANLSM)

GREATER UK EVUAL TO

ANALYSES “pTRHODYG

GLASYS CHAMBER(J2Mn CInC),

15%
INVERTED MICROSCOPE

DIVERSITY JuoTCtS, BASLE 0w 2Clual LLul)Sy
PHYL/UIV 0

- CLAass 0

URDER Y

FArlLyY o

GEntita 2

40





