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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:

Physical characteristics

Air temperature 
Water temperature 
Water depth 
Dissolved oxygen 
Dissolved oxygen

percent saturation 
PH
Transparency 
Specific conductance 
Turbidity

Chemical constituents of 
____water samples____

Dissolved calcium
Dissolved magnesium
Dissolved sodium
Dissolved potassium
Total and dissolved iron
Dissolved manganese
Bicarbonate
Hardness
Total and dissolved phosphorus
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. Oscillatoria 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 
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.



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

Air temperature
Water temperature (profile)
Depth
Dissolved oxygen (profile)
pH
Transparency (Secchi disk)
Specific conductance

Biological components

Phytoplankton 
Benthic invertebrates 
Fecal coliform and fecal 

Streptococcus bacteria^

'Samples can be collected once to determine background levels

Chemical constituents

Total nitrite plus nitrate 
Dissolved nitrite plus

nitrate
Total Kjeldahl nitrogen 
Total phosphorus 
Dissolved phosphorus 
Dissolved manganese 
Organic carbon (bottom

material) 
Trace metals'



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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«M'j> <«<><« 1 1 OOrtOt HAp.y L*»<t AT ULACK IUY NA.'WOi-.S NH ISlAU"Vlt» UN 
CAT <J».V.»-J6 LCNy 09JMOOO SF.O 0 J

MAR. 14, 1977 
  |6iO MOUHS

IOF.M iritATiON OF PHYTOPLANNTON

SOO.OOO

ORGANISM t 

CHLO»OPhYTA

,POC YS 1 ACE.AF

VOLVOCAIES

CMRYSOPHYTA 
.RACILLAHIOPHYCEAE

,cvci.(m:iUA

ACHNANTHACFAF.
.cnccoNUs
FRAUTLAPUCtAfc

NAVICUlACEAt 
,AHPHJPRt)HA

.DIPLONtlS 

.GYHOSIG M A 

.NAVICUL.A

.SUUHONtlS
NITZSCHIACFAE
.N1T/SCMU

TAOEU ARIACUE 
.TAHELLARIA

CYANOPHYTA 
.MYXOPHYCEAE

, ,CHK(.)OtnCCACEAE
..ANACYST1S 

.O.SCULATnWlALE8 

..OSCILLAIORIACEAE

GHEEN ALGAi

TOTALS

DIATOMS 
CKNTR1C

PINNATE

NAVJCULOIO

TOTALS

BLUOCREtN ALGAE 

COCCOIO

FILAMENTOUS

CCLLS/HL

670 

5,SCO

2*600 
6,900

2«0,000

PkR CENT

0,300
140,000

670

670

2,600

670
1,700

670
670

S,200
870

2,600

1,700

1,700
160,000

1
26
0

0

1

0
0
0
0
1
0
0

1

0

0
32

1,U«01VER5ITY

,,,,OSC1LLATOR1A 
,.,,SP1HULINA 
.,.RIVULAH1ACE*E 
,.,,MAPMI010PSlS

EuCiLtNOPHYl A

,,F.t)C.LLNALES 
, |t f.UGi.EMACfc'Af

TOTALS

TOTALS

16,000
6,100

65,000
330,000

600
600

H 
65 lil»OIVF.RSITY

O.O'OJVLRSITY

UIVtKSlTY

NOT( I ClLl/ML VALU18 A'U BASEO ON ACTUAL COUNTS ANf) Kf.POim.O TO TV-0(?) SIGNIFICANT
# - DOMINANT r.M'GANIRH| GHEATtl? OH {.QUA 1. TO 1'JX
*   UHStKvLO OHr.A'ilSMj »i(!l ACTUALLY CO«.J'«Tli) 
ANALYSIS MtTHdOi Ol.A'iS f htuHt H ( 1 ZMM Cl^f), INVERTED 

, I'.ASCD flN ACTUAI. COUNTS! 
PMYl/I'MV 1.1 

Cl»S5 1.1 
0«OH< |,6 

MM li. v 2.0

19



L*T <jfl--iS»3tt 1 ;;';i; SF.C 01

AUG'. ??, 1977
HO 1.1 US

1DENTTF JCAT JflN OF PHYlOPl.ANKTON

.. 210,000 CH.LS/ML

ORGANISM NA*t COMMON NAME

ALGAF.
CELLS/ML PER CtNT

_._.... ...__. _

c
.

..... .........

 

. 

............. ....» ...

.

.
...... - » ..

..... . .

~ r<
. 

... ... . t

CHLOHOPHYCEAE .. ... .. ..... ... . . ... . .......... .......... 
CHLOWOCncCAlES 
CO! LASTWACEAF. 
.COCLASTPUM 1,200 1 
HICKAITJNUCFAE . . .

OOCYS1ACEAE . . .... ... ................................ ....... ... .... ....... . -......-_...._..... 
. AN<ISTHODFS«US 730 0 
.OICTYOSPHAtRlU* . 2,500 1 . ...... 
.FRANCF1A 580 0 
.KlRCHNfcRlELLA . 1,000 0 . ...... .......... 
.OOCYSTIS 1,200 1
.TETP.AEORON 440 o

,SCE K| LOES M iJS 1,600 2 ...... 
YGNE M ATAL£S 
OfcS M 10lACEAE PLACOOtR^ OE5 M IOS 
. ARTHROOESHUS 150 0 

. ...... .......... ............. ...................I.. TOTALS . 13,000 ............... 6 ......... 2. TaDlVERSITY. ............

^RYSOPHYTA '..... . ........ .... ...... .. ............... ...............
9ACILLAHIOPHYCEAE' OJATOMS 
.CENTPALES CENTRIC . ...... .......... . . ....... ................................
..COSCINOOISCACEAE 
...CYCLOTELLA .. ..................._......................._ 730 ........ .0 ...... ......._ ......._.... .........
...MELOSTHA 3,300 2

..ACHNANTHACFAE

...COCCONEIS .... ... .... . ..... ... .... . . .... ...... .... . . 0 . ... ..... ............. ... ........ ..

..FKAGILARIACME 

...5YNEOPA ... ................ .... ... .. .... ... ._ ._.... .290............ ..... ...0.......... ............... . .......... ..............
,,GOMPHONEHATACtAE

ii.NITZSCHlA 1,300 1 
TOTALS 5,700 3 1,5«DIVEKSITY

"HRYSOPHYCEAE YtLLOW*BRUWN ALGAE 
,CHRY50MCNiA[)AlFS .... 
..OCHROMONAOACEAF 
.jOlNOtlRYOU .. .... .... ...... ... . 1,900 1 . ... 

TOTALS 1,900 1 0 , 0*01 VERS I T Y

CYANHPHYTA BLUE-G^EEN ALGAE
.CYANOPHYCE'AE

..CHROCCOCCALES coccoio BLUE-GREENS

* .
.CHMQCCOCCAFAE 
..ANACYSTIS 
HOfcKfjGONALtS 
.NOSTOCACEAF

.nSCILLATi'RlACEAE
, .LYNT.BYA

Cf'POCCOCC/LF.S

* .

..EUGLFNOPMYCEAE

FILAMENTOUS BL-G&IFN

COCCOlO HLUE-GRtENS

71,000

1,200

58,000
9,300

46,000 
TOTALS 190,000

TOTALS
290
290

26
U

23
90

0,0«OIVER3ITY

NOTE! CFLL/ H L VALUM APF BASED ON ACTUAL COUNTS AND REPORTER TO TWO (2) SIGNIFICANT
* .
* .
ANALYSIS
OlvtKSJTv

OH E U UAL TO 15% 
NOT ACTUALLY COUNT FD 

M.ASS CHA"f,i_w( I^»<M ci'^D, INVIRUD 
. RASEO ON AClHAl. 

v p. 6

1 .6

20



«8351109309«>B01 RAINY LAKL AT BLACK HAY HH ISLAND VIE* MM 
LAT (48-3S-11 LONG 0<»3-09-2a StO 01

1977MAN. J« 
1<IOO

lot N.TJFJCATION OF PHYTOF-LANKTON 

2,eoo CELLS/ML

ORGANISM NAME

CMLOROPHYTA 
.CHLOROPHYCEAF 
..CHLO&OCOCCAUS 
...OOCYSTACEAE
,.,,ANKISTROOESMUS

CHRYSOPHYTA

CFNTNAIES 
.COSClNQOlSCACt AE 
..CYCLOTEUA 
,,HILOS!RA

ACHNANTHACK*E

..COCCONtIS 

.CYMPELLACfc AE 
, , AMPHOPA

ARIA

.&OMPHONEMA
NAVICULACtAL
.OIPLOMFlS
.NAVICULA

.MTZSCHlA 
TABtLLARlACEAT

COMMON NAME 

GKEIN ALC.AE

TOTALS

DIATOMS 
CEMTH1C

PENNATE

NAVICUL010

TOTALS

CELLS/ML

n 
11

100

23

b?
2SO

11

11
IbO
23

11

11
2,600

PER CtNT

1
75

o
5
1

0
2

0
98

0,0*t>IVERSITY

NOTFI CELL/ML VALUES ABE HASIO ON ACTUAL COUNTS AND KEPOKTED TO TWO(?) SIGNIUCANT
*   DOMlNAM 0«r.A^.ISM| CRUTtR OR EQUAL TO I5X
ANALYSIS KtTHODj GLASS CHA«Hfc R ( ) JMM CIRC), IMVLRTED MICROSCOPE
OIvEKSlTY INPICKS, HAStO ON ACTUAL COIJNTSI

0,0 
CLASS 0,0

FAMILY 1,3 
GENERA 1.5

21



««3511093092601 RAINY LAKfr. AT Ht.AC* RAy NH ISu*NO 
LAT uB-35-11 LONG 0<>5-0 t»»2b St Q 01

AUG. 2?, 1977 
1900

JDENTJUCAT ION

170,000 CELLS/ML

ORGANISM NAME

CHLOROPMYTA
. .... _....... CMLUROPHYCtAE

, . ANK JSTR.OOFSMUS

) JKiRCMUF.wiFLi A
,.OOCYST1S

. ........... . I.SCENfcOlS'-iiS
ZYGNJHATALES

.. .. . .... .. .OESMlOlACt AE 
..ARTHKOOFSMUS

... ... ......... ...CHRYSOPHYTA 
BAClLLArtlOPHYCEAF 

.._.... ___ .._ .CENTHALES 
..COSCINOOISCACEAE 

_. ... ... _ ...CYCLOTFLLA

"~ ~ J.FRAGiLAPiACFAE 
. .... ... ... . .'.SYNF.DRA

..NAVICULACEAE
.... . * ...NAVICULA . ..

..NITZSCH1ACFAE

CVANOPMYTA
.CYANOPHYCME
,CHROrCOCC*LES

. ....... ..CHPOCCOCCAEAF. 
* ...ANACYSTIS

!,OSCILLMO»IACEA£ 
. ...LYNGBYA
...PHQRMIOIUM 

IUGLENOPHYTA
.EUGLFNOPHyCEAE

.. ... .. '.ii.fiJGLtMA

COMMON NAMF CELLS/ML

1,300
................. . . . 2,000

eio
... ..... .. ..... .. ............ . . .. 3,600

.. . . 3,700

PLA.CODERM OESMIDS 
650

................................    .TOTALS 12,000 .

DIATOMS 
... .. CENTRIC . . ........

............ . ...... . _ ............ ....... . . 810 ...
6,200 

. . . .. PENNAJE . . ...

....... .... ........ 160
NAVICULOIO

.... . .... ....... . . . 1,300
TOTALS 8,500

HLUE-GKEEN ALGAE

COCCOlD RLLIE-GREENS 

130,000
FILAMENTOUS BL-GWEEN

. _.. .. ..... . .... . .... .... ..... . ... 1,600
12,000 

TOTALS 150,000

... - EUGLENOJOS.

. ... 160
330

PER CEM

1 
1
0

. .... . 2 . ...... . .. .. .... .. ...... .. ..... .

2 .. ... .. .... ...

0 
....... . . 7... ... ... 2,3eDIVtKSITY

. . 0 ....... ..... .... ... _ ...... ............
0

o ... . ......... .. .... . ..

0

1 . . .
5 1.2»DlveHSI1Y

'79 " "" ' ' """"" . 

1 ...... ................... ... . .... .. .
7 

87 0,5»01VE«SITY

0 ... 
0

TOTALS 490

NOTEJ CFLL/^L VAijltS AHF HASE^ ON /ClU»L COUNTS AND KEPORTED TO TWO(^) SIGNIFICANT HGURE3
* . DOnlNiKT n»GAMl3~i| GfcfATER f>R t»IJiL TO 15X
* . OHSE^VtD PRGAnIS"! NOT ACTUALLY COUMfO 

. ANALYSIS MI-THOOI T.L'SS CH A MMt» ( 1 2^ CI^C), I^-VtRTEO
INOICES, "AStn n ;- ACIMAL COUNTS!

.... PHYL/OlV 0.7
CLASS 0.7
ORPF.R 1.1

FAMILY 1.2
CLNF.RA 1.4
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(Ifl260709i>sn 70| KAHETDGAMA LK AT MOU1HPK MEAO*'OnU HAY 
LAT «ft. 26-07 LOHG 092-51-17 SEO 01

MAR, U, 1977 
I 100 HUUM.S

IDENTIFICATION OF PHY10PLANKTON 

2,JOO CELLS/ML

RAY

ORGANISM NAMt

CHLOKOPHYTA 
,CHLOROP*YCEAH
..CHLOKOCOCCAI.ES
...CHARACUCEAt

..OOCYSUCEAE 

...OICTYOSPMAERIUM 

.VOLVOCALES 
,,CHLAMYOOMONAOACfcAE
...CHLAMYOOMONAS

* ....COSMARJUM

CHRYSOPHYT* 
MUUAKJOPHYCtAE

.COSCH001SCACEAE

,.,SU.PHANOUI!>CUS 
.PENNALtS 
..CYMBELLACEAt 
. ,, A»'PHOHA

.NAVJCULACEAE

,GYROSlr,MA 
.NAVICULA

CYANOPHYTA
.HYXOPHYCEAf!
..CHROOCOCCALFS
...CHW.oncocCACtAE
,'. , ,GO«PHr»SPHAtRI A 
..OSCILLATORlALfcS 
...OSCHLATOHfACtAt 
....OSCILLATORU

COMMON NAME 

GREEN ALGAE

CELLS/MI.

PLACOPER* DESMIDS
TOTALS

DIATOMS 
CENTRIC

PINNATE

NAVICUL010

TOTALS

BLUE-GREtN ALGAE 

COCC010

FILAMENTOUS

TOTALS

it

J6

50

1,500

SOO 
2,000

PER CLNI

e
10

66
14

39

21

(I

7

39
210

It
1

2

1

0

0
A
2

IB

67

22
69

ltl»DIVERSITY

2,3'OIVERSITY

OtB'OIVERSITV

CELL/MU VALUES A«F BASED ON ACTUAL COUNTS AND REPORTED TO Txo(2) SIGNIFICANT
  - DOMINANT ORGANISM! GREATER OR EUUAL TO 15%

*   OHSEHVtD ORGANISMj NQT ACTOALLY COUNTED
ANALYSIS MLTHfiOi GLASS CMAMH[ H ( 1 ?"M CI'-^C), iNVtRTF.D MICROSCOPE 
DIVERSITY INDICES. BASK5 C"J ACTUAL COU»<T5I 

PMVL/OIV 0,6
CLASS 0.6

FAMILY |,S 
GENERA 1,S.
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««2b070V?M 1701 KABMOGAMA L * AT MDUIMOF ME*U*OOn BAY NH RAY MN 
L»T «B.?6-07 LONG U<»i>bl-l7 StU 01

AUG. au, 1977 
tliO MUUR3

IDENTIFICATION OF PMYTOPLANKTUN 

13,000 CF-US/HL

ORGANISM NAMf 

CHLOWOPHYTA

.CHLOROCOCCALfS 

..COELASlKACKAf

.OOCYSTACtAF 
, ,NFPH«OCYT1(JM. 
t SCE^FO^S M ACtAt'

CMRYSOPHYTA 
BAC1LLAKIOPMYCJ.AE 
.CENTRALES
,,COSClNOOISCACtAE 
...CYCIOUUA

,,.STEPM*N001SCU8 
.Hf.NNALES 
,.FHAGIL»P 
,,,SYNfcORA

XANTHOPHYCEAE 
.HfTEKOCOQCALES 
,,CHLO»OTHtClACt»E 
...OPHlOCYTlOM

CYANOPHYTA 
MYXOPHYCEAF 
.CMROOCUCCALFS 
,,CMROOCOCCACEAE 

0 ...ANACYSTIS
» i  .GOMPHOSPHAERIA 

.OSClLLATORUuES 
,,NOSTOC*CtAE

  ,,.ANABAENA
,.OSCILLATORIACEAE
...LYNGBYA
...OSCILLATURIA

EUGLENOPMYTA 
.EUGLENOPMfCtAE

JN NAME 

ALGAE

TOTALS

DIATOMS 
CtNTRlC

TOTALS 

YELLOw-GRtEN ALGAt

TOTALS 

6LUL-GKEEN ALGAE

cuccoio

TOTALS

EUGLENUI05

CELLS/ML

210

no 
too
16

500

IS

1»700

16
16

6*300

770
«,SOO

40,000

PER CLNT

18

20

2
11

l t 7*OIVE«6ITY

0,6»OIVtRSITY

0,0«DIVERS1TY

1,^DIVERSITY

...EUGLENACEAt

....EUGLfcNA
,,,,1RACHELOMONA8

PYHRHOPMYTA

..PERlDlNlALf-3 
,,,CtK»Tl»CEAt 
....CERATIUM

TOTALS

FIRE ALGAE 
OJNOFLAGELLATES

TOTALS

16
16
36

36
36

1.0«D1VEHSITY

0,0«01VERSITY

NOTE! CfLL/ M L VALUES »Kl B*St.O 0^ »ClUAL COUNTS AMD REROUTED TO T*OU) SlGNJUtANT FIGURES 
    1/OMlNiNT ORGiMlSK't GKEAUH OR f.UU*L 10 15X 
ANALYSIS "fcTMOOl r.L»GS CHA'^Bt N ( 1 ?MM CI«C)» INVERTED 
DIVERSITY INDICES, HASt.O ON ACHJAL CQUNT5I 

PHYL/DlV 0,a
CL»SS o.u
ORDER 1.2 

MMJLY 1.6
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<JB260JO<»25n "f'1 i*Al<KTPKA»'.A IK JN MLAOmHH) BAY '.P. (.'AY

LAT oj

MAW, 17, 1977 
OOSO MOU»S

Of PHYTOPLANrtTON 

CEL1.3/KL

NAMt

CHBYSCPHYT A 
BACILLARIOPMYCEAK
ClMKALtS
.COSCINCOISCACF.AL
..CYClUTfcLLA

.K'AVJCULA'CtAt

COMMON

DIATOMS 
CtNTRIC

PENNATE

NAV1CULOIO

Pf« Cf-Nl

TOTALS

30
1,500

140

15

2b
(190

USD

2iO
1 1 900

1
52
5

0

1
17

16

e
too

NOTKl CFLL/ M L VAlUtS APE HAStO ON ACTUAL CCUMTS A\D KfPO^TEO TO T*0(a) SIGNIFICANT 
« . OOMlNANT OHRA^IS^I GKEAlt» Ok EO«J*U TO 1SX 
ANALYSIS nt.THOD, G t »So CH A «Hf. R (1 <««* CIHC)» P.'VtRTKt> 
OIVt«SlTr iNOICfS. BASf.0 ON ACTUAL COUNTSI

1,0 
1.6 

GENERA 2,0
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«6260JO <»2Sn«Ol HAbETOGAMA L* JN MEADwUUO MY NR RAY HN 
CAT U6«?6»03 LliN'G 09£«M«1" StO 01

AUG. 24, 1W77

IDENTIFICATION 0* PHYTOPLANKTOK 

44,000 CELLS/*U

ORGANISM NAME 

CMLOROPHYTA

,CMLOROCOCCALES 
,,OOCYS1 ACEAC

..OOCYSTIS 

.SCEMEOf S"ACtAE 

.,SCENtOESHus 
TETRASHOKALES

t. SPHAEPOCYSTIS

..COSMUCLAOIUM

CMHYSOPHYTA 
BACILLAKloPMYCEAE
.CENTHALES
..COSCIMOOISCACEAE
...CYCLUTELLA
...MELOSIHA
...STEPMANOOISCUS
.PENNALLS
..FRAGILAHIACEAE

.FRAGILAR1A 

.SYNEURA

CYANOPHYTA 
HYXOPHYCEAE 
.CMROOCOCCALES
..CHROOCOCCACtAE
,,,ANACYST1S
,,,GOMPhOSP«»f PI*
.OSCULATCPIALES
..NOSTOCACEAE
, , .ANABAENA

.OSCIILAIORIACEAE

COMMON NAME 

ALGAE

PUCODERM DESMIDS

TOTALS

CENTRIC

PENNATE

TOTALS

BLUE-GREEN ALGAE 

CUCCOIO

TOTALS

CELL3/ML

5a 

220

1»200

360
670

1,500

2,200
15,000

11*000 
4*200

270
3,200

36,000

PE« CLNT

1,100
3*0

160
3,300

ei
5,000

0
3
1

0
7
C

11

5
35

24
9

1
7

61

2t2=DIVERSITY

l,4eOIVERSITY

2,OsDIVERSJTr

EUCLENOPMVTA

.EUCLENOPHYCEAE 
,,EUGLE"ALES

PYWRMOPHYTA
,DlNOPMYCfAh
..PEKIOIMALES
,,,CEf<ATIACE4E

TOTALS

FJKE ALGAE 
D1NOFLAGELLATLS

TOTALS

81
81 0,0»OIVEKSUY

CELL/KL VALHIS AVF R*SJD o f- *CU:AL COUNTS AND
    UO-lNAM nf.Gi's'JS"!! G«<fATe H 0^ t^UAL TO 15X
  . OH5f.KvLn ORGANISE NOT ACTUALLY COJSTEU

MfTHOnt RLASS CM A^Ht « I 1 jjr* CI«C), 
r l»*OICtS, HASH) n-i ACTUAL CuuMSl

MICROSCOPE

CL»SS

SIGNIUCAST FI(.OJ<ES
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«8?6300<»SOI I 701 KAHt tdCACA LK Al KAPPAS I A Ml IK! KB kAV 
l.AT an.?6.iO |.0 Mi C9J-01-17 SIO 01

X4R.16.1977 
1330 HOOKS

IF KATION OF

1?,000 ClllS/ML

ORGANISM M'<E

...OOCYS1 ACEU. 
  . , , ,AN«IblWOOF 
« . .,,OICT»ns^  

CMBVSOPHYTA

.CYlLCT^LLA

CYMHH.LAC.tAt 
.AMPHORA

F H A G I L A W I A C £ 4 E

MAVKl'l.ACEAt

,GV«OSK; M A
A

.XAMHOPHYCKAE 

..HfTtWOC-OCCALtS 

...CHl.i)«OThtClACE.AE 

.,, ,OPMlOCYT)i.iM

COMMON NAMt 

ALGAE

CELUS/ML PEH

TOTALS

DIATOMS

PINNATE

NAVICUL01D

TOTALS

ALGAE

TOTALS 

HlUt>GKEEN ALGAE

770

330

n 

11

11
76

97

460

12

13
13

6
32

13
0

9
13

13
13

0
13 

I

13
62

.MYXOPHYCEAE

Ct.At-
l A

coccoio

TOTALS
11/000 
11,000

vo
90

CFI.L/ML VALUES ARf HASFD c.'N f.{. li'Ai CO'.'f.TS AMJ
*   DflMlNiM O^rA'ilS^I liP'ATh*-' \,H f 'JilAi. TO IS*

* - OBSlwvM) ficr.i'M ;-,"i SOT ACTHAILY t'O'J'.'Tl l>
5 »r. Tk'00| M. Aiif, CfA-Mt hf{ i/.-f CT^C). J»,vl.KHO 
IY IxOICF'Si t'AS* 0 Of. AC I 1, i AI COUP'S I 

f'HYt /()! v 0,6

TO T»*0(i) 31G'-J » 'IC ANT

0.7 
FA"1 L Y 0,7
dtNf-KA 0,7
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«A263009J011701 KABE fOGAMA L* AT C.ARPAS LANDING NR RAY HN 
LAT «6-?fc.JO LONG 0<JJ«01-17 SEO 01

IDENTIFICATION OF PHYTOPLANKTON 

28,000 CELLS/ML

ORGANISM NAME 

CKLOROPMYTA

,CHLOPOCOCCALES
,,OOCYSTACfcAE
...OOCYSTIS
,ZYGNf:*ATALES
..DESMIDIACEAE
,,.COS"ARIUM

CMRYSOPHYTA 
.BACILLAKIOPHYCEAE
,,CfNTRALES
...COSCINODISCACEAE
I...CYCLOTELLA
lt ,.MELOS!RA
....STEPMANODISCUS

CYANUPHYTA
.MYXOPHYCEAE
..CHROOCOCCALES
,,,CHROOCOCCACEAE
t...ANACYSTIS
, t ,,GOMPMOSPHAfc»lA
..OSCILLATORULIS
...NOSTOCACtAfc
(|( ,AN«HAENA
...OSCILLATOKIACEAE
....PHORMIDIUM

.OINOPMYLEAE

..PEKIOINIALLS

...CtRATlACEAE

COMMON

A|.GAE

CELLS/ML PEN CENT

PLACODlRM OtShlOS

TOTALS

OUTOMS 
CtNTRlC

TOTALS

BLUE«GR£EN ALGAE 

COCCOIO

FILAMENTOUS

TOTALS

FIRE ALGAt 
OINOFL*GELLATES

TOTALS

76 
UO

39
91
91

220

1*500 
14,000

5,100

7,000
26,000

26
26

S
09

16

26
99

0.9«D1VCRSITY

1,5«DIVERSITY

1,7"D1VERSITY

O.OBDIVERSITY

NOTEl CtU/"L VALUES ARE BASED ON ACTUAL COUNTS AND REPORTED TO TWO(2) SIGNIFICANT FIGURES 
* . DOMINANT ORGANISM! GPEATLR OH tUUAL TO 15X
ANALYSIS METhOOt GLASS CHAMBER (12MM CI*<C}, INVERTED MICHOSCOPE 
DIVERSITY INDICES, BASED 0'" ACJUAL 

PHYL/D1V 0,J 
CLASS o.t
ORDER 1.1

FAMILY l.S 
GENERA 1,«
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KAMfcTOGAMA L* ^K GA^PAS LANDING '  » «AY 
LA1 «fl-26-u^ LONti 093-01-19 SEQ Ot

KAB. 16, |977
JU1S MOUK'S

IDENTIFICATION OF PMYIUPLANKTON 

1,000 CELLS/ML

...SCHHOFO».«1 A

...01 S'MOIACtAf.

,., .CLOSURluM

CHRYSOPMYTA

...COSClNODlSCACtAE 
,.,.CYCLOTF.LLA

CYAKOPHYT*

..CHHQOCPCCACtAt

COMMON NA 

GHEF.N ALGAt

CtLLS/HL

DIATOMS 
CtNTHIC

COCCOID

TOTALS

TOTALS 

ALGAfc

TOTALS

37

1 ,100
1,700

PER CINT

a

90

98
180

0,0«PlVtKSITY

MOTEl CfLL/ M L VAtuES APE HASfH "M ACTUAL COUNTS AND «tPOKTtO TO T»OC2) SIGNIFICANT 
* . OO^I^A^T 0«GA'.lS'-» f.RFATLW 0« E(U'*L TO 1SX 
« - PRSEtfvLO fiHr,ANls>'| '^0 T ACHiALLt CCK'Mli)
ANALYSIS ^tTnooi GLASS CHA^BL*< t i? M * ci«o, IKVEKT^.U MICROSCOPE
DIVERSITY IsDICKS, PAStO 0'- AdUAL

CL*SS o.?
(i,2 
(i.?. 
0,2
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«826«2093011901 
LAT «

KABETOCAMA L 
p6-u2 LONG

NR GAPPAS LANDING NR RAY MN 
Vi-yl.jV {>tQ Ot

AUG. 24, 1977 
1400 HOURS

IDENTIFICATION Of PhYTOPL ANKTON 

l«»000 CELLS/MI.

ORGANISM NAME

CHLOHOPHYTA
.CMLORnPHYCEAE
..CHLOHOCOCCALtS
...OOCYSlACtAE
,,,,OOCVSTIS
,,TETRASPOKALES
,,,PALMELL»CtAE
,,,,SPHAtROCYSTIS
..ZYGNfMATALES
...DESMIOIACEAE
,,.,COSMAR1UM
....STAURASTRUM

CHRYSOPMYTA
.BACILLARIOPHYCFAE
..CENTRALES
,,,COSCINOOlSCACt*E
....CYCLOTtLLA
....MELOSIRA
,,,,STtPMANODISCUS

CYANOPHYTA
,MYXOPHYCEAE
..CHROOCOCCALtS
...CHROOCOCCACEiE
,,,,ANACYSTI5
,,,,GOMPHOSPHAERIA
,,OSCILIATO«IALES
...NOSTOCACEAE
(t ..ANABAENA
,,,OSCILLATORIACLAE
,,.,PHORMIOIUM

EUGLENOPMYTA 
,EUGLENOPHYCEAE

,,,EUGLENACEAE 
,,,,TRACHELOMOKA3

PYKRMOPHYTA 
.OINOPHYCEAE

PLACOOERM DESM1DS

TOTALS

DIATOMS 
CtNTRlC

TOTALS 

ALGAE

CUCCOIO

FILAMENTOUS

EUGLENOIDS

TOTALS

TOTALS

FIRE ALGAE 
D1NOFL*GELLAUS

CELLS/ML

16

330

33
8

JVO

82
«1 

130 
250

290
8,200

1*400

PER CtNT

0

2

2
to

10

23
95

O.BaOIVERSITY

1.180IVERSITY

l,«»DIVERSITY

O.OeOIVERSITY

...CERATlACtAt

....CERAT1UM
,,,Pfc»lOUlACfc
,,,,PERIOINIUM

TOTALS
6

16 l.o«om:RsiTY

NOTEi CCLL/HL VALUFS ARF BASED ON ACTUAL COUNTS AND REPORTED TO T*o(2) SIGNIFICANT
  .DOMINANT OW(-4M3M| GREATER OK fcUuAL TO 15X
ANALYSIS MKTMODI GLASS CHA«nhH(i«>MM CIKO, INVERTED MICROSCOPE
DIVERSITY INDICES, BAStO ON ACTUAL COUNTS!

PMYL/OIV o,J
CLASS 0.3
ORDER 1,?

FAMILY J.S
GENERA 1,7
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«8205609220«!001 SAMTPOP'T L* *BV HAPH1SOM k.AWnn*S NK CRAMt. LK MS 
LAT «p«?0-S6 LO^G 092-2B-20 5L3 PI

MAR. 16, 1977 
0900 HOURS

OF PHYTOPLANKTON

no CELLS/ML

ORGANISM NAME 

CMLOKCPHYTA

.CHLOWOCOCCALtS 

..OOCVSTACEAE
,,ANKISTROO£SHOS
VOLVOCALtS

CMRYSOPHYTA

..COSCI'-ODISCACEAF 
..CYCIOTEUA 
PENK'ALF.S

..NlTZSCHlA

CYANOPMYTA
.MYXOPHYCEAt 
..CMHOOCCCCALES
...CMRoocnccActAE
.... NATYSTIS

.OStlLLATOHl*LFS

COMMON NAMf 

GRttN ALCAE

PtR CENT

DIATOMS

TOTALS

PENNATC

TOTALS

BLUE-GREEN ALGAE 

COCCOID

FILAMENTOUS

tUGLENOIOS

TOTALS

TOTALS

7
10

13

30
66

22

3

13
22

28
63

0.9«01VERSITY

Ot5«DIVER'SITV

CELL/HL VALUES ARE e.'.sto ON ACTUAL COUNTS AND HIPORTEO TO Twn(2)
» « OOnlNANT ORKAVJSf'l ti«EATILK 0« EOUAL TO ISX
ANALYSIS 'HtTH'OOr GLASS CMA^Ht K ( 1 2«M CI«C), iNVEKTkO MICROSCOPE 
DIVERSITY INOICF.S. H*StO ON ACTUAL COUNTSI 

PMYL/D1V 1,»J
CLASS i, u
OHOKR 2.2

CtMRA 2.6

nr;unts
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082056092282001 S*^nPOINT L* ABV HARRlSON NARROWS NR CHANE L* MN 
LAT «8.?0-56 LUNG 09*.2»-20 SEO 01

AUG. 2«, 1977 
1000 HOURS

IDENTIFICATION QF PHYTOPLANKTON 

9,300 CELLS/ML

ORGANISM NAME

CHRYSOPHVTA 
BACILLARIOPhYCEAF. 
CENTWALfS 
.COSCINOOISCACEAE 
..CYCLUULLA 
PENNALE.S 
.FHAGIIARIACEAE

.GOMpHUNEMATACtAL

CYANOPHYTA
.MVXOPHYCEAE
..CMHOOCOCCALES
...CHHQOCOCCACEAk
,,..ANACYSTIS
,,,,GOMPHOSPHAERIA

.NOSTOCACEAE 
,,ANAHAENA 
.OSCILUAtOKlACEAE 
..OSCIULATDRIA

PYHRHOPHYTA 
.DlNOPMYtEAE 
..PEHlOlMALtS 
,,,CtRATl*CtAE

COMMON NAME

DIATOMS 
CENTRIC

TOTALS 

BLUE-GREEN ALGAE

cuccoiu

FILAMENTOUS

CILLS/ML

12

600
160

6
790

a,300
3/000

470

PER CENT

TOTALS

FIRE ALGAL 
DINOFL*GELLATES

TOTALS
16
16

(16

8 
VI

1,0'DIVERSITY

1.6«D1VERSITY

O.OcDIVERSlTY

NOTEI CF.LL/ML VALUES ARF BASED ON. ACTUAL COUNTS AND REPORTED TO T*o(2> SIGMUCANT FIGURES
« . DOMINANT ORGANISM! GREATER UR E^UAL TO 15X
ANALYSIS METMOOI GLASS CMA^BtR(12MM CI«C), INVERTED MICROSCOPE
DIVERSITY INDICES, BASED ON ACTUAL COUNT3I

PHYL/OIV o,a 
CLASS o,a
ORDER 1,0

FAMILY 1,1
GENERA 2,0
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SANiOPOINT L* «L MAKWISUN NARHOrfS NR CRANK LK, MN
CAT <tA.;>?.?6 LONt; O92«aa-ii stu 01

MAR, 16, 1977 
0945 Ht'UHS

IDENTIFICATION OF PMYTOPLANKTON 

1,000 CELLS/ML

ORGANISM NAME

CHLOROPHYTA
.CMLOROPMYCEAE . 
CXLOKOCOCCALtS 
.OOCYSTACEAE

,.SCl>KOtS«US 
VOLVOCAI.IS

CHHYSOPHYTA

CFNTRALFS 
.COSClNODlSCACf AE
..CYCLOTELLA
..Mf.LOSlRA 
PEMNALES

,.F»AGILA»1A

..NTTZSCHlA 
jABLLLARlACtAE

CHRYSCPHVCFAf 
.CHkYSOMONA&ALES

...OIN08RYON

CYANQPHYTA 
.MYXOPMYCEAE

..ANACYS1 15

.OSC!LIATO»IALFS 

. .OSCIULATORlActAE 

...OSCRl ATOHlA

COMMON NAME 

GHf.EN ALGAE

TOTALS

DIATOMS 
CENTRIC

PENNATE

TOTALS 

YELLOW.BROWN ALGAE

TOTALS

PLUE-GREEN ALGAE 
coccoio

FILAMENTOUS

TOTALS

CELLS/ML

36

7

65

7

7

3
110

V6
640

880

PfcR Ck'NT

t 

1

0
10

9
62

13
84

l.6«DIVtRSITY

0,0 B 01VtRSITY

lil«OIVtWSiTY

NOTE! ClLL/ML VALUES ARE RASED ON ACTUAL COUNTS ANQ KEPOKTED TO T*0(2) S1GMKICANT FJ.GURLS 
»   DOMINANT DRG4NIS*! GREATER OH EOUAL TO 15X

ANALYSIS MtTMOOi GI.ISS CM/.MI.IM ( 1 2MM CI«C)» iNVt'RTEO MICROSCOPE 
DIVERSITY IMJICF.S» OASMJ (IS ACTUAL COUNTSI 

PHYL/OIV P.tt
CLASS 0,8

1,5
GtMHA 1,9
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«ft?2?6092£fl JJ01 

LAT i LUNG OQ?»2t

AUC'. ?«, 1977 
0<>00 HOURS

KR 

SfcQ 01

IDENTIFICATION OF PhYTOPLANKTON 

. .. 9,100 CH-LS/M.

, MN

ORGANISM MAM t

CHLOROPHVTA
... ,.. .. ._......,._ .CHLOROPHYCMF.

CHLOROCOCCALfS 
. ........ ..... .... COElAST^ACEAE 

.COELASTRUM
... ... _ ... - . ......... OOCvSTACEAE

.OICTYOSPHAERIUM 
__ . .OOCYSTIS

SCF*EOES"ACEAE
.. ... ... . _._..... . .SCENEOESMUS

CHRVSOPHYTA
.... . ,..,, ..... BAC1LLAH10PMVCFAE

CENTkALES
............. ....... COSCI^-ODISCACEAE

.CVCLOTULA
....... .... ._..._ ....... ENNALES

FRAGILAPIACFAF. 
. ._. ... . -.^ .ASTEHIONELLA .

.FRAGILARIA
... ....... _. .... .SYNEORA . .. ...

CYAMOPKYlA 
_ ..CYANOPHYCEAE . . .

..CHROCCOCCALER 
.................. _.... ..,.. CHKOCCOCCAEAE

,. , , AGwf.NKLuM 
. .... . ....*. . ...AMACYSTIS

..HORMfiGONiLEs
_ ...... .._... ....-...^..NOSTOCACEAE ........ .

... . AMABAFNiA
. . ...CHROCCOCCALES

...CHRnCCOCCAFAF
* ....GOMPHOSPHAERIH 

PVRRHOPHYTA
.DtNOPHYCEAE 
..PERInl^lALES 
...PLRID1NIACEAE 
....PERldlNlu*

COMMON NAME 

GKEEN ALGAE.

TOTALS

... .. .. ....... ..DIATOMS ............ . . ....._._
CtNTRlC

. .. ... PENNATE . ....... ...

TOTALS 

RLUt-GREEN ALGAE

COCCOlO BLUE-GREENS

FILAMENTOUS BL-GREEN

. COCCOIO BLUE-GREf NS

TOTALS

FIRE ALGAE 
DlNOFL*GELLATES

... ..........._. .._.._... .TOTALS .

CELLS/ML

aso
16

.... 110 ......

3T
410

10

 . ...... 780 ..
28
41

870

180 
5,500

170

1,900 
7,800

9 
9

PER CENT

3

0 
1

0 . 
S 1,««OIVER.SITY

0

..... .. ..9 .. .. ..... ...... ... ..... ....... ..
0 
0 ...

10 O t 6=OIVERSITY

2
61 ..... ... .... . ..... ..

2

21
86 l.lsOIVERSITY

0 
. . 0 .. .. ... O.OsOlVtRSlTY ...........

NOTE! CELI/KL VALUES ART BASF.O ON ACTUAL COUNTS AMU REPORTED TO TKO(2) SIGNIFICANT FIGURES

« . DOMINANT OHGANlS"! GRFATfR OR fJUAL TO 15X
ANALYSIS MFTHnoi GLASS CMA'^HER ( 1 ? M M CIRC), INVERTED MICROSCOPE 
DIVERSITY INDICES. HAStO ON ACTUAL COUNTSl ... 

PHYL/OIV 0.7
CLASS n.7
OROtP 0,«»

... FAMILY 0.9
GfMERA l.fl
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fl63t>220<»256070l RAJNY LA*f A! BRSJLt   .Ati»0*S >* I 
LAt 48->6»<?2 LONG 002«b*-07 Sf. (3 01

HA«. |b

FALLS M N

IOF*UF1CAT 10* OF PhYTOf'LANKTON 

720 CfLLS/KL

PtR

CMI.O«QPHYT A

CHUiHOCOCCAUS 
.OOCYSTACkAF

f SCLNEDFS"AttAk

.PAl.MtL.LACfc.At 

. .GLOfOCYSl IS 
VOLVOCALtS 
,ChL.AHtOO M 0»JAOACEAE

,.CtNl«ALES
,,,COSClNOOl5C»Ct»E
....CVCLOTELLA
,.,,HfcLOSJ«A

....MUSCHlA

CVA^OPHYTA

...CHROriCOCCACtAF. 
* ,.,,ASACYSTIS

NOTfl CELl/^L vitUfS AOfc BASEf>

ALGAE

TOTALS

270
3

II

6
330

210
210

6
37

0

1

2

1
«7

DIATOMS
CiNlRJC

PtNNATF.

NAVICUL010

TOTALS

vtLLO«-B»o*N ALGAE

TOTALS

BLUE-CRtE* ALGAE

51
97

9

6

3
170

6
6

7
10

1

t

0
23

1
1

29
29

0,0 3 DlVfRS1TV

COCC010

TOTALS 

ACTUAL COUNTS AND Kt>OHTED TO T*0(2) SlGMf 1CAM FJOUHtS

W tOU*L TO 1«.X
ANALYSIS "tT »oo i GLAS.S c-AiMEBd^MK CHCJ. iNvewtto
OIVEKSJTY I'.CICES, HASfO 0^ AOUAL COU^'SI 

PMYL/^IV 1,5 
CLASS t,«

1,9 
2,«
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46362*092560701 RllNY LAKf AT URuLfc 
LA1 46.56-2? LUNG Oq^b

AUG. 23, 1977 
J?00 HOURS

NR INT FALLS MN 
SfcO 01

IDENTIFICATION OF PHY 1 UPL ANKTON 

4,400 CHL5/HL

NAME

CHLOKOPMYTA

.CHLOROCOCCALtS 
,,OOCYSTACKAE 
,,,ANKlSTROUE8KUS 
,,,OOCV5TI8

CHRY30PHYTA 
BACILLAHIOPHYCEAE 
CCNIRALtS 
,COSCl*ODISCACEAt

PENNALtS
.FRAG1LARIACF AE 
,,ASUKIONILLA 
..FRAG1LAR1A 
..SVNEURA
.COMpHONEMATACEAE 
,,GOMPHONtM4
.TABt.LUHlACtAt 
..TABELLARlA

CHRYSOPMYCEAE 
,CHHYSOMONAOALE3 
,,OCHROMONAOACF:AE 
,,,OlNObRYON

CVAMUPHYTA
MYXOPMYCiAE 
CHHOOCUCCAUtS 
CHRQOtOCCACtit

.ANACYSTIS 
,GOHPM08PHAfcRl A 

OSCILLAT(J«1ALF.S 
NUSTOCACEAE
,AN A HAENA

OSCILLATOHIACEAE

COMMON NAME 

ALGAE

TOTALS

DIATOMS 
CtNTP.lt

PtNNATt

TOTALS 

VfcLLOW-BROMN ALGAE

TOTALS

BLUE-CHtEN ALGAE 

COCCOID

FILAMENTOUS

TOTALS

CELLS/ML

28
21

100

35
350

7

470
970

170
2*000

620

(110

48
3,300

PER CLNT

11
22

2
9

1
76

1.0*D1VLR3ITY

1.7«D1VERSITV

0,0«DIVE«S1TY

PYRRMOPMYTA
.DlNOPHYCEAE

FIRE AL&At 
DlNUFLAGELLATtS

,,PE»10lNlALt3 
,,,PfcRl01NlACF.AF

TOTALS
14

0.0-DJVERSITY

NOTEl CELL/ H L VALUfS AHf HASLD ON AC1UAL COUNTS AND Rt.POKTfcO TO TWO(2) S1GN1MCAMT FIGURES 
t   DOMINANT ORGAKJlSMf Gw^ATb^ 0» t^uAL TO J5X 
ANALYSIS METHOOI r.LASS CMiKH£R(t2MM CI"C), INVfcWUO MJCWOSCOPE 
OIVEK81TV INUICfcS, BASLO 0" AC I UAL 

PHYL/OlV 0.9 
CL»SS 0,9 
ORDER J.S 

1,« 
?,6

36



4B3oiso92i»oiOi KFTTI.F " BL KFT, FALLS NR INHKMATIONAL FALLS MN.
LAT up.50-IS LOMO Oq<>«36-01 SLO 01

MAW. IS, 1977 
1045 HOURS

IDENTIFICATION OF PhYTOPLANKTON

1,200 CELLS/ML

ORGANISM NAME

CHLOROPHYTA 
CHLOROPHYCEAF
CMLOROCOCCALtS 
,SCENKDFS M ACtAE
..SCF.NEOISMUS
VOLVC1CAI.F.S

CHRYSOPHYTA 
BACILLAHIOPMYCF.AE
.CtNTRALF.S
..COSCH'OOISCACEAE
...CVCLOTF.LLA
...wf LOS1HA
.PfNMALES
, , ACMNAMHACE AC

.COCCONf IS

.CVHOELLACtAt
, .AMPHORA
..CYMHF.LL*
.EUNOTlACtAE
..tUNOTjA 
.FRAGILARlACtAt 
,,ASTt»IONELL» 
..FRAG1LARIA

MATACEAE

NAVICULACtAt 
..GYROSIGMA 
.NAVltUL*

.STAURONt IS 
MTJSCMIACE 
.NITZSCHIA

COMMON NAME 

CRftN ALGAE

CELLS/ML PER CENT

TOTALS

D1A10MS 
CENTRIC

PENNATE

NAVICULOIO

87

TOTALS

29

14
200
29
29

480
2,100

220
360

SB
58
14

14
14

14

43
520

10
17

3
3
1

1
1

1

2
24

1
9
1
1

22
98

0,980IVERS1TV

3,0=01VLR3JTV

NOTCl CF.LL/ M L VALUES ARE BAStO ON ACTUAL COUNTS AM) REPORTED 10 T»0(2) SIGNIFICANT
S*<| (JHMTf.P pw FOijAL TO 15X

GLASS CMiiHE*(l2" M CI»C), IWVLKIED MICROSCOPE 
DIVERSITY lM.MCtS» BAStO Q» ACTUAL COUwTSI

PMYI./OIV o.«>
' CLASS P,2

ORDER 1,1 
IAMILY 2.S 
GI.MHA 3,2
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«B301b09?J60101 KtTTLF H 
LAT «8-}0-lS

*F.T. FALLS NR IMEHNATJONAL FALLS MN 
ION& 09?-3U-P1 StO 01

AUG. ?\, 1977 
1030 HOURS

IDENTIFICATION OF PHYTOPLANHTON 

.. 2.100 CEILS/ML

ORGANISM NAME 

CMLOROPMYTA
.. .... ... ..... ,.,, CMLOROPHYCtAE

, .CMLOROCOCCAIES 
.... ...... .. ... . ,.OOCYSTACEAf- 

. , .AfcKlSTHOOFSMUS 
......... . . .... ..OICTYOSPHAEPIUM

, ..OOCYSTIS

* . ..CRUdGtNlA 
_ ...... .. ... .. . TETRASPORALES

. .COCCOMYXACEAF
...... .. .... . ..... ..ELAKATPTHRI*

. VOLVOCAUS

. . .CMLAMYOOMONAS

......_.._...._. __ CHRYSOPMYTA 
,8ACILL*f IOPMYCFAE 
, CPNTHALfS
. .COSCJNODISC4CEAE 

...... ........ .._. ..CYCLOTELLA

......! PENNALtS 
. .FRAGHAklACEAE

, ..SYNEORA
... . _ .....-..._...._. .TABELLARIACEAE 

, ..TABELLARIA

.CMRYSOPHYCEAF

..CHRYSOMO'.AOALIrS 

  . i .DIMOHRYON

.CYAMOPHYCEAt 

..CHROCCOCCALES 

.^.CHROCCOCCAEAE 
« ....AMKYSTIS

. . licMHOCCOCCALES
...CMROCCOCCAEAE

COMMON NAME CELLS/ML 
GREEN ALGAE

16
........... ...... ....... ..... 86 .

230

320

. ........... ..... . .. .... ... ...................... . . ... 11 ...

11
. ..... . . ..... ...... TOTALS 670

DIATOMS 
.. ............... CtN.TRlC .................. ....._....._....

16
5

. PEKNATt . . ........ .....

21
"86"'

.. . .. . ..... . ..... .......... TOTALS 170

............. ..YELLOW-BROWN ALGAE ... .........

..... . . . .._ 

TOTALS 5

......... ......... BLUE- GKEEN ALGAE . ........... ...

COCCOlO BLUE-GREENS

670
FILAMENTOUS BL-GRfcEN

260 
CUCCOID HLUE-GPEENS

PER CENT

1
. 0 ..... ..... ....

11

16

.. 1 ... . ... ..... . .. ....

1
33 .. 1.71DIVIRS1TY .

1 .................... ....'......
0

....... .2 ...... ......... ... .._. ..................
1

0 
8 .. . .1.910IVERSITY

0 
0 0,0«OIVERSITY

33

13

TOTALS
270 

1*200
13

I,^DIVERSITY

NOTEI CELL/ML VALUES AW? HASIO ON ACTUAL COUNTS AND REPORTED TO Two(2) SIGNIFICANT FIGURES
* . OO-INANT OBGAMISKI GwrATfR nw EUIJAU TO ISX
ANALYSIS MlT'-T'i')! GLASS Cn/.»Ht * (1 ?"M CIKC), iNVkRTEO MJCROSCOPE 
UlVfNSlTY iNOICfS, HASk'J 0" ACHJAL t(HJ'*TS» 

PHYL/DJV 1 .1
CLASS 1.1 
OHULR 1.9

F.AMlLY ?.l 
GENERA ?,9
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«830Mt>9^jbosoi 
LA1 <I

KlTTLt BV HKL KETTLE MLl 8 *R IN! FALLS MN 
ip.ul I.OKG <)<)<?. oB-Oi StQ IM

HAH. J 
0*30

1977

IDENTIFICATION or PHYTOPLANMON

670 (.ILLS/ML

ORGANISM N'AHb 

CHLOHOPMYTA
.CHLOHOPMYC t Af
CMLOhOCOCCAiLS 
.OOCYSTAttAF.

NAME

..CHLAHYOOMQNAS

.OtSf JOJACtit 

..CLOS1FHIUM

CMKVSOPHYTA 
BACRLARIOPHVtCAF 

CENTRAL^ S 
.COSClNOOlSCACtAE 
..CVCl.OTtLLA

PtNNAltS 
.ACMNAMTHACtAE

.CVMfaF.LLACtAE

..CVMBELLA

.FKAGlLAUUCtAt-
,.KRAG1LA«IA
,,8VNFOPA

.NAVICl.-LACtAE

..CALONEIS

.NMJSCMJACFAF.

.TABLLLAKlACEAt 

..TAbEUAKJA

CVANOPHVT A 
.MYXOPHYCfAE 
..CMHOOCOr.CAUFS 
...CHHOPCOCCACtAE

PLACOOEKM

DIATOMS 
CENTHIC

PtNNATE

TOTALS

NAVICULOIO

TOTALS

BLUt.-GREEN ALGAE 

COCCOID

3
15

3

6

93
6

3
26
3

160

640

Ptfc CtNl

0

1

II
1

0
3
0

1 

I

0 
2J

li«"OIVERSITV

.OSCILLAT[)»1ALES

...OSCRLATOWIACtAf 
,.,,OSClLLATO»lA

tUGLENOPMYTA EUGLtNOJOS

TOTALS

TOTALS

23
660

3
77 0,?»OIVtRSJlV

CEt.L/"L VALUES BASE" ON ACTUAL CO'^T.S AKJO 
(»KMTF» OK t'JUAL TO |'>X

KLTMiiO, f, L ASb CHA"hrO(l2MN CMC). iNVtWTEO 
HASkO 0'. ACHUL COUNTSI 

0,9
(-.9 

0»*OE« I.? V
\ . > 
\,h

TO T*0(2) S1GNIHIANT >IGURLS
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1t»30C>3<.' <»<!3ao501 KlTTLl HV Mf.U KtTTLfc 
L&1 «fl-!iu«u3 tU»iu Ufli'-Ob-

AUG. 21, J<J77

S MN JwT FALLS 
Sf u 01

OF PMY T UPL A*K 1 ON 

<4, 700 CHLS/^l

.(H'CrSl ACtAE

t CHLOKOCPCCAi.fcS 
, .HYDMJWJCTY ACf *t

Ah

. ,SCe.M:DtSMi.ls

. .OlUD* JGULA 

..Tf J»AFi»«ON

..SPHAtHoCYSTIS 
VCLVOCALtS 
,VOLvOCACtA£ 
..fe'JOOKlNA

.OESHjui ACtAE 

..CLOSIfcHlUM

CHKYSOPHYTA 
ACULANIU
CtNTkALLS

.CYCLOTELLA 
,*ELOSIRA

N] T ZSCMjAtt AE

CYANOPhYlA

,CHKOC;CUCCALES
,,CKPi;CLOCCAf AE 
§ ,,A»<ACYST IS 
.,,,A,I'-«CtHf»

COMMON NAME CM.LS/ML 
GHEEN ALGAE

15

30 
10

160
.   ... .. .............. .... ....... 5 .

" ' : " """ '  " - --  JQ

... .... .. ...... ........... ........ . . ......... 120 .

79

..... .. ..__._; .... ........ s
TOTALS 550 

01ATOKS

. ...^

79
PtNNATt

NAVJCULOJD

H9 
TOTALS 290

BLUE-GHEE.N ALGAL

PtK Ct.Nl

0

i
.... 0 .... .. .........

3
0

2 ....... 
1

. . . 3 . . . .. . . . :..

2

0 
12 *,7aDlvtKSIlV

" 0

....... 2 ..........

""o

2
6 2,3som.RsiTY

620 13

,.Af,

, . t \ /. r. Y s T i s

, , AN«?IAf-'.':A

... TOTALS

NOTEI CLI.L/WL vAiuts Apf HASLD ON ACTUAL COUNTS AM; *
» . UO.llNAM DHC.A'JlSMJ IjKfATf. C (i« t^U'L 10 15X

'.HMriDf CLASS CHA^IU «l) ?«n CJi<r;) f

OHUI H 1 .a 
M'Ml.V 1,6

2UO 
7«

1? 
SO

1
023»900

TO T«0(«f) SIGNIFICANT

lt7«OW.RSITY
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