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FOREWORD 

This Bulletin is published in furtherance of the purposes of the 
Water Resources Research Act of 196L,. The purpose of the Act is to stimu
late, sponsor, provide for, and supplement present programs for the con
duct of research, investigations, experiments, and the training of scien
tists in the field of water and resources which affect water. The is 
promoting a more adequate national program of water resources research 
by furnishing financial assistance to non-federal research. 

The Act provides for establishment of Water Resources Research Insti
tutes or Centers at Universities throughout the Nation. On'September 1, 
1964, a Water Resources Research Center was established in the Graduate 
School as an interdisciplinary component of the University of Minnesota. 
The Center has the responsibi 1 i ty for unifying and stimulating Uni versi ty 
water resources research through the administration of funds covered in 
the Act and made available by other sources; coordinating University re
search with water resources programs of local, State and Federal agencies 
and private organi~ations throughout the State; and assisting in training 
additional scientists for work in the field of water resources through 
research. 

This report is number 36 in a series publications designed to pre
sent information bearing on water resources research in Minnesota and the 
results of some of the research sponsored by the Center. Tn th is Investi
gation the researeh was directed towards examinig the possible relation
ships between the water chemistry of Minnesota lakes and the qualitative 
composition of their phytoplankton; determining to what extent the regional 
chemistry of the lakes is reflected in the composition of this algal com
muni ty; and aseertaining whe ther certain plank ton ic algae, espec i ally des
mids, might serve aR indicators of water quslity and the trophic status 
of the lakes. 

This Bulletin serves as the Research Project Technical Completion Re
port ror the following Center project: 

OWRR Project~~ No.: A-007-Minn. 

Studies on the Use of Planktonic Desmids as Indicators 
the Trophic Status and Water Quality of Freshwater 

A.J. Brook, Univ. of }Unn., Department of Ecologv 
and Behaviora] Biology 

Project Began: May 15, 1965 June 30, 1% 7 
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Phytoplankton of Minnesota Lakes 

years 1965 and 1967, phytoplankton collections Here taken 
in summer from nearly 200 lakes in a diversity of areas throughout the 
State. About 220 taxa of euplanktonic algae were identified. The analy
sis of the Minnesota lake phytoplankton indicates there is a diminution 
in species diversity in the course of the evolutionary progression as lakes 
ehange in character from oligotrophy to eutrophy. Many of the markedly 
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eutrophic lakes have suffered severe disturbance of the natural system 
due to artificial enrichment. Eutrophic lakes in Minnesota are typically 
dominated in SUllllner and early fall by water blooms of blue green algae as 
is usual i.n most productive lakes of temperate 

Coelosphaer fum ,___ ._~===== 
of Anabaena, 

/ 	 *eutrophication/ 
salinity/ algae/ diatoms 

/ j'desmids / "1 i eutrophic/ 
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INTRODUCTION 

The present study was initiated to examine the possible relationships 

between the water chemistry of Minnesota lakes and the qualitative compo

sition of their phytoplankton: also to determine to what extent the re

gional chemistry of the lakes is reflected in the composition of this 

algal conununity, and to investigate ,,,hether certain planktonic algae, es

pecially desmids, might serve as indicators of water quality and the 

trophic status of the lakes. 

Minnesota has more than 111,000 lakes of which some 5,000 are larger 

than 16 ha. The lakes which range in depth from 2m to 60m are mostly de

pressions formed in various ways by Pleistocene glaciation, four contim:ntal 

glaciers having shaped the topography of the area. The chemical character

istics of many of the lake waters are primarily determined by the nature of 

the surfIcial glacial drift which, in Minnesota, Is generally of either the 

gravelly red drift or clayey grey drift of the Wisconsin srlPet. t 

has been pointed out by Thiel (1933) that the red drift contains less lime 

than the grey, but because it contains a significant fraction of gravel !mo 

sand, lime readily leaches from it. As a result, lakes in the red drift 

areas have considerable deposits of marl (Megard 1967) leading to regional 

differences in lake types (see also Bright 1968). 

An important secondary influence on water chemistry is the relation 

between precipitation and evaporation rates. Lakes in the northeast of the 

State receive abundant precipitation, either as rainfall or snow, and 

usually have active outlets so that nutrients tend to be washed through 

them. Along a southwesterly gradient the lakes tend toward less active, 

intermittent outlets, evaporation increases, and precipitation clecre<Jses. 

Thus, there tends to be an increasing salinity in lake waters along a 

southwesterly direction. Another significant influence on water chemistry, 

but one difficult to measure, Is nutrient enrichment caused by clrainage 

from agricultural and urban areas. 

In general, there is a gross increase in the major chemical constitu

ents of the lakes (carbonates, sulphates, and chlorides) from northeast 

to southwest. However, as pointed out by Moyle (1954), although the fer

tility of the waters as shown by phosphorus and nitrogen shows the same 

general trend, there is cons i derab Ie variation from 1ake to lake. "ith 

regard to fertility and these two important nutrients, the lake waters 



in the State fall into three categories which coincide fairly closely with 

the three major plant geographic regions of the State. Thus, the least 

productive lakes occur in the coniferous forest area of the northeast, and 

the most productive tend to occur in the prairie zone to the west and south, 

while lakes of moderate production occur in the rather narrow band of 

hardwood forest which lies between the coniferous forest and prairie 

(Megard 1967). 

Gorham (in in his study of major cation distribution sug

gests that it is possible to distinguish three major groups of lakes. Those 

in his Group I (low salinity) occur in the northeast of the State and occur 

in noncalcareous glacial drift. The majority of the more saline central 

lakes which conslitute Gorham's Group II are in calcareous drift. The 

waters of Groups I and II are of the bicarbonate type. The highly saline 

Group III lakes which occur in the drier western region of the State are 

exceptionally rich in sulfates and probably are cons iderably influenced by 

the admixture of drift derived from Cretacious shales. 

The distinctiveness of these three groups in terms of their gross 

water chemistry is reflected by their salinities <l3right 1968). Thus, 

the alkinities of lake in: 

Group I range between 10 - 50 mg! 


Group II range between 70 - 200 mg!l 


Group III range between If 00 - 750 
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METHODS 

Between the years 1965 and 1967 phytoplankton collections were taken 

in the summer from nearly 200 lakes in a diversity of areas throughout the 

State. In order to avoid contamination from bottom-living and attached 

algae, vertical hauls were made with a 20-mesh plankton net in the open 

water of each lake away from the influence of the shore. Tn al , some 220 

taxa of euplanktonic algae have been identifi"d with certainty during the 

current survey. fn making the collections, each sample has, in most cases, 

been divided into two equal portions, one preserved in 51: formalin, the other 

kept in a fresh condition and examined as soon as possible after collecti.on. 

The preserved samples are lodged in Phycological Laboratory of the Depart

ment of Ecology and Behavioral Biology at the Universitv of Minnesota, 

where they may be examined on request. 
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DISTRIBUTION OF THE MAJOR GROUPS OF PHYTOPLANKTON 

Twenty-seven taxa have been founu belonging to the Centriceae and 

the Pennatae (Araphidiale5). The occasional species of the genus 

occurring in the plankton of some lakes and the somewhat rare Amphiprora, 

which has been found in small numbers in certain Group II lakes, are the 

taxa of Pennatae (Biraphidiales) that can be considered to be truly 

eup lanktonic. The maj orily the Biraphidiales are so sporadic and sparse 

in their occurrence that they must be regarded as meroplankters. 

Only five species of diatoms occur in all three groups of lakes: 

comta, 

and 

S. 

Groups I and II. ~hiprora sp. and ap

pear to be limited to Group II lakes is 

restricted to Group I lakes and thus appears to be the most oligotrophic 

of the planktonic diatoms. 

Chrysophyceae 

With the exception of Dinobryon var. stipLtatum and .r2. 
which have been found in each category of lakes, the majority 

of the chrysophytes occurring as euplankters are restricted to Group 1 

and the lakes of lower salinity in Group IT. Only ':':"::''':':'::'::'':::L:::'':: '::.L..:=.:.::..~=-=::.' 

and are restricted to the Group 

I lakes of the northeast. Particularly in spring and autumn, chrysophvtes 

may dominate the phytoplankton of some of the Group I lakes. They would 

seem to be less abundant in the Group II lakes though they have been found 

to dominate the plankton of some of the smaller unpolluted ponds of Group 

II status. has been found only in the Croup 1I lakes. 

and P. appear 

to be very widespread in their distribution, occurring in more than 60 

percent of all the lakes examined. is re

stricted to the Group I lakes while T and II 

4 

lakes. Many other dinoflagellates have been found tn Minnesota lake 

plankton, including and numerous spe

cies of Brook, 1969). Although 

insufficLent is known at this stage about their occurrence to comment criti

cally on their distribution, many species may occur together in the plankton 

of a single lake. For example, in North !wi n Lake in the Itasca State Park, 

10 distinct taxa of Dinophyceae were recorded from 51.ngle plankton collec

tion. 

The genus represen ted by the species and C. 

____ has been found only in the plankton of the Group I lakes. 

Cyanophycea~ 

The blue-green phytoplankton is generally recognized, particularly hy 

European phycologists, being indicative of markedly eutrophic conditions. 

Ilowever, of the 29 taxa found to be of frequent occurrence in Minnesota, 

5 of them would appear to be liliiquitous in their distribution occurring 

in <111 groups of lakes. Indeed, Anabaena c i rci nabs, Aphanizomenon~ f1o~ 

<::,quae, limneticus and occurred in 

more than 75 percent of the lakes examined including some of the most 

oligotroph in the State. although occurring in all 

three groups of lakes was not found in the more oligotropic of the Group 

lakes. It should be noted that 7 species occur only in Croups and rr 
lakes and not at all in thf> more sal ine Group III lakes. While 

and occur only in Croup I lakes, 

contorta is exceptionaJ in that it occurs only in Group III lakes. Blooms 

caused by blue-greens occur most frequently, though not exclusively, in the 

Group II and III lakes and in common wIth other regions of the U.S. these 

are most commonly caused by cc:.:.:.=:...:::..:= aquae, ~. 

and 

frequent blooms are caused 

Winter hlooms under 

Some species of hlue-greens have been found in the plankton of a 

number of shall ow marked] y eut rophic 1akes in the Minneapo lis-Minnetonka 

area and thus are in the Group II category (Hibbert Hill, personal communi

cation). These include Aphanizomenon gracile, ~. A. ameri canium 

first descrlbed from the Minnesota River (Reinhardt 1934), 
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raciborskii and Rhaphidiopsis mediterranea (Hill 1970 a, b and c). Occa

sional trichomes resembling ~. americanium have beed found in other Group 

II lakes elsewhere in the State. 

Chlorococcales 

Of the 49 taxa belonging to this order that have been found in the 

Minnesota lake phytoplankton, 10 taxa occur in all three chemical groups. 

Dictyosphaerium pulchellum and Pediastrum boryanum are the most widespread 

species, occurring in almost 85 percent of the lakes examined. Less common, 

but occurring in Groups I, II and III, are Coelastrum microporum, Scenedes

mus quadricauda and ~. bijugatus. Pediastrum duplex and its variety 

clathratum have been found in lakes of each category though not in the most 

oligotrophic of the Group I lakes. Oocystis borgei and Q. parva have a 

similar distribution in this respect. ~. simplex and ~. kayrowski, a some

what rare species, both appear to have markedly eutrophic tendencies, being 

restricted to Group II and III lakes. 

Only four taxa would seem to be limited to lakes in the Group I cate

gory: these are Botryococcus protuberans var. minor, Nephrocytium limneticum, 

Kirchneriella lunatum and Tetraedron planctonicum. Quadrigula lacustri.s 

and Westella botryoides appear to be limited to Group I and II lakes, while 

Botryococcus protuberans, Dimorphococcus lunatus, Kirchneriella obesa and 

!. contorta, and Tetraedron limneticum, l. hastatum and T. gracile have 

only been found in the plankton of Group II lakes. 

Desmidiaceae 

Sixty-one desmid taxa have been identified as limnoplankters (Brook 

1959) during the present study. The majority of these have been found in 

the Group I lakes of the N.E. of the states where a few lakes contain over 

20 limnoplanktonic species. In contrast, most of the Group III and many 

of the Group II lakes contin only one or two species. A few lakes would 

appear to support no planktonic desmids, and detailed ecological studies 

are currently in progress in an attempt to explain their absence. 

Four speci.es, Staurastrum anatinum fa. denticulatum -- paradoxum, S. 

pi.ngue, ~. planctonicum and Staurodesmus cuspidatus have been found in 

nearly 50 percent of all lakes examined. 

As was found in investigati.ons of European lakes (Brook 1965), several 

desmid speci.es have distinctly eutrophic tendencies. Thus Closterium 
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ceratium, Cosmarium depressum, Staurastrum cingulum Windermere type 

(Brook 1959) and~. cingulum var. obesum occur only in Group II lakes. 

Presumably tolerant of even higher salinities, since their distribu

tion extends into the Group III lakes, are Closterium acutum, f. aciculare 

var. subpronum and also Staurastrum chaetoceras, S. contortum and ~. exca

vatum. As found in the above mentioned European investigations, these 

desmids appear to have distinctly eutrophic preferences since thev have 

never been observed in the plankton of any of the Group I lakes. 

http:speci.es
http:speci.es


EUTROPHIC AND OLIGOTROPHIC PLANKTON 

It is generally recognised (Rawson 1956) that one of the character

istic differences between eutrophic and oligotrophic lakes is that a small 

number of species in great abundance tend to occur in the former category 

compared with a greater diversity of species but in small numbers in the 

latter. That is, there is a diminution in species diversity in the course 

of the irrevoluti(mary progression as lakes change in character from oligo

trophy to eutrophy. This principle is clearly evident from the analysis of 

the Hinnesota lake phytoplankton in Table 1 where the average number of 

euplanktonic algae and their and modes are shown. 

Table 1. Species Diversity of Phytoplankton in Minnesota Lakes 

Range of Frequency Frequency Frequency 
III 

0-9 o 1 2 

10 - 19 3 10 3 

20 - 29 6 19 3 

30 - 39 13 14 1 

40 - 49 9 
° 

50 - 59 2 o o 

60 - 69 2 o o 

No. 
of Species 36.8 (35 lakes) 26.6 (45 lakes) 18 (9 lakes) 

It is of interest and some significance to compare these Hinnesota 

results with the numbers of species of phytoplankton found in Irish lakes 

known trophic status (Round and Brook 1958). Thus the average number of 

species occurring in nine c lakes was 34.2 23 to 52) 

compared wi th an average of only 20.2 for 14 eutrophi c lakes 11 to 

37). These Irish lakes, like the oligotrophic Hinnesota lakes are all com

paratively shallow kettle holes of glacial origin. 

Rawson (loc. cit.) however draws a distinction between what he terms 

fundamental or edaphic oligotrophy, typical of shallow lakes poor in calcium, 
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and the secondary or morphometric oli.gotrophy of deep, steep-sided lakes. 

s distinction would seem to be refl.ected in the species diversity of the 

two categories. Thus species diversity is much greater in lakes exhibiting 

edaphic oligo trophy than in those which are morphometrically oligotrophic. 

For example, the average number of phytoplankton species occurring in thir

teen English and Scottish lakes with depths ranging from 250 to over 1,000 

feet is only 17 in contrast to 35 species in shallower oligotrophic lakes 

(Brook 1958). Only three deep lakes have been examined during the present 

st udy of Hinnesota 1akes, and al though much richer chemica 11 y than the 

deep English or Scottish lakes they however are also poor in the number of 

phytop lankters they cont ain, wi th an average of only 19 species. Thus in 

Lake Superior, with a maximum depth of 1,333 feet only 18 species are found; 

lower La Salle (250 feet) had 17 species, and Long Lake (80 feet) had only 

18 species. 

These observed differences in species diversity would seem to be in 

accord with the general ecological principle that species diversity is low 

in simple and therefore less stable ecosystems. Thus, the deep, morpho

metrically oligotrophic lakes tend to represent a primitive condition, and 

with a smaller number of habitats therefore have a lower species diversity 

than their shallower trophic counterparts. At the other end of the scale 

many of the markedly eutrophic lakes, particularly in Hinnesota, have 

suffered severe disturbance of the natural system due to artificial en

richment, and this also results in a decline in species diversity. 

Hutchinson (1967 p. 384 et seq.) on the basis of data from many parts 

of the world has attempted to distinguish various plankton types each of 

which includes a variety of associations brought together primari ly on the 

basis of taxonomic affinity. Some of these would seem to correspond to 

the associations occurring in Hinnesota lakes and thus deserve some con

sideration. 

I. Oligotrophic = plankton, which according to Hutchinson is 

dominated usually by species of Staurodesmus andStaurastrum, might be said 

to occur in numerous lakes in the north east of the State (Group I lakes). 

It is douhtful, however, if these desmids ever dominate the plankton though 

they are conspicuous components of it. Of these two genera, the species 

Staurodesmus curvatus, cuspidatus and and 

anatinum, ~. cingulum and S. longipes would seem to be the most commonly 

occurring. 



2. In agreement wi th Rawson's con

clusions quoted by Hutchinson about the phytoplankton of the large lakes 

of North America, Tabellaria f1 var. 

and to a with llinobryon spp., 

are the most common dominants in the more oligotrophic of Minnesota's lakes. 

The desmids listed above may also occur with these taxa. Unlike European 

lakes, many of which tend to he much more than the most oligo

trophic of Minnesota lakes, species have never been found as 


characteristic dominants (cf. Findenegg 1943, Jarnefe1dt 1956). 


3. Botryococcus Although is widespread 

in Minnesota, occurring in both oligotrophic and eutrophic lakes and even 

the saline lakes to the west and south (Group III), it has never been found 

as a dominant as a certain European lakes. 

var. is a fairly consistent component of many of the more 

oligot rophic Group I lakes, though again it has never been found to pre

dominate. 

4. plankton. It is clear that not all are 


indicative of oligotrophy because in Minnesota, species such as 


and 
 americana may occur in great numbers, often wi th 

the diatom Tabellaria in the spring plankton of eutrophic lakes 

when some nutrients phosphorus and nitrogen) are considerably 


depleted (Hutchinson 1967). The pI cmkton of some 
 lakes i.n 

northeastern Minnesota may be dominated in late spring and agin in the 

fall by the longispina, 

petersenii and None of these sped es are, 

however, restricted in their distribution only to the more oligotrophic 

lakes in the state. doederlienii, also found in a diversity of 

lake types, has on occasions been found to dominate the plankton of T,ong Lake 

(Clearwater Co.) which has been cited above as an example of a morphornetri 

cally oligotrophic lake. 

5. Oocystic or plankton. This type of 

association has not been observed in Minnesota lakes. Indeed, 

species as found by Jarnefeldt (1956) for Finnish lakes appears to be 

distributed indifferently in 01 igotrophic and eutrophic waters. 

6. Oligotrophic dinoflagellate ""--''-'-c,;.,...;--'.c. there is con

firmation from the present Minnesota study that Peridinium may be 

the dominant dinoflage llate in 01 igot rophic lakes (Naumann, 1917), 
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Ceratium hirundineUa is of ubiquitous occurrence and has been found to 

predominante and even assume bloom conditions in some distinctly eutrophic 

lakes. is the only dinoflagellate found in Minne

sota lakes which characteri stlcally is assoc lated with oligotrophic condi

tions though so far it has never been found as a dominant component of the 

plankton. 

7. In Minnesota 

at times 

dominates the plankton of eutrophic lakes. Peridinium may also be 

a conspicuous component of lakes of this category, though the species has 

been found in many of the more oligotrophic lakes of the north east. In 

agreement with Lundh (1951) dinoflagellates and particularly Cerat~um though 

present have never been found in abundance in lakes with a rich Cyanophyceaen 

phytoplankton. 

8. c The current studies support Hustedt's 

(1954) conclusions concerning European lakes that He.l~~_ra .b«U'-~'" is the 

planktonic diatom most characteristically associated with eutrophic waters. 

Commonly associated with this species in Minnesota lakes are 

astraea, S~.eclra var. and The 

latter may at times be the dominant component of the plankton. In conflict 

with Rawson's contention (1956) the formosa is a characteris

tically oligotrophic organism, the present study has shown that it may be 

dominant in many eutrophic lakes. 

9. or eutrophic plankton. The species of this 

generally oligotrophic group of algae designated as eutrophic plankters for 

Bri tish lakes (Brook 1965) a Iso occur in Minnesota lakes. These are 

S S. and S. also 

Cosmarium and aciculare var. 

In most instances these desmids never dominate the plankton though they 

may occur and persist even when the lakes support heavy blooms of blue 

green algae. One striking case of a desmid-dominated plankton has, however, 

been observed in Green Lake, I santi Co., where some 400 celIs per ml. having 

been counted in samples collected in early November. This may be an un

natural condition of after-blooming resulting from extensive treatment with 

copper sulphate applied to control dense blue green algal blooms. 

10. of such chlorococcoid 

genera as Dictyosphaerium and 



.::...::..;:..;'-"'-=-=-=-=-= may be conspicuous in the net plankton of eutrophic lakes in 

Minnesota. Of these genera the most common species 

~=-=-~=-=-~~~~~~~=-=-~ var. 

ium hmo/ever, been found to dominate 

the plankton even in the smaller Hinnesota lakes. 

11. Cyanophycean Eutrophic lakes in Minnesota are typically 

dominated in summer and early fall by ,vater blooms of blue green algae as 

is usual in most productive lakes of temperate regions. 

M. flos 

~quae, numerous 

_______-'- are most common. species 

~~~~~ and the closely related ~~~=-=-~would seem to conform to 

the behavior outlined by Hutchinson (1967) by strat ifying in the upper 

hypolimnion in summer and producing water blooms at the surface beneath 

the ice in winter. 

] 2. This category of dominated plank

ton characteristic of very small organically polluted bodies of water has 

not been observed in Hinnesota. However, certain small lakes have been 

round containing zooplankton bearing large numbers of the epizooic 

vesiculosum. The phytoplankton on these occasions may then contain large 

numbers of these euglenophytes which have become detached from their ani

mal hosts. 


