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I. INTRODUCTION 

· Marshes, bogs, fens, and swamps -- the four major wetland types 

attract considerable attention as man continues to modify and develop 

these complex ecosystems. While some physiochemical information and 

data on higher plants are available for each of these wetland types, 

they have received less attention than they deserve from hydrobiologists 

and microbiologists. Microbiologists have neglected these ecosystems 

partly because the mosaic of microhabitats in each of the vegetation 

·types of the four wetland formations present difficult sampling prob-

lems. However, the aquatic component of wetlands is important for the 

maintenance of water quality and ecological integrity of adjacent lakes 

and rivers (National Wetlands Technical Council, 1979). 

Environmental conditions encountered by Protozoa in each wetland 

type are influenced by vegetation and water levels at the site. The· 

vegetation helps to determine the microclimate in which Protozoa live, 

including temperature and light regimes. Vegetaticinal litter composi-· 

tion (nutrient content, tannins, etc.) and the presence or absence of 

species capable of symbiotic nitrogen fixation, such as Alnus rugosa 

and Myrica gale, help to determine chemical regimes. 

This study consisted of two major sections: 1) a comparison of 

proto·zoan community structure with that of macrophyte vegetation in . 

three of.the·four major freshwater wetland types, 2) an investigation 

of the relationship between the rate of colonization o~ artificial 

substrates by Protozoa and the trophic status of various wetland lakes. 

The first part of this study was designed to. examine vegetation, water 

levels, water chemistry, and Protozoa in the major wetland types to 

1 
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determine: 1) if there were similarities and differences among wetland 

types; 2) extent of covariation between vegetation, Protozoa, and water 

characteristics; 3) if there were a core species pool for all fresh-

waters in the area (preliminary evidence for this concept has been 

presented by Yongue et al., 1973) with a few unique species in certain 

wetland habitats, or if there were truly ecologically isolated assem-

blages of Protozoa for particular wetland types; and 4) if the dynamics 

of the colonization of artificial substrates by Protozoa in wetland 

lakes were different from those observed in other freshwater habitats. 

The second phase of the study was designed to assess the trophic 

status of bog, fen, marsh and swamp waters at sites where protozoan 

colonization data were available. Phosphorus and nitrogen nutrients, 

chlorophyll ~ and phytoplankton primary productivity are common indi-

cators of trophic status (Beeton, 1969; Edmonson, 1973); correlation 

coefficients were used to compare measurements of those indicators of 

·trophic status w;ith the rate·of colonization of polyurethane foam unit 

(PFU) artificial substrates in waters of each of the four wetland 

types. 

The use of PFU artificial substrates permitted uniform replicate 

samples to be collected from the diverse habitats in the various types 

of wetlands. The dynamics of protozoan communities have been success-

fully investigated in a variety of habitats using PFU artificial sub-

strates (Cairns et al., 1973, Cairns & Yongue, 1974). Cairns et al. 

(1969) found that PFUs acted as habitat islands, and that protozoan 

species accumulation on these artificial substrates conformed to the 
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general model of island colonization proposed by MacArthur and Wilson 

(1967). Henebry & Cairns (1980) discuss other advantages to using 

protozoan communities collected on artificial substrates in studies of 

community ecology. 



II. DESCRIPTION OF STUDY AREA 

Characteristics of the Area -------- -- ----
The wetlands included in this study are located in Emmet .and 

·cheboygan counties in northern lower Michigan (Figure 1). Wetlands as 

identified on U.S. Geological Survey topographic maps occupy approxi-

mately 9 percent (109 km2) arid 15 percent (308 km2) of ~he land areas 
i 

of EIJl1llet and Cheboygan: counties, respectively. The region includes 

excellent examples of each of the four major wetland types: marsh, 

bog, fen, and swamp, as defined by Jeglum et al. {1974). The.ir classi-
I 

fication scheme is used in this study and is based primarily on vegeta-

tion, however it also reflects chemical characteristics of soil 

(Stanek & Jeglum, 1977). 

The region has a warm continental climate (Bailey, 1976) with 

wet and dry periods of up to. several years in length which result in 

fluctuating water tables. Periods of high water occur at intervals of 

approxiwttely 10 years in Lake Michigan .. Hurori (tr.s. Department of 

Commerce, NOAA, 1971) and in the Indian River Watershed, which includes 

a portion of the·study area and is subject to similar meteorological 

conditions (U.S. Department of Interior, Geologieal Survey, 1961-1976; 

Schwintzer, i978a). During the summer of 1977, water levels were low 

throughout the region and unusually low in some wetlands. Mid~July 

water levels in Bryant's Bog were 30 cm lower than at any tiine since 

measurements began in 1972 (Schwintzer, 1979). During the 1979 and 

1980 summers water levels were considerably higher at all wetland sites •. 
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Individual Sites Sampled - Summer 1977 

Seven wetlands were sampled in the summer of 1977 (Figure 1). 

The following criteria were used in site selection: (a) presence of 

vegetation typical of one of the major wetland types, (b) presence: of 

standing water intimately associated with the wetland, and (c) ease of 

access from the University of Michigan Biological Station to minimize 

the time between sample collection and analysis. 

Bog, ~en, and marsh sites were readily identified which met 

these criteria. Difficulty was experienced in finding suitable swamp 

sites because low water levels during summer of 1977 resulted in 

absence of standing water in depressions which often contain standing 

water during much of the summer. The individual sites are described 

below. 

Bryant's Bog is a small kettlehole bog consisting of two con-

centric zones: both a free floating and a grounded mat surrounding a 

central pool. Vegetation samples were taken on the free floating .mat. 

The microbial communities were sampled in the northwest section of the 

bog pool. 

Penny Lake Bog is an open bog surrounding a small bog lake 

located at the eastern edge of Dingman Bog, an extensive bog in the 

upper reaches of the Mill Creek watershed. Vegetation samples were 

taken on the east, north, and west sides of Penny Lake Bog. The 

microbial communities were sampled near the northeastern edge of the 

bog lake. 

Mullet Creek Fen is an open fen extending along both sides of 

Mullet Creek from its banks to GOnifer swamps on slightly higher ground. 
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The banks of the slowly flowing creek are irregular in shape and form 

several small bays of open water surrounded by fenvegetation on three 

sides. Vegetation samples were taken on both sides of the creek. The 

microbial communities were sampled in one of the bays along the south-

west side of the creek near the center of the fen·. 

Hebron Mud Lake Fen is an open fen extending along the north- · 

eastern and eastern shores of Hebron Mud Lake from the edge of the 

lake to conifer swamp on slightly higher ground. ·The shore of the 

lake is irregular, forming several small bays of open water surrounded 

by fen vegetation on three sides. Vegetation samples were taken on 

the northeast and east sides of the lake. The microbial communities 

were sampled in a bay on the northeast side of the lake. 

Hebron "Swamp" is a portion of an extensive, conifer covered 

peatland complex extending along the Carp Lake drainage from Inverness 

Mud Lake to Hebron Mud Lake. A power line and associated gravel access 

road cross the peatland at right angles to Mud Creek between the 

Cheboygan-Levering Road and Interstate 75. The study site is a strip 

20 m wide and 180 m long, centered on the area with the deepest standing 

water underneath the power line on the upstream side of the access road. 

The site has been highly disturbed and water has been impounded by the 

access road and also Interstate 75 during high water. In addition, 

much of the woody vegetation has been cleared or destroyed with herbi-

cide. The area is covered by water-:-filled depressions interspersed 

with small hummocks. Vegetation samples were taken throughout the 

strip, and microbial communities were sampled in a depression at the 

center of the strip. 
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Cheboygan Marsh is a lakeside deep marsh extending eastward and 

westward along the shore of Lake Huron from the mouth of the Cheboygan 

River. The west marsh has been filled along the Cheboygan River, 

reducing its size and straightening its eastern edge. Vegetation 

samples were taken in the west marsh, and microbial corrununities were 

sampled near the midpoint of the eastern edge of the west marsh. 

Minnehaha Marsh is a deep marsh at the downstream end of a wet-

land complex extending along the lower end of Minnehaha Creek to Channel 

Road. It is divided into two interconnected lobes by low conifer 

covered islands. Vegetation samples were taken in both lobes of the 

marsh, and microbial corrununities were sampled in the portion of marsh 

adjacent to the northeast side of the creek near Channel River. 

Individual Sites Sampled - Surruners 1979 and 1980 

Figure 3 shows the locations of the five additional sites sampled 

in 1979 and 1980. Sites were $elected using the same criteria employed 

in site selection in 1977. Descriptions of the 7 original sites remain 

the same as in 1977 except that water levels at all sites were higher. 

Hoop Lake Bog is a small kettle hole bog with a relatively deep 

lake (mean and maximum depths of 3.7 and 9.5 m, respectively), with no 

inlets or outlets. It has a small watershed (53 ha) which is entirely 

state-owned and undeveloped (Bricker and Gannon, 1976). It is surrounded 

by lowland swampy, acidic soils supporting sphagnum moss, leatherleaf 

shrubs, black spruce and white cedar vegetation. Microbial corrununity 

and water samples·were taken from the eastern edge of the bog lake. 

Lake Sixteen bog is a large open bog surrounding a relatively 

large, shallow (maximum depth 2 m) bog lake. It is completely surrounded 



by a ring of sphagnum and leatherleaf vegetation extending 200-300 

meters to a ring of predominantly hardwood forest. The bog is located 

on undeveloped private land surrounded by state forest. Microbial 

conununity and water samples were taken at the southeastern edge of the 

bog lake. 

Grass Lake Fen is a small open fen located between beach sands 

and a hardwood forest along the southern shore of Lake Huron, just east 

of Huron State Park. The lake now consists of three small pools 0.5 m 

in depth and about 10-15 m in diameter. The soil is acid peat and the 

dominant vegetation in and around the pools consists of sedges and 

leatherleaf shrub. Microbial communities and water samples were taken 

from the center of the middle pool. 

Smith's Fen is a small open fen in an oval-shaped basin containing 

a small central pool. It is located on UMBS property in the upper 

reaches of the Mullett Creek drainage system. The floating sedge mat 

was completely grounded between 1924 and 1927 (Schwintzer, 1978b). 

The grounded mat is now frequently inundated due to seasonal fluctua-

tions in water level, which tends to be highest during the spring and 

drops as the season progresses (Johns, 1966, cited in Schwintzer '· 

1978b). Microbial conununities and water samples were collected from 

the middle of the central pool. 

Pleasantview Swamp is an extensive open swamp extending for 

about 0.5 km on either side of the upper reaches of the east branch of 

the Maple River drainage system. It is bounded by Pleasantview Road on 

the east side and is bisected by Riggsville Road. Vegetation was com-

posed of trees and shrubs, mostly swamp willow. There was little 
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standing water in the swamp in the summers of 1979 and 1980, so microbial 

communities and water samples were collected from a small bay of the 

Maple River which extended into the swamp. 



III. MACROPHYTE VEGETATION AND PROTOZOAN COMMUNITIES 

IN SOME FRESHWATER WETLANDS OF NORTHERN LOWER MICHIGAN 

INTRODUCTION 

A limited body of information is available about the vegetation, 

water characteristics, and water levels in northern Michigan wetlands. 

Early studies by Gates (1942) and his students provide qualitative 

descriptions of wetland vegetation and general descriptions of wetland 

sites. Later studies provide quantitative information on vegetation 

and some water characteristics in a limited number of bogs (Vitt & 

Slack, 1975; Schwintzer, 1978a, 1979) and fens (Schwintzer, 1978b). 

Water levels have also been described at one bog (Schwintzer, 1978b, 

1979). 

Microbes (algae, Protozoa, and bacteria) of wetlands may contri-

bute substantially to the annual productivity of the aquatic component 

of these ecosystems. Bog vegetation in particular has been characteri-

zed as having very slow rates of growth and slow rates of decomposi-

tion (Wetzel, 1975}, but bogs may have very high standing crops of 

plankton (Gannon & Paddock, 1974; Bricker & Gannon, 1976). 

Bog lakes in Cheboygan County, Michigan have been the focus of 

several limnological investigations in the past (Jewel & Brown, 1929; 

Gorhan, 1931; Welch, 1936; Gates, 1942). Of these, only Welch (1936) 

has investigated the Protozoa of a bog lake. Many species of Protozoa 

have been identified as "acidophilous" or as living primarily in the 

Sphagnum spp. mat of acid lakes or bogs (Kahl, 1930-1935; Smith, 1950; 

Kudo, 1966; and others); however, no general survey of the Protozoa of 

all four major types of wetlands has been attempted. 

10 
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The overall objectives of this study were stated in Chapter 1. 

The specific hypotheses tested were: 1) that there would be .clear 

differences in water chemistry and plant communities between wetland 

types; 2) that there would be less difference in protozoan communities 

between wetland types; and 3) that colonization of artificial sub-

strates by protozoans would be slower in bog lakes than in non...;dys.:.. 

trophic lakes in northern Lower Michigan. 

MATERIALS AND METHODS 

Field Methods: Vegetation and Water Levels 

The vegetation was sampled with nested circular plots. Ground 

layer species, including low shrubs and bryophytes, were sampled in 

1 m2 plots. Bryophytes were divided into two groups, "Sphagnum spp." 

and "other bryophytes." Tall shrubs (regardless of d.b.h.) and 
. 2 . 

seedling trees (under 2.5 cm d.b.h.) were sampled in 16 m plots. 

Presence and a visual estimate of percent cover were recorded for each 

vascular species and bryophyte group. Trees (over 2. 5 cm d. b. h.) were 

sampled in 100 m2 plots. Presence, number of individuals, and d.b.h. 

were recorded for each tree species. 

Water levels were measured in the vegetation sample plots in 

shallow wells dug in the centers of the plots. The wells were allowed 

to equilibrate, and water level was measured as the distance from the 

peat surface to the water. At points where the water table was above 

the surface, water depth was measured from firm substrate to the water 

surface. 
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Data Analysis: Vegetation 

Percent frequencies, mean percent cover,, and importance values 

(I.V.) were calculated for ground layer species, tall shrub species, 

and bryophyte groups. Importance values were calculated for vascular 

.plants as the sum of the relative frequency and the relative cover of 

each species using data for vascular plants only. Importance values 

for sedge (Carex spp.). and twig-rush (Cladium mariscoides) at the two 

fen sites were calculated using estimated values of mean cover obtained 

as described by Schwintzer (1978b), 

.coefficients of similarity between stands (Curtis, 1959)·were 

calculated for the vascular ground layer vegetation using the equation:. 

c = 2w/(a + b) (Equ. 1) 

where c is the coefficient of similarity, !!. is the sum of the lower of 

the two I.V. for species shared by the two sites being compared, and a 

and b are the sum of all I. V• for communities A and B. 

Field Methods: Protozoa Samples and Water Characteristics 
' Thirty-five 74 x. 64 x 25 mm PFU artificial substrates (Chapter 

I) were placed in each of the wetland sites in Figure 1 in summer of 

1977. PFUs were also anchored in Douglas Lake, Michigan, a mesotropbic 

l,ake near the wetland sites. The method of anchoring substrates was 

modified from that of Yongue et al. (1973) to allow the PFUs to· be 

interspersed with the emergent vegetation found at each site. Groups 

of five PFUs were tied to anchors (rock-filled plastic bags) which were 

placed so that each PFU floated just below the wa.ter surf ace and close 

to or touching emergent Vegetation typical of the wetland site. 
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Four replicate PFUs were collected frotn each site on days 1, 3, 

15, and 21 after placement. PFUs were also collected at Hebron·"Swamp" 

on days 28 and 49. All PFU substrates were placed in clean 500 ml 

glass screw-capped jars completely filled with water from the site and 

were returned inunediately (usually within orte hour) to the·University 

of Michigan Biological Station. 

Each time PFUs were collected, air and water temperatures were 

measured with a field thermometer; and dissolved oxygen, pH, and total 

hardness were measured with a Hach Kit Model DR/EL. Samples were col-

-++ -++ + lected for analysis of cations (Ca , Mg and Na ) and heavy metals 

by filling a 1-t plastic container with water from each site. A 25 ml 

subsample from each container was fixed with five drops of concentrated 

nitric acid and shipped to the water chemistry laboratory at Virginia 

Polytechnic Institute and State University (VPI & SU) within three 

weeks. 

Laboratory Methods: Protozoa Samples and Water· 
Characteristics 

Protozoans were harvested by fully squeezing the contents from 

each of four·PFUs (about llO ml of fluid in each) into separate 500 ml 

wide-mouth glass jars. After allowing the samples to settle for about 

half an hour, a glass pipette was used to take subsamples from the 

miniscus and from the debris which collected in the bottom of each jar. 

Four wet mount slides were prepared from the contents of the pipette, 

and the area under a 22 x 22 nun coverslip was thoroughly and systemati-. 

cally examined for protozoas. Protozoa were identified (generally to 

species) under lOOX and 430X of a compound microscope using standard 

< .. 
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taxonomic keys (e.g., Kahl, 1930-1935; Pascher, 1913-1927; Kudo, 1966; 

Jahn & Jahn, 1949). Each species was assigned an abundance rank 

according to the following method: 

Individuals/Slide 

1- 2 
3- 10 

11- 25 
26-100 
> 100 

Abundance Rank 

1 
2 
3 
4 
5 

Exarninat~on of all samples collected on a particular day was usually 

completed within 12 hours. 

All determinations of Ca, Mg and Na were performed on a Perkin-

Elmer model 460 atomic absorption spectrophotometer under startdard 

conditions (APHA, 1971). 

Data Analysis: Protozoa 

To determine if the process of species accumulation on PFU arti-

ficial substrates could be adequately describe~ by the MacArthur-Wilson 

noninteractive colonization model: 

S = Seq (1-e~GT) (Equ. 2) 

with equilibrium species numbers Seq and constant G related to transi-

tion time, nonlinear regression procedures with Marquardt methods of 

estimation (Barr et al., 1976) were used to fit the model to data. 

Lack of fit tests were then used to test for any significant lack of 

fit (Cairns et al., 1979). 

The similarity of protozoan species content in each pair of wet-

land sites (and Douglas Lake) was compared using the quotient of 



15 

similarity (QS) developed by Sorensen (1948) for plant communities: 

QS = 100(2C/A + B) (Equ. 3) 

where A = the number of species in one assemblage (population; com-

munity, etc.), B =the number of species in another assemblage, and 

C = the number of cases in which a species occurs in both populations, 

results in a value equal to the percentage similarity between two popu-

lations. 

RESULTS 

Vegetation: Compositfon 

Vegetation of the two bog sites consisted of tree, tall-:-shrub, 

and ground layers. The tree layer was moderately developed at Bryant's 

Bog and very sparsely developed at Penny Lake Bog. The tree layer in 

Bryant's Bog has been described quantitatively (Schwintzer, 1978a) artd 

consists of these species in order of decreasing frequency: white pine 

(Pinus strobus), tamarack (Larix l.;i.ricina), .and black spruce (Picea 

mariana). In Penny Lake Bog, thetree layer consisted of six species 

with black spruce, white pine, and tamarack being the most frequent. 

The tall-shrub layer was poorly developed at both sites. It consisted 

primarily of widely scattered individuals of bog holly (Nemopanthus 

mucronata) and wild raisin (Viburnumcassinoides) in Bryant's Bog and 

bog birch (Betula pumila) in Penny Lake Bog. 

The ground layer was the most developed layer in both bogs (Table 

1). Leatherleaf (Chamaedaphne calyculata) was the dominant vascular 

plant at both Bryant's Bog and Penny Lake Bog with I. V. of 64 and 98, 
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Table 1. Frequency, cover, and importance value (I.V.) of selected 
plants and other characteristics of the ground layer vegeta-
tion of two bog sites in northern lower Michigan. All 
vascular plants with I.V. > 5 at one or both sites are 
included. 

Species 

Carex oligospermab 
C i . b . tr sperma 
Chamaedaphne 

calyculata 
.b Eriophorum spissum 

Gaylussacia 
baccatab 

Kalmia polifoliab 

Lycopus uniflorus 

Picea mariana 
Smilacina trifoliab 

Vaccinium b 
angustifolium 

V. myrtilloidesb 
b Sphagnum spp. 

Other bryophytes 

Total no. of spp. 
of vascular plants 

No. of vascular 
plants spp. with 
frequency ~ 10% 

Total cover of all 
vascular plants 

Total cover of all 
bryophytes 

freq. 
% 

78 
87 

53 

33 
13 

27 

53 
47 

47 

100 

20 

Bryant's Bog 

% cover 
m + s.d. 

8 + 13 
25 + 17 

3 + 7 

< 1 

1 + 5 
3 + 10 

10 + 12 

1 + 1 

< 1 

90 + 17 

< 1 

17 

10 

53% 

91% 

a I.V. 

30 

64 

17 

7 
6 

11 

30 

10 

10 

Penny Lake Bog 

freq. 
% 

67 

67 

27 

20 

3 

13 

10 

90 

80 

% cover I.V. 
m + s.d. 

9 + 13 39 

49 + 25 98 

2 + 7 15 

2 + 5 

< 1 

3 + 9 

3 + 11 

28 + 25 
9 + 11 

15 

6 

69% 

37% 

10 

3 

9 

8 

aThe importance value is the su~ of the relative frequency and 
the relative mean cover. 

b Not present at fen and marsh sites studied. 
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respectively. Sphagnum spp. was also dominant in the two bogs with 

mean cover exceeding that of leatherleaf in Bryant's Bog and second 

only to that of leatherleaf in Penny Lake Bog. 

The vegetation of the remaining sites consisted entirely of a 

ground layer (Table 2, 3). In both fens, sweet gale (Myrica gale) and 

hairy-fruited sedge (Carex lasiocarpa) were among the three most domin-' 

ant vascular plants. Sphagnum spp. was absent, but the "other bryo-

phytes'' group was well developed .with mean cover of 15 percent and 51 

percent at Mud Lake Fen and Mullet Creek Fen, respectively. 

The two marshes did not have a dominant species in common. Cat-

tail (Typha latifolia, I.V. = 84) and hard-stem bulrush (Scirpus acutus, 

I.V. = 54) were the leading dominants at Cheboygan Marsh and Minnehaha 

Marsh, respectively. Bryophytes had only low cover at both sites. 

In Hebron "Swamp," duckweed (Lemna minor, I.V. = 39) was the 

leading dominant with leatherleaf (I.V. = 32) and cattail (I.V. = 27) 

codominant. As in the marshes, bryophytes had only low cover. 

Vegetation: Coefficients of Similarity and Total Gover 

Vascular vegetation at the seven wetland sites was compared by 

means of coefficients of similarity (c, Table 4). These coefficients 

reflect species composition, distribution of species within the stand, 

and their mean cover. The two bogs were similar to each other (c = 

0.46) and were dissimilar to the fens and marshes (c .::_ 0.05). The two 

fens were also similar to each other (c = 0.50) and were dissimilar to 

the bogs (c .::_ 0.05) and Cheboygan Marsh (c .::_ 0.06). However, Cheboygan 

Marsh was moderately similar to Hebron "Swamp" (c = 0.34) which, in 

turn, was dissimilar to all other sites. 
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Table 2. Frequency, cover, and importance value (I.V.) of selected 
plants and other characteristics of the ground layer vegeta-
tion of two fen sites in northern lower Michigan. All 
vascular plants with I.V. > 5 at one or both sites are 
included. 

Species 

Andromeda b 
glaucophylla 

Carex aquatilis 
c. exiUsb 

C. lasiocarpa 
Cladium 

mariscoides 
Drosera 

rotundifolia 
Muhlenbergia 

glomeratab 

Myrica gale 
Potentilla 

fruticosa 
Salix candidab 

~· pedicellarisb 
Sarrancencia 

purpurea 

Thelypterisb 
palustris 

Typha latifolia 

Vaccinium subgenus 
Oxycoccos 

Other bryophytes 
Total no~ of spp: 

of vascular plants 
No. of vascular 

plant spp. with 
frequency 10% 

Hebron Mud Lake Fen 
freq. 

% 

75 

40 

38 

60 

65 

30 

35 

93 
25 

3 

5 
38 

18 

43 

90 

% cover 
m + s.d. 

4 + 7 

2 + 6 

1 + 4 

16 + 14 
5 + 11 

< 1 

< 1 

2 + 3 

2 + 5 
< 1 

15 + 21 

41 

21 

a I.V • 

15 

17 
5 

26 
29 

7 

5 

34 

9 

0 

1 

8 

4 
6 

Mullet Creek Fen 

freq. 
%. 

83 

90 

90 

90 

100 

47 

33 

20 

63 

100 

% cover I.V. 
m + s.d. 

9 + 10 

0 

< 1 

10 + 8 

< 1 

< 1 

1 + 4 

1 + 1 

51 + 26 

22 

13 

20 

43 

41 

10 

30 

5 

6 

1 

10 
2 



Table 2 (continued) 

Species 

Total cove~ of all 
vascular·plants 

Total cover of all 
bryophytes 

19 

Hebron Mud Lake Fen 
freq, % cover I.V~a 

% m + s.d. 

72 

15 

Mullet Creek Fen 
freq. 

% 
% cover I.V. 
m + s.d. 

64 

51 

aThe importance value is the sum of the relative frequency and 
the relative mean cover. 

b Not present at bog and marsh sites studied. 



Table 3. Frequency, cover, and importance value (I.V.) of selected plants and other characteristics 
of the ground layer vegetation of three wetland sites with standing water in northern 
lower Michigan. All vascular plants with I.V. > 5 at one of the sites are included. 

Hebron "Swamp" 
Species freq. % cover 

m + s.d. 
b Bidens connata 

Carex ·· aquatilis 

C. diandara 

C. lasiocarpa 
C. rostratac 

Chamaedaphne 
calyculata 

Cicuta bulbifera 
Lemna minorc 

Myrica gale 

Myriophyllum 
verticillatumc 

% 

30 

3 

33 
20 

60 

40 

73 

Nuphar variegatumc 

Potamogeton pusillusb 47 

Potentilla palustris 60 
Salix candida 

Scirpus acutus 
Spirodela 

polyrhizac 

7 

23 

< 1 

1 + 6 
1 + 2 

< 1 

7 + 15 

< 1 

8 + 16 

< 1 

2 + 4 

2 + 9 

< 1 

a I.V • 

6 

3 

8 

4 

32 

7 

39 

8 

17 

7 

4 

Cheboygan Marsh 

freq. 
% 

63 

30 

33 

% cover 
m + s.d. 

7 + 14 

2 + 5 

2 + 5 

I.V • 

35 

12 

13 

Minnehaha Marsh 

freq. 
% 

63 

3 

37 
20 

7 

13 

47 

17 
37 

3 

97 

20 

% cover 
m + s.d. 

5 + 9 

1 + 3 

2 + 3 

1 + 3 

1 + 2 

< 1 

3 + 5 

< 1 

5 + 8 

< 1 

10 + 10 

< 1 

r.v. 

29 
3 

14 
7 

3 

3 

18 

3 

25 

1 

54 

4 

N 
0 



Table 3 (continued). 

Hebron "SwamE'' Cheboigan Marsh Minnehaha Marsh 
Species freq. % a freq. % I.V • freq. % cover I.V. cover cover 

%. m + s.d. % In + s.d. % m + s.d. 

ThelyEteris 
Ealustris 10 1 + 4 5 

TyEha latifolia 60 5 + 8 27 90 .23 + 15 84 

Utricularia 
gemiriisca:ea c 33 1 6 23 1 + 4 < 

u. c 50 ·2 2 16 33 1 vulgar is + < 

Other bryophytes 37 2 + 10 60 5 + 13 7-. < 1 
Total no. of 

vascular plants 30 25 26 
No. of vascular 

plants with 
frequency 2:_ 10% 19 9 13 

Total cover of all 
vascular plants 29 37 30 

Total cover of all 
bryophytes 2 5 1 

aThe importance value is the sum of the relative frequency and the relative mean cover. 

bPresent only in Hebron "Swamp." 

c Not present at bog and fen sites studied. 

I.V • 

9 
8 

.N 
I-' 



Table 4. Coefficients of similarity for ground layer vegetation at seven wetland sites in northern 
lower Michigan summer, 1977. 

Bryant's Penny Mud Mullett Cheboygan Minnehaha Hebron 
Bog Lake Lake Creek Marsh Marsh "Swamp" 

Bog Fen Fen 

Penny Bog 0.46 

Mud Fen 0.05 0.02 

Mullett Fen 6.01 0.01 0.50 

Cheboygan 
Marsh 0.00 o.oo 0.02 0.06 

Minnehaha 
Marsh 0.01 0.01 0.28 0.33 0.10 N 

N 

Hebron 
Swamp 0.17 0.17 0.10 0.17 0.34 0.16 

Average c 0.116 0.112 0.162 0.180 0.087 0.147 0.185 

Overall Ave. 
c = 0.141 
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The total cover of vascular plants and bryophytes at the seven 

wetland sites also formed a distinct pattern in relation to wetland 

types (Tables 1, 2, and 3). The bogs and fens had relatively high 

total vascular cover (between 50 percent and 75 percent), while the 

marshes and Hebron "Swamp" had lower cover (between 30 percent and 40 

percent). Total bryophyte cover was considerably greater in the bogs 

and fens than the marshes and Hebron "Swamp." Most bryophyte cover in 

the bogs was Sphagnum spp.; whereas in the fens and marshes, the cover 

consisted of bryophytes other than Sphagnum. 

Water Levels and Water Characteristics 

Early- to mid-sunnner water levels within the vegetation at the 

seven wetland sites are given in Table 5. Mean water levels were well 

below the surface in the bogs, slightly below or at the soil surface 

at the fens, and well above the surface in the two marshes and Hebron 

"Swamp." 

Physical and chemical characteristics of the standing water 

sampled for Protozoa in the seven wetlands and Douglas Lake, Michigan, 

are given in Table 6. The two bog sites were characterized by low pH, 

and low levels of total alkalinity, conductivity, dissolved oxygen, 

++- + + Ca , Mg , and Na • Little else in the water chemistry would dis-

tinguish wetland sites from Douglas Lake or from most other typical 

deep, hard-water, unstained, moderately mesotrophic lakes. 

Protozoan Colonization Patterns and Rates 

Species accumulation or colonization curves for the seven wet-

lands and for Douglas Lake are presented in Figure 2. At almost all 
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Table 5. Water levels at seven wetland sites in northern Lower 
Michigan. Positive values indicate water standing on the 
surface and negative values indicate water tables below 
the surface. 

Date Number of Depth of water in 
Site· Sampled Samples m + s.d. 

Bryant's Bog 25 June 77 15 -15.1 + 4.3 

11 Aug. 77 15 -24.2 + 5 .1 . 

Penny Lake Bog 28 June 77 30 -43.8 + 9.9 

Mullet Creek Fen 1 July 77 30 - 4.7 + 3.2 

Hebron Mud Lake Fen 26 June 77 40 - 6.3 + 6.8 

Hebron "Swamp" 4 July 77 30 +38.2 + 12.7 

Cheboygan Marsh 20 July 77 30 +11.3 + 17.9 

Minnehaha Marsh 14 July 77 30 +23.5 + 9.4 

cm 



25 

Table 6. Water. chemistry at seven wetland sites and Douglas Lake --
summer, 1977. 

a Specific 
Temp. D.O. Cond. 

Site oc mg/l pH 25°C, µM 

Bryant's Bog 18.4 + 2.6 5.1+1.9 5.4 + 0.5 17.9 + 3.5 

Penny Lake Bog 18.5 + 2.4 7.0 + 2.0 5.0 + 0.6 35.5 + 2.3 

Mullett Fen 20.9 + 2.9 9.8 + 2.1 7.5 + 0.9 375.2 + 13.4 

Mud Lake Fen 20.5 + 3.0 10.2 + 1.8 7.7 + 0.8 339.0 + 21.2 

Cheboygan Marsh 21.5 + 2.9 9.8 + 0.8 8.0 + 0.4 324.2 + 9.8 

Minnehaha Marsh 22.0 + 2.5 9.5 + 1.1 7.8 + 0.4 343.6 + 15.2 

Hebron "Swamp" 20.5 + 3.1 7.8 + 0.9 7.0 + 0.2 187.0 + 6.7 

Douglas Lake 21.3 + 3.2 12.0 + 2.1 7.8 + 0.7 219.4 + 2.6 

Total 
Alk. Ca Mg Na 

mg rl mg ,e,-1 mg ,e,-1 mg ,e,-1 

Bryant's Bog 3.6 + 2.1 a 3.5 + 0.9 1.3 + 0.4 0.4 + 0.1 

Penny Lake Bog 2.8 + 1.5 2.5 + 1.0 1.0 + 0.2 0.9 + 0.2 

Mullett Fen 135.2 +10.5 46.8 + 0.4 15.6 + 2.4 3.8 + 0.7 

Mud Lake Fen 111.3 + 9.2 40.2 + 6.2 16.5 + 5.6 4.4 + 0.4 

Cheboygan Marsh 149.3 +11.3 62.4 + 6.4 19.9 + 2.9 3.2 + 0.7 

Minnehaha Marsh 137.1 + 6.8 52.8 + 5.9 12 .4 + 1.2 3.0 + 0.8 

Hebron "Swamp" 161.5 +12.4 24.8 + 3.0 9.1 + 0.8 0.3 + 0.1 

Douglas Lake 115.3 + 7.7 40.4 + .2.4 12.6 + 2.0 3.6 + 0.4 

8Mean and standard deviation of five samples. 
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wetland sites, colonization of PFU substrates was extremely rapid. In 

the bog and fen sites, a substantial percentage of the ultimate number 

of species accumulating on the PFUs appeared within 1-:3 days. Coloni-

zation rates for the two marshes and Hebron "Swamp" were not as rapid. 

While species numbers were much greater in Hebron "Swamp,,; the overall 

pattern of species accumulation was very similar to that of Douglas 

Lake. 

Table 7 presents the maximum average number of species (average 

number recorded from four PFU samples) from each site, the day on which 

this maximum was reached, and what percent of the maximum number colo-

nized the PFUs by day 1. In the two fens, over 90 percent of the 

ultimate maxima was recorded by day 1. A very high percentage of the 

maxima was also recorded on day 1 PFUs from both bogs and from Cheboy-

gan Marsh. In Hebron "Swamp," a maximum average of 132.5 species 

occurred on PFUs collected on day 21; in one of these samples, 138 

species were identified. The maxima recorded in wetlands other than 

Hebron "Swamp" and Mullett Creek Fen were in the same range as the 

maximum for Douglas Lake. 

The MacArthur-Wilson island colonization model adequately de-

scribed the buildup of species on PFUs at all sites except the two 

fens (Table 8). Estimates of G (which can be used to compare coloniza-

tion rates) and Seq (equilibrium species numbers) are presented for 

sites where there was no significant lack of fit (a (F) > 0.01). Sub-

strates from the bog sites had unusually high G values, but Seq numbers 

that were typical of many lakes (50-60 species). By contrast, PFUs 

from Hebron "Swamp," with the highest Seq we have recorded (> 100 
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Table 7. Maximum number of protozoan species, the day on which the 
maximum was reached, and percent of maximum numbers which 
colonized PFU substrates by day 1 in sites sampled in 
summer, 1977. 

Day Percent 
Maximum maximum maximum 

Site No. Species reached by Day 1 

Penny Lake Bog 58.8a 15 84.8 

Bryant's Bog 65.2 15 69.5 

Mullett Creek Fen 88.7 21 92.7 

Mud Lake Fen 68.5 15 99.3 

Cheboygan Marsh 55.7 21 64.4 

Minnehaha Marsh 69.8 21 44.9 

Hebron "Swamp" 132.5 21 33.9 

Douglas Lake 62.0 15 40.9 

~ean number of species on four PFU substrates. 



Table 8. Nonlinear regression analysis of model S = Seq -GT (1-e · ) for colonization of PFU substrates 
in 11 aquatic systems. Lack of fit (L.O.F.) and a level attained are presented 

·(a(F) > 0.01 is required for decision level). 

Year 
Site Sampled F a (F) G Seq t90% 

Bryant's Bog (1977) 6. 72 >0.10 2.42 + 0.56 60.26 + 1. 32 1. 73 

Penny Lake Bog (1977) 2.81 >0.25 1.48 + 0.38 51. 38 + 2. 07 2.83 

Mud Lake Fen (1977) 8.93 >0.005 L.O.F. L.O.F. L.O.F. 

Mullett Creek Fen (1977) 13.25 >0.001 L.O.F. L.O.F. L.O.F. 

Minnehaha Marsh (1977) 2.08 >0 .10· 0~52 + 0.07 66.32 + 2.42 8.06 

Cheboygan Marsh (1977) . 6.74 >0.01 1.64 + 0.44 46.25 + 4.64 2.56 

Hebron "Swamp" (1977) 10.87 >0.01 0.34 + 0.11 100.16 + 7.61 12.32 N 
00 

Douglas Lake (1977) 3.33 >0.25 0.37 + 0.06 53.57 + 2.49 11.33 

Walloon Lake (1978) 1.22 >0.25 0.13 + 0.03 46.74 + 3.58 32.24 

Dog Lake (1978) 4.32 >0.10 0.21 + 0.76 37.72 + 3.71 19. 96 

Munroe Lake (1978) 1.63 >0.25 0.91 + 0.86 53.18 + 7.07 4.66 
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species), had a more typical colonization rate. The G value fdr Hebron 

"Swamp" (0.34) was within the range calculated for nearby lakes sampled 

in 1977 and 1978 (0.13-0.91). 

~Values: Percent Similarity of Protozoan Communities 

The overall average similarity of protozoan species content 

between each pair. of sites was 63.4 percent; QS values ranged between 

54.2 and 75 percent (Table 9). Hebron "Swamp" had the highest average 

QS with all the other sites (66.6 percent), but was followed closely 

by Mud Lake Fen (65.6 percent), Mullett Creek Fen (64.7 percent), and 

Minnehaha Marsh (64.6 percent), Bryant's Bog and Penny Lake Bog, with 

QS values of 58.3 percent and 62.0 percent, respectively, showed the 

lowest average similarity to other sites. Bryant's Bog was most 

similar to Penny Lake Bog in species composition (QS = 66;2 percent), 

but Penny Lake was most similar to Mud Lake Fen (QS = 66.2 percent). 

The two fens, at 71.9 percent, had the highest species similarity of 

any two wetlands of the same type. However, the similarity of species 

composition of Mullett Creek Fen was even greater to that of Hebron 

"Swamp" (QS 73 1 re nt) = . pe e • Species in Mud Lake Fen al$o showed a 

high similarity to those of Hebron "Swamp" (QS = 70.8 percent). The 

two marshes were neither one as similar to each other in species 

composition (QS = 66.0 percent) as they were to other sites. Minnehaha 

Marsh was most similar to Douglas take (QS 69.2 percent) and 

Cheboygan Marsh was most similar to Hebron "Swamp"; the QS (75.1 per-

cent) for Cheboygan Marsh and Hebron "Swamp" was the highest recorded. 



Table 9. Quotients of similarity of protozoan species between sites in summer, 1977. 

Penny Mud Mullett 
Bryant's Lake Lake Creek Cheboygan Minnehaha Hebron Douglas 

Bog Bog Fen Fen Marsh Marsh "Swamp" Lake 

Penny 61.2 

Mud 56.7 66.2 

Mullett 57.0 61.6 71.9 

Cheboygan 54.2 58.2 61.6 60.0 

Minnehaha 60.4 61.6 65-.9 65.1 66.0 

.Hebron 58.0 64.7 70.8 73.1 75.1 64.3 
w 

Douglas 60.6 60.6 66.2 64.8 60.3 69.2 60.4 0 

Ave,. QS = 58.3 62.0 65.6 64.7 62.2 64.6 66.6 63.1 

Overall 
Ave. QS = 63.4 
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Table 10 provides the percent similarity of high abundance species 

between wetland sites; QS values were calculated using only species 

which exhibited 100 or more individuals per counted subsample (i.e., 

abundance= 5 species). Overall average percent species similarity 

(QS = 20.9 percent) was much less than when all species were included 

in the calculations; QS values ranged from 41.5 percent between Penny 

Lake Bog and Hebron "Swamp" to 0.0 percent similarity in three compari-

sons (Bryant's Bog had no species in common with either Douglas Lake 

or 'Minnehaha Marsh, and Minnehaha Marsh and Cheboygan Marsh had no 

species in common). Hebron "Swamp" had the highest average QS with 

all other sites (28.5 percent); species in Bryant's Bog showed the 

lowest average similarity to other sites (10.8 percent). 

Flagellate: Ciliate: Sarcodine Ratios 

Table 11 presents total species numbers, numbers of abundance = 

5 species, and flagellate:ciliate:sarcodine ratios found in samples 

from wetland lakes studied in 1977. An average of 265.9 species were 

recorded from wetland sites. Hebron 11 Swamp" had the greatest species 

richness (365); followed by Mud Lake Fen at 330 species. Bryant's Bog 

and Cheboygan Marsh, at 214 and 210 species, respectively, showed the 

lowest overall species richness. Each site had approximately equal 

numbers of ciliates and flagellates, with numbers of sarcodine species 

totalling less than one-fifth of the other two groups. When only the 

abundance = 5 species were considered, the bog sites were exceptional 

in having 3 to 5 times as many flagellates as ciliates; other sites 

still had approximately 1 to 1 ratios. 



Table 10. Quotients of similarity of abundance = 5 protozoan species between sites in summer, 1977. 

Penny Mud Mullett 
Bryant's Lake Lake Creek Cheboygan Minnehaha Hebron Douglas 

Bog Bog Fen Fen Marsh Marsh "Swamp" Lake 

Penny 15.0 

Mud 14.8 23.8 

Mullett 18.2 21.6 40.0 

Cheboygan 6.4 30.4 23.5 20.7 

Minnehaha oo.o 11.8 36.4 35.3 00.0 

Hebron 21.0 41.3 29.3 33.3 26.7 24.2 

Douglas 00.0 28.6 8.7 22.2 
VJ 

14.8 13.3 23.5 N 

Ave. QS = 10.8 24.7 25.2 27.3 17.5 17.3 28.5 15.9 

Overall 
Ave.QS 20.9 



Table 11. Total species recorded from each site, total number of high abundance species, and 
ratios of flagellates:ciliates:sarcodines. 

F:C:S F:C:S High F:C:S 
Total Ratio by Ratio by Abundance F:C:S Ratio by 

Site No. Species Number Proportion Species Ratio Proportion 

Hebron "Swamp" 365 142:164:59 39:45:;1.6 28 14:12:2 50:43:7 

Mullett Creek Fen 330 120:151:59 36:46:18 10 4:5:1 40:50:10 

Mud Lake Fen 287 109:125:53 38:44:18 16 5:9:2 31:56:13 

Douglas Lake 248 107:104:37 43:42:15 8 3:4:1 38: 50 :.12 

Penny Lake Bog 247 118:88:41 40:36:17 27 19:6:2 70:22:7 

Minnehaha Marsh 226 85:106:35 38:47:15 7 4:3:0 57:43:0 

Bryant's Bog 214 83:95:36 39:44:17 
w 

12 10:2:0 83:17:0 w 

Cheboygan Marsh 210 82:90:38 39:43:18 19 13:15:1 45:52:3 

265.9 15.9 
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DISCUSSION 

Vegetation 

The vegetation of the three major wetland types examined was 

distinct with only low levels of similarity between types (Table 4). 

Moreover, the vegetation of the bogs and fens displayed strong within 

type similarity. In contrast, that of the marshes showed little. 

These observations are consistent with the nature of the definitions 

of the three wetland types in the classification (Jeglum et al., 1974) 

used in this study. The definitions of bog and fen are narrower than 

that of marsh. They include the distribution of the genus Sphagnum 

and family Ericaceae, as well as physiognomy of vegetation and ground-

water relations. 

The vegetation of the bogs and fens is similar to that of other 

bogs and fens described in northern Michigan and Minnesota. The bogs 

closely resemble the "closed mat zone" conununity type found at each of 

eight northern Michigan wetland complexes by Vitt & Slack (1975) and 

four additional bogs in northern Michigan (Schwintzer, in press). 

They also show considerable resemblance to the "Sphagnum-black spruce 

leatherleaf bog forest" and "Sphagnum-leatherleaf Kalmia-spruce heath" 

of northern Minnesota (Heinselman, 1970). The fens closely resemble 

two additional fens in northern Michigan (Schwintzer, 1978b) and show 

considerable resemblance to the "Cedar-string-bog-and-fen" and "Larch-

string-bog-and-fen" in northern Minnesota (Heinselman, 1970). 

The Hebron "Swamp" site was included in this study because it 

was the only site with some swamp characteristics available in the 
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unusually dry summer of 1977. However, it lacks one of the major 

swamp characteristics -- the presence of a dominant woody layer con-

sisting of either tall shrubs or trees. The results show that the 

site was actually marsh-like as indicated by the pattern of similari-

ties of the vascular vegetation to the other sites studied (Table 4), 

total vascular and bryophyte cover, and water level (Table 5). The 

vegetation of Hebron "Swamp" had a low level of similarity to the bog 

sites (c = 0.17), fen sites (c = 0.10, 0.17), and Minnehaha Marsh 

(c = 0.16). However, it was moderately similar to Cheboygan Marsh 

(c = 0.34). The similarity between Hebron "Swamp" and both marshes 

is greater than that between the two marshes. Thus, Hebron "Swamp," 

a highly disturbed site, is probably best considered a marsh at the 

present time, although it is surrounded by swamp and was occupied by 

swamp vegetation before it was disturbed. 

Water Levels and Water Chemistry 

The wetlands formed three distinct groups with respect to water 

levels. Water levels were well below the surface in the bogs, slightly 

below the surface in the fens, and well above the surface in the marshes 

and Hebron "Swamp." The difference between the bogs and fens on one 

h'.'lnd, the marshes on the other, is to be expected on the basis of the 

wetland classification used (Jeglum et al., 1974) and consequent cri-

teria used in site selection. The observed difference between bog and 

fen sites could not have been anticipated on this basis. 

The observed differences in water levels are probably an import-

ant factor contributing to the pronounced differences in vegetation in 
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the bogs, fens, and marshes. Water levels are closely related to 

moisture-aeration regime which is a major environmental influence in 

wetlands (Heinselman, 1963, 1970; Jeglum, 1973, 1974; Moore & Bellamy, 

1974; Vitt & Slack, 1975; and others) affecting floristics and producti-

vity of vegetation as well as peat development processes. Moisture 

content of surface peat is linearly correlated with distance between 

the surface and the water table for water levels ranging from near the 

surface to 50 cm beneath the surface (Heikurainen et al., 1964). How-

ever, aeration depends on both water level and the extent of water 

movement (Sparling, 1966). 

The wetlands formed two distinct groups with respect to chemistry 

of standing waters. The two bogs had low values for water charac-

teristics reflecting the degree of·telluric water influence (water 

that has percolated through mineral soil or bedrock), namely pH, con-

ductivity, total alkalinity, Ca, and Mg; whereas the remaining five 

wetlands and Douglas Lake had much higher values for these charac-

teristics. Degree of telluric water influence is a major factor in 

wetland nutrient relations (DuRietz, 1954, Sjors, 1950, 1961; Gorham, 

1967; Heinselman, 1970; Moore & Bellamy, 1974;'Pietsch, 1976; and 

others), and two main classes of wetlands are recognized on this basis: 

(1) ombrotrophic, and (2) minerotrophic. Ombrotrophic wetlands are 

solely dependent on precipitation for water and minerals. Consequently, 

their waters are highly deficient in telluric mineral ions and have low 

pH, conductivity, and total alkalinity. In contrast, at least some 

telluric ion content of the water, as well as pH, conductivity, and· 

total alkalinity, depend on the amount of telluric water entering the 
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wetland and the nature of the underlying strata in the region. 

The observed values for pH, Ca, and Mg in the two bog pools fall 

within the range of weakly minerotrophic waters (Heinselman, 1970; 

Moore & Bellamy, 1974), indicating that they are largely but not com-

pletely isolated from telluric waters by the accumulated organic layers 

beneath them and the vegetated organic mat surrounding them. In con-

trast, the waters of the remaining wetlands and Douglas Lake are minero-

trophic to strongly minerotrophic (Heinselman, 1970; Moore & Bellamy, 

1974), indicating strong influence of telluric waters and reflecting 

the calcareous nature of the bedrock in the region. 

The chemistry of the water within the peat where the vegetation 

is growing can be expected to differ from that in adjacent open pools 

due to the activities of living plants, decay of dead plant parts, and 

the buffering effect of peat. Such differences have been observed in 

Bryant's Bog which has been extensively studied. Welch (1936) noted 

that the water of the pool was less acid (pH = 4.4-6.0) than the water 

impounded in the .mat (pH= 3.4-4.0). Later Schwintzer (1978a) observed 

similar differences in pH and also found much higher concentrations of 

N (N0 3-N + NH3-N) and P (total-P) in the mat than the pool. These 

differences are consistent with H+ production by the bog vegetation, 

especially Sphagnum spp. (Hemond, in press), and release of N and P by 

organic matter decay. 

Protozoan Colonization Patterns and Rates 

Colonization rates of. the PFU substrates at most of the wetland 

sites in this study were more rapid than in studies of over 30 
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freshwater lakes in Michigan, Colorado, and Virginia (Cairns et al., 

1979; Plafkin et al., in press). In all the other lake studies, 1-3 

weeks were required for numbers· of protozoan species to reach equili..,. 

brium. Colonization in the fen lakes in this study was so rapid'' that 

90 percent of ultimate maximum species numbers was reached within 1 

day. The extremely rapid colonization rates and the decrease in 

numbers of species after day 1 may explain why the noninteractive 

colonization model coul.d not be fit to the data. When data from 

Cheboygan Marsh and the two bog sites were fit to the model, the 

resulting G values were the highest we have observed • 

. Cairns et al. (1979) have related the rate at which PFU sub-

strates were colonized by Protozoa to the degree of eutrophication in 

lake ecosystems. After fitting the noninteractive model to data from 

their study of Smith Mountain Lake, Virginia, an impoundment of two 

rivers that has a well-documented eutrophic gradient, they obtained G 

values ranging from 0~31 at the cleanest station to 1.43 at the most 

enriched site. The G values of 2.42 for Bryant's Bog, 1.64 for 

Cheboygan Marsh, and 1.48 for Penriy Lake Bog indicate that these sites 

were probably more eutrophic than 'the eutrophic station in Smith 

Mountain Lake. More eviderice of a high degree ()f eutrophy in bog 

lakes·will be presented in later discussion. 

~Values: Percent Similarity of Protozoan Communities 
' ' ' 

The percent similarity of protozoan species content between each 

pair of wetland sites was relatively high, and the QS values for the 28 

comparisons in Table 9 fell into a fairly mirrow range (54. 2-7 5 .1 per-

cent). The average similarity of any one site with all other 'sites.was. 
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even narrower (53;8-66.6 percent). This suggests there was probably a 

"core" group of species that occurred in bodies of water throughout 

the study area located in northern lower Michigan. Such a core group 

of broadly adapted protozoan species was hypothesized in a study of 

two geographically proximate but chemically dissimilar bodies of water 

in northern Michigan (Yongue et al., 1973). The overlap of spedes 

between those two bodies of water was 50 percent, even though they 

were very dissimilar chemically. Because of the high degree of simi'"" 

larity between sites, differences in QS values using all species pro-

vided little evidence that protozoan species pools were unique to cer-

tain wetland types. Species in four of the six paired wetland sites 

were more similar to species pools from another wetland type than to 

species pools from the same type of wetland. Thus, Penny Lake Bog, 

Mullett Creek Fen, and Cheboygan Marsh were all more similar to Hebron 

"Swamp" than to the other bog, fen, or marsh sites; and Minnehaha Marsh 

was most similar to Douglas Lake. 

Species content in Hebron "Swamp" may have been highly similar 

to many other sites partly because it contained so many species (365). 

An intensive study of Bergen Swamp in the state of New York by Hotchkiss 

(1950) revealed 345 species of algae, and Hohn (1950) recorded 240 

species of diatoms for a total count of 585 algal species. Their sam~ 

ples were collected from the swamp over a period of four years, but 

this still gives some indication of the great number of species of a 

major taxonomic group which can be found in the diverse swamp habitat. 

Mullett Creek Fen and Mud Lake Fen also had very high species richness 

(Table 11), and. they likewise had a high similarity of species with 
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many other sites. By contrast, the two sites with the lowest species 

richness, Bryant's Bog and Cheboygan Marsh, had relatively low simi-

larity to other wetland sites. A site such as Hebron "Swamp," with a 

great number of species (richness), would logically have a greater 

chance for a high number of matches with almost any species pool than 

would a site with lower species richness. Hebron "Swamp" may also 

have a slightly more generalized species pool than the other sites. 

Similar patterns were found in the vascular vegetation of these same 

wetland si.tes. The fen sites had the greatest degree of similarity 

with each other (c = 0.50), followed by the two bog sites (c = 0.46). 

The two marsh sites were not very similar in vegetation, and as in our· 

study of the protozoan species, Cheboygan Marsh was most similar to 

Hebron "Swamp." These results were interpreted as related to the fact 

that the physical environment at the marsh and "swamp" sites was quite 

diverse. Hotchkiss (1950) stressed that the diverse habitats in Bergen 

Swamp favored the establishment of a great diversity of algal species. 

By contrast, bog and fen sites are much more narrowly defined physi-

cally and chemically. Bog lakes are also harsh environments with low 

pH's and low total hardness and low cations; these factors have been 

shown to severely limit the kinds of organisms which can exist in bog 

lakes (Welch, 1936, 1948; Jewel& Brown, 1929). 

Percent similarity of high abundance species (abundance = 5) was 

much less than when all species were included in the calculation of QS 

values (Table 10). This was shown both in the lower overall similarity 

of sites with each other (20.9 percent), and by the fact that Bryant's 

Bog had no species in connnon with two other sites. The two marsh· 
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sites had no species in common. This provides strong evidence that 

the highly abundant species were adapted to, or at least tolerant of, 

the conditions existing at a particular site. This follows Preston's 

(1948) assertion, confirmed by Patrick (1967) for diatom communities, 

that most qpecies in a community exist in relatively low abundance with 

only a few particularly well adapted species having very high abun-

dances. Anderson et al., 1977 obtained similar results in a study of 

the zooplankton community in Lake Drummond, a bog lake: (low pH, brown 

water) lOcated near.the center of the Great Dismal Swamp. They found 

that most zooplankton species were cosmopolitan in distribution, but 

many were specie$ capable of tolerating.the natural·stress typical of 

acid.environments. Anderson et al. (1977) also found that the Dismal 

Swamp did not have a. depauperate zooplankton community, as suggested 

by previous investigators. 

Although different similarity indices were used in the analysis 

of vascular vegetation and protozoan data, and overall s:f..milad.ty was 

somewhat different (14.1 percent overall for.vascular plants vs 58.3 

percent ·overall for Protozoa. and 20. 9 percent .. for abundance = 5 

species), the overall pattern of similarity between sites was compar-
. . . 

able. For example, Hebron 11Swamp 11 had relatively low similarity to 

bog sites and to Minnehaha Marsh, but had a high similarity to Cheboy-

gan Marsh as measured by both vascular vegetation and pr<;>tozoan species. 

For both groups, the greatest similarity between two wetlands of the 

same type was exhibited by the fen sites. The Spearman's rank product-

moment correlation coefficient (Barr et al., 1976) for the average 

similarity of a particular site with all other sites with respect to 
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vascular·vegetation and protozoan species was·0.75 (P.:::. 0.042), Thus, 

a correlation exists between the degree of protozoan community simi-

larity and the va9cµlar plant similarity between sites. 

The percent similarity of protozoan species was calculated for 

several northern Michigan Lakes sampled in summers of 1977, 1978, and 

1979. The highest QS.(62.7.p.ercent) was between samples from Walloon 

Lake and Douglas Lake in 1978; samples from Douglas Lake in 1977, and 

from.Burt Lake in 1978 had the lowest QS (32.4 percent), The overall 

species similarity among lakes sampled in.1978 was 59.2 percent; this 

compared favorably with the 63.4 percent overall similarity in wetland 

lakes. 

Flagellate:Ciliate:Sarcodine Ratios 

The ratios of flagellates:ciliates:sarcodines (Table.ll) were 

different from those reported in other studies of Protozoa from bog 

mats (Heal, 1961; Bovele, 1979). In those studies where Protozoa 

were extracted directly from the Sphagnum spp. mat, and examined live, 

sarcodines were very important in both numbers of species and in abun-

dance. Bovee (1Q79) found 33 (23%) flagellate, 56 (39%) ciliate, and 

56 ·(39%) sarcodine Protozoa in a study of an acid Sphagnum bog in the. 

region of Lake Itasca (Minnesota, USA). Heal (1961) studied only 

testate sarcodines in his investigation of Protozoa in some fens and 

bogs of northern England. His samples were preserved in 70 percent 

alcohol, which would distort many nontestate species of Protozoa 

beyond recognition. The live samples from, most of these wetland sites 

had.about equal numbers of flagellates and ciliates, with numbers of 

sarco<;line species .:::_ 18 percent of the total species composition. 
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Among the highly-abundant species from Bryant's Bog and Penny 

·Lake Bog, flagellates comprised 70 and 83 percent, respectively, of 

the protozoan species; the percent composition of sarcodines at the 

two bogs were 7 and 0 percent, respectively. The high percentage of 

flagellates in these bog samples, compared to other studies, can be 

attributed in part to sampling the open water, rather than the bog 

mats where conditions seem to favor testate sarcodines (Heal, 1961); 

and in part to examination of live vs preserved samples. However, the 

very high percentage of flagellates in samples.from the two bogs may 

be an indication that a high percentage of Protozoa were utilizing 

photosynthesis in their nutrition. Bricker & Gannon (1976) have 

reported very high levels of phytoplankton standing crop, as measured 

by both chlorophyll ~and direct counts, from several bog lakes in 

northern lower·Michigan, including Bryant's Bog. They measured a 

maximum of 335.5 µg/l chlorophyll-~ and mean surface value.of 54.8 

µg/l chlorophyll from Hoop Lake bog in 1975; the measurements of 

chlorophyll a from Bryant's Bog were not reported. 

As Bricker & Gannon {1976) point out, recent trophic classifica-

tion schemes consider lakes with chlorophyll-~ values over 10-15 µg/l 

as eutrophic (Sakamoto, 1966; National Academy of Sciences, 1973; 

USEPA, 1974b). Therefore, Hoop Lake could be considered eutrophic, or 

even hypereutrophic, based on standing crop of phytoplankton. Of the 

four major wetland types, acid bogs have been found to have the lowest 

net primary production of macrophyte vegetation (Richardson, 1979). 

Acid bog l~kes are generally considered faunistically depauperate and 

often lack fishes and many invertebrate groups (Barry & Schlinger, 
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1977 as cited in Clark, 1979). Earlier investigators considered 

Bryant's Bog, Hoop Lake Bog and other northern ~ower Michigan bogs low 

in plankton productivity and decidedly dystrophic (Jewel & Brown, 

1929; Gorham, 1931; Welch, 1936). Welch (1936) found only 11 species 

of Protozoa in net plankton samples from the open water of Bryant's 

Bog, 5 flagellates, 3 ciliates, and 3 species of sarcodines. However, 

Welch's.study, and the others cited above, was concerned primarily 

with net plankton -- that portion of the biota collected with a 

"standard plankton net." The "standard plankton net"·-- genera:lly a 

No. 20 or 25 ('With a mesh size of 63-80 ]lm [Lind, 1974]) by defini-

tion does not collect nannoplankton. Yet, Bricker & Gannon (1976) 

.found that the nannophytoplankters Chlorella and Dictyosphaerium were 

two of the predominant algal species in their study of Hoop Lake Bog. 

This study of Protozoa (whieh includedphytoflagellates regarded 

as algae) dealt with a portion of the na:nnoplankton which has never 

been systematically studied in wetland lakes. Because of their open-

cell structure, PFU artificial substrates collect many planktonic 

Protozoa as well as substrate-associated sessile and crawling forms 

(Henebry & Cairns, 1980). (For scanning electron ril.icrographs of the 

structure of PFU substrates and some of the early colonizers of these 

units, see Paul et al., 1977 .) The nannoplankton seen in Bricker and 

Gannon's study, because it was from preserved samples, consisted of 

either nonmotile groups with rigid cell walls (Clorophyceae), motile 

algae with loricas or tests (Chrysophyceae, Bacillarieae).or blue-

green algae (Myxophyceae). ln this study, samples were examined live 

and contained many species of "soft bodied" Protozoa·. Most of these 
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organisms are destroyed or distorted beyond recognition by preserva-

tion techniques. Dictyosphaerium, Chlorella, desmids, diatoms, and· 

blue:--green algae were also seen, but the protozoan component was repre-

sented in larger numbers and was much more diverse. Table 12 lists 

only the highly abundant species found in wetland sites, yet 12 and 27 

of these species were found in Bryant's Bog and Penny Lake Bog, respec'"" 

tively. Bricker & Gannon (1976) found only 23 total species of nanno-

phytoplankton in the pool of Hoop Lake Bog. This disparity in numbers 

of species was even greater when considering the total species richness 

in my samples. There were 83 species of flagellates in the pool of 

Bryant's Bog, and 118 species in Penny Lake Bog; most of these species 

were wha~ phycologists would consider motile green algae. When all 

Protozoa (flagellates, ciliates, and sarcodines) in these samples are 

included, total numbers of species were 214 for Bryant's Bog and 247 

for Penny Lake Bog. These numbers are within the range for other lakes 

and wetlands in northern lower Michigan and certainly do not indicate 

a restricted pool of protozoan species in bog lakes. 

Many Protozoa in samples from these wetlands seemed to be uti-

lizing photosynthesis in their metabolism; most.samples were.green and 

turbid from the high numbers of chlorophyll-bearing organisms. Not 

only were such phytoflagellates as Glenodinium, Chroomonas, Cryptomonas, 

Gonyostomum, and Chlamydomonas found in large numbers, but many abundant 

ciliates contained what appeared to be zoochlorellae. Those ciliates 

included Ophrydium ectatum and Stentor polymorphous; Paramecium 

burasaria was also found in lower.abundance in both bogs. Zoochlorellae 

are typically found in the above species (Kahl, 1930-1935; Kudo, 1966). 
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Table 12. Abundance = 5a species of Protozoa from seven wetland sites sampled in summer, 1977. 

Wetland Sites 
Penny Mud Mullett Che boy- Minne-

Bryant's Lake Lake Creek gan haha Hebron 
MASTIGOPHORA [35.] Bog Bog Fen Fen Marsh Marsh "Swamp". 

Glenodinium edax (17) "16b 1 -·-
AnthoEhysis vea;etans 1 2 2 1 2 5 
Chroomonas cauda:ta .· (11) 5 ·1 4 

Gonyostomum semen (10) 5 2 3 

Cyathomonas truncata (8) 1 1 3 1 1 1 

DereEyxis sp. (6) 2 1 3 

Chlam:z:domonas Sp• (5) 1 2 2 

Chroomonas nordstedii (5) 1 4 

Colaciumsp. (5) 1 4 +:--
°' 

Cr:z:Etomonas erosa (5) 2 1 2 

c. ova ta (5) 2 1 2 

Euglena convoluta (5) 5 .• 

Chromulina glbbosa (4) 1 3 
Massartia rilusei (4) l 3 
Pleuromonas jaculans- (4) 1 1 1 

Dinobryon divergens (3) 2 l" 

GY!!!nodinium f uscum (3) 1 1 1 

Chilomonas paramecium (2) 1 1 

ChrysocaEsa sp • (2) 1 1 

CryEtomonas lucens (2) 2 



Table 12 (continued) 

Wetland·Sites 
Penny Mud Mullett Che boy- Minne-

Bryant's Lake Lake Creek gan haha Hebron 
MASTIGOPHORA [35] (con 't.) Bog Bog Fen ·Fen Marsh · Marsh "Swamp" 

Ochromonas sp. (2) 1 1 
Phacus obicularis (2) 2 
Chromulina Eascheri (1) 1 
Chroomonas curvicauda (1) 1 

CrzEtomonas Elatzuris (1) 1 
EntosiEhon obliguum (1) 1 
Euglena hemichromata (1) 1 
E. rubra (1) 1 

.p.. 

Gonyostomum notail (1) 1 ...... 

Halobrzon sp. (1) 1 
Merotricha bacillata (1) 1 
Monas sp. (1) 1 

Monas social (1) 1 

Monosiga robusta (1) 1 
Phacus Eleuronectes (1) 1 

SARCODINA [5] 

CochlioEodium sp. (6) 2 1 3 

Acanthocystis aculeata (2) 1 1 

Arcella ·vulgaris (1) 1 



Table 12 (continued) 

Wetland Sites 
Penny Mud Mullett Che boy- Minne-

Bryant's Lake Lake Creek gan haha Hebron 
SARCODINA [5] (con't.) Bog Bog Fen Fen Marsh Marsh "Swamp" 

Difflugia globosa (1) 1 1 

Vampyrella sp. (1) 1 

CILIATA [24] 
Urotricha agilis (11) 2 2 2 1 4 
Cinetochilum ·. margari taceum (7) 2 1 1 3 

Halteria grandinella (4) 2 1 1 

Urotricha armata (4) 1 1 2 
Coleps bicuspis (2) 1 1 

~ 
00 

Cyclidium glaucoma (2) 1 1 

c. litomesum (2) 2 
Cyrtolophosis mucicola (2) 1 1 
Mesodinium pulex (2) 2 
Microthorax tridentatus (2) 1 1 

Ophrydium ectatum (2) 2 
o. vernalis (2) 1 1 

Pleuronema crassum (2) 2 
Urotricha farcta (2) 2 
Balanonema biceps (1) 1 

Bal1adyna sp. (1) 1 



Table 12 (continued) 

Wetland Sites 
Penny Mud Mullett Cheboy- Minne-

Bryant's Lake Lake Creek gan haha Hebron 
CILIATA [24) (con't.) Bog Bog Fen Fen Marsh Marsh "Swamp" 

Coleps hirtus (1) 1 
EuElotes Eatella (1) 1 
Lembadion bullinum (1) 1 
Microthorax sEiniger (1) 1 
Ophrydium versatile (1) 1 

Stentor EOlY!!!orEhus (1) 1 
Stylonichia mytilis (1) 1 

Tetrahymena vorax (1) 1 
~ 
\0 

Total If Species (64) 12 27 16 10 19 7 28 

Total If times ABN = 5 (200) 31 43 23 13 22 10 60 
F:C:S ratio = 35:24:5 

alOO+ individuals per slide. 

b Number of samples in which a species was highly abundant. 
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Nearly the whole surface of the shallow flocculent bottom of the pool of 

Penny Lake.Bog was covered with a bloom of "Ophyrydium balls," composed 

of Ophrydium ectatum. Thus, a very significant amount of photosyn-

thetic activity may have been undertaken by the large protozoan compon-

ent of the microbial communities of bog pools in this study. 

CONCLUSIONS 

1. The hypothesis that there would be clear differences in water 

chemistry and plant communities between wetland types was largely con-

firmed. The wetlands fell into two catagories with respect to water 

chemistry; bogs (which had low values for pH, conductivity, alkalinity, 

Ca and Mg), and all other sites (which had much higher values for these 

characteristics). Plant communities differed strongly between bogs, 

fens, and marshes, and were very similar within the bogs and fens, but 

differed within the marshes. This was expected since the definitions 

of bogs and fens are rather narrow with respect to water chemistry and 

vegetation, whereas the definition of marshes allows almost any domin-

ant vegetation as long as it is herbaceous (Jeghum et al., 1974). 

2. Protozoan communities were similar .between wetland types as 

shown by the high similarities between species pools at all wetland 

sites. When only the highly-abundant protozoan species were compared, 

sites were much less similar to each other; the only pattern that 

emerged was that protozoan species pools from bog lakes were more 

unique than from other types of wetlands. This was consistent with the 

idea that most protozoan species are able to tolerate a broad range of 

physical and chemical conditions (Cairns, 1964; Noland and Gojdics, 

\ 
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1967); and consistent with the second hypothesis proposed in this study 

(INTRODUCTION) • 

3. The hypothesis that colonization of artificial substrates by 

Protozoa would be slower in bog lakes than in non-dystrophic lakes must 

be rejected. Colonization rates (G values) at bog sites were greater 

than at other wetlands studied, and were greater than in over 30 lakes 

of all trophic types studied by Plafkin et al. {in press). 

4. The high G values and high percentage of flagellated proto-

zoans seen at bogs in this study, plus the high measurements of chloro-

phyll 2- in northern Michigan bogs reported by Bricker and Gannon (1976), 

all suggest that these bogs may be highly entrophic and that they may 

have very high levels of phytoplankton primary productivity. A test 

of the hypothesis that bog lakes may be entrophic is presented in 

Chapter IV. 



IV. PROTOZOAN COMMUNITIES AND TROPHIC STATUS O'F SOME 

FRESHWATER WETLAND LAKES IN NORTHERN LOWER MICHIGAN 

INTRODUCTION 

Bog lakes are generally considered dystrophic and low in phyto.:.. 

plankton productivity (Welch, 1948; Wetzel, 1975; Cole, 1979). How-

ever, based on both the types of. Protozoa found, and the rate of 

colonization of artificial substrates by protozoan connnunities at seven 

· wetland sites in northern Lower Michigan, it was concluded that the bog 

lakes sampled in 1977 were highly eutrophic (Chapter III). That study 

involved monitoring the colonization rate of protozoan connnunities 9n 

PFU artificial substrates anchored in standing water in·each of the 

four major wetland types --·bogs, fens, marshes and one swamp. PFUs 

at bog and fen sites were colonized more rapidly than units at marsh, 

swamp or lake sites. There is considerable evidence that PFU sub-

strates in eutrophic lakes are colonized more rapidly than substrates 

in less enriched waters (Cairns et al., 1979; Plafkin et al., in· 

press). 

Nutrient analyses were performed on water samples collected from 

the wetland lakes studied in 1977. However, these samples were chemi-

cally fixed and were several weeks old by the time the analyses were 

performed. Nutrient data from that study was not reported in Chapter 

III because there was some question about the accuracyof the phosphorus 

and nitr.ogen measurements in the samples. 

During the summer of 1979 protozoan colonization data was col-

lected at one fen site sampled during the 1977 study, at Douglas Lake, 

52 
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and at additional fen and swamp sites. That data will be reported in 

this section. No water samples for nutrient analysis were collected 

in 1979. 

In an attempt to determine the trophic status of wetland lakes 

sampled for Protozoa in 1977 and 1979 all these sites were resampled 

for phosphorus and nitrogen nutrients and other chemical parameters in 

the summer of 1980. Chlorophyll .!!. and primary productivity were also 

measured in water samples from all previously-sampled wetland sites. 

These parameters are commonly measured in studies of lake eutrophica-

tion (Beeton, 1969; Edmonson, 1973) and are thought to provide rela.., 

tively accurate measurements of standing crop and photos_ynthetic acti-

. vity of the phytoplankton in lake waters (Lind, 1974). All of the 

above parameters were also measured in samples from four additional 

bog and fen lakes, and Douglas Lake, in the summer of 1980. 

The study presented in this section had several purposes: 1) to 

compare the 1977 and 1980 water chemistry and nutrient measurements at 

each site in an attempt to determine the validity of 1977 data; 2) to 

relate nutrient determinations and other chemical and physical para-

meters in these wetland lakes to measurements of chlorophyll ~ and 

primary productivity in these same waters; 3) to relate the--rate of 

colonization of PFU substrates by Protozoa to the trophic status of 

the wetland lakes as determined by measurements of nutrients, chloro-

phyll ~' anc;l primary productivity. Two hypotheses were proposed: 1) 

common measures of trophic status would indicate that bog lakes were 

eutrophic; 2) there would be a positive correlation between protozoan 

colonization rates (G values) and common measures of trophic status. 
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MATERIALS AND METHODS 

Protozoa 

PFU substrates were anchored in the waters of the seven wetlands 

listed in Table 15 in the summers of 1979 and 1980. These wetlands 

consisted of three bogs, three fens, and one swamp (Figure 3). Sets 

of PFUs were also placed in Douglas Lake in both years. This lake has 

been classified by Bazin and Saunders (1971) as moderately eutrophic, 

and served as a reference for the wetland work. The specific methods 

used in PFU placement at wetland sites were the same as those discussed 

in Chapter III. The time of placement of PFUs at a particular site was 

selected randomly, using a table of random numbers, since the primary 

productivity and nutrient status of a lake may vary greatly during the 

summer season (Lindemann, 1942). The date of PFU placement at each 

site is given in the Appendix. 

PFUs were harvested at each site on days 1, 3, 6, 15 and 21 after 

placement. Their contents were examined microscopically for Protozoa 

and the numbers of species seen at each sampling were recorded. The 

MacArthur-Wilson noninteractive colonization model (see Chapter III 

for an explanation of the model and this particular application) was 

fitted to the data using nonlinear regression procedures (Helwig and 

Council, 1979). Lack of fit tests were used to test for any signifi-

cant lack of fit (Draper and Smith, 1966). 

Water Quality 

Water samples for chemical analysis were collected in duplic~te 

from about a 0.5 m depth in each wetland in 1£ polyethylene bottles. 
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In the 1977 study (Chapter III) water samples were fixed with either 

mercuric chloride (to be analyzed for P, N, pH, specific conductance 

and total alkalinity) or nitric acid (to be analyzed for metals). 

Samples were analyzed within three weeks at the water chemistry 

laboratory at VPI&SU. 

Duplicate samples in the 1980 study were transported on ice to 

the water chemistry laboratory at UMBS. One sample was stored in a 

freezer until examined for metals and nutrients (no longer than two 

months). Total alkalinity was determined by the same method used in 

1977. Specific conductance was determined on an Industrial Instruments 

Model RC-16B2 conductivity bridge and pH was measured on a Beckman 

Model N pH meter. After filtration through a 0.4 µm membrane filter, 

true water color was measured at 455 nm in the spectrophotometer of a 

Hach Kit Model DR-EL/2 (Hach Instrument Company, Ames, Iowa). Measure-

++ + ++ + +++ ments of Ca , Na , Mg , K and Fe were made on a Perkin-Elmer 

Model 305 atomic absorption spectrophotometer (USEPA, 1974a). Total-P, 

sol-P, total-N, N03-N and NH3-N were measured on a Technicon Auto 

Analyzer II using the following methods (Technicon, 1973): NH3-N, 

Berthelot Reaction; N03-N, copper cadmium reduction method; and ortho-P, 

phospho-molybdenum blue method. Soluble-P was measured as ortho-P 

after digestion with 5% potassium persulfate (Menzel and Corwin, 1965). 

Water samples for the primary productivity and chlorophyll a 

studies were collected between 0800-1000 hrs from a depth of 0.4-0.5 m 

at each site with a 3Jl Kemmerer water bottle. As with PFU placement, 

dates of collection during the summer were randomized among sites 

(Appendix). Three 300 ml BOD bottles, one light and two dark bottles 
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(painted black and wrapped in aluminum foil), were filled from the 

Kemmerer bottle and suspended for 24 hours at the same depth from which 

they were collected (Lind, 1974). Two more 300 ml BOD bottles were 

filled from the Kemmerer bottle, one was returned to UMBS on ice to be 

measured for chlorophyll !!:_, the other was fixed in the field with sul-

phuric acid (USEPA, 1974a) and returned to the laboratory for analysis 

of dissolved oxygen. Dissolved oxygen was determined titrimetrically 

by an azide modification of the Winkler method (APHA, 1971). 

Dissolved oxygen concentration in the incubated light and dark 

bottles was measured by the modified Winkler method 24 hours later; and 
-1 gross plankton photosynthesis, measured as mg o2 and converted to 

-3 -1 mgCm h , was then determined by adding net photosynthesis to community 

respiration (Lind, 1974). Each time light and dark bottles were placed 

at or removed from a site notes were made on sky conditions (Appendix). 

Light intensity greatly affects phytoplankton primary production 

(Strickland, 1960), therefore, an attempt was made to incubate samples 

only on clear days. The depth of the light penetration and the depth 

to the lake bottom were measured with a Secchi disc. 

Samples for chlorophyll !!. measurement were filtered through a 

0.4 µm Millipore membrane filter. The filter was then placed into 

20 ml of 90% acetone alkalized with Mgco 3 . The chlorophyll extraction 

was allowed to pro~eed overnight in a dark refrigerator (Lind, 1974). 

The samples were clarified by centrifugation and the amount of chloro-

phyll !!:_measured on a Turner fluorimeter. The samples were then acidi-

fied with HCl and the phaeophytin pigments measured on the fluorimeter. 

Recorded values of chlorophyll ~reflect the subtraction of phaeopigments, 
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which were about 10% of the total of pigment values in each sample. 

Spearman's rank correlation coefficients and stepwise regression 

procedures (Helwig and Council, 1979) were used to assess relation-

ships between colonization rate, primary productivity, and the mea-

sured chemical and physical parameters at each site. 

RESULTS 

Protozoa 

Table 13 lists the total number of protozoan species found at 

each site sampled in 1979 and 1980, the number of highly-abundant 

species at each site (Chapter III), and the flagellate:ciliate:sar-

codine ratio for total and highly abundant species at each site. 

Mullett Creek Fen had the highest total number of protozoan species 

(185) and Hoop Lake Bog and the lowest (93). All sites except Hoop 

Lake Bog had flagellate to ciliate (F:C) ratios of about 1:1. At 

Hoop Lake the F:C was 0.67:1. Only six of the nine sites had any 

highly-abundant (abundance = 5) species. At these sites the flagell-

ates were equal to or greater in abundance than the ciliates. 

Table 14 lists the highly abundant species found at each site, 

Overall, the number of highly abundant flagellates was twice that of 

the ciliates; there were two species of sarcodines which were con-

sidered abundant. 

Maximum mean number of protozoan species, the day on which the 

maximum was reached, and the percent of the maximum number that, coloni-

zed PFU substrates by day 1 at sites sampled in 1979 and 1980 is shown 

in Table 15. The three fen sites generally had the highest maximum 



Table 13. Total numbers of protozoan species, number of highly abundant species, and flagellate: 
ciliate:sarcodine ratios in samples from eight aquatic systems summers 1979 and 1980. 

Site 

Penny Lake Bog 

Hoop Lake Bog 

Lake Sixteen Bog 

Grass Lake Fen 

Mullett Creek Fen 

Smith's Fen 

Pleasantview Swamp 

Douglas Lake 

Mean 

aAbundance 5. 

Year 
Sampled 

1980 

1980 

1980 

1979 

1979 

1980 

1979 

1979 
1980 

Total 
Species 

l15 

93 

122 

147 

185 

130 

165 

138 
107 

133.5 

F:C:S 
Ratio by 
Numbers 

55:48:12 

32:48:13 

54:60:8 

65:62:20 

72 :88 :25 

51:64:15 

66:74:20 

59:65:14 
45:50:12 

F:C:S 
Ratio by. 

Proportion 

48:42:10 

34:52:14 

44:49:7 

44:42:14 

38:48:14 

39:49:12 

40:45:12 

43:47:10 
42:47:11 

Highly 
Abundant a 

Species 

0 

0 

2 

4 

5 

2 

4 

2 
0 

2.1 

F:C:S 
Ratio by 
Numbers 

1:1:0 

3:1:0 

2:2:1 

2:1:0 

1:2:1 

1:1:0 

F:C:S 
Ratio by 

Proportion 

50:50:0 

75:25:0 

40:40:0 

67:33:0 

25:50:25 

50:50:0 

V1 
00 



Table 14. Abundance = Sa species of Protozoa from five wetland sites -- summers of 1979, 1980. 

Wetland Sites 
Lake Grass Mullett 

Sixteen ·Lake Creek Smith's Pleasantview 
Bog Fen Fen Fen Swamp 

MASTIGOPHORA (6) 

CryEtomonas ovata (7) 5 2 
Bodo minimus (5) 2 3 
Monas~ (3) 2 1 
Cyathomonas truncata (2) 2 
Chroomonas caudata (1) 1 
Monas social (1) 1 

SAR COD INES . ( 2) 

Achanthocystis aculeata 1 V1 
CochlioEodium ~ (1) 1 l.O 

CILIATA (3) 

Urotricha agilis (6) 4 1 1 
Cinetochilum margaritaceum (3) 2 1 
Halteria grandinella (1) 1 1 

Total If species = 11 3 12 7 4 6 
Total ff times Abn. = 5 (32) 
F:C:S ratio = 6:3:2 
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Table 15. Maximum number of protozoan species, the day on which the 
maximum was reached, and percent of the maximum number that 
colonized PFU substrates by day 1 at sites sampled in the 
summers of 1979 and 1980, 

Maximum Day Percent 
Year No. of Maximum Maximum 

Site Sampled Species Reached Reached 

Penny Lake Bog 1980 48.0a 15 53.1 

Hoop Lake Bog 1980 45.Sa 21 29.7 

Lake Sixteen Bog 1980 52.5a 15 40.0 

Grass Lake Fen 1979 58.3b 21 72.7 

Mullett Creek Fen 1979 72. 7b 21 72. 7 

Smith's Fen 1980 63.5a 15 70.2 

Pleasantview Swamp 1979 61.7b 6 44.8 

Douglas Swamp 1979 43.3b 21 31.3 
1980 49.7a 28 17 .4 

~ean number of species on two PFU substrates. 
b number of species three PFU substrates. Mean on 
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numbers of species (58.3-72.7) while Douglas Lake had the lowest (43.3-

49.7). PFUs at fen sites were also colonized the most rapidly, over 

70% of their maxima were reached by day 1. 

Protozoan colonization curves for sites studied in 1979 and 1980 

are shown in Figures 4-6. PFUs at fen and bog sites appeared to have 

the highest colonization rates. Colonization rates and numbers of 

species of Protozoa in 1979 and 1980 PFU samples from Penny Lake Bog, 

Mullett Creek Fen and Douglas Lake were lower than in the 1977 study 

(Figure 2). 

Table 16 gives G values (a function of colonization rate), Seq 

(numbers of species a.t equilibrium) , and t 90% (the time to reach 90% 

of Seq) predicted as a result of fitting the MacArthur-Wilson noninter-

active model (Chapter III) to the data. These estimates are given for 

nine sites from 1977, 1979 and 1980 where the noninteractive model 

showed no significant lack of fit to the data. The model did not fit 

the data from the two fens sampled in 1977, which had very high coloni-

zation rates, but did fit data from fens sampled in 1979. Penny Lake 

Bog was resampled in 1980~ at which time it had a lower G value. 

Douglas Lake, which was sampled in all three years, showed a steadily 

decreasing G value. With the exception of Cheboygan Marsh, only bogs 

and fens had G values > 1. 0. The lowest G values were from Douglas 

Lake (0.12) and Hoop Lake Bog (0.13) in summer 1980. Sites sampled in 

1979 and 1980 also had generally lower Seq and longer times to t 90% 

than those sampled in 1977. 



Table 16. Nonlinear regression analysis of model S = Seq (1-e -GT) for colonization of PFU sub-
strates in 13 aquatic systems. Lack of fit (L .0 .F.) and a level attained are presented. 

Year 
t90% Site Sampled F a(F) G Seq 

Bryant's Bog 1977 6;72 >0.10 2.42 + 0.56 60. 26 + 1. 32 1. 73 

Penny Lake Bog 1977 2.81 >0.25 1.48 + 0.38 51.38 + 2.07 2.83 
1980 4.03 >0.25 0.73 + 0.12 45.28 + 1.59 5.74 

Hoop Lake Bog 1980 9.85 >0.01 0.13 + 0.05 42.91 + 6.37 32.23 

Mud Lake Fen 1977 8.93 >0.005 L.O.F. L.O.F. L.O.F. 

Mullett Creek Fen 1977 13.25 >0.001 L.O.F. L.O.F. L.O.F. 
1979 3.69 >0.25 1.27 + 0.17 66. 36 + 1.56 3.30 

Grass Lake Fen 1979 10.79 >0.01 0.88 + 0.22 49.36 + 2.51 4.76 
0\ 

Smith's Fen 1979 12.40 >0.01 L.O.F. L.O.F. L.O.F. N 

Minnehaha Marsh 1977 2.08 >0.10 0.52 + 0.07 66.32 + 2.42 8.06 

Cheboygan Marsh 1977 6.74 >0.01 1.64 + 0.44 46.25 + 4.64 2.56 

Hebron Swamp 1977 10.87 >0.01 0.34 + 0.11 100.16 + 7.61 12.32 

Pleasantview Swamp 1977 10.75 >0.005 L.O.F. L.O.F. L.O.F. 

Douglas Lake 1977 3.33 >0.25 0.37 + 0.06 53.57 + 2.49 11.33 
1979 4.25 >0.10 0.26 + 0.08 42.58 + 3.45 17.99 
1980 3.01 >0.25 0.12 + 0.02 42.89 + 1. 71 32.23 
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Water Quality. 

Chemical and physical measurements for the eight sites sampled in 

1977 and the 13 sites sampled in 1980 are given in Table 17. Bogs were 

the most distinct from other wetland types and f:rom Douglas Lake, 

having low values of pH, specific conductance, total alkalinity, Ca, 

Mg, Na, and K, but relatively high levels of Fe and apparent color. 

Table 18 lists the significant correlations (Spearman's rank at 

< 0.05) between chemical, physical, and nutrient measurements made in 

1977 and 1980. Correlations of pH, conductivity, and phosphorus 

measurements between years at each site were highly significant. 

Measurements of productivity, chlorophyll ~' phosphorus and 

nitrogen at each site are listed in Table 19. Bryant's Bog had the 

highest measured levels of primary productivity, total-P, soluble-P, 

total-N, and NH3-N. The three most productive sites were all bogs --

in order: Bryant's, Lake Sixteen, and Penny Lake, with three of the 

fens -- Mud Lake, Grass Lake, and Smith's -- ranking fourth, fifth, 

and sixth in primary productivity. A similar pattern was revealed for 

chlorophyll ~; Cheboygan Marsh ranked first, but the next six highest 

places were bogs and fens. This pattern was less distinct for phos-

phorus and nitrogen measurements. 

There was a highly significant positive correlation between pri-

mary productivity and apparent.color (r = 0,857, P .::_ 0.001; Table 20, 

Figure 7). Total-N (1980), NH3-N (1980) and Total-P (1977) also cor-

related with primary productivity at the 95% confidence level. Chloro-

phyll ~ correlated with primary productivity at the 90% confidence 

level (r = 0.532, P < 0.075). Colonization rates, as measured by 



Table 17. Chemical and physical measurements in 13 aquatic systems -- summer 1980. 

Specific Total Secchi 
ca* Mg+t Na+ K+ Fe+++ Conduc. Alkalini!'.i Color Depth 

Site pH 25°C, µM mg i (Unitsc) (meters) mg mg mg mg mg 

Bryant's Bog 3.6 + 0.2a 29.5 + 4.3 a 6.0 + 2.2 300 + 25 0.50 + 0.1 3.6b 2.4b 3. Sb 1. lb 0.32b 

Penny Lake 
0.50d Bog 4.7 + 0.4 23.5 + 2.6 o.o 199 + 13 3.0 0.4 2.9 0.4 0.33 

Hoop Lake 
Bog 5.6 + 0.2 N. S. 0.0 87 + 10 0.60 + 0.1 2.8 0.3 3.4 1.4 0.25 

Lake Six-
teen Bog 4.8 + 0.2 N. S. 12.1 + 4.2 N. S. 0.52 + 0.1 7.8 2.1 2.8 o.s O.lS 

Mud Lake b b o.sod b Fen 7.0 + 0.6 33S.O 116.8 + 9.6 108 so.o o.s 3.S 1. 0 o.os 
"' ~ 

Mullett b b a.sod b Creek Fen 7.1 + o.s 3S9.0 1S7.S + 8.1 S5 31.6 5.8 5.7 1.4 0.04 

Smith's Fen 6.0 + o.s 32.2 + 3.1 11.2 + 3. 3 140 + 15 0.35d b 10.0 2.0 9.4 1.4 0.22 

Grass Lake 
Fen 7.5 + 0.1 355.0 +19.1 173.6 +11.5 70 + 12 0.50 + 0.2 34.6 6.6 6.2 0.9 a.so 

Minnehaha 
o.5od b Marsh 7.1 + 0.6 356.0 +17.6 90.3 + 8.2 N. S. Sl~4 6.0 2.7 0.9 0.11 

Cheboygan 
0.75d b Marsh 7.8 + 0.2 379.0 +20.3 160.7 +10.1 60 27.8 5.1 11.2 0.5 0.42 

Hebron 
Swamp 6.8 + 0.2 200.S +10.S 97.4 + 7.2 N. S. 0.2S + 0.3 33.6 6.3 10.3 1.5 0.17 



Table 17 (continued) 

Specific Total Sec chi 
Ca++ ++ Na+ K+ Fe+++ Conduc. AlkalinitI Color Depth Mg 

Site pH 25°C, µM mg JC (unitsc) (meters) mg mg mg mg mg 

Pleasant-
view . d d Swamp 6.5 + 0.3 329.0 + 14.7 84.5 + 7.6 45 + 11 1.0Q 47.0 6.1 15.4 0.9 0.20 

Douglas 
Lake 8.2 + 0.6 210.0 + 8.4 118.0 +10.5 25 + 5 10.00 + 0.8 33.3 5.7 10.9 2.0 0.03 

~ean and range of two or three samples. 
b One sample. 

cEach Color Unit (Hach) 
-1 .. 

= 1 mg £ platinum as chloroplatinate ion. 
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Table 18. Spearrnan's rank correlations between chemical, physical, 
and nutrient measurements at eight wetland sites in 1977 
and 1980. Correlations are positive and significant at 
the 95% confidence level. 

Correlation 
Parameters Year Sampled Statistics 

pH 1977 r 0.896 
w/ p 0.002 
pH 1980 n = 8 

Cond. 1977 r = 0.778 
w/ p 0.023 
Cond. 1980 n = 8 

Ortho-P 1977 r = 0.809 
w/ p = 0.015 
Soluble-P 1980 n = 8 

Total-P 1977 r 0.857 
w/ p 0.006 
Total-P 1980 11 = 8 



Table 19. Primary productivity, chlorophyll a, and phosphorus and nitrogen measurements at 13 
wetland sites -- summers 1977 and 1980, 

Site 

Bryant's Bog 

Penny Lake Bog 

Hoop Lake Bog 

Lake Sixteen Bog 

Mud J:;ake Fen 

Mullett Creek Fen 

Smith's Fen 

Grass Lake Fen 

Minnehaha Marsh 

Cheboygan Marsh 

Hebron Swamp 

Pleasantview Swamp 

Douglas Lake 

Productivity 
mgcm-3h-1 

1980a 

32.19 + 10.5 

Chlo::1a 
µg .(1, 

1980a 

12.40 + 4.2 

Total-P 
µg rl 

104 + 28 290.79 + 45.1 

Ortho-P 
µg i-1 

1977c 

58.0 + 8 

17.81 + 6.2 12.91 + 3.3 40 + 12 
d 

42.27 + 7.4 38.0 + 20 

4.80 + 0.8 3.07 + 0.9 N .S, 55.28 + 8.7 N. S. 

25.94 + 8.6 11.88 + 2.5 N.S. 38.71 + 2.5 N.S. 

15.83 b 12.90 b 52 + 13 26.75 b 28.0 + 3 

9.69 + 2.5 2.34 + 0.9 98 + 69 112.96 + 19.3 81.0 + 52 

13.44 + 3.8 11.48 + 3.5 N.S. 41.91 + 6.4 N.S, 

13.76 + 3.2 14.96 + 2.3 N.S. 26.07 + 12.6 N.S. 

7.57 + 1.6 N.S. 56 + 11 132.20 b 14.0 + 5 

10.70 + 2.2 17.76 + 8.1 30 + 7 28.66 + 10.2 25.0 + 4 

5.30 + 1.1 3.83 + 1.1 57 + 35 179.53 + 25.4 70.0 + 3 

2.97 b 0.59 b N. S. 12.37 b N. S. 

4.22 + 0.8 12.40 + 5.6 10 + 0 18.06 + 6.7 10.0 + 0 

Sol-P 
µg i-1 

1980a 

24.5 + 5.2 

3.7 + 1.1 

7.7 + 2.8 

5.1 + 1.9 

5.7 + _b 

9.4 + 2.4 

5.4 + 2.6 

3.0 + 1.2 

4.4 b 

2.7 + 1.1 

29.1 + 6.9 

4.1 b 

2.5 + 1.0 

O'\ 
........ 



Table 19 (continued) 

Total-N NO~:N µg .e,-1 . gg 1. 

Site 1977c 1980a 1977c 1980a 

Bryant's Bog 0.27 + 0.08 . 2.89 + 0.39 <5 .o + . 0 29.9 + 15.1 
Penny Lake Bog 0.31 + 0.20 1.83 + 0.20 208.0 + 120 39.6 + 10.2 
Hoop Lake Bog N.S. -· 1.06 + 0.25 N. S. 21.9 + 1.5 
Lake Sixteen Bog N.S. - . 1.28 + 0.50 N. S. - 23.1 + 7.8 -
Mud Lake Fen . N. S. .75 b 110.0 + 70 21.3 b 

Mullett Creek Fen 1.27 + 0.54 .74 + 0.08 34.0 + 16 249.1 + 50.0 
Smith's Fen N.S. - 1.21 + 0.15 N .s. 
Grass Lake Fen N. S. .61 + 0.30 N. S. 
Minnehaha Marsh 1.11 + o. 77 .53 b 78.0 
Cheboygan Marsh 0.10 + 0.07 .23 + 0.09 <10.0 + 
Hebron Swamp 0.02 + 0.0 1.11 + <10.0 + 
Pleasantview Swamp N.S. .48 b N. S. 
Douglas Lake 0.63 + 0.34 .31 + 5.4 + 

8value = mean and range of two or three samples 
b One sample. 

-

0 
0 

-
9 

cValue =mean and standard deviation of five samples. 
d N.S. = no sample. 

24.8 + 10.8 
21.3 + 8.2 

175.3 b 

17. 7 + 5.8 
23.0 + 6.1 
33.7 b 

21.9 + 4.3 

NH -N 
µg ~-1 

1977c 1980a 

400.0 + 50.0 393.6 + 40.5 
226.0 + 35.1 68.0 + 15.,3 

N.S. 51.3+16.l 
N.S. 48.6 + 14.8 

182.0 + 20.3 112.6 b -
116.0 + 14.7 25.5 + 10.0 

N. S. 58.3 + 12.4 
N.S. 54.1 + 10.8 

94.o·+ io.4 154.3 b °' 00 

184.0 + 14.1 54.1 + 9.7 
126.0 + 20.7 68.0 + 8.0 

N. S. 112.6 b 

306.0 + 25.2 18.06+ 5.3 



Table 20. 

Correlation 
Statistics 

r 
p 
n 

r 
p 
n 

r 
p 
n 
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Spearman's rank correlation coefficients between G values, 
primary productivity, chlorophyll ~ and the chemical and 
physical parameters measured at 13 sites sampled in summers 
1977 and 1980. Correlations are positive and significant 
at the 95% confidence level unless otherwise indicated. 

Parameters Compared 

w/Primary Prod. 

0.850 
0.001 

12 

G value 

w/Color 

0.599 
0.067a 

10 

w/K 
-0.680 

0.002 
12 

Primary Productivity 

w/Color 

0.857 
0.001 

10 

w/T~tal-N (1980) 

0.665 
0.013 

13 

w/NH3-N (1980) 

0.507 
0.045 

13 

w/Total-P (1977) w/Chlor. ~ 

0.572 
0.084a 

10 

0.532 
0.075a 

12 

aSignificant at 90% confidence level. 
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G values, were significantly correlated only with primary productivity 

at the 95% confidence level (r = 0.850, P < 0.001). At the 90% confi-

dence level G value~ were also significantly correlated with color. 

Using the maximum r 2 improvement option (MAXR) of the SAS step-

wise regression procedure (Helwig and Council, 1979) parameters which 

were significantly correlated with primary productivity and G values 

were regressed against measurements of those two parameters. Use of 

these regressions was not intended to imply cause and effect relation-

ships between those chemical parameters and primary productivity and 

G values. The intention was only to show which combination of para-

. 2 i meters gave a maximum r mprov~ment. The results of these regressions 

are presented in histogram form in Figure 8. 

The results of the regressions were consistent with the correla-

tion analyses in that primary productivity provided the best one vari-

able model of G values and apparent color provided the best one vari-

able model of primary productivity. The combination of color, chloro-

phyll ~' NH3-N, total-P and total-N resulted in an r 2 of 1. 00 when 

these variables were regressed against primary productivity at the 

lake and wetland sites. 

DISCUSSION 

Protozoa 

The total number of protozoan species and the number of high 

abundance species found at each site were both much lower in PFU 

samples collected in 1979 and 1980 than in 1977 samples. The sites 

with the highest total species in 1979 (Mullett Creek Fen -- 185 
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species) and 1980 (Douglas Lake -- 138) had fewer species than the 

lowest site in 1977 (Cheboygan Marsh -- 210 species). Some of the 

sites sampled in 1979 and 1980 did not have any highly abundant species. 

There are several reasons why the species richness may have been 

reduced in 1979 and 1980. One consideration is that in 1977 three 

investigators examined a total of four replicate PFU substrates at 

each sampling. In 1979 one investigator examined 3 replicate PFUs at 

each collection and in 1980 one investigator examined two PFUs per 

collection. This same investigator was also responsible for all the 

water quality parameters examined in 1980 and, therefore, devoted time 

to the counting of protozoans. However, the lowered sampling effort 

in the 1979 and 1980 studies would not have resulted in the observed 

decreases. For example, in 1977 a total of 330 species were recorded 

from Mullett Creek Fen, in 1979 185 species were recorded from that 

site, a decrease of 145 species; similar decreases were observed at 

other sites (Tables 11, 13). The normal decrease resulting from the 

examination of two or three PFUs, instead of four PFUs, is about 5-10 

percent (personal observation), not the 44 percent decrease in number 

of species observed between the 1977' and 1979 samples from Mullett 

Creek Fen. Another indication of a real decrease in protozoan abun-

dance since 1977 was the great decrease in highly-abundant species; 

there was an average of 15.9 highly abundant species per site in 1977 

(Table 11), in 1979-80 this had decreased to 2.1 species (Table 13). 

Whether considering actual colonization curves (Figures 2-6) or 

G values (Table 16) it is clear that the colonization rate at a parti-

cular site·has decreased since 1977. The G value for Penny Lake Bog 
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decreased from 1.48 in 1977 to O. 73 in 1980, The G values for Douglas 

Lake in 1977, 1979 and 1980 were 0.37, 0.26, and 0.12, respectively. 

While it is possible that inadequate sampling effort could be respon-

sible for the decrease in species richness from 1977 to 1980 it is 

unlikely that sampling effort would greatly affect G values, If equal 

time was spent on each sample, which it was, then. the resulting G 

·values should accurately reflect colonization rates, since each PFU 

would have been equally underexamined. 

At this time there is no adequate explanation for the general 

decrease in protozoan species richness and in colonization rates since 

1977, but several hypotheses are offered here. First, as noted in 

Chapter II, water levels·at all sites were lower than normal and, in 

fact were.at the low point.in a ten-year cycle (U.S. Department of 

Conunerce, NOAA, 1971). It may be that when the water. levels were low 

the nutrients were more concentrated than in years when water levels 

were higher. This.increase in ~utrient co~centration would cause an 

increase i~ both protozoan species richness and in colonization rates,· 

since both have been shown to be related to nutrient status in a lake 

(Cairns et al., 1979). This hypothes.is has been discussed with several 

limnologists, including G.E. Likens (personal communication), who have 

agreed that this was a possible explanation. 

There is also evidence from yearly colonization studies in Douglas 

Lake that there may be.long-term cycles in the colonization of PFU sub-

strates by Protozoa. Data in this paper show that the time needed for 

PFU substrates to reach equilibrium increased from about one or two 

weeks in 1977 to 4 or 5 weeks in 1980 (t90%' Table 16). Equilibrium 
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numbers were reached in about two weeks in 1976 (Henebry and Cairns, 

1980). About 5-7 weeks were required for numbers of species to approach 

equilibrium in 1968 (Cairns et al., 1969). Thus, it looks as if 

colonization rates may fluctuate over a 10-11 year cycle. This hypoth-

esis merits further investigation since it would seem to indicate that 

the trophic status of a lake may change relatively greatly from year 

to year, in response to fluctuating water levels. 

Even though colonization rates have decreased greatly since 1977 

PFUs anchored in fens still had higher colonization rates than PFUs in 

other wetland types (Tables 7 and 15). In 1977 fen samples over 90% 

of maximum numbers were reached by day 1. In 1979 and 1980 this per-

centage was about 71%, but in all years a greater percent of maximum 

numbers was recorded at fen sites than at other wetland and lake sites. 

Fitting of the MacArthur-Wilson model to fen data has remained a problem 

in all the years they were sampled. This is probably because rela-

tively high numbers of protozoan species reached the PFUs by day 1 and 

then the numbers decreased on days 3 and 6. Probably the dip in the 

colonization curve caused the model to not fit the data. 

Water Quality and Trophic Status 

The significant correlation, and close agreement in absolute 

values, of pH, conductivity, and phosphorus measurements between the 

1977 and 1980 studies probably justifies the inclusion of the 1977 water 

chemistry data in comparisons of water chemistry with the biological 

parameters -- G values and primary productivity -- measured at each 

site. It is not surprising that pH and conductivity remained stable 
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over the three years which elapsed between sampli;ng at wetland sites, 

since levels of these two parameters are important .in the classifica-

tion of wetland types (Jeglum et al., 1974). In modern classification 

schemes low pH and low conductivity are.the main characteristics 

separating bogs from fens, which are otherwise like bogs in having 

brown water and being dominated by sphagnum mosses and leatherleaf 

shrubs (Heinselman, 1970). The high correlation of total-P (r = 0.809, 

P < 0.006) between years is remarkable considering the different tech-

niques used in sample storage and analysis. Also levels of phosphorus 

may vary greatly from day to day in .any aquatic system (Wetzel, 1975). 

In any case these high correlations do seem to legitimize the use.of 

the 1977 data in .all applicable correlations with G values and primary 

productivity. 

Colonization rates .(G v~lues), phosphorus and nitrogen nutrients, 

chlorophyll ~' and primary productivity of phytoplankton were all · 

higher at dystrophic bog and fen. sites than in moderately eutrophic 

Douglas Lake or at most of the other wetland sites. Bog lakes, gen-

erally considered the most dystrophic of the four wetland types (Wetzel, 

1975), were generally the most eutrophic as measured by any of the 

above trophic parameters. By these criteria all wetland sites except 

Hoop Lake Bog and Hebron Swamp were considered eutrophic. 

Chlorophyll!!:. levels at Bryant's Bog were also among the highest 

reported in the literature. -1 Waters with greater than 10-15 µgl 

chlorophyll!!:. are considered eutrophic (Sakamoto, 1966; USEPA, 1974b); 
-1 the mean value of 12.40 µgl measured at Bryant's Bog would clearly 

put it i;n the eutrophic category. Bricker and. Gannon (1976) described 



75 

the 335 µgl-l maximum value of chlorophyll!!_ they measured at Hoop 

Lake Bog as "phenomenally high"; at Bryant's Bog the value on 15 
-1 August 1980 was 258 µgl • On August 15th the bog lake resembled a 

large kettle of green soup. As noted by Schwintzer (1978a) and· 

Plafkin et al. (in press), Bryant's Bog·is probably enriched by leak-

age from septic tanks from several nearby vacation cottages. This 

could also account for the relatively high levels of phosphorus and 

nitrogen nutrients measured in Bryant's Bog. However, this explanation 

would not account for the high productivity, chlorophyll !!_, and nutri-

ents measured at most other bog and fen sites. These were all located 

in areas remote from any source of cultural enrichment, yet their 

waters were eutrophic 

Relationship Between G Values and Primary Productivity 

The single best indicator of G value of PFU substrates in these 

wetlands was primary productivity (Figures 7 and 8). This was con-

sistent with the hypothesis of Cairns .et al. (1979) and Plafkin et al. 

(in press) that there is a correlation between G value and the trophic 

status of a lake. In their work phosphorus and nitrogen nutrients 

were measured, but primary productivity was not. It is recommended 

that primary productivity be measured in all future studies that 

attempt to relate protozoan colonization rate to the trophic status 

of a body of water. Primary productivity may be limited primarily by 

the level of phosphorus in a lake (Hutchinson, 1969; Likens, 1972). 

But, the actual measurement of primary productivity --.a biological 

parameter -- integrates the effects of phosphorus and nitrogen levels, 
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temperature, light, toxicants, etc; and should therefore result in a 

more accurate measurement of the trophic state of a lake. A high 

level of phosphorus, for instance, would only show that there was a 

potential for high productivity in a lake. A high level of mercury 

would probably lower that potential. 

Relationship Between Water Color and Primary Productivity 

Probably the most surprising finding in this study was the 

highly significant correlation between primary productivity and appar-

ent color (r = 0.857, P < 0.0005). Water color was measured at only 

10 of the 13 sites sampled in 1980. However, all measurements were 

made on samples which had been filtered to remove particulate matter, 

so all color measurements were comparable with each other and do 

reflect the content of dissolved substances in the water. According 

to Wetzel (1975) most of the color of lake waters results from dis-

solved organic matter (DOM), especially humic substances. Tradition-

ally, bog lakes have been by definition lakes that were low in pH, 

high in humic content and low in phytoplankton primary productivity 

(Welch, 1948; Wetzel, 1975; Cole, 1979). Thus it is extraordinary 

that the single best indicator or predictor of primary productivity 

in this study was water color; the MAXR option of the SAS stepwise 

regression procedure also showed that color was the one variable that 

best explained the variation in primary productivity among sites 

(r = 0.951, Figure 8). 

There are several possible explanations for the high correlation 

between water color and primary productivity. One is that some of the 
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water color may have been contributed by the phytoplankton themselves, 

since planktonic algae actively excrete DOM in proportion to their 

photosynthetic rates (Wetzel, 1975). Thus at sites where photosynthe-

sis was higher there would be greater amounts of DOM excreted into the 

water, which could contribute to the higher color values at these 

sites. Secondly, high levels of humic acids and tannins, as indi-

cated by the dark tea-colored water at all the bog and fen sites in 

this study, inhibit bacterial productivity (Ruttner, 1963; Wetzel, 

1975). The high levels of NH3~N at bog sites in this study, parti-

cularly Bryant'~ Bog, are indications that nitrifying bacteria were 

inhibited. The inhibitory effect of the humic acids and tannins may 

have lowered competition for nutrients between the heterotrophic 

bacteria and the phytoplankton, thus allowing the latter to prolifer-

ate. In non-stained lakes, with circumneutral pH and low DOM, the 

bacteria would be expected to outcompete the phytoplankton for dis-

solved nutrients (Wetzel, 1975). 

CONCLUSIONS 

1) The hypothesis that common measures of trophic status --

primary productivity, chlorophyll ~and phosphorus and nitrogen nutri-

ents -- would show that bog lakes were eutrophic was largely confirmed. 

The waters of all bog and fen sites, with the exception of Hoop Lake 

Bog, were in the eutrophic range for all of the above parameters. 

2) There was a highly significant positive correlation between 

colonization rates (G values) and measures of primary productivity at 

the various wetland sites. Since primary productivity is a good 
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indicator of trophic status, the hypothesis of a positive correlation 

between colonization rates and trophic status was.also supported. 

3) The high positive correlation between primary productivity 

and water color measurements at the various wetland sites was un-

expected, since brown-water lakes are traditionally considered unpro-

ductive. However, a possible explanation for this is that the humic 

acids and tannins in these stained waters inhibit bacterial productiv-

ity, thus lessening the competition for.nutrients between bacteria and 

phytoplankton. 

4) Finally, because bog lakes in this study were generally 

eutrophic, and because primary productivity was significantly cor-

related with water color, it must be concluded the traditional view 

that acid brown-water bog lakes are dystrophic (i.e., low in nutrients 

and low in productivity) must be reconsidered. Some reasons why bog 

lakes may have been mistakenly classified as unproductive by previous 

investigators are presented in Chapter V. 



V. TROPHIC STATUS OF BOG LAKES 

Hansen (1962) has stated that dystrophy has little or no rela-

tion to oligotrophy or eutrophy. Data from this study overwhelmingly 

support that hypothesis. Dystrophic bog lakes, although generally 

thought to be low in nutrients and consequently low in primary pro-

ductivity, seem instead to include the full range of lake types from . 

oligotrophic to hypereutrophic. Colonization rate, primary productiv-

ity, chlorophyll ~ and phosphorus and nitrogen nutrient data from this 

study show that, with the. exception of. Hoop Lake Bog and the swamp 

sites, all the wetland lakes were eutrophic. 

Both inland and coastal marshes have been described as among the 

most productive habitats known with respect to macrophyte vegetation 

(Odum, 1969; Reid and Wood, 1976). Water levels in marshes are rela-

tively shallow (1-2 m) and the emergent vegetation is non-woody and 

thus is readily decomposed. ·Nutrients from decomposing vegetation 

would be readily available to microscopic organisms, so it is not sur-

prising that the phytoplankton productivity measured in marshes was 

also quite high. Cheboygan Marsh receives effluent from the City of 

Cheboygan water treatment plant, so it is logical that primary pro-

ductivity by phytoplankton and the G value were greater than at Minne-

haha Marsh. 

Swamps are typically dominated by large trees and shrubs (Jeglum 

et al., 1974) which decompose relatively slowly. Nutrients such as 

phosphate and nitrate would be available to phytoplankton primary 

producers at rather slow rates (Plafkin et al., in press). Therefore, 
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it is not surprising that primary productivity and chlorophyll ~ at 

the two· swamp si te.s were among the lowest measured in this study, and 

in the same range as values from Douglas Lake. The G value for Hebron 

Swamp was also in the same range as for Douglas Lake, e.g., lower than 

all other wetland sites except Hoop Lake Bog. The protozoan coloni-

zation rate at Pleasantview Swamp was also low but can't be quantita-

tively compared with the other wetlands since the non-interactive 

model did not fit data from this site. It is interesting that while 

the values for G and primary productivity for Hebron Swamp and Douglas 

Lake are nearly identical, chlorophyll ~ irt Douglas Lake was about 

three times as high as for the swamp; yet total phosphorus and total 

·nitrogen measurements were nearly an order of magnitude higher in the 

swamp than in the lake. This illustrates the value of actually mea-

suring the productivity of the phytoplankton. There is not always a 

good correlation between levels of phosphorus, nitrogen, or chlorophyll 

a and the actual primary productivity of waters (Strickland, 1960). 

All the bog and fen lakes, except for Hoop Lake, were considered 

eutrophic. Even Hoop Lake had phosphorus and nitrogen levels in the 

eutrophic range (Wetzel, 1975), although phytoplankton standing crop 

(chlorophyll ~) and activity (primary productivity) were low at the 

time it was sampled. 

Naumann (1919; cited in Hutchinson, 1967) first used the terms 

oligotrophic and eutrophic to designate phytoplankton populations in 

mountain and lowland lakes. He was also referring to nutrients -- the 

word ''trophy" refers to nutrient status. Naumann (1921; cited in 

Hansen, 1962) said that brown acid waters of low salt content represent 
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an extreme·case of oligotrophy, which he termed "dystrophy." Naumann 

studied Swedish brown acid water.lakes which were low in productivity. 

Ohle (1934, cited in Hansen, 1962) stated that Swedish dystrophic 

lakes were oligotrophic, but that brown water lakes in northern Ger-

many all seemed to be eutrophic. Birge and Juday (1927) found that 

several of the brown water lakes they studied in Wisconsin had plankton 

production so great they could not be called oligotrophic• More 

recently, Ruttner (1963) said that "the total production of algae in 

some bog puddles proves that bog water can be eutrophic"; he described 

the water in bog "puddles" as "grey-green soup." 

Both Hansen (1962) and Ruttner (1963) state that in Thienemann's 

original classification of lakes (Die Binnegengewasser, 1925) he 

recognized the dystrophic lake.as a fundamentally different type. 

This type of lake was not subordinate to but co-ordinate with the 

production series of generally alkaline lakes (Ruttner, 1963). 

Thienemann designated two lake types, clear water (non-dystrophic) 

lakes and brown water· (dystrophic) lakes and said that both groups can 

show different degrees of eutrophy. Yet most limnologists describe 

dystrophic bog lakes as generally unproductive, especially with regard 

to phytoplankton (Wetzel, 1975). The data from northern. Michigan bogs 

show that dystrophic lakes can be highly productive with regard to 

primary productivity of phytoplankton. 

Probably the term dystrophic should not be used for brown water 

lakes in general, although it would apply in some cases. Probably 

Thienemann's original (1925) classification of lakes should be fol-

lowed. 
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I II 

Lakes with colorless water Lakes with brown water 
a. oligotrophic lakes 
b. eutrophic lakes 

Under "lakes with brown ·water" Thienemann implied that those lakes 

included the full range from oligotrophy to eutrophy. Alternatively 

lakes could be characterized by their sediments (Hansen, 1962) since 

the color of a lake depends on other variables besides humus content. 

In Hansen's scheme lakes with colorless water would be called "gyttja" 

(sediment typical of aeretated lake bottoms [Swedish]) lakes and dys-

trophic lakes would be called 11dy 11 (a bottom deposit of precipitated 

humic colloids [Swedish]) lakes. 

There are at least three reasons why brown acid bog waters may 

be considered unproductive by most limnologists. The first is simply 

that there have been very few studies of the productivity of bog lakes; 

no study of several bogs in a region and comparison of them with nearby 

unstained waters. Even in the studies of Bricker and Gannon (1976) and 

Gannon and Paddock (1974) in which several bogs were compared, only 

chlorophyll a and nutrients were measured. Since primary productivity 
. ~ . 

was not actually measured they could only speculate on the significance 

of the high levels of .chlorophyll found in some bog lakes. This lack 

of hard data on the productivity of bog lakes has resulted in a largely 

uncritical acceptance of Naumann's idea that dystrophic lakes are by 

definition oligotrophic, despite evidence to the contrary. For 

example, Cole (1979) states that, 
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Dystrophic lakes probably belong to the oligotrophic 
series even though, except for some deep basins, the 
benthos is taxonomically poor, consisting of a 
Chironomus fauna reminiscent of eutrophy. Despite 
this the scantiness of the plankton and benthic 
crops, the lack of dissolved nutrients, and the 
nature of the algal flora in part suggest oligo-
trophy. 

The comments about the "scantiness" and "nature" of the plankton lead 

to a discussion of the second reason that bogs have been considered 

unproductive. 

Early investigators of bog lakes used "standard mesh" plankton 

nets as they had used to collect plankton from other types of lakes. 

According to Cole (1979) the most commonly used plankton net -- the 

no. 20 mesh -- has interstices of about 63 µm. By definition these 

nets do not collect nannoplankton, "those.organisms which because of 

their small size cannot be collected by nets" (Ruttner, 1963). Yet 

the nannoplankton algae are of ten the most diverse and abundant organ-

isms in the plankton community of bog lakes (Lindemann, 1941; Henebry 

et al., in press). In the Henebry et al. study an extremely abundant 

and diverse phytoflagellate assemblage was collected on PFU artificial 

substrates anchored in Bryant's Bog, yet samples collected with a 

plankton net had a much sparser algal component. Welch (1936), who 

used only a plankton net to sample phytoplankton from Bryant's Bog, 

described phytoplankton production in the bog lake as "low." 

Lindemann (1941) stressed the idea that nannoplankters are 

usually far more important to the metabolism of a lake than larger 

phytoplankters. In his study of Cedar Bog Lake he found that at 

nearly all seasons the weight value of nannoplankters far outranked 
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that of the larger plankters. Kalff (1972, cited in Cole, 1979) 

reported that 77% of the annual production in a small eutrophic lake 

in Quebec was due to the nannoplankton. Kalff also noted that the 

very obvious blue-green alga and diatom complex was photosynthetically 

inefficient compared to the nannoplankton. Findenneg (1971, cited in 

Cole, 1979) in his studies of alpine lakes, found that chlorophyceans 

(many of which are nannoplankters) were above the mean activity coeffi-

cient for the various algal communities; and, he found that the activ-

ity coefficient of Cryptomonas (a small flagellate very abundant in 

our Michigan bog and fen samples) was ten times higher than that of 

Oscillatoria rubescens, the blue-green which made up the least active 

component of the community. 

Finally, in any discussion of the phytoplankton productivity of 

lakes the methods used to measure productivity and the calculations 

used in arriving at final reported values must be considered. Mea-

sures of standing crop of phytoplankton by direct counts or chloro-

phyll extractions are not measures of productivity, and may not pro-

vide accurate estimates of productivity of a system. Only when 

standing crop data is combined with precise knowledge of temperature 

and light conditions and knowledge of the activity coefficients of 

the algae involved can estimates of productivity be reasonably accu-

rate (Strickland, 1960). Productivity is the weight of new organic 

material formed over a period of time plus any losses during that 

time (Wetzel, 1975). In terms of productivity per unit volume the 

primary productivity of almost all the wetland lakes in this study 

was relatively high. Lindemann (1942) noted a similar situation in 
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Cedar Bog Lake, saying that its productivity per cubic meter of water 

was probably greater than at any time in its history as a lake system. 

However, as Lindemann pointed out, productivity of a lake must be 

measured in terms of surface area. He said that in these terms the 

productivity of .Cedar Bog was much lower; for instance, one-third the 

productivity of Lake Mendota, a lake in the same edaphic region as 

·cedar Bog. 

Table 21 shows primary productivity at the 13 sites sampled in 
-3 -1 -2 . -1 1980 in terms of both volume (mgCm hr ) and area (mgCm hr ), The 

areal figure was arrived at by multiplying the volumetric figure times 

the depth of the photic zone at each site, as estimated by using the 

Secchi disk. According to the greal values none of the wetland lakes 

-- which had photic zones approximately 0.25 to 1 m deep -- was as 

productive as Douglas Lake, which had a 10 m photic zone. 

When discussing the overall productivity of lake systems the per 

square meter figure is more appropriate (Wetzel, 1975), and by this 

measure shallow brown water lakes, such as bog and fen lakes, would 

have to be considered relatively unproductive. However, the waters in 

these lakes are of ten highly eutrophic according to measurements of 

chlorophyll!!_, phosphorus, nitrogen and primary productivity per cubic 

meter. The primary productivity of a clear-water lake system, mea-

sured in terms of surface area multiplied by depth, would normally 

correlate fairly well with the productivity per cubic meter of the 

water in the lake. Brown water wetland lakes are unusual in that the 

depth of the photic zone, or in many cases the depth to the lake bot-

tom, may severely limit the overall productivity of the lake system. 
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Table 21. Primary productivity in 13 aquatic systems -- summer, 1980. 
Values have been calculated in terms of volume (mgCm-3h-l) 
and area (mgcm-2hr-l). 

Primary Productivity 
Site -3 -1 -2 . -1 mgCm hr mgCm hr 

Bryant's Bog 32.19 16.10 

Penny Lake Bog 17.81 8.90 

Hoop Lake.Bog 4.80 2.80 

Lake Sixteen Bog . 25. 94 13.49 

Mud Lake Fen 15.83 7.92 

Mullett Creek Fen 9.69 4.84 

Smith's Fen 13.44 4.70 

Grass Lake Fen 13.76 6.88 

Minnehaha Marsh 7.57 3.78 

Cheboygan Marsh 10.70 5.35 

Hebron "Swamp" ·5.30 ·1.32 

Pleasantview Swamp 2.97 2.97 

Douglas Lake 4.22 42.20 



VI. SUMMARY 

In respect to macrophyte vegetation, species composition of 

protozoan communities, and water chemistry, clear differences emerge 

between bogs, fens, marshes and swamps. This is particularly inter..,. 

esting in the case of the protozoan.communities since most protozoan 

species are able to tolerate a broad range of physical and chemical 

conditions (Cairns, 1964; Noland & Gojdics, 1967). 

1. The wetlands examined .formed three distinct groups with 

respect to niacrophyte vegetation and midsummer water levels. The 

vegetation differed strongly between bogs, fens, and marshes and was 

very similar within the bogs and fens but differed within the marshes. 

Midsummer water levels were· well below t.he surface in the bogs, near 

the surface in the fens, and well above the surface in the marshes. 

The highly disturbed Hebron "Swamp" was marsh-like in vegetation, but 

Pleasantview.Swamp had more typical swamp vegetation. 

2. The wetlands formed two distinct groups with respect to . 

chemistry of the standing waters: bogs, and all other sites including 

Douglas Lake. The bogs were weakly minerotrophic, and all the other 

sites were minerotrophic to strongly minerotrophic. 

3. The similarities and differences between wetland sites were 

not as great for Protozoa: as for macrophyte vegetation, but·the pat-

te.rns were similar. Between two wetlands of the same type, fens were 

the most similar in respect to both vascular vegetation and protozoan 

communities; bogs were the next most similar to each other for both 

groups. In marsh sites, there was less similarity between both vascu-

lar vegetation and protozoan communities. Hebron "Swamp" was highly 
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similar to Cheboygan Marsh with respect to both vascular vegetation 

and protozoan communities. 

Similarities between sites were much higher when all species of 

Protozoa were considered than when only the high abundance species 

were used to calculate a quotient of similarity. These findings were 

consistent with the hypothesis that many species of Protozoa can exist 

tinder a wide variety of conditions, but particular species become 

abundant only when conditions are favorable. 

4. Wetland sites had generally greater numbers of protozoan 

species than lake sites in the same region of northern lower Michigan. 

Substrates from Hebron "Swamp" (at 365 species) and Mullett Creek Fen 

(at 330 species) in 1977 contained a greater number· of protozo~m 

species than reported from any other body of freshwater. Protozoan 

species richness in bogs was iower than the average for all wetland 

sites~ Among the abundance = 5 species, bogs studied in 1977 had very 

high flagellate:ciliate ratios -- 3 to 5 times as many flagellates as 

ciliates vs approximately a 1 to 1 ratio in other types of wetlands. 

5. It would have been virtually impossible to collect Protozoa 

directly from each of the microhab!tats in the wetland sites even if 

sufficient time had been available. The use of artificial substrates 

was the only practical method of sampling Protozoa of these wetland 

sites. The PFUs probably did not collect Protozoa from all possible 

microhabitats at each site nor could they possibly have collected a 

representative of every species at each site. But PFUs do provide a 

uniform substrate for colonization by Protozoa and the number of 

species collected by PFUs was generally highly replicable. 



89 

6. Protozoan colonization rates (G values) at several wetland 

lakes in this study were higher than any previously encountered in 

studies of over 30 other lakes representing the full range of lake 

types -- oligotrophic to eutrophic. Plafkin et al. (in press) found 

that high colonization rates were associated with eutrophic conditions. 

Therefore, some of the wetland lakes in .this study, particularly the 

bog lakes, could be considered eutrophic on the basis of protozoan 

colonization rates alone. 

7. The primary productivity, chlorophyll~ and nutrient studies 

carried out in the summer of 1980, confirmed the hypothesis that the 

waters of most of the wetland sites in this study were eutrophic. 

8. The colonization rate of protozoan communities was shown to 

be related to the trophic status of the water in these lakes, since 

there was a highly significant correlation between G values and volu-

metric primary productivity at wetland sites. However, b~cause of the 

limited depth of the photic zone in these shallow, brown-stained lakes 

the areal primary productivity of these lake systems may not be as 

great as in deeper lakes with less enriched waters. 

Freshwater wetland lakes have long been ignored by biologists 

and hydrobiologists. This was the first study to simultaneously 

sample protozoan communities, water chemistry and nutrient status, and 

primary productivity in each of.the four major types of wetlands. Each 

site was sampled only a few times during a particular summer, so the 

conclusions can only be tentative. However, it is hoped that these 

studies will serve as a useful baseline for more extensive studies of 

the microbial communities and trophic status or wetland lakes. 
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Figure 1. Map of northern lower Michigan showing loca-
tions of wetlands sampled in summer 1977. 1 
-- Bryant's Bog, 2 ~-Penny Lake Bog, 3 --
Mud Lake Fen, 4 -- Mullett Creek Fen, 5--
Cheboygan Marsh, 6 -- Minnehaha Marsh, . 7 --
Hebron "Swamp." 
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Figure 2. Protozoan colonization curves for wetlands· 
sampled in the suil)J11er of 1977. Each point 
represents the mean number of species on 
four PFU substrates. The bars represent 
one standard error of the mean. 
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Figure 3. Map of northern Lower Michigan showing loca-
tions of wetlands sampled in the summers of 
1979 and 1980 that were not sampled in 1977. 
1 -- Hoop Lake Bog, 2 -- Lake Sixteen Bog, 
3 -- Grass Lake Fen, 4 -- Smith's Fen, 5 --
Pleasantview Swamp. 
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Figure 4. Protozoan colonization curves for bog lakes 
sampled in the summers of 1979 and 1980. 
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Figure 5. Protozoan colonization curves for fen lakes 
sampled in the summers of 1979 and 1980. 
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Figure 6. · ·Protozoan colonization curves for Pleasant-
view Swamp and Douglas Lake. 



101 

60 

50 

Vl 
LL.J 

u L.O LL.J 
0... 
Vl 

LL. 
0 

. 30 
0 
z 

20 DOUGLAS LAKE (1979) • 
PLEASANTVIEW SWAMP 0 
DOUGLAS LAKE (1980), • 10 

.._...._.____,,-,---,--------'----_..1.,_-J . .I I /,.._/ __,_I_ 
21 · r 28 ir 41 l 3 ... 6 15 

DAY 



1 
i. 

102 

Figure 7. Correlation coefficients (r) of physical, 
chemical and biological p~rameters with the 
primary productivity and G values measured 
in 13 aquatic systems. The 'a' beside a 
value indicates .the correlation was signifi- · 
cant at the 90% confidence level. 
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Figure 8', Maximum r 2 values for physical, chemical and 
biological parameters regressed against primary 
productivity and G values measured in 13 aquatic 
systems. Combinations of parameters in the 
histograms represent the best 1, 2, 3, 4, and 5 
variable models for the regression. 
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APPENDIX 

Dates of PFU Placement and BOD Bottle Incubations, and Sky 
Conditions at Time of Placement in 13 Aquatic Systems 

Site 

Bry~nt's Bog 

Penny Lake Bog 

Hoop Lake Bog 

Lake Sixteen Bog 

Mud Lake Fen 

Mullett Creek Fen 

Grass Lake Fen 

Smith's Fen 

Minnehaha Marsh 

Cheboygan Marsh 

Hebron Swamp 

Pleasantview Swamp 

Douglas Lake 

in the Summers of 1979 and 1980 

Year 
Sampled 

1980 
1980 
1980 

1979 
1980 
1980 

1980 
1980 

1980 
1980 

1979 

1979 
1980 
1980 

1979 
1980 

1980 
1980 

1980 

1980 
1980 

1980 

1979 
1980 

1979 
1980 
1980 

Date of 
PFU 

Placement 

25 June 
N.S. 
N.S. 

25 July 

21 July 

20 June 

27 July 

7 July 

10 July 

18 June 
21 June 

113 

Dates of· 
BOD Bottle 
Placement 

2 July 
3 July 

15 Aug. 

10 July 
11 July 

25 July 
27 July 

21 July 
23 July 

8 July 

25 July 
26 July 

1 Aug. 

7 July 
8 July 

18 July 
19 July 

27 June 
28 June 

30 June 

11 July 

21 June 
22 June 

Sky 
Conditions 

clear 
overcast 
clear 

pty. overcast 
clear 

clear 
pty. overcast 

clear 
clear 

clear 
clear 

clear 

clear 
pty. overcast 

clear 
clear 

clear 
clear 

clear 

clear 

clear 
clear 
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PROTOZOAN COMMUNITIES, MACROPHYTE VEGETATION 

AND TROPHIC STATUS OF NORTHERN 

MICHIGAN WETLAND LAKES 

by 

Michael S. Henebry 

(ABSTRACT) 

Freshwater wetland lakes have long been ignored by biologists 

and limnologists. This was the first study to simultaneously sample 

protozoan communities, macrophyte vegetation, water chemistry and 

nutrient status, and primary productivity of the phytoplankton in 

each of the four major types of wetlands -- bogs, fens, marshes, and 

swamps. 

The following hypotheses were supported by data from this study: 

1) that differences in plant communities, as me,asured by a coefficient 

of similarity, would be greater than differences in protozoan com-

munities from the four different types of wetlands; 2) that common 

measures of trophic status -- primary productivity, chlorophyll §:_, 

and phosphorus and nitrogen nutrients -- would show that bog lakes 

were eutrophic; and 3) that there would be a positive correlation 

between the rate of colonization of polyurethane foam unit (PFU) arti-

ficial substrates by Protozoa and the trophic status of the wetland 

lakes. 

Other evidence of highly eutrophic conditions in the bogs studied 

were the high ratios of autotrophic to heterotrophic protozoa in the 

PFU samples, and the general appearance of some bog sites -- like that 

of·thick green soup. One bog was oligotrophic as indicated by the 



very slow rate of colonization of the PFUs placed in it. It was con-

cluded that low pH, brown water bog lakes can span the full range 

from oligotrophy to eutrophy, and that bog lakes should probably not 

be labeled dystrophic, since that term implies an extreme degree of 

oligotrophy. 
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