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This report represents a preliminary evaluation of water quality in the Crystal River 

Watershed based on biological, chemical and physical data collected during the fall survey 

(October 1 through October 30, 1971) as requested by the Glen Lake Association in Leelanau 

County, Michigan. It is the purpose of this report to establish effective preliminary guide

lines on water quality studies for further surveys in which fulfillment of objectives for 

establishing baseline parameters are made. This report is a portion of what eventually 

will be a complete and concise report representing data analysis from four separate surveys.

Crystal River drainage basin is 6, 265 square miles of freshwater enclosed by glacial 

moraines, lacustrine, till and outwash plains. Glen Lake is 597 feet above sea level, the 

hilly topography surrounding the lake basin ranges from 625 feet to over 1,000 feet above 

sea level. The moraines enclose the basin with the exception of two portions of lowland 

that slope gradually towards Lake Michigan. The vegetation consists of mixed conifer and 

hardwood forests in a variety of environmental conditions which range from lowland cedar 

swamps to high-flat or hilly pine plantations and other mixtures.

Ten sampling stations (Table I) selected on the basis of local ecological conditions 

represent various aquatic habitats. This freshwater environment ecologically controls 

the biotic community and chemical-physical characteristics under natural conditions. 

Biological, chemical and physical examination of each station indicates the ecological 

balance of each environment. When the community structure is dangerously unbalanced 

and limnological characteristics depart from natural conditions, it is an indication of a 

change usually from oligotrophic to eutrophic conditions or within the bounds of either 

situation. It is this deviation from normal or natural conditions which creates unfavorable 

biotic life and degrades the economic value, usefullness and personal value of good quality 

lakes and streams.

The sampling stations (Table I) represent selective sites from which different aquatic



environments are examined and evaluated for water quality and represent areas in which 

consistant sampling can be maintained.

Field collecting started on the second weekend of the survey (10-9-71); on the first 

weekend (10-1-71), a preliminary evaluation of the local watershed area was conducted to 

establish feasable means of sampling for future field investigations. The fall survey con

sisted of six basic evaluations: algae, plankton, fecal coliform bacteria, bottom fauna, 

chemical and physical parameters.

Chemical examination of the water (Table II) for dissolved oxygen, carbon dioxide, 

alkalinity, pH and ortho-phosphate was determined with a portable Hach Chemistry Kit.

The physical properties examined were light-penetration, temperature and general weather 

conditions determined with a seechi disc, thermistor thermometer and an anometer, 

respectively. Chemical and physical data was collected during each survey on four different 

weekends during October.

Bacteriological examination of the water for fecal coliform bacteria was unsuccessful 

using EMB agar plates that were streaked with sample water directly from a 300 ml bottle. 

Tests for the presence of fecal coliform bacteria on EMB plates representing each station 

(1-10) were examined 24 and 48 hours after they were streaked. The plates were streaked 

one day after collection; during this interval of time the samples were incubated at 37° C.

For station one, ten consecutive samples were examined but indicative results were un

successful.

Plankton (Table VI) samples were collected with a Wisconsin Plankton Net at stations 

five through ten. The plankton was preserved in 4% formalin solution until identification 

was possible, the samples were concentrated, decanted and portions of the decantant 

removed drop by drop for qualitative evaluation and identification.

The algal survey (Table V) was conducted the last three weekends of the survey, samples
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were collected from Crystal River at stations one through four, fifty yards upstream and 

downstream from point of access. Most samples were collected near housing and commer

cial buildings where algae was generally abundant. A shoreline survey of Big Glen and 

Little Glen was also accomplished, all algae specimens were preserved in 4% formalin 

solution until qualitative evaluation was possible.

Quantitative and qualitative bottom fauna samples were taken at each station except 

five and six (Table IV). All bottom samples were collected with a ponar dredge and sifted 

through a standard number 30 mesh brass screen. Four percent formalin was used to 

preserve the contents after selected chironomid larval specimens were removed for 

rearing. Sorting was completed at Leelanau Library School, small quantities of bottom 

material was placed in a white enamel pan and hand sorted. The organisms were placed 

in vials representing each sampling station and retained for quantitative evaluation and 

identification.

Identification of the various aquatic biota was performed with taxonomic keys, numerous 

drawings and illustrations available in references 2 through 12 (References Cited).

Limnological characteristics of Big Glen Lake are indicative of clean pure water. 

Dissolved oxygen is relatively high at the surface and was maintained with depth in deeper 

water. A thermocline was observed at station seven exhibiting an orthograde curve, at 

approximately twenty meters (middle of thermocline) the dissolved oxygen was relatively 

high (Table III, Fig. 1). The dissolved oxygen concentration from surface to bottom gen

erally decreased, one survey indicated an increase (Table III). Temperatures were well 

within tolerances which could support cold water species of fish both in the hypolimnon 

and epilimnon; this also applies to the dissolved oxygen. Light penetration depending on 

weather conditions during measurements varied between 4 and 6 meters at station seven 

and bottom readings were recorded for stations 6 and 8 indicating very low concentrations
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of dissolved solids. Alkalinity, pH and carbon dioxide (relative) were comparably similar 

to typical hard water lakes located throughout Leelanau County. However the carbon 

dioxide levels are abnormally high and tnis may be attributed to the method of evaluation; 

this applies to the other stations, also.

Plankton analysis and identification revealed 24 genera including representatives of 

rotifers, protozoans, copepopods, cladocera, diatoms and algae groups. Dominant clean 

water representatives included Cladophora sp ., Ulothrix sp ., Navicula sp and Rhizoclorium 

sp. Taste and odor causing algae such as Asterionella sp ., Synura sp. and Ceratium sp. 

and also polluted water algae, Spirogyra sp ., were present but less numerous.

Benthic organisms collected from Big Glen Lake are characteristic of good quality 

water; these are intolerant species which include mayflies (Hexagenia sp .) and dobson 

flies (Chauliodes sp .). Samples were collected from two of the three stations on Glen Lake 

(7 and 8) and one station (8) produced results; therefore, only limited conclusions based on 

bottom fauna analysis can be made.

Moderate shoreline algal growths indicate that in general areas of dense housing and/or 

certain drainage characteristics tends to encourage algal growth. Nutrient seepage into the 

lake via way of subsoil percolation seems to be directly related to the amount and direction 

of ground water flow. There were also algal growths in areas of sparce population density 

but, when no cottages or buildings were present, the growth was nil. Local drainage 

characteristics tended to reflect the extensiveness and amount of algal growth; when high 

steep sloping moraines were the site of houses and cottages near the lake margin, algae 

growth was extensive. Samples indicate 18 genera of algae collected from shoreline 

locations; of these, Oscillatoria sp. and Spirogyra sp. were numerous and indicated pol

luted or nutrified water. Tabellaria sp. and Ceratium sp. are capable of producing foul 

tastes and odors; the presence of Navicula sp. Cladophora sp. and Ulothrix sp. indicates
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clean water but were less numerous. Other genera represented common freshwater species 

usually found as plankton or as attached forms in various environmental conditions.

Fisher Lake is closely associated characteristically with Big Glen Lake; physical and 

chemical characteristics such as high dissolved oxygen, similar surface temperatures, 

good transparency and common carbon dioxide, pH and alkalinity values are examples. 

Morphometry, comparatively, differs in depth, surface area, aquatic vegetation and sub

strate type. Plankton in Fisher Lake indicates relatively pure water although species 

indicative of nutrified water and capable of producing odors were found but generally 

less numerous.

Little Glen Lake is represented by relatively high dissolved oxygen concentrations 

uniformly distributed from surface to bottom depths. Temperatures were consistant with 

depth, surface temperatures were comparably similar to those of Big Glen. Seechi disc 

measurements indicated possible light penetration to the benthic zone; this condition 

varied with local weather conditions. During turbulent weather, the shallow lake was 

observed to have high turbidity and, consequently, lower seechi readings and less light 

penetration. Alkalinity, pH and carbon dioxide levels were similar to those of Big Glen.

The actual carbon dioxide levels are obviously above normal as indicated earlier, the 

maximum concentration should not exceed 25 mg/1 in order to sustain natural aquatic life.

Plankton analysis revealed 13 genera (Table VI) categorically representing less pure 

water. No specific phytoplankton, algae or diatom represented either clean or polluted 

water; odor and taste producing algae (Synura sp ., Ceratium sp ., Asterionella sp .) were 

present in dominant numbers.

Benthic organisms in Little Glen are fairly diverse, dominant organisms tend to be 

Amphipods (scuds), Ephemeropterns (mayflies) and Gastropods (snails). Gastropods are 

facultive, scuds and mayflies are intolerant to more eutrophic water. Trichoptera or
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caddis flies are intolerant organisms and also indicate good environmental conditions 

although indications are that Little Glen is of lesser quality then Big Glen Lake.

The high dissolved oxygen, cold temperature and extremely good transparency of 

Crystal River exemplifies good limnological conditions. Alkalinity and pH is normal and 

characteristic of the river's headwaters. Crtho-phosphate levels measured near Seeburgers' 

Marine (station 4) were in trace amounts. The bottom fauna collected represented diverse 

communities which occupied the various types of sandy substrates. Tne community was 

dominated by Dipterns (Chironomidae, Tabanidae), Amphipods, Annelida (aquatic earth

worms, Oligochaeta) and Gastropods. Less dominant organisms were Trichopterns, 

Ephemeropterns and pelecypods. Water quality was good as indicated by dominant intoler

ant species although facultive species were also present. Only one organism was classified 

as tolerant to poor water quality conditions.

The dominant forms of algae usually collected near or adjacent to home sites and com

mercial buildings were Cladophora sp ., Spirogyra sp ., and Rhizoclorium sp. Less dominant 

occurances were Zygnema sp ., Oscillatoria sp. and others (Table V). Indications of possible 

ground water contamination as a source of nutrients for algal growth is associated with 

dwellings that may have improper or low efficiency waste treatment facilities. Algal growth 

along the banks of the river is usually found directly in front of existing homes. Tne algae 

collected represented less numerous water forms, polluted water forms were dominant.

SUMMARY

3riefly, the samples collected from the Crystal River Watershed indicates high water 

quality. Dissolved oxygen is high, temperatures cold and light penetration is good; these 

are prime characteristics of oligotrophic conditions. In general, the bottom fauna, plankton 

and shoreline algae represents clean water also. Although no major instances of pollution 

were observed, there is potentially the possibility of more rapid eutrophication in Little

6



Glen Lake because of a combination of factors which favor eutrophication. Despite evidence 

of favorable water quality that certain preliminary parameters have indicated, it is signi

ficant that the beginnings of accelerated eutrophication are limited but potentially dangerous.
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TABLE I

Station Locations and Descriptions 
Crystal River, Fisher & Glen Lakes

Station
Mv.mber Description

1 Crystal River Cutlet near Leelanau Schools and Homestead. Depth range 3 to
less than 1 foot. Substrate sand to fine gravel, aquatic vegetation, stream 
velocity moderate.

2. Crystal River at cross roads, highway 675 and M22. Depth.5 to 2 feet. Substrate
sand, gravels and boulders, moderate aquatic vegetation, stream velocity moder
ate to rapid.

3 Crystal River and Highway 675. Depth*. 5 to 4 feet, substrate sand, gravels
and boulders with marginal aquatic vegetation, stream velocity moderate to 
rapid.

4. Crystal River and Fisher Road near Seeburgers’ Marine. Depth 1 to 4 feet,
substrate sand and fine gravels, aquatic vegetation numerous, stream velocity 
slow.

4a Crystal River, Dam downstream from Seeburgers' Marine. 1 to 3 feet deep, 
substrate sand, moderate vegetation, stream velocity slow to moderate.

5 Fisher Lake, midway. Depth 6 to 8 feet, silt, clay and sand substrate with 
partially decomposed organics (twigs, logs, etc.), vegetation numerous.

6 Big Glen Lake at outlet (Bay Area). Depth 9 feet, substrate compact sand, no 
vegetation.

7 Big Glen Lake, midway. Depth 130 feet, clay substrate.

8 Big Glen Lake at the "Narrows". Depth 10 to 25 feet with compact sand sub
strate, no vegetation, slow current from Little Glen into Big Glen.

9. Little Glen Lake, midway. Depth 10 to 12 feet, silt, clay and sand substrate
with submerged aquatic vegetation.

10 Little Glen Lake, western littoral zone near Sleeping Bear Sand Dunes Public
Beach. Depth less than 5 feet, substrate sand with emergent and submergent 
aquatic vegetation.
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TABLE IV

Bottom Fauna Data
Categorized from High to Low Numbers for Each Station

Station Organism Rank

1 Diptera (Tabanidae spp., Polypedidum spp., Procladius spp., Microtendipes 1
spp., Chironomus spp., Stictochironomus spp.)

Annelidae (Oligochaeta) 2
Gastropoda (Fossaria spp., Physa sp.)
Amphipoda (Hyalella azteca) 3
Tric’noptera (Leptoceridae sp ., Oecetis sp .)

2 Gastropoda (Fossaria spp.) 1
Amphipoda (Hyalella azteca) 2
Pelecypoda (Sphaerium spp.) 3
Trichoptera (Helicopsche borealis, Molonna spp., Limnephilus sp ., 4

Polycentropus spp., Cecetis spp.)
Ephemeroptera (Ephemera spp.) 5
Annelidae (Oligochaeta) 6
Diptera (Microspectra sp ., Microtendipes sp. , Stictochironomus sp .) 7
Megaloptera (Corydalidae sp .) 8

3 Amphipoda (Hyalella azteca, Gammarus fasciatus) 1
Annelidae (Oligochaeta, Hurindinea) 2
Diptera (Chironomus plumosus?), C. dimorphus) 3
Trichoptera (Hydropsyche spp., Polycentropus spp.) 4
Pelecypoda (Sphaerium spp.) 5
Gastropoda (Fossaria spp.) A
Ephemeroptera (Ephemera sp ., Caenis sp .) 0

Odonata (Epiaeschna sp .) 7

8 Ephemeroptera (Hexagenia spp.) 1
Megaloptera (Chauliodes sp .) 2

9 Amphipoda (Hyalella azteca) 1
Gastropoda (Fossaria sp .)
Annelidae (Oligochaeta) 2
Trichoptera (Leptocerus sp .)

10 Ephemeroptera (Ephmera spp.) 1
Gastropoda (Fossaria spp.) 2
Cdonata (Hagenius sp .) 3

Station Key

1 Crystal River 8 Big Glen
2 Crystal River 9 Little Glen
3 Crystal River 10 Little Glen



TABLE V

Fall Algal Survey (Shoreline) 
October 17 through 30, 1971

Crystal River Relative Abundance Glen Lake

Cladophora sp. 
Spirogyra sp. 
Rhizoclonium sp: 
Zygnema sp. 
Cscillatoria sp. 
Ulothrix sp. 
Microthamnion sp. 
Tolypella

Most abundant 

Moderate

Low abundance

"Cladophora sp. 
Spirogyra sp. 

FRhizoclonium sp. 
[Zygnema sp. 
Olothrix sp.
C scillatoria sp. 
Thorea sp. 
Rhabdoderma sp. 
Raphidiapsis sp. 
Pediastrum sp.

Diatoms in association with algae

Tabullaria sp.
Amphora sp.
Diploneis sp.
Navicula sp.
Synedra sp.
Cymbella sp. 
Stephanodiscus sp.

Numerous growths of Chara sp. were observed throughout Crystal River 
and in portions of Fisher, Big and Littit Glen Lakes.



TABLE VI

Plankton Data - Fisher, Big and Little Glen Lakes 
October 23, 1971

Fisher Lake Big Glen Lake Little Glen Lake

Station 5 Station 6 Station 7 Station 8 Station 9

Kellicattia sp. Kellicattia sp. Kellicattia sp. Kellicattia sp. Kellicattia sp.
Keratella sp. Keratella sp. Keratella sp. Synura sp. Keratella sp.
Synura sp. Synura sp. Synura sp. Ceratium sp. Synura sp.
Ceratium sp. Ceratium sp. Ceratium sp. Cyclops sp. Ceratium sp.
Hirudinella sp. Difflugia sp. Cyclops sp. | Diaptomus sp. Cyclops sp.
Cyclops sp. Cyclops sp. Diaptomus sp. Daphina sp. Daphina sp.
Diaptomus sp. Diaptomus sp. Daphnia sp. Bosmina sp. Bosmina sp.
Oaphnia sp. Bosmina sp. Dosmina sp. Asterionella sp. Asterionella sp.
Sosmina sp. Asterionella sp. j Leptodora sp. Fragilaria sp. Fragilaria sp.
Asterionella sp. Fragilaria sp. Holopedium Cymbella sp. Cymbella sp.
Fragilaria sp. Rhizosolenia sp. j Asterionella sp. Navicula sp. Zygnema sp.
Cymballa sp. Rhabdoderma sp. ! Fragilaria sp. Gyrosigma sp. Spirogyra sp.
Zygnema sp. 
Spirogyra sp. 
Species A

Pediastrum sp. Species A

j

1

Rhizosolenia sp. 
Spirogyra sp. 
Zygnema sp. 
Mougeotia sp. 
Ulothrix sp.

! Podiastrum sp.iii

Species B

!
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