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Introduction 

Looation and Drainages 

Crooked Lake (T. 17 N., R. 6 w., Secs. 21, 22, 2J, 27) is located 

in Garfield TovIDshlp, Clare County. It is in the drainage of the 

Ti tta.bawassee River, e. branch of the Saginavr River. Eight Point Lake 

and Big Cranberry Lake are other important waters in the vicinity. The 

lake is about 12 miles west of Clare. The Village of Lake Station is 

on the northeast shore. US-10 goes through Lake Station. 

Acknovlledgemen ts 

A map of the lake showing shoreline and bottom contours was 

prepared by the M.E.c.w. during the winter of 1936-37. This map was 

used in charting vegetation beds and in loca.ting sampling stations 

in the biological inventory. Fish collections were made July 2-4, 1941.e,, 

The biological inventory was conducted August 4-6, 191.µ..V 

(Y Personnel of fish party: w. c. Beckman, leader; Lee Anderson, 
Pat Galvin, Miehe.el Pawlick, assistants. 

~ersonnel of inventory party: John Funk, leader; Eugene Roelofs. 
Stanley Lievense, assistants. 
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Past and Present Use 

Crooked Lake is reported to have been used extensively for trans­

- -:irting logs when lumbering was the chief industry in the vicinity. 

~ ke Station was then an important lumbering town. 

The lake is one of the most beautiful in this part of the state. 

-~'1::e high wooded shores provide pleasant cottage sites. There are about 

100 well kept cottage~most of which seem to be occupied by the owners 

Juring the summer season. 

A municipal park in which camping is permitted is located near the 

cf.st shore but the park has no actual frontage on the lake. Boats may 

oe put in at the terminus of a street in Lake Station. 

Fishing, as usu.al, is reported to have been much better in the 

i,ast than at present. In recent years there have been numerous complaints 

concerning the small size of the bluegills and other fish caught. Flagrant 

iisregard of the legal size limit has been reported. On the other hand, 

some fishermen say they are catching larger fish than they formerly did. 

Spearing for pike through the ice is reported to be fair. 

Easy accessibility and its popularity as a resort make this lake 

highly important as a public fishing vra.ter. 

Physical Characteristics 

Geological Origin 

Although definite information is not available, the basin of 

Crocked Lake is undoubtedly of glacial origin. 

Shape of Ba.sin and Extent of Drairi.age 

Crooked Lake consists of three oblong depressions vrhich lie more 

or less parallel; their long axes extend approximately in a northwest­

southeast direction. The southeast end:_ :r the easternmost and central 
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depression are joined as a.re the northwest ends of the central and 

westernnost. Thus the entire basin is shaped somewhat like a letter 

S written bac~ards. The derivation of the name is obvious. 

The drainage basin of the lake is of very limited extent, being 

not more than 4 or 5 square miles in area. The immediate shores are 

high, with sandy soil, and are covered with a rather thick growth of 

aspen and birch. The surrounding country is rolling with rather poor 

sandy soil. Farming does not seem to be very profitable. Part of the 

land is wooded. 

Water Fluctuations 

Fluctuations of water level are reported to be rather slight. 

The inlet is 8-10 feet wide, a few inches deep, with no perceptible 

current at the time of the survey. It rises in Gray Lake about 1/2 

mile south of the south end of Crooked Lake. 

The outlet is so marshy that definite dimensions were difficult to 

dete:nnine. The main channel was apparently 20-50 feet wide, and 2-6 feet 

deep. There was little or no current. This stream flows through 

I:!.ystic Lake into Big Cranberry Lake. The outlet of Big Cranberry is 

Chippewa Creek which follows a circuitous course through Clare. Osceola. 

?::ecosta and Isabella Counties and finally becomes the Chippewa River. 

The Chippewa enters the Tittabawassee at Midland and the Tittabawassee 

joins the Saginaw near Saginaw. The Saginaw empties into Saginaw Bay. 
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~'hysical Data 

Bottom types 
Shallows Depths 

Sand, marl, Pulpy peat, 
pulpy peat. muck. 

Color 
of 

water 

Brown, 
clear 

Secchi 
disc 

in feet 

9-12 

Crooked Lake is moderately large and rather deep for inland lakes 

of the Southern Peninsula. The shoreline development of 1.92 means that 

the shoreline is almost twice as long as that of a perfectly round lake 

of equal area. A high shore development suggests a greater productivity 

since it usually indicates the presence of numerous protected bays and 

coves which are generally quite productive. The bottomma.terials are 

of types which frequently support luxuriant growths of vegetation. The 

brown color of the water is to be expected froM the large amounts of 

organic matter in the lake. The Secchi disc is a black and white disc 

8 inches in diameter which, when lowered into the water until it 

disappears, gives a rough measure of the transparency. A range of 

9-12 feet is about average for lakes in this part of the state. 

Physical Factors in Relation to Fisheries 

The combination of physical factors possessed by Crooked Lake is in 

general near average for productive lakes in the vicinity. Although the 

lake is fairly large, the irregular shape and high, v10oded shores combine 

to keep destructive wave action at a rrrinimum. The fertile bottom types, 

moderately deep light penetration, and large a.mount of shallow v!8.ter 

(45 per cent less than 15 feet in depth) are all favorable to the grovrth 

of aqu.s.tic plants. Al though the small drainage area a...-1d poor soil limits 

t:-1e ar:i.ount of fertilizir;.:,; material washed into the lake, this may be some-

what co:npensa tee:. for by the relatively stable water level. 
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Temperature and Cherdca.l Characteristics 

Temperature 

All fish have a definite range of temperature withinwr.ioh they 

can survive. Thus trout, etc., cannot survive for long periods in 

·water which is warmer than 75°F. Blu~gills, bass, etc., on the other 

hand, can stand much v,arrr.er temperatures. Within these ranges of 

toleration are optimu..~ temperatures at wr.ich fish grow best. Since 

fish are 11 cold-bloodedn e.nd feed most a.cti vely when relatively warrr,, 

their optimum temperature is usually near the upper limit of toleration. 

Trout grow best in water nee.r 70°F. but this is too cold to permit best 

growth of bluegills, bass, etc. 

An.other temperature phenomenon which affects fisheries is the 

formation of thermoclines in maey Michigan lakes each sUrrir.ler. The 

thermocline is a zone of rapid change of temperature (½°F. or more 

per foot). This thermocline zone divides a lake into two horizontal 

layers, (1) An upper warm water layer where there is regular circula­

tion and thus plenty of oxygen, and (2) A lower layer where the water 

is cold and often 'lacks adequate oxygen. Chemical changes which take 

place in this lower, stagna!'.t layer will be discussed below. 

Chemical Conditions 

The amount of dissolved oxiJgen, the e.mount of di ssolv-ed :minerals 

(hardness) and the acidity or alkalinj_ty of the water are the chemical 

characteristics of most interest to a fisheries biologist. 

Oxygen 

Dissolved oxygen is nece1sarJ for fish and r-,.ost other forms of 

aquatic life. A lake recei -ves most of its ox;irgen supply by absorption 

from the air. Therefore when the water is in contact 7,-j_ tr. the air and 

is :rcixed b:: circulation, dissolved OJC:rp;en is usually abtu1dant. lee in 
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the v,inter or the presence of a the::-mocline in the SUP.l!!lEir nay rer:1ove a.11 

or part of the water from contact with the air a~1.c. prevent mixing. When 

this occurs, respiration of organisms and decomposition of organic matter 

~ 0,ay use up ":la.rt or all of the dissolved oxygen present. If the supply 

is reduced below 3 or 4 parts per million in certain parts of a lake, 

then fish cannot live there. 

Alka.lini ty and pH 

Dissolved minerals in the water a.re necessary for the growth of 

aquatic plants. The Vv-ater of productive lakes is usually noderately 

:'la.rd, that is, contains sufficient amounts of dissolved minerals. 

i:xtrerues of either acidity or alkalinity may have a limiting effect upon 

-tne organisms in a lake. :,fo3t productive lakes are slightly alkaline. 

Pollution 

Pollution is not a serious problem on Crooked Lake since th<:1.t present 

is limited to domestic sewage from the cottages e.long the shore a.nd the 

,.;-:i.ount is not sufficieYJ:t to cause any ha.:r.::i.ful effects. 

Location 

Deepest 
pa.rt of south 
depression 

Deepest part 
of lake 

Deepest 
part of north 
depres:.i,'.)".'.l 

Inlet 

Cutlet 

Table II 

Temperature and Chemical j)a.w. 

M.O. 
Alka.lin.i ty pH 

range 

105-126 6.8-8.7 Depth in ft. 
Temp. in Op, 

02 in p.p.m. 

104-lli4 Deptn in ft. 
Temp. in OF. 

~ in p.p.::n. 

85-133 . . . Depth in ft • 
Temp. in OF, 

~ i!l p.p.:n. 

Temp. in OF. 

~ in p.p.ra.. 

131+ Temp. in OF. 

~ in P•J? .m. 

Suri'ace 

... 
77 
7.6 
. .. 
79 
7.6 

. . . 
79 
8.3 

71 
l.i.5 

81 
13 • .5 

Thermocline 
Top Bottom 

15 32 
68 48 
7.7 o.o 

15 35 
67 47 
7.1 1.1 

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

. . . . .. 

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

Bottom 

L4 
47 
o.o 

70 
41 
o.o 

25 
52 
o.8 

. .. 

. .. . .. 
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Te:nper9.ture and Chemical Factors in Relation to Fisheries 

T:ie surface water of the lake had a..-1 a.bu.ndance of OX'Jgen and was 

,'lB.rI'.1 enough to pro:note good grO"i",rth of warm-"N!I. ter !"\• •, 

1 i sn. Ther:n.oclines 

were present in both of the deeper depressions. The water at the 

bottol!l of' the ther:nocline and below contai"'led little or no oxiJgen and 

so could not be inhabited by fish. The shallow depression at the 

northeast end of the lake was not stratified but the oxygen supply was 

greatly reduced in the deeper water. 

The water of the lake w-as moderately hard (M. o • .ilka.linity 85-H39). 

This is a.bout average for productive lakes. pH (acidity or 9.lkali:!1.ity) 

ranged from slightly acid (6.8) to strongly alks.line (8. 7). This 

upper limit, while not impossible, is unusually high. The data on pH 

may be faulty and should be checked at the first opportunity. 

Biological Characteristics 

Vegetation 
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i:0.ble III 

Species and Relative A"':Jundance of ?lant::; 

3peciesy' 

'/fatez-Need .A.nacharis cana.densi s) 
':Tater shield Brasenia Sohreberi) 
Coontail Ceratoph llurn demersum) 
Swamp loosestrife Decodon verticillah1.G) 
Spike rush Eleocharis Smallii) - -
1..llud plantain Heteranthera dubia) 
i'iater :marigold Ue alodonta Beckiil 
Water rnilfoil r rioph llum exalbescens) 
Bushy pondweed Na ·as flexilis) . 
Yellow water lily Nu ha.r variegatum) 
White water lily N phaea odorata) 
Pickerel weed Pontederia-corda¾) 
Large-leaf pondweed Pota.mo 7 eton a,,~Ylifolius) 
Pondweed Potarnogeton angustifolius 
Pondweed Potam.ogeton Friesii) 
Pondweed Potamogeton gramineus var. gram:inifolius 

f. myriophyllus) 
Sago pondweed fPotamo eton pectinatu~ 
Whitest em pondweed Pota.r!lo ·,.eton prae lont,"1.ls) 
Flat-stemmed pondweed Potamogeton zosteriformis) 
Arrowhead sa.~ittaria latifolia 
Big bulrush Scirpus acutus) 
Three-square bulrush (Scirpus americanus) 
Common cattail (Typha latifolia) 
Wild celery Vallisne::-ia. a.rnericana) 
Husk grass (Chara sp. 

,ey' Determinations by B. M. Robertson, Botany Department, 
Uni versi t,J of Michigan. 

Relati7e 
abundance 

Rare 
Few 
Abundant 
Few 
Rare 
Few 
Rare 
Common 
Common 
Few 
Few 
COI:L'llOll 

Few 
Few 
Few 
Few 

Few 
Few 
Few 
Ra.re 
Few 
Rare 
Few 
Few 
Common 

Crooked Lake contained 25 species of plants at the time of the 

survey and 5 species were comm.on or abundant. This plant population is 

somewhat larger than average for lakes in the vicinity. Aquatic plants 

benefit fisheries in a number of ways. They support large numbers of 

fish food organisms, most of which should be readily available to the 

fish. Their photosynthetic activity adds to supply of dissol7ed oxygen 

in the water. They are one of tr.e r:i.ost corunonl:,r available forms of 

shelter for fish and they may serve as spavll"..ing grou.'1.ds. In lakes with 

li!!l.i ted a.noun ts of shallow vra ter, it ·would be alnost impossi 'ble to 

hs.ve too :nany plants. However, in large expanses of shallow water, 
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weeds rMJ.y become a nuisance. It is possible that they may become so 

thick as to restrict fish movements and prevent normal reduction of 

the number of small fish by predation. 

Fish Foods 

Plankton is composed of microscopic or nearly microscopic plants 

and animals which float free in the water. It is the chief f'ood of 

all very young fish, most larger fish food organisms, and forage fish, 

~nd is utilized at ti~es by some game fish. At the time of the survey 

plankton was moderately abundant in crooked Lake. Animal organisms 

predominated. Since plankton populations are known to vary greatly 

from time to time and from place to place in a lake, a few samples taken 

at one time are only of general significance. 

Invertebrate food organisms were abundant on the vegetation. Scuds 

(Amphipoda) predominated in the samples and midge largae (Chironomidae) 

and snails (Gastropoda) were co.nnnon. Twelve or thirteen other kinds of 

organisms were present in smaller numbers. The bottom material from 

the deeper water contained only a few midge larvae and phantom midge 

larvae (Corethra). This is not of much signif'ics.nce 1 however, since the 

fish could not inhabit t.~e area. 

Four species of forage fish were collected (Table IV) of which three 

'Here considered common or abundant. 

Fish Present 
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Table IV 

Species and P.elative Abundance of Fish 

_Jpecies 

G.AM3 FISH 
Northern pike (Esox lucius) 
Peron (Perea flavescens) 
Walleye r Stizostedion vi treu.-rn) 
S:rna.llmouth bass Micropterus dolornieu) 
Largemouth bass Huro salmoides) 
Green sunfish (Lepomis cyanellus) 
Bluegill (Lepomis macrochirus) 
Long-eared sunfish (Lepomis mega.lotis) 
Pumpkinseed (Lepomis gibbosus) 
Rock bass Ambloplites rupestris) 
Black crappie Pomoxis nigro-maculatus) 

CO.A.."'tSE FISH 
Mud pickerel Esox vermiculatu.s) 
Yellow bullhead Ameiur-us natalis) 

OBNOXIOUS FISH 
Dogfish (Amia calve.) 

. /ORA.GE FI SH 
Black-chinned shiner (Notropis heterodon 
Common shiner Notropis cornutus 
Golden shiner lfoternigonus crysoleucas) 
Blunt-nosed minnow (Hyborhynchus notatus) 

Relative 
abundance 

Rare 
COI!IIllon ... 
Rare 
Few 
Rare 
Very abundant 
Rare 
Abundant 
Few 
Few 

Raro 
Rare 

Reported 

Common 
Rare 
Common 
Abundant 

Stocking 
1933-40 

... 
5,000 

80,000 
625 

2,)400 ... 
9,500 ... ... ... ... 
... ... 
... 
... ... ... ... 

Eleven speci0s of game fish were collected :i.n the lake. The 

bluegill seems to be, by far, the ~ost abundant, followed in order by 

the pu.rnpkinseed and perch. Coarse and obnoxious fish are apparently 

relatively rare. 

Creel Census 

The few records for tl1e lake from the general creel census seem 

to indicate that the species of fish mentioned above a.re the ones ~7hich 

are the r.10 st freq· .. .ientJ.y Cl?, ught. 

Growth Ra. te 
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~:""'.":le V 

Growth ::,a e,(; of Game Fish 

Summer Nu.TJ1ber Average 
Te~tative{,-

state average 
Agev' of of total length total length 

Species group life specimens in inches in inches 

Northern pike I 2 1 12.7 
II 3 2 18.7 ... 

III 4 l 26.2 ... 
Perch II 3 5 4.4 6.2 

III 4 13 ,.a 7.1 
IV 5 8 6.3 7.8 
V 6 2 8.5 9.4 

Srnallmouth bass I 2 1 5.6 6.o 
Largemouth bass II 3 2 6.o 8.4 

III 4 6 7.5 10.8 
IV 5 1 7.6 12.1 

V 6 l 11.2 13 • .3 
Green sunl~ish II 3 1 2.6 ... 

ITT ...__ 4 4 3.7 ... 
IV 5 1 4.5 ••• 
7 6 1 5.6 ... 

Bluegill II 3 2 2.6 4.3 
III 4 19 3.7 5.6 

IV 5 11 4.8 6.7 
V 6 22 6.o 7.4 

VI 7 4 6.2 1.e 
V1I 8 4 6.8 7.9 

VIII 9 1 7.5 8.3 
Long-ee.red sunfish III 4 6 3.3 
Pumpkinseed III 4 8 3.6 5.8 

IV 5 11 4.7 6.h 
V 6 7 5.5 6.8 

VI 7 l 5.6 7.1 
VII 8 l 6.3 7.8 

VIII 9 1 6.9 ... 
Rock bass III 4 l r:' 4 ,.,, . 4.9 

IV 5 9 6.o 5.6 
V 6 2 7.1 6.6 

VI 7 1 7.9 8.3 

Black crappie III 4 Q 6.o 8.7 u 

IV 5 . . . ... 9.2 
V 6 1 8.2 9.7 

{/Ase cieter:--:-i.ina. tior.;.s by W. c. Beckman. 

:>:··1.,,.c:-:,-;+u.1..e V .. v ,~ ~ \, Report Fo. 741, GrOV1-th rate of som.e Llichige.n game fishes. 
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The ages of the game fish were deternined by the scale method. 

Although the collections of some species a.re not large, it is thought 

-:r..a. t in general the results represent the generf'.l condj ti ons in the lake. 

A comparis0~ of the average total lengths of the fish from Crooked Lake 

,vi th the tentative state average tota.l lengths shows that in alnost 

every case the Crooked Lake f'i sh are growing more slowly, even though 

the physical and chenical chf..ra.cteristics indicute the lake to be average 

0r cetter in its potential productivity. 

Al though our knov:ledge of the growth rate of northern pike is 

limited, it seems probable that the few specirr.ens from Crooked Le.ke 

were making about average grovrth. The perch were definitely stunted, 

being a year and one half to two years behind the average for the state. 

Largemouth bass, bluegills, and pumpkinseeds were all growing quite 

slowly. It is hard tc explain ·why largemouth bass should be below 

average in their growth when there is so much available forage in the 

form. of small perch and bluegills. 

Of the remaining speci.es, the rock bass were growing considerably 

better than average although other species with si,;,.ilar habits were 

stunted. Black crappies were growing slov:ly, as were the green and the 

long-0ared sunfishes. These latter, however, are generall::,,' slow growers 

all over the state and selc.,,::-: ;ceach legal size in Michigan waters. The 

one suallmouth be.ss tal:en v;as snaller than it should have been for its 

age. 

Natural F:::-opaga.tion 

Al1 0:." the fish in the lake are, v:i thout doubt, reproducing 

succescfull:ir, if not toe successfully. fa.unerous ~,-ou.'1.6 of' the game 

species 1•.ere taken i.r'- seining cpere.tions. 
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S;;avrr,ing facilities for all species present are abundant. Most 

of tlrn shorehne is bordered w::. th sa?::d 'Hhich shoulc. be ideal for 

blue6iils and other Centrarchids. Gravel, whic:: is required for 

sm.allnouth bass, is present in a few places. Perch and largemouth 

bass• which utilize weed beds, have abundant facilities. Pike, no 

doubt, spawn in the marshy region in -the vicir"i ty of the inlet and 

outlet. It seems probable that the slovr growth of the fish in the lake 

r.-iay be due to unusue,J.ly successful r~atural propagation, causing the 

lake to become overpopulated. 

Management Proposals 

Designation of Lake 

At present Crooked Lake is in the "all ether lakes" classification 

which the survey results indicate to be the proper designation. Since 

,,, it seems desirable to encourage the more prede.cious species of game fish, 
\.' 

\-,\·,· ·;)' 

/ )v such as pike, in order to reduce the numbers of the stunted perch and 

bluegills, it is reco:mr.'.ended that the lake be closed by Connnission order 

to the taking of northern pike by any method~ any time 2!_ year !.2!..::, 

period 2!_ .2 years. 

Stocking 

Since natural propagation of pan.fish seems to have been all too 

successful in the past, it is suggested that all stocking of bluegills, 

perch, etc., be discontinued, and that, as an experiment, heavy plantings 

of largemouth bass yearlings and walleyed pike yearlings be ma.de for the 

next three years. If successi"'ul, this, together with the protection 

of northern pike, should result in an increase in the number of large 

fish-eating species and a reduction in the pa.nfish. Better growth of 

bluegills, perch, etc., should follow. Results cf this experimental 

progra:n should be closely follov;ed by the Institute. 
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Predators and Pare.sites 

The only predators observed v;ere a fev: herons, kingfishers, loons, 

and turtles. Dogfish were reported to be present. The amount of harm 

these animals do to fish populations is not definitely known. However, 

in the present case, the effect would probably be beneficial if they 

helped to reduce the number of small fish. In any case, control would 

not be advisable. Most of the game fish were parasitized (bass contained 

te.pei.vonr..) to some extent. Few cf tb.e grubs present cause the fish any· 

great inconvenience, except the bass tapeworm. None of them arc h.arm.f'ul 

to man. At any rate, no control measures are practical. 

Shelter 

The dense beds of vegetf-~tion in the shallo~-er water all around the 

lake and especially in the northeast arm provides a great abundance of 

shelter. Some brush shelters have been installed in the lake. This is 

certainly W'B.sted effort in a lake where natural protection is so 

.. bu:ndant. 

Regulation of Water Level 

Since the ?.rater level is reported to be quite stable, regulation 

should not be necesse.z""'J• 

Spavming Facilities 

Spawning facilities have apparently been so satisfactory and 

reproduction of panfish so successful in the past that more fish have 

been p:=-oc.uced than the lake ca.n support. Competi ticn for food oi-

living space has become so keen that none get enough and poor gro'l"rth is 

the result. A lake, like a. corn fielc., ce.n produce only in accordance 

v:i th its basic fertility. It can produce r:~:,' small fish or a SIP.all er 

number of larger fish. In either case, the number of pounds of fish per 

acre would probably be a.bout the sa.:mc. 
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On the_ assurnption that there are too many game fish in Crooked Lake, 

either of two management procedures can be practiced. One, attempt to 

reduce the numbers of panfish by encouraging predacious species, as 

suggested above. Two, attempt to reduce the success of natural Fropaga­

tion. Methods for this latter type cf management r..a.ve not yet been 

perfected. Until further experiments can be carried out in this field 

of research, no recommendation for the artificial control of excess young 

/ish can be made. 

other Suggestion 

If the above program. is carried out, a careful check by the Institute 

should be ma.de each year for the next 5 years to determine the effect on 

the growth rate of the fish. 

Report approved by; A. S. Hazzard 

Report typed by: R. Bauch 

INSTITUTE FOR FISHERIES RESEARCH 

By John Funk 
Junior Aquatio Biologist 
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