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INTRODU CTION 

The total fish population in lakes ras been of increasing 

interest to the practical fish manager in recent years as a 

knowledge of the species composit~on, abundance, size and 
• 

growth rate is of value in fisheries management. Powdered 

derris root has been used most effectively in gaining infor­

mation on these factors by removing undesirable species or 

reducing an overpopulated area. 

Studies made by Beckrran (1950) to determine the effect 

of reduction in numbers of fish by -w-j_nterkill found that the 

increase in the rat.e of growth was not rr..aintained for longer 

than a year in most species. 

Ford Lake_, in the north central part of lower Michigan, 

is an example of one of the several Michigan lakes which was 

poisoned and stocked with trout, only to become repopulated 

with "Warm-water fish. This may have been due to incomplete 

kill or unauthorized introduction of live fish. From 1946 

to 1952 the population of Ford Lake becruoo predominantly one 

of stunted bluegills (Lepomis macrochirus macrochirus 

Rafinesque). Ford Lake was poisoned for the third time in 

August, 1952, offering an opportunity to study the total 

population in comparison with other years. 

Trap nets play an important i;:art in fisheries research 

and certainly affect tr.a analysis of any data resulting 

from the catch. In this investigation the results of the 
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catch from three types of nets were analyzed to determine 

the effect of net construction and size on the numbar and 

size of bluegills caught. 

Data on the growth of the bluegills were obtained from 

those bluegills caught in the trap ~ts during 1952. This 

information was used to study the effect of increasing 

population density on the growth rates of an almost pure 

bluegill population with lit'cle if any predation to reduee 

the population. 

An attempt v..-:as made to determine the effect of size on 

the time of annulus formation and also to determine the date 

at ·wbich half tre population bad formed the annu1us. 
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.Description of Ford Lake 

In 1931 and 1932, a physical, chemical, and biological 

survey was made of Ford Lake. .According t,o Eschmeyer (1937 ), 
'f.· 

the surface area is n.7 acres with no inlet or outlet! 

Vegetation on the shoal areas is abundant. The dominant 

soil types were found to be: sand., peat, and marl in the 

shoal areas; marl on the slope areas, and peat in the deep 

~ones. 

The north and north-east end of the lake bas a peat 

bottom with Scirpus and beds of Chara. The west end is 

very shallow with beds of Scirpus. 

Field work by Schneider in 19 39 showed the dominant soil 

condition in Ford Lake region to be sand on the surface with 

a sub-stratum of brow:nish•yellow sand with occasional gravel 

pockets. The major soil types are Rubicon and Rosela vm sand. 

Soil analyses revealed the drainage to be ext,rene:,Ly 

rapid. The physiography of the region is pitted outwash 

plains and subdued moraines with local relief of twenty to 

fifty feet. Eighty per cent of the area bas up to seven 

per cent slopes with twenty per cent of the area having 

slopes from 7•25 per cent. 

The original vegetation ,vas white (Pinus strobus., L.) 
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and red pine (Pinus resinqsa., Ait.) witb second growth aspen 

(Populus ~- ), fire ' cherry (Prunus eensylvanica)., service 

berry (Amelancher ~-), and jack pine (Pinus banksiana, Lamb.). 



There are present iarge open areas of bracken fern (Pteriduim 

!E• ), sweet fern (Oomptonia ~• ), bluegrass (~ ~· ), and 

blueberries (Vaccinium ~w). This area was given a general 

agricultural rating of fourth clas• land because it was 

very drought;y and has low natural fertility. 
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History 

Ford Lake lies in tbe Pigeon River State Forest area 

in the north central part of the Lower Peninsula of Michigan. 

It is located in Otsego County, (R . l W. , T. 32 N., Section 8) 

and seems to have been formed eithel from the isolation of an 

ice block or from tte dissolving a way of limestone beneath 

the soil. Physical, chemical, and biological inventories in 

1931 and 1932 by the Institute for :fisheries Research, 

revealed t . .bat several pit lakes in t he area. were suitable 

for trout production. At that time t he species composition 

of Ford Lake was limited to a stunted population of yellow 

perch (Perea flavescens). 

Ford Lake, like tbe others in t be area was found to be 

alkaline in nature, thermally str atified, w:itb abundant 

vegetation; and sufficient oxygen for fisb life available 

below the thermocline in warm weather. 

A program for experimental n:anagement, as stated by 

Eschreyer (1937), was set up to improve fishing by stocking 

the lake L11 1933 with brook trout. In 1934 when it was 

found that the stocked fish still were not do.ing well, the 

perch population was heavily netted. In 1934 and 1935, t he 

lake was stocked with brook, brown, and rainbow trout. In 

1936, due to the poor condition of the t r out, it was decided 

to remove the fish by poison and dynamite. Trie lake was 

tben restocked in October, 1936 with ,5000 Montana gra yling 

fingerlings, (Thymallus montanus). 
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The experirrent (Leonard 1 1940) on feeding habits of the 

grayling was complicated by the unauthorized introduction 

of bluegills. It was shown that the grayling were not able 

to compete for food with the more aggressive bluegills. 

In 194+, plantings of 5000 fingeI'ling brook trout, ,. 
(Salvelinus fontinalis), proved to be unsuccessful as none 

were recovered in gill nets set in 1945. 

Wit,h the possibility that a predatory fish nri.ght reduce 

the bluegill population, walleyes, (Stizostedion vi treum), 

were introduced in. 1943 (Ball, 1948). 

On August 26, 1946, Ford Lake was again poisoned with 

rotenone in order to compare the standing er-op with that , 

recovered in 1936. In the fall of 1946, brook trout were 

6 

again introduced. In 19h7, bluegills, believed to have survived the 

1946 poisoning, were found to be present in the lake. 

Karvelis (1952) found that the mjority of fish t,hat 

survived the 1946 poisoning were of t:,he 19l.i6 year class. 

Plantings of 5, 800 t r.ree inch brook trout were made 

each fall from 1947 to 1951 with each planting being 

identified by removal of a particular fin. 

Due to the large numbers of stunted bluegills and very 

poor survival of brook trout, FOl"d Lake was again poisoned 

on August 22, 1952. During the several days following., 

every effort was made to recover aJ.l .fish that Caine to the 

surfa.ce or were washed up on shore. On September 5th the 

count was discontinued when there were only nine bluegills 

found on the entire lake shore. 



FIELD ffiOGRAM 

Materials and Met.bods 

Recovery of Poisoned Fish in 19.52. 

In order to compare the brook trout-bluegill relation ... 

ships, Ford Lake was poisoned with rotenone on August 22, 

1952. It was des:ixable to obtain a complete pickup of fisb 

following the poisoning to compare w""i t h previous studies. 

In order to check the recovery, 342 marked bluegills were 

placed in tbe lake prior to poisoning, A test cage wlth a 

few blue gills were pl.a ood in the J.ake just before poisoning 

to test tbe toxicity at tbe twenty foot level. On August 

29, the test cage was lif ted and all the fish were dead. It 

is not 1m01m whether tl':ere was a complete kill at the twenty 

foot level but it is possible that t he repeated lif ting of 

the trap through the surface layers killed these test fish. 

The personi1el of the Pigeon itiver 'l'rout Research Area quit 

picking up fish on Septmrber .5th when t he count r eactBd nine 

bluegills for the entire lake s bore. Very few fis b were 

still visible on the bottom but the known recovery rate was 

little less than 75 per cent. 

Only five species of fish were recovered after the lake 
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was poisoned: bluegills, brook trout (Salvelinus fontinalis), 

bluntnose minnow (Hyborhynchus note,tus), rriudminnow (Umbra limi), ... ·~ -



and the shiner (Notropis ~• ). All but one brook trout 

recovered were characterized by removal of the right pec­

toral fin. This would indicate that the brook trout re­

covered were t hose planted in 1947. One brook trout was 

recorded as having the dorsal fin removed, this fish then 
• 

belonged, presumably, to t be 1946 planting. In the test 

trap nets one fish was alive four days after application of 

the poison. 

Use of Trap Nets 

f rom February through /1.ugust, 1952, the personnel of 

the Pigeon l-li.ver 'l'rout Researeh A:cea maintained and checked 

the trap nets set in Ford Lake. Tbe results of the metal 

trap net catch were tabulated and an attempt was made to 

determine the effect of' net construction on catch per net 

hour. The method used was the analysis of variance test as 

given by Snedecor (1950). Most of the scale sampling data 

were obtained from these trap nets al though a few were 

caught by hook and line. 

Scale Sampling 

The scales used in the age and growth studies were 

obtained largely from fish caught in the trap nets. The 
., 

scale data from the trap nets were recoroad in t:te metric 

system, in grams, and millimeters. The length data obtained 
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from anglers were recorded in the English system, and con­

verted to millimeters by use of a conversion table (Lagler, 

1952), 

The scale data were obtainad from January 28, through 

August 11, 1952, 

It should be noted that the scale data do not, represent 

a random sample because of the selectivity of gear used. 

The larger .fish were caught by anglers and no fish from year 

classes 1946-1951, or 195'2 were collected. 

'I'he ages O, 1, 2, 3t etc., refer to the number of 

winters tbrour h which the fish ba ve lived. Thus a fish in 

the sum:iool" in whicb it bas been batched belongs t,o the O age 

group, for it has passed no w.i.nters and shows no annuli. In 

the second summe:r after hatcbi.i."lg_, it has passed one winter 

and therefore belongs to the age group one. 

The scales obtained were cle-aned in water with a stiff 

bristled hrnsh and mounted on slides i,1 a gelatin-glycerin 

media. The scales were ·!;hen enlarged 45. 5 X on th8 scale 

proje cbion machine and the annili recorded on Keysort cards. 

In every case the scale was read .from the focus to the ante­

rior edge of the scale. The annuli were recorded on the 

cards at the point a complete circulus was being formed. 

The growth rates were tben calculated by means of a nomo­

graph as described by Carla..r:tder and Smith (19~-4). 

In order to use the nomograph it is necessary to lmow 

the length of the fisb at the po:int the scales begin to form. 

9 



Potter (1925) found the standard length of bluegills at 

the time of scale formation to be 17 millimeters. Using t he 

conversion factor as presented by Beckman (1948) the total 

length ·was found to be twenty miJ.li..1neters at 
.,_ , 
vne ti.me o.f 

scale formation. 'l'went,y millimet.er'\s was then used as the 

point, at which the scale began to form. 

The rrKu, or condition factor was computed from the 

alinement chart as developed by Phenicie and Bishop (1950). 

The 2.linement chart used was a graphical, mechanical rep­

resentation of t he relati.onsbip between length . and weight~ 

This chart proved convenient as the condition index could 

be read d:ir f;ctly at tbe point t be straight edge crossed t l':e 

calibrated line. 

10 



COMPARISON OF THE ST.ANDING CROP IN THE 

1936t 191.1.6, and. 1952 FISH POPULATIONS 

According to Ball (1948) a comple-ije kill o:f the fish 

population .-:as reported for 19 36. All fish were accounted 
• 

for by counting or close estimates. In 191i6, every e.ffart 

·was made to recover all fist tJ:-..a t came to the surface or 

were within r0acb of the surface, but apparently some of the 

younger fish survived. The poisoning in 1952 was believed 

to have been a complete kill as no fish were found 'in trap 

nets set as soon as tbe vraters became non-toxic . 

The fish popnlat,ion of Ford Lake as determined in 1936 

consisted of brook trout, four species of minn0v1s, and a 

stunted populatj_on of parch. Tbe weight of the total fish 

popuJ.ation in 1936 was about 521 pounds. The total number 

of fish present was 41, 703 • 

At t he time of the 1946 poisoning the bluegill was the 

dominant, species with no yellow perch prasent. Th1:: only 

brook trout present were t hose stocked :i.rn;j;ed:i.a t.ely prior ·t,o 

poisoning. Only 17 walleyes were recovered from the young 

planted in 1943. The total munber of fish recovered in the 

second poisoning was 41,693 with a total weight of 1;293 

pounds . 

The population in 1952 differed from t l::e previous i;.wo 

poisonings a.s would be ~XpGcted.. Only six years had elapsed 

s:ince the previous poi::wning and t here we:i:-e 11,622 fish 

11 



'fABLE l 

A CCHPARISON OF THE STANDING CROP OF FISH 
RECO v'"ERED AT THREE POISONINGS 

Total nurrber recovered 

Total weight recovered 
(pounds) 

Percentage by number of 
bluegi.11s recoverd 

Percentage by weight o-"' J. 

bluegills recovered 

Number of bluegills 
recovered 

Bluegills per acre 

Total number of' fish 
per acre 

Weight of bluegills 
per acre (pounds) 

Pounds of fish per acre 

Number of legal sized 
bluegills reoovered 
per acre 

Average weight of the 
bluegills recovered 
(ounces) 

1/ Ball (1948) 

'ij Dall (1948) 

1952 * 194/1 

11,622 
V 

41,693 

w 
726.8 1,293 

94.7 89.6 

79.9 94 .. 5 

11,001 37,383 

1,028 3,494 

1,086 3,897 

54,3 111.i.2 

67.9 121 

24 1.68 

0.85 0.$2 

'J/ Doesn 1t include the nwnl:H~r of.' small fish ;,:,ecovered. 

W Includes weight o±' tbe srna.11 fish. 
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y 
1936 

41,703 

521 

-
--
-
--

3.,567 

--· 
44 
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recovered as. compared to approximately 41, 700 recovered the 

previous t wo poisonings. Ball (1948) stated that the average 

length of tbe bluegills recovered in 1946 was J.9 inches and 

the average weight about one .. half q,unce. No data were 

TABLE 2 

WEIGHT AND liUfIBER OF BRCOK TROUT AND 
OTHER fiSH RECOVERED AT POISrnING 

IN 1952 

Total weight (pounds) 

Pounds per acre 

Per cent of total weight 
r ecovered 

Total number 

Per cent of total nruTher of 
fish recovered Y 

Number per acre 

Average weight ( OUJ.7.ces) 

Brook Trout 

3-3 

621 

5.3 

58 

. 628 

1/ ·sxcluding the nu..mbers of small f ish - -

Small Fish 

121.J 

lld 

16.6 

---

available on the average lengt,h of t be bluegills r ecovered in 

the 1952 poisonj_n~ but t.be average wei ght was O. 85 ounces. 

The average wej_ght of the bluegills from the scale data was 

35. 2 grams as compared to the average weight of 21.i grams for 

t.bose recovered i.n t.he poisoning operat,ions. This is 
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TABLE .3 

NU'!'-IBER AND WEIGHT OF POISONED FISH RECOVERED PER IJ\ Y 

Au~st ... Set. 

22 2L_ 24 25 26 27'--g8 29 1 5 

Legal sizad bluegills 
(Number) 99 ll4 2) 16 6 2 0 0 0 0 

Brook trout (Number) 189 364 27 26 11 3 0 l 0 0 

Sub legal bluegills 
(Number) 201.5 5580 807 1369 559 254 79 64 • 14 8 

Sub legal bluegills 
(Pounds) 116 287 43 70 27 13 li. 0 0 0 

Small fish (PoundB) 64 57 

~ 



' ,· 

probably due to the size selectivity of the trap nets. 

'.i.'bere were ll,001 bluegills recovered with a total ·weight 

of 581.1 pounds. Six hundred and twenty one brook trout 

weighed 24.4 pounds. Approximately 94. 7 per cent of the 

number of fish recovered, i.e. brook trout and bluegills, 
. f 

were bluegills. By weight, bluegills consisted of 79.95 

15 

per cent of the total weight. The minnows tb.at were recovered 

during the poisoning operation were weighed but, not counted. 

In 1952, 257 legal sized bluegills were recovered as com­

pared to 18 in 1946. 

Within ten days prior to the poisoning 342 bluegills 

were msrked and returned to the lake. After the poisoning 

254 were recovered w'hich would indicate tJ:i.a t there was 

approximately 74.3 per cent recovery of poisoned fish in 

the lake, presuming the mortality was very low. Ball (1948), 

after t.he poisoning of Ford Lake in 191.ib; reported a 58.9 

per cent recovery of all marked bluegills, and 44.7 per cent 

of tre marked trout were recovered. 

A study by Krumholz (1944) estimated the fish popu­

lation in Twin Lake., Michigan, by means of recovery of 

marked fish in nets. The lake was t hen poisoned and 86 per 

cent of the marked fisb presuned to be alive were recovered. 

One of t be main items of uncertainty in such an operation 

is the completeness of recovery of poisoned fish. 

Iey Lake, a srmll soft water lake in Wisconsin, that 

is naturally divided into two basins by a shallow narrow 



constr,iction, was considered ideal for a population and 

growth study. The fish population was considered stunted 

and to increase the growth rate, the population from one 

oosin was removed by fyke nets and rotenone. The left fins 

of nllnl'3rous fish were clipped and Qif.' the fish known to 1:e 

present in the lake shortly before poisoning, only 47. 5 per 

cent were recovered (Williamson and Brusch, 1947). 

This would seem to indicate that the recovery at Ford 

Lake was higher than the recovery in most lakes. 
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UTILIZATION OF TRAP NETS IN FORD LA.KE IN 1952 

Use 

From February 27 through August 20., trap nets were set 

in Ford Lake to obtain soale samplas and length-weight data 

for growth analysis. These nets were maintained, checked, 

and moved about the lake periodically by personnel of the 

Pigeon River Trout Research Station. 

Construction 

Eight nets were used during the entire netting operation 

in 1952, but only three nets were used from March through 

July 26. 

Net No. 1 was constructed of one inch c bicken wire mesh. 

The net had a length of 52 inches with 36 inch triangular 

sides. Funnel depth was 20 inches with a 3 1/2 inch opening. 

The funnel was reconstructed June 25th with a new depth of 

38 inches, and replaced on June 28. Nets 2, h, 5, 6, 7, and 

8 were each constructed of one inch chicken wire mesh wit.h 

a length of 48 inches and 36 inch triangular sides. Funnel 

depth was 20 inches with a 3 1/2 inch opening. 

Net No. 3 was constructed of 1/2 inch resh hardware 

cloth--length 48 inches with 36 inch t riangular sides. The 

funnel depth was 20 inches wit h a 3 1/2 inch opening. 

The data on the retal trap nets indicated tba t there 
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was a difference in the catch due to net construction. To 

substantiate this assumption a statistical test was made to 

determine whether or not the traps had the same catch•ability. 

Nets 1 and 2 have the sane size wire rresh but each ras a 

different length. The funnel dept~ was the same until it 

was changed on June 25th and tr.e net reset on June 28. NEts 

2 and 3, although of the same dimensions, are constructed 

respectively of one inch chicken wire resh and one ri.alf it ch 

mesh hardware cloth. 

TABLE 4 

CATCH PER HET PER 100 H0UP.S 

Nets No. 1 No. 2 No. 3 

March 2.8 5.0 ,5.2 

April 2.6 6.9 11.6 

May o.8 21.3 13.8 

'rhrough June 25 1.2 18.2 9.1 -
Totals 7.4 51.4 39. 7 

'I'he statistical test wa.s the variance ratio, UF11 , as 

shovm by Snedecor (1950). If the 11 F" test showed signifi• 

cant differences, there was a difference in the catch per 

net hour. Tr.ie value of the variance was calculated for nets 

1, 2, and 3 from March trrough June 25 ( Table four). The 

value revealed a significant difference in catch for the 

18 



three nets, at t he five per cent level. That is, up to June 

25, net 2 was t he most effective trap net. 

Nets 

1 

4 

5 

6 

TABLE 5 

COHPARISON OF CATCH FROH JULY 28 
. TF.ROUGH AU QJ ST 20 

Hours Fished Fish per 100 Net Hours 

600 18.2 

600 14. 2 

600 ll.O 

600 ll.2 

From July 28 tli.rougb August 20 (Table 5), a comparable 

number of hours wer·e fished. The data from Table 5 s howed 

that, net No. l seened to bave a substantially increased catch 

over previous months. 1'he catch was also greater than in 

nets 4, 5, and 6. This increase is thought to be due to the 

new funnel depth of J8 inches, as compared to 20 inches 

previously. 

Nets 1, 2, and 3 seem to show a decliniJ1g catch per 

unit of tine set toward summer which mi eht be accounted for 

by the increased water temperature. Perhaps tbe increased 

yield of net No. 1 can be explained in that it may be an 

increase due only to net construct,ion and comparison witb 

prev:j.ous months. 
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TABLE 6 

COMPARISON OF THE MON'f .HLY TRAP NET CATCH 
IN FORD LAKE IN 195 2 

Tot al Hrs. Tot al No. Catch per 100 Size Range 
Month Fished Fish Net Hr8• (Inches) 

N'et No. 1 • 
Feb, 96 14 14,5 4.J-6.o 

Har. 672 19 2. 8 4.3-8.2 

April 768 20 2.6 4.4 ... 7.0 

May 624 ,-J o.8 4 .. 2-4. 7 ;i 

June 504 6 1.2 4.2-4.5 

July 720 71 9.9 4.2-8.4 

Aug. 552 102 18.4 4.1-6.4 
3936 237 -;:o 4.1-8:J; 

Net No. 2 
Mar . 672 34 s.o 4.5-7.7 

April 766 53 6.9 4-.5-8.1 

May 624 133 21.J 4-2-8.4 

Ji:me 720 131 18.2. -
July 672 0 o.o --
Aug. 96 l 1.0 5.0 

~ 352 9.9 4.2-8.4 
Net No. 3 

March 672 35 5.2 4.1-6.7 

April 768 89 11.6 J.5-6.l 

May 600 83 13.8 J.4-6.1 

June 720 l.i6 6.4 3. 3-5. 9 

July 720 3 0.4 4.1-s. a 
August 96 0 o.o 

~ 2W 7.2 2.6-6.7 



TABLE 7 

A 00 MPARISON OF nrn; CATCH OF NETS 
WITH THE SAME CONSTRUCTION 

21 

Total Hours Total No._, Catch per 100 Size Range 
Nets Fished Fish Net Hours (Inches) 

4 696 128 18.4 4.2-8.9 

5 696 106 15.2 4-4-6.8 

6 696 100 14.4 4. 2-6.6 

7 192 52 27.1 4.1-6.4 

8 __1§. 13 13. 5 4.3-6.7 

2376 399 16.8 

As water temperature increases during the spring, the 

fish become more active and more food is required to main­

tain bodily demands. Morgan (19.51) fourrl tba t extreme rises 

in temperature may also cause bluegills to stop eating. 

He al.so found the test net catch was a good record of when 

tr,e fish were biting. In Buckeye Lake, Ohio, tre average 

number caught increased rapidly from March to May when the 

temperature rose to 70 degrees Fahrenheit but declined 

sharply from June to August when the temperature rose as 

high as 80 degrees Fahrenheit. 

This assumption does not always seem to bold true as 

Belding (1928) stated that trout decreased their activity 

as t he water temp erature rose into the seventies whereas 

the bullheads did not s-eem to mind t he increase. 
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TABLE 8 

TOTAL CATCH, SI ZE RANGE FGiL EACH TR.AP NET 

' Catch per Siz e 
Total Hours Total No. 100 Net Range 

Nets Fished Fish Hours (Inches) 

1 3936 237 6.0 4.1-8.4 

2 3552 352 9.9 4.2-8.4 

3 3576 256 7.2 2.6-6.7 

4 696 128 18.4 4.2-8.9 

5 696 106 15.2 4-4-6.8 

6 696 100 14.4 4.2-6.6 

7 192 52 27.1 4.1-6.4 

8 96 13 13. 5 4.3-6.7 

13, 440 1,244 9.3 2.6-8.9 

Table 6 and Table 8 s how tha t net No. 3 had t be snBllest 

size range of all t he nets. This is believed to be due to 

t he one half inch mesh t>.ardware cloth construction. 



SCALE !£TROD 

Scales are a protective exoskeleton fourrl on fish which 
l' 

until recently were not studied extensively~ Ctenoid seal es, 

found usually in the higher teleosts, sucb as the bluegiJ.l, 

and perch, are similar to cycloid scales, but the part which 

extends out from neighboring scales bas small spines. 

Creaser (1926) found that tested scale data might be 

used effectively in the study of the life history of fishes. 

Three types of marks have been described in the fixation of 

the pattern on scales, those of the cessation of scale growth, 

those of variation in the rate of scale growth, and those of 

regeneration .. 

Van Oosten (1928) reported t .bat it was possible to deter­

mine by scale analysi~ the approx:ima.te length attained by the 

.fish at the end of each year of it;s life~ and its rate of 

growth for each year of life. 

'l'he age of bluegills in this study was obtained by 

count:tng the annuli " which appear to be visible rrarks pro­

duced at about the time growth was resumed following semi­

dormancy. The use of the scale method is based on the assuIP.p­

tion that tbe scale length increases directly proportional to 

the length of the fish. In order to check this for Ford Lake 

bluegills, the data were grouped in ten millimeter intervals 

(Table 15) and plotted as seen in Figm·e 1. 
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Figure l 'rhe scale length.-fish length relationships 

of the bluegills colle,cted in 1952 .. 
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Sex Differences of F'ord Lake Bluegills 

.A comparison of the sex ratio of bluegills in Ford Lake 

(Table 9) showed that there were 107 females for every 100 

males. 

Beckmm (1949) :in a study of 8,J.59 bluegills, had a ratio 

of 120 females for every 100 males. 

Hansen (1951) in a study of tre white crappie, (Po:m.bx:is 

annularis, H.af:inesque), found 105 females for every 100 males ~ 

Annulus 

2 

3 

4 

5 

TOTALS 

TABLE 9 

SEX RATIOS OF BLUEGILLS IN FORD LAKE DJ 1952 

Number Number ., of Number of Females 
of Males Fe:mles per 100 Males 

19 23 121 

77 126 164 

60 a) 33 

-1.. 1 33 -
159 170 107 

In the li,ord Lake samples most of the young bluegills 

were females ( ·rable 10), and most of the older oms were 

males. The sex ratio vras equal, apparently, between the 

third and fourth year of life. The unbalanced oo x ratio may 

have been due to the selectivity of the trap nets for a par­

ticular year class, or variation in the natural mortality for 

each sex. 

26 
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Fig:ur.e . 2 The average calculated growth increments at each annulus 

for each year class collected during 1952. 
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Year 
Class 

1947 

1948 

1949 

1950 

TAfil,E 10 

AVERAGE CALO.JLATED TOTAL LENGTHS (MillIMETERS) 
OF rt.A.LE AND rn1IALE BLUEGILLS 

·~ · 

Annulus 
Sex 1 2 3 4 

Male Total length J8.l 88.7 124.0 148.2 

i~umber 
examined 29 29 29 29 

Female Total length 38.4 88.9 126.6 144.7 

Number 
examined 7 7 7 7 

Male Total length u.4 92.4 128.5 151.2 

Number 
examined 89 89 89 34 

Female Total length 42.4 94.1 133 .. 4 161.2 

Number 
examined 70 70 70 14 

Male Total length 42.3 91.2 127.3 

Number 
examined 40 40 22 

Fen-.aile Total length 42.7 87.0 116.6 

Nmr.ber 
examined 90 90 70 

Nale Total length 53.0 120.0 

Number 
examined 1 1 

Female Total length /.i.6.0 89.J 

Nmr.ber 
examined 3 3 

29 

5 

158.7 

3 

2n.o 

! l 
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Figl:It'e 3 The average calculated length at each 

annulus for each year class. 
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Becknan (1949) found t bat i n Michigan waters there was a 

general trend toward a decreased psrcentage of .rn&le blue gills 

with increase in age. Hubbs and Cooper (1935) found. that 

32 

data on the sex rati.o in the r.reen 8'1.:nfish (Apomotis cyannellus), 

show an increasJng perr.?entage of males am::mg tte older flsh., 

thus constrasting with the condition found in the long-eared 

sunfish (Xenotis megalotis peltastes), 

A comparison of t he grm.i-th rates of females and Ir.ales 

w.9.s of particular interest. The total lengths of each sex., 

with in each year class or brood, were calculated for each 

annulus. The 194? brood, t he oldest in the sample, shows 

tba. t the ferr.ale was larger at each annulus except the fourth. 

Morgan (1951), corrbining year classes, fou..~d that the 

average length of the female bluegill was consistently larger 

than t he male. 

The few.ales from the 1948 year class were larger at each 

annulus, whereas the males from t:b,e 19h9 and 1950 vear class . . 
sl1011.red a more rapid growth than the f emales during 1951 and 

1952. 

Growth Increments 

Table 11 and Figure 2 were obtained by determining the 

length of the fish at each annulus and subtracting the 

previous calculated length fran it. For example, if the 

ealcu.lated lengt,hs at each annulus were 35, 80, and 100 
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Figure 4 'J:ihe average calculated lengths for each 

year class a'i; . each annulus. 
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millimeters, tren the fish 6,rew 35 millimeters to the first 

annulus, 45 millimeters to the second, etc. 

TABLE 11 

AVERAGE GROW'IH INCRE}ENTS (MILL+,?1ETERS) .FOR THE 
DIFf ERENT YE.IL>\ CLASSES OF SLUEGILLS 

An."lulUS 
Year Clas/3 1 2 3 4 

35 

5 

1947 Growth 38.3 50.0 35.6 23.1 19.0 

No. of fish 39 39 39 39 

1948 Growth 41.8 50.3 37.1 23.6 

No. of fish 187 186 186 56 

1949 Growth 42.6 4l.o 27.9 

No. of fish 400 400 327 

1950 Growth 46.2 47.4 

No. of fish 6 5 

Table 11 shows tr.at the 1947, 1948, and 1950 year class 

reached their maximum growth durmg the second yea:r of l ife, 

thereafter the decline is rapid. Unfortunately t here were 

4 

no fish in the samples from the 1946 year class. However, 

the g1•owth of the 1947 year class closely approximates the 

grotrlh of bluegills from Batteese Lake, Michigan, following 

winterkill (Beckoon, 1950). Durmg the winter of 1944 and 

1945, a severe winterkill reduced the population of bluegills 

in Batteese Lake, subsequently, the grow-th of the fish 



increased sharply i:rnroodiately following the -wi.nterkill and 

then slowed down. 

Year 
Class -
1947 

1948 

1949 

1950 

TABLE 12 

AVERAGE CALCULATED L11NGTHS .(HIUIMETERS) OF 
BLUEGILLS FOR. 1'd\CH YEAR CLASS 

Annulus 
1 2 3 4 

A-verage 
length .38.3 88.4 123.9 146.9 

Nunber 
of fish 39 39 39 39 

Average 
length 4]..8 92.0 129.1 151.8 

Nunber 
of fish 186 186 186 

Average 
length 42.6 83.7 110.8 -

Nunber 
of fish 400 400 327 

.Pverage 
length 46.2 94.2 -

Nm:lber 
of fish 6 5 -

5 

171.8 

4 

-
-
-
-
--
-

Figure 2 shows that t.he 1947 year class grew less than 

the 1948 year class during the third year of life. Also it 

was noted that the 1949 year class, thougp having an initial 

years growtb larger than the preceding tw year classes, 

declined. much more rapidly. It, sbould be noted that the 19.50 

36 
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1.i'igure 5 .Average total lengths at tbe time of capture 

for each ye.ar class collected in 1952. 
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TABLE 13 

VAR IA TIOWS I N GROWTH RA TES WE 'l'O 'YtlE TI ME OF THE yr~ 

Month Year Class 

1941 1948 1949 1950 .. 
Jan. Average Total 

Length (mm.) 145.8 147,h 117.0 

No. of Fish 5 17 1 --
Feb. Average Total 

Length (mm. ) 147. 5 134.0 ll4.7 -
No. o.f Fish 2 3 10 -

Harch f . verage Total 
Length (mm. ) 160. 9 150.6 109.9 

No. of Fish 10 37 39 -
April Average Total 

Length (mm.) 164.J 155-4 126.) ~ 

N0. of .fish 3 34 15 --
May .t.verage Total 

Length (mm.) 164.0 157.6 136.2 69 

No. of Fish 7 24 22 1 

June Average Total 
Length (mm.) 172.0 156.5 124.4 

No. of fish 9 22 18 .... 
July Average Total 

Length (mm.) 180.3 156.4 124.5 114 

No. o f Fish 3 33 145 1 

- Aug . Average Total 
Length (mm.) ~- 1,50.4 121.4 121.3 

No. of F'ish ... 16 l.;b 4 

TO'f'ALS Average Total 
Length (mm.) 163.2 153.5 122.3 lll.3 

No. of Fish 39 186 400 6 



year class, whose growth increments were approximately the 

same at each annulus, were al)ove tbe state average for age 

group II at t,i!re of capture. 

Calculated Growth Rates 

Figure 3 shows that the average growth of tha 1948 year 

class to the first annulus was greater than the 1947 year 

class. They maintained tbis inH,ial growth through tbe for• 

mation of the third annulus. The 1949 year class, though 

having an initial growth at the first al11lulus larger than th_e 

previous two, grew much less from the s econd to t he third 

annulus. The 1950 year class had a calculated growth rate 

slightly higher for the first t1o.u annuli.. This nay be due 

to ~~e type of food ~aten by the various year classes. 

Bennet,t, Thompson, and Parr (1940) stated that the older 

bluegills were less acti ve than the yearling fish in seeking 

the animal foods. 

In an effort to determin0 -whether the growth rates of 

the 1949 and 1950 year classes were declining, the average 

total lengths for August were plotted in Figure J. Spoor 

(1938) found that. suckers (Catostomus comrnersonnii) in 

Muskellunge Lake, Wisconsin completed 92 per cent of their 

growth by mid-July. Karvelis (195'2) found that the growth 

of the 1949 and 1950 year classes in Ford Lake would be less 

than the growth of the 1947 or 1948 year class at the third 

40 



and fourth annuli. It is believed t be 19.50 year cl.ass does 

not represent a true sample because o f the small numbers. 

Variation in Growth Rates 

Figure 5 a..'1d TabL3 13 s how the differences in monthly 
·J, 

average total lengths. From this table it is sh o.,m tha t th, .. "l 

average tot,al length of e ach yzar class increases as the 

summer progresses. The fish caught during Ja.1J.uary, February, 

and March were smaller than t hose caught in June, July, and 

August. 

Jan. 

Feb. 

March 

April 

Nay 

June 

July 

Through 

TABLE 14 

AVERAGE WEIGI"i'f OF' BLUEGILLS AT THE TIHE OF 
CitPTUfiE TN 1952 FCR EACH YFAR CLASS 

Number Weight 
1947 1948 1949 1950 1947 1948 

s 17 1 38.4 41 .1 

2 3 10 42.5 33.7 

10 37 39 64.6 so.9 

3 34 1.5 .,._ 62.3 56.7 

7 24 22 1 70. 4 59.9 

9 22 18 75.1 50.9 

3 33 145 1 104.3 56.2 

August 14 - 16 150 k 42.7 

.39 186 400 6 66.5 52.2 

(Grams) 
1949 

19. 0 

18.J 

16.2 

28.4 

41.4 

27. 5 

24.0 

23.8 

24..J 

1950 

-
-
-
--
4 

19.0 

2).8 -
19.7 
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Figure -q The average total weight for each year cla.ss 

collect,ed monthly in 19$2 • 
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Glass 
Interval 

(mm.) 

81-90 

91-100 

101 ... 110 

111-120 

121 .. 130 

131-140 

lJ.il...-150 

1,1-1:.So 

161,..170 

171-180 

181 ... 190 

191-200 

201--210 

211-220 

221-230 

TABLE; 1~; 

TEE RELATIONSHIP OF 'fOTAL LENGTH AND AVERAGE 
WEIGHT TO 'l'HE LENG'IH OF THE SCALES 45. 5X 

Numb3r Average Average Average 
of Length Length of \v'eight 

Fish (:mm.) Sclles (rmn.) (grams) 

3 82~3 50.7 6.7 

8 95.5 73.3 11.6 

27 107.1 79.1 15.a 

178 116.5 86.S 20.2 

149 12h.9 92.6 24.J 

1.11 135 99.9 31.3 

81 146.4 110.h 4L9 

68 155.6 JJ.6.2 51,7 

51 165 .. 7 127 .6 66.1 

9 173.1 127 .1 74.2 

2 182.5 139.0 96.0 

8 l9l.~.J 148.8 89.9 

2 206.0 162.$ 137.5 

5 215.0 163.6 176.0 

l 226.0 167.0 19$ •. 0 

The average weight of the bluegills showed a oorre­

spondinJ increase in length with several exceptions. The 

1947, 1948, and 1949 year classes showed a dee1·ease in average 

weight during June (Table 14). T.his decrease may have been 
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Figure 7 Length•weight relationships of the Ford Lake 

blueeills collected dur:lng 19 52 .. 
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due to spawni~ activities since Karvelis (1952) reports that 

tbe peak of t,he bluegill spawning had passed as of June 18, 

in Ford Lake. 

Statistical Test for Population Difference; 

An e ff art was rm.de to determine whether there was a 

difference between the average total 'lengtbs of the 1948 and 

the 1949 year classes during June. The "T" test as given by 

Snedecor (19.50) was 6. 46 with 38 degrees of freedom. This is 

statistically significant at the one per cent level. In June 

the standard deviation for the 1948 year class was 11.6 milli­

meters and 19.J millimeters for the 1949 year class. A 

similar test was used for the March catch which was also 

significant a ·t the one per cent level. 

The 1949 population had an average deviation in June from 

105.1 to 143,7 millimeters, whereas tbe average deviation for 

the 1948 year class varied from 144.9 to 168 .1 millirreters. 

'I'he 11 T11 test was used to determire. whether the 1948 and 

1949 year classes were essentially diff erent populations. In 

June, for example, a bluegill approximately 124 millimeters in 

length probably ,belonged to t},..e 1949 year class. 

Condition and Length•weight Relationships 

Table 15 shows tba t over 50 per cent of the fish caught 

47 
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Figure 8 Variation in the "K" factor due to the time 

of the year for eadl year class. 
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were from 111 to 130 millimeters in length and these weighed 

about 22,.J grams. It should also be noted that two-thirds 

of the sample were from the 1949 year class. 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

TABLE 16 

VARIATION IN 11 K11 FACTOR IDE TO THE TIME OF 
THE F...AR FDR EACH YEAR CLASS 

Year Class 
1947 1948 1949 

1.25 l.30 1.19 

1.48 1.40 1.22 

1.54 1.48 1.23 

1.40 1.49 1.44 

1.59 1.so 1.67 

1.48 1.31· 1.w.i. 

1.78 1.46 1.25 

-- 1.26 1.32 

TOTAL AVERAGE 1.50 1.40 1.34 

1950 

---
--
--
-

1.21 

--
1.28 

1.J2 

1.27 

Weight in fishes may be considered a function of the 

length. The values of "K" bave been used to express this 

relative well-being of the fishes. As fish grow older they 

tend to gain proportionately more in weight than in length. 

Abrupt changes occur in th:i condition of a fish at spawning. 

Preceding spawning there is a rise in the 11K11 factor due to 
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Fi~e 9 Average ttK" .factor· for each average cla.ss 

interval in length collected during 1952. 
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enlarging gonads. Following spawning there is a rapid 

decrease in the "K" factor due to loss of weight. It has 

also been noted that the "K" values increase with age because 

the older fish tend to gain in weight faster than length (Hile, 

1936). 

TABLE 17 

AVERAGE "K" FACTOR FOR EACH CLASS INTERVAL 
JN LENGTrl COLLECTED IN 1952 

Clas~ Interval (mm.) Average nKu Fact~ Number 

81 ... 90 1.21 3 

91-100 1.34 8 

101-110 1.26 27 

111-120 1.30 178 

121 ... 130 1.24 149 

131-140 1.27 41 

141-150 1.37 81 

151--160 1.35 68 

161-170 1.45 51 
171 ... 180 1.45 9 

181-190 1.61 2 

191 ... 200 1.23 8 

201-210 1.58 2 

211•220 1.77 5 

221-230 1.69 1 

of Fish 



Table 16 shous tr.at the ttKn factor is greater for too 

oloor age groups although the value .for each year class is 

less than trn Michigan average. Each year class, except 19.SO, 

showed a decline in condition during June, probably due to 

spawning activities. The 1949 year class ~ontinued to decline 

in condition in July, possibly reaning that spawning took 

54 

place in July. Bluegills of the 1949 year class averaged 4. 9 

inches in length during June and July. The feimles outnumbered 

too males 2 1/2 :1 in the collections of this period. It is 

believed t:b.at the 1948 year class increased in condition in 

July because of an increase in weight, whereas the average 

length did not increase. 

Table 17 shows t,hat the average 11K11 factor for over 

fifty per cent of the bluegills was approximately 1.28. 

Figure 9 shows a drop in the 11 K11 factor for those fish in the 

191-200 millirreter group. Al though the sample was taken 

throughout the collection period, seven out of the eight fislh 

in this group were females. It is believed that this sample 

was not representative of the group. 

Tine of Annulus Formation 

.An effort was nade to determine the relationship of the 

length and the weight to the time of annulus formation. Table 

18 shows tmt there was not mu1Jh difference in the average 

weight at each collection date. In most cases, however, it, 
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Figure 10 The percentage of bluegills having the annulus . y 
formed by the collection date in 1951 and 1952. 

V . -· 
Adapted from Karveli:s (195-2} 
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was the longer fish, dur:lng each collection p:iriod, that had 

formed the annulus. TE?ble 19 shows that for three collection 

periods out of four; the average weight of the bluegills 

having the annulus formed was larger than those not having 

the 1952 annulus formed. 

TABLE 18 

THE RELATIONSHIP OF LENGTH AND WEIGh'T TO THE TIME OF THE 
1952 AftruLUS FORHA.TION FOR THE 1948 YEAR CLASS 

Average Average Per Cent No. 

57 

Weight ( fQ:amS) Length (rmn. ) with Fish 
Collection Without With Without With Annulus Exam--

Date JmnuJ.us AnmUus Annulus Annulus Formed ined 

11/23-4/21 56.0 62.2 15J.o 160 .. 7 20.7 

5/1-5/16 49.6 94.8 148.8 183.3 35.0 

5/17-6/1 54.5 5).0 154.5 155.0 ll.l 

6/2-6/17 56.0 53.5 l5bO 151.5 5o.o 

6/18-7/2 49.5 5)..8 1.56. 6 160.3 22.2 

7/J•7/18 42.5 41.0 145.5 150.0 66.7 

7/19-8/2 35.6 63.5 14$'.2 159.5 72.7 

8/J-8/14 44.3 -- 153.3 100 

A comparison of Table 18 and Table 19 shows that the 

majority of the 1949 year class forn:ed the annulus sooner 

th.an the 19L.8 year class. Thts is believed to be due to the 

increased growth of you.~ger age groups. 

29 

14 

9 

4 

18 

6 
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10 



Fige.re ll The average mont.hly air temperature 

(Fahrenheit) recorded at the Vanderbilt . 

Trout Research Station. 
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TABLE 19 

THE RELATIONSHIP OF LENGTH AND WEIG!IT TO THE TIME OF THE 
1952 ANNULUS FORMA'ITON FQl THE 1949 YEAR CLASS 

60 

Average Average Per Cent No. 
Weight ~grams) Leng'th (mm.l with Fish 

Collection Without With Wi;thout With Annulus Exam• 
Date Annulus Annulus Annulus Annulus Formed ined 

4/2►4/JO 26.5 126.4 - o.o 11 

5/1-.5/16 82. 8 56.7 162.3 153-4 42.9 7 

.r:i/17--6/1 18.7 37 .o • u5.o 13.5.1 53.3 15 

6/2-6/17 , o.o 1.55.0 100 1 

6/18-7/2 18.0 27.3 no.o 124.3 88.8 17 

7/3•7/18 17.0 25.1 1}_4.0 123.0 95.0 20 

7/19-8/2 23.9 -- 123.3 100 180 

8/3•8/14 - 23.9 -- 122.4 100 95 

Figure 10 compares the time of annulus formation for all 

fish collected in 1951 and 1952. Table 20 shows that approxi• 

mately 50% of the fish collected in 1952 had formed the 

annulus before June 23. Karvelis (1952), working on Ford 

Lake in 19.51, found that 52.4 per cent of the fish had formed 

the annulus by June 4, 1951. It should also be noted (Figure 

10) thlt the average monthly air temperature in the vicinity 

of Ford Lake in May, 1951, was 5.3 degrees above tbat in 

May, 1952. This early increase in temperature for 1951 may 

partly account for the rapid increase in annulus formation 

in early June. Tbe average monthly air temperature during 



TABLE 20 

PERCI!llTAGE OP' BLUEGILLS HAVING FOU1ED Tn:B ANNULUS 
BY EACH COL;LlECTlON DA.TE Ill 1952 

Peroen tage P.a ving 
Date Nurrber Ex-a.milled Annulua Formed 

4/23 38 1,5.8 

4/27 4 2,.0 

5/2 3 o.o 

5/4 16 31.3 

5/9 10 40.0 

5/22 19 47.4 

5/25 6 33-J 

6/4 5 40.0 

6/1.9 28 32.1 

6/23 16 81.3 

7/12 9 88.9 

7/JJ+ 16 87.5 

7/21 2 . 1-00 

7/26 1S5 98.1 

Jone was higher in 19 52, which may possibly account for the 

rapid increase in annulus formation from June 19 to June 2.3. 

The average air temperature was computed for the period 

preceding eaoh collection date in 1951 and 1952. The only 

similarity between 1952 a.I1d 1951 was a period of average air 

temperature of 5 5 degrees F'abrenhei t for a period of 
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approx;tmately J..2 days preceding the June 4, 1952 collection 

period. By this ti1r.e 40 per cent of the bluegills had 

farme d an annulus. For ten days preceding the May 19,; 19.51 

collection, ·the average air temperature was also 55 degrees 

Fahrenheit and 41.6 per cent of the blmgills had formed an 

annulus. • 

TABLE 21 

AVERAGE MONTHLY AIR TEMPWTURE (FAHRENHEIT) AT THE 
VANDERBILT TROUT RESEARCH STATION 

Year Month 
AE!:il Mal June Julz August 

1951 42.0 56.3 60.6 6,5.2 61.8 

1952 43.4 51.,0 63.5 68.6 63.8 

' 
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DISCUSSION 

Ford Lake was one of the lakes that became part of a 

fish managenent plan to expand trout production in Michigan. 

This planning began in 1931 and extends through the present. 

In twenty years Ford Lake has been stocked with brook, 
r-

brown., and rainbow trout, and Montana grayling. 'l'he lake 

has been poisomd three ti.mes, the last in August, 1952. 

This poisoning offered an opportunity to compare the standing 

crop with that found following previous poisonings. 

Lata on the trap nets used in Ford Lake were suitable 

for an analysis of variance test to determine whetrer small 

differences in construction would alter the catch. The test 

indicated tb at the funnel depth influenced the number of 

bluegills caught. 

Karvel1-s (1952) found :insects to be the predominant 

food of the brook trout :m Ford Lake. He also found t tat 

ove1' half the food. of the larger bluegills was insects. 

This competition for the food utilized by trout was evident 

by the reJ.a·tively few numbers and low weight of brook trout 

during poisoning. .At least 29,000 fingerling brook trout 

had been planted in Ford Lake since 1947 but only 621 were 

re:covered following poisoninf! in 1952. In 1949, 19.50, and 

1951., a t.otal of 197 brook trout were caught by anglers. 

This relattvely low return seems to indicate that brook trout 

cannot survive in competition with the bluegill. 
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Although a few small bluegills were found in trout 

stomachs, tbe bluegills were not limited in population by 

predation. Essentially t; re main species in Ford Lake was 

the bluegill, limited in growth and population by food and 

natural mortality. It was found tlnt the average bluegill 
• 

from tl:-e 1948 brood reached the l egal lengtb of 6 inches 

in four years . The bluegills from tbe 1947 and 1949 year 

classes averaged respectively, 6 .l1. and L~. 8 inches in 1952. 

It was found that t he bluegills grew faster during the 

first year or tvX> of li.,fe, but the growth rate declined 

rapidly in later years. 

The biological pittern of Ford Lake indicates several 

possibilities or combination o.f possibilities. Sexually 

mature or near mature bluegills survived the 1946 poisoning 

and spawned in 1947 or later years . This would prooably 

mean a very 1arge population survival of bluegills from the 

1947 year class. It is also possible tba t sorr.e "young of the 

year" fish survived the poisoning and spawned in 1949, which 

ni.ay have resulted in the very large sample of the l949 year 

class. !!organ (199.) proposed that. the date of spawning, 

whether it was the third or {oorth Stl1ID1ler, depended on the 

1'.atohing date being early or J.Rte in the summer. 

The average total lengths of age groups 3, 4, and 5 

frnre below the Miel:iigan average total length at time o.f 

capt ure. The average weight of the bluegills recovered from 



poisoning in 19.52 was lit,tle more than o.J of an .owice larger 

than those recovered in 1946. It is believed, therefore; that 

the period of time from the la~t poisoning was adequate to 

produce stunting tendene:i.es in an almost pure bluegill 

population. 
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SUMHlffiY 

1. The lmown recmr<~ry rate at time of poisoning of bluegills 

marlr..ed before poisonine was slightly less trum 75 per cent. 

2. Bluegills constituted 80 per cent of the total weight and 

95 per cent of tbe number of fiSJh recovered. 

3. The average wei ght of the brook trout was slightly more 

than half an ounce. 

L.. The funnel deptb of a trap net influenced the yield of 

bluegills. 

5. The wire resh on trap nets apparently was a selective 

factor in the size of catch. 

6. The sex ratio revealed that the majority of the younger 

bluegills WBre females while t,he older ones were pre­

dominantly males. 

7. The average calculated total length of the 1948 year 

class showed that the £err.ale was larger than the male at 

each annulus fori:ration. 

8. The growth rates of the 1949 and 19,!:b year classes were 

declining followi.ng .formation of the first annulus. 

9. Over 50 per cent of the bluegills caught were from 111 

to 130 millimeters in length. 

10. During each collection period it was the larger a'l'l.d 

heavier bluegill that had farmed the 1952 annulus. 

11. The 1949 year class formed tre 19 52 annulus earlier 

than the 1948 year class. 
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