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INTRODUCTION 

The ahallowwater clsco, Coregonus artedi ( Lesueur) is found 

in many lakes of the Great Lakes region and the upper Nlississippi River 

system and northward through the southern drainages of Hudson Bay 

(Hubbs and Lagler, 1958). This flsh formerly was quite common in the 

Great Lakes themselves, and also is found in many deeper inland lakes 

where conditions are suitable for its survival. In the Great Lakes, 

where it is called the "lake herring. >l the vertical distribution of the 

cisco is somewhat intermediate to that of the warmwater fish and the 

deep water members of the whitefish family. However, in inland lakes 

it is a deepwater fish and inhabits the deepest and coldest water 

available, at least during tfrnes of the year when lim.nological conditions 

are favorable. The ctsco is a pela6ti.c spawner. In late autur.un the 

adults luove out of the deeper water and onto shallow shoal areas 

where, apparently mostly at night, the eggs are broadcast over the 

bottom. The eggs hatch the next spring and the larvae begin to feed on 

plankton, which they will do for the rest of their lives. The species is 

relatively short-lived and individuals normally survive about 5 or 6 

years. 

1\ilorphologically, Coregonus artedi is a very plastic species, 

as are many members of the whitefish f am Uy. I\.lerlstic characters 

and body proportions vary greatly for the species fron:1 lake to 1a:.:.e 
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and even from year to year within the same body of water. Variation 

la so great and widespread that a large nur.nber of populations, 24 to 

be exact, were recognized as distinct subspecies by Dr. Walter Koel:t., 

who did much of the early taxonomic work with the coregonids in the 

Great Lakes region (Koe.lz, 1929, 1931). Later, Hile (1937) found that 

the differences upon which the sL1bspecific separations were based were 

too narrow, in view of the wide natural variation, and concluded that 

larger sample a of ciscoes ~vould have to be studied before the numerous 

subspecies could be justified. The present study does not include 

taxonomy of the clsco because sufficient m aterial was not available. 

It is felt that the inclusion of this population in the typical inland deep­

bodied form is acceptable for the purposes or this study. 

Many authors have studied the sometimes violent Huctuations 

which the cisco populations of the Great Lakes have shown throughout 

the history of the fisheries there (Scott. 1951; Pritchard. 1931; Smith. 

195t', ; Van Oosten, 19~~0). Others menUon similar, though apparently 

iess violent, changes of cisco populations in iniand lakes (Carlander, 

1943; Hile, 19:36). This study of a.11 inland cisco population deals with 

such fluctuations over a period of 25 years, with a few minor gaps 

during this Ume. The study suffers son1ewhat because the quality and 

quantity of data varies considerably over this extended period. 

Nevertheless, the study is justified simply because it apparently is the 

first investigation of the cisco which contains son1e population, growth, 

and life history data throughout the entire period of population chant e. 



FEJITURES OF BIRCH L,~-KE 

Birch Lake, Casa County. Michigan. is located in the south­

eastern corner of the state, only 8 m.Ues from the Indiana border. It 

is spring-fed, has an area of 295 acres wlth a maximum. depth of about 

95 feet, and has nn outlet into the St. Joseph River drainage. The 

surrounding country is roHtng. -.vooded upland. Mu.ch of the lake is 

over SO feet deep. so lt contains a large volume of cold, oxygenated 

\'>1ater suitable for the survival of the cisco, even during sur.nnier 

stratification (Fig. 1). Hooper (1956) characterizes this type of lake 

by an abrupt slope at the drop-oft between S and 20 feet, the small 

volume of the epilimnion in comparison with the hypolimnion, littoral 

soi.l.s of marl, a sma.:l percentage of the bottom supporting submerged, 

rooted aquatic plants, and water with high methyl ora.11ge alkalinity. 

conductivity, and calciu.m content. The limited shallow areas e -.pport 

populations of warn.-.wat.er fish such as y·e!low perch. largemouth and 

smallmouth black bass, suckers. bullheads, gar, bluegills; and other 

panfish. Due to its geographic location, natural beauty, and unusual 

depth, Birch Lake has lonJ been an important lake for public 

recreation in Niichigan. 

;_:; 
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Figure 1. --Map of Birch Lake, Casa 

County, Michigan. 
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HL<;TORY OF I<"'ISHERY 

Even though Birch Lake ts a two-story lake, the warm water 

fish production has al ways been low and coMwater species have 

doni inated the locaJ. fishery. For many years the lake has been one 

of a number throughout southern Michigan open to a sport fishery Lrl 

which giH nets may be used to take ciscoes during their fall spawning 

migration onto the shaHow shoal areas. Presently the law sets the 

season from November 15 to December 10, inclusive. GUl nets must 

be no more than 165 feet in length, and shall have a mesh size of not 

less than 2 inches or more than 4 inches extension measure. Each 

fisherman is lin1.lted to one net and may fish it only bet..veen sunset 

and sunrise. The laws in the past have varied slightly as to the open 

season and time of set, but have ren:1ained essentially the sru:ne since 

the beginning o t the netting. The cisco hes very fat flesh and therefore 

ls not considered as good a food fish as the lake whitefish, CoregonLtS 

clupeaformis. However. the clsco is excellent smoked and the local 

people in the Caes County area extensively fish many oi the 16 lakes 

open to the gilt-net s 1., ort fishery. 

Due to its morphometry, Birch Lake has been thought to be 

a first-class trout lake. Records show that as early as 1907 lake 

trout were stocked in the lake. In 1938 an extensive program of rain­

bow trout stocking was initiated, and that fall there were reports that 

the cisco netters were taKing large numbers of rainbow trout in their 

6 
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gill nets. This led to an investigation the following year by the Institute 

for Fisheries Research of the Michigan Department of Conservation 

which disclosed that some rainbow trout were being taken ( Bowditch1). 

More significantly, it began a series of collections of data on the spawning 

population of the cisco whlch has contim1ed, at least intermittently, to 

the present time. t •,n estimated 20, 750 ciscoes were taKen during the 

17 -day netting season of 1939. 

Birch Lake was closed in 1940 to gill netting of ciscoes until 

further research was completed to determine the harn1 done to any other 

garne fish, especially trout, by t11e netting. Nothing was done for the 

next 3 years and the lake remained closed. Then, in 1943 an extensive 

experimental netting project was carried out (\\7 ashburn2). This and 

other studies of the Birch Lake cisco will be ref erred to ie.ter. so it 

ls not necessary to Sl.immartze the findings now. f'.s a .result of this 

study it was recom.mended that the !ake be re-opened to the t~ing of 

ciscoes under special regu.lations. P maximum harvest limit of 20, 000 

ciscoes, the approximate number netted in 1939, was placed on the lake. 

Fishing houre were restricted to between 5:00 PM and 11:00 P I\!l and 

netting was allowed only within depths of 8 to 25 feet, because it was 

1 

2 

Bowditch, Harold. 1939. Cisco netting on Birch Lake, Cass County 
during the season of 19~9. Michigan Department of Conservation, 
Institute for Fisheries Research, Rept. No. 570, :J p. l T ypewritten] 

Washburn, George N. 1944. Expedn1ental gill netting in Birch 
Lake, Cass County, Michigan. Michigan Department of Conservation, 
Institute for Fisheries Research, Rept. No. 9M:, :i3 p. l Type writtenj 
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found that during these hours and at these depths the least number of 

other species were taken. The lake has continued to be open to cisco 

netting to the present time. 

The total catch of ciscoes through 1950 is given in Table 1. 

It can be seen that a tremendous decline in the catch occurred. Table 2 

shows that the fishing pressure exhibited a similar trend. Every 

fisherman was req ,.dred to obtain a permit each night before setting his 

net. It appears that a large percentage of the fishermen continued to 

net the lake some, but with the reduction in the population simply did 

not fish as many nights. However, this was not the case, at least not 

until the fall of 1950. It can be seen from Table 2 that the average 

number of nights fished per fisherman did not drop significantly through 

1949. So the number of fishermen actually did decline at about the same 

rate as the catch. Table 3, which gives the individual fishermen's 

catch or ciscoes shows, however, that the drop in catch was due to a 

decline in population rather than to a reduction in fishing pressure. A 

progressive decline in the number of fishermen taking large nun,bers 

of ciscoes is evident. 

·why were the fishermen -~villing to quickly abandon the lake? 

Instead of a large nu1nber decreasing their effort on the lake, most 

discontinued fishing Birch Lake completely. while some remained 

and continued fishing at the same intensity. The reason is that there 

are 15 other lakes open to cisco netting in Cass County a lone, and in 

the years following an apparent decline of the cisco population the 



Table 1. - -Catch of ctacoea in Birch Lake 

by years 

a 

Year 

1939 

1943 

19'64 

1945 

1946 

1947 

1948 

1949 

1950 

Number of 
ciscoes 

20,760 

2, tosa 
18, 137 

11,361 

3,600 

1,015 

417 

178 

37 

Based on experimental netting only. 
There waa no open season in 1943. 
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Table 2. --Fishing pressure of gill-net · fishermen in 

Birch Lake, 1939-1950 

Number Nunlber /\ verage nights 
Year of of fished per 

permits fishermen fisherman 

1939 766 

1944 582 105 5.5 

1945 743 126 5.9 

1946 651 121 5.4 

1947 263 68 3.9 

1948 280 57 4.9 

1949 172 33 5.2 

1950 43 20 2. 2 
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Table 3. --Frequency distribution of fisher- ,.H.'n hi term s of ann,1al 

catch of ciscoea, 1944-1950 

Nui-nber CorrespondinS number of fishermen 
caught 1944 1945 1946 1947 1948 1949 1950 

0 3 7 14 11 16 4 9 

1-50 32 51 80 49 41 28 11 

51-100 20 32 18 8 

101-150 13 16 7 

151-200 7 5 2 

201 -250 6 4 

251-300 5 6 

301-350 5 ·~ ..:, 

:151-400 5 

451-500 ,') l .,) 

501-550 2 2 

9al-1,000 1 

1,001-1.050 l 

1. 101--1, 150 l 

1,201-1,260 1 

Total 
fishermen 105 126 121 68 57 3 3 20 
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local fisherrnen quickly move to another lake where netting ie more 

productive. However, according to Washburn (see footnote 2. p. 7), 

Birch Lake was reported to be one of the best cisco producing ·,1aters 

ln the county, so apparently a few fishermen persisted and continued to 

intensively net the lake even when the population was low. 

Catch per hour per net data given in Table 4 show conclusively 

that there was a marked reduction in the cisco spawning runs. The 1939 

catch per hour data are only approximations. since total hours •.vcre not 

available because sets could be made from sunset to sunrise and could 

be pulled and reset. The 1943 catch per hour is probably low because it 

is based on research netting in which sets were made in various 

experimental ways, with all ei:l.es of mesh nets, at all times of day, and 

at all depths. The 1944 through 1950 figures reflect fishing ,vith the most 

productive size mesh on the most productive grounds during the .most 

productive time. So the latter 7 years show best the population decline. 

The fishery was so poor by 1950 that census records were discontinued 

perr...1anently, even though the population has since n.:.ade some'11hat of a 

comeback.. 
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Table 4. - -Catch data !or the gill-net fishery in Birch Lake, 

1939-1950 

Year Number Hours Number of Ciscoes per 
ol sets fished ciscoes hour per net 

1939 766 4,596a 20,750 4.5 8 

1943 87 638.6 21108 .,, O'"'b 
,) • I J 

1944 582 2, 8t>8 18. 137 6.28 

1945 743 3,593 11. 361 3.15 

1946 651 3, 356 :-.s. 600 1.07 

1947 263 1, 309 L 0 15 0.78 

1948 280 1. 740 41 '/ 0.24 

1949 172 929 178 i). 19 

1950 43 215 37 0.17 

a 
Based on 6 hours per set, the lawful set time beginning 
in 1944. 

b 
Not comparable, since it is based on experimental netting. 



COLLECTION OF D.fl,T f 

Except for the netting records for 1939 and 1943-1950, the 

bulk of the data used in this study is obtained frorn scale samples taken 

by employees of the Michigan Department of Conservation and Uir. Gerald 

Breece of Wtlllar..nsville, Michigan. Each scale envelope contains space 

for data on species, locality . date of collection, iength, .. veight, sex, 

state of sex organs, gear used and name of collector. Depending on the 

year and the collector, the amount of data tai~en and its degree of 

accuracy varies considerably. Of course, the species of fish and t he 

locality are present on alJ. envelopes, as is the length measurement. 

Total length, the distance from the tip of the s nout to the end of the 

compressed tail lobes, is used in this study. The date and wei ght 

measurement are present on all but a very few scale envelopes. In 

most cases there are enough f'ish in a sam ple so that these omissions 

are of 1:n inor ltnportance. Unfortunately. extensive data on the state 

of the sex organs was collected only during the years 1946-1950. /. ll 

ciscoes ta1<.en during the spa·wning season were caught in gi 11 nets, but 

no records were kept on the size mesh of the nets, thus not allowing a 

thorough study of gill-net selectivity for the Birch Lake ctsco. 

Table 5 shows the variation in accuracy of the length and 

weight measurelY.1.ents taken during this tim e. For the pu1poses of this 

study tota! lengths are given to the nearest tenth of an inch and weight 

to the nearest tenth of an ounce. Since most of the fish 'Nere weighed only 

14 
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Table 5. --Variation in precision in measurement or length and weight 

of Birch Lake ciscoes, 1937-1965 

Year 

1937 
1939 
1941 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

1950 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1966 

Nearest Nearest Nearest Nearest 
m.m o. 1 in. O. 25 ln O. 5 in. 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

Weight 
Nearest Nearest 

gram ounce 

X 

X 

X 
X 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
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to the neareat ounce, this means using a higher degree of accuracy 

than that of the original data. However, it is felt this ie necessary 

to make meaningful compariaona on table•. Statistical analyses are 

made on Individual irieaaurementa to avoid introducing this inconsistency 

into the computations. 



EXPMINft.TION OF SCALES 

Scale samples from the cisco and other soft-rayed fishes 

are typically taken from the left side of the . body in the area above 

the lateral line and below the origin of the dorsal fin. Unfortunately. 

ciecoes have quite deciduous scales and when the fish are gilled large 

numbers of scales are often lost. This is especially true in the smaller 

fish, which are not actaaHy gilled or caught with the mesh behind the 

opercies as they try to retreat, but rather force themselves through 

the net until they are finally trapped with the n1esh tight around the 

body, often near its mid-region. This rernoves many or alJ of the 

scales between the head and the entangled body area; thus, the 

desired scales are often absent. There! ore, the scale samples used 

in this study are not a11 from the same area of the body, a problem 

which will be discussed in a later section. 

The scaies ·were prepared for exam.ination in three ways. 

Permanent m.ounts of whole scales were made on glass slides in a 

glycerin-gelatin llllxture during the years 1939-1945. In 1944 impressions 

of some of the scales were made on cellulose acetate after softening of the 

plastic with acetone. Beginning in 1946 plastic impressions were made of 

scales from all of the fish sampled. In recent years these impressions 

were made with the use of a roller press such as that described by Smith 

(1954). It has been shown that this method doea not distort the scale 

17 
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proportions and is quite simple to use, since no heat or softeners are 

required (Smlth, 1954). The original sea.le saniples are large enough 

so that plastic impressions could be made o.f scales from aj l fish for 

all years and these were used in studying the scales whenever possible. 

However, it was found that the whole mounts were sornetin:.es easier to 

use. Thes e were secondarily utilh.ed .vith difficult-to-age scales froni 

1944 and 1945. The scales were studied with the aid of a microprojection 

machine such as that described by Moffett ( 1952), using a magnificatio11 

of 44. 3. 

Van Costen ( 1929) positively established the validity of the 

scale method for determining the age of this ~ecies in Lake Huron. 

Authors working with Inland populations of ciscoes have also recogni~ed 

the formation of a single age mark or annulus on the scale during the 

winter mo11ths when growth stops or slo,vs do ,vn considerably (Carlander, 

1945; Cooper, 1937 ; Fry. 1937; Hile, 1936). Since the fish in this 

study were captured in iate autumn before the beginning of a new 

calendar year, the age of the fish can be determined simply by countin f; 

the nu1nber of annuli. However, since the fry hatch in the spring, i.t 

should be remembered that these fish have actually completed one 

more growing season than their age indicates. For exan1ple, a fish 

of age group III has lived through four growing seasons. 

A probleni arises when accessory annuli or checks are for.med 

due to a temporary reduction in gro-.vth. Often one or· D:.lOre of these are 

present in a single year's growth field, and many of these checks are 
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almost as distinct as the true annuli. There seems to be two theories 

as to when and why these checks a..r'e laid down on cisco scales. ·Fry 

( 19~~7) found checks to be formed by •)nly age-groups O, I, II. and III 

because just the younger, fast-growing llsh resume growth in the fall 

after the formation of the false summer annulus. The older, slow­

growing fish do not resume growth, so the summer slowdown actually 

becomes a part of the tnue annulus. Hile (1936) found accessory 

annuli to occur regularly in the I, II, and Wage-group fish in 

Muskellunge Lake, Wisconsin. Since very few older fish were 

collected, it is not known whether they also form checks in their later 

years. Van Oosten (1929) found accessory annuli to be most cornm.on 

during years with large growth increments, when the sea.I.es show more 

clearly the summer growth retardation. In the cisco this is usually the 

first 2 years of life, although rapid growth may also occur in older fish 

under very favorable conditions, as will be discussed later in this thesis. 

However, Smith (195 1;) found checks to be present in the scales of nearly 

all fish after the second year of life. This indicates that gro-.vth resumes 

in the faH in all age groups of this pop .,lation, but that the older fish are 

more intolerant of unfavorable summer limnological conditions. Thus, 

they show a marked reduction in growth during this period .vhile the 

younger age groups do not. Obviously, a combination of the above two 

factors in a population can result in the presence of, or absence or. 

false annuli in all the yearly growth fields on a given scale. 
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The f ormatlon of accessory annuli on the scales of Birch Lake 

ciscoes does not appear to follow ar:y pattern, but varies greatl.:,1 °11ith 

the year. Fish captured during the slow-growth years of 1943-1945 

commonly show checks tn the first 2 years of growth. However, 

beginning \Vith the third year it ls difficult to determine if accessory 

annuli are present due to the very slow growth. \~.:hen the growth rate 

began to increase quite rapidly in 1946 the fish started to fon::n obvious 

checks in the later years, in addition to the earlier ones. This pattern 

agrees with that described by Fry ( 1937) and Van Oosten (1929). There 

are exceptions, however. Some scales fail to show any false annuli. 

This is especially obvious during the tremendous gro .. vth period Colle v ­

ing 1947 when the wide g!'owth fields clearly Jack checks. Throughout 

all the years it is very tmconimon to find accessory annuli in the later 

years growth vvt1en none were fonr!ed during the first two growing 

seasons. The f orm.atton of checks varies with the year, the age of the 

fish during that year, the growth rate of the fish, and even with lndivid'1a1s 

of the same age group which are gro·wing at approximately the same rate. 

Even as conditions ln a lake vary there is a differential exposure of 

shnilar fish to these conditions. This necessitated several age 

deter1ninations, in some cases as many as !our, of most of the scales 

before a high degi·ee or confidence in aging the scales was attained. 

Once the pattern of variability in the tormation of checks was under-

stood, however, the scales were reasonably easy to age. 



LENGTH A.ND AGE A.T CAPTURE 

Comparison of sexes and totals 

Table 6 gives the average length at each age of male and 

female ciscoes collected in 1939-1965. /'- one-way variance analysis 

at the 95% confidence level was run on the paired sex data !or each age 

group for each year. Of the 49 comparisons of male and lemale lengths 

only 2. the II age group in 1946 and the I age group in 1959, show a 

significant variance between the sexes. In both instances tlle fem ales 

were larger than the males. It is believed that a few such aampies 

are expected in view of the total amount of data, and it is concluded that 

there is no significant difference ln the lengths of m ale and fem ale fish 

at the time of capture. Hile (1936) found there was a significant 

difference in the growth rates of males and females in Clear Lake, 

Wisconsin, but not in the other three lakes he studied, while Van Oosten 

(1929), Carlander (1945), Cooper (1937), Stone (19:::-8), and Smith (195G) 

have found no such ditlerence. The length measurements used throughout 

the rest of this study will be for the sexes combined. 

'fable '1 is a sunnnary of the con:1bined l eng1h and age data. The 

years 1943-1962 are most cox:nparable since they ai'e aH represented by 

collections made during the same short fall spawning period. The 1937-

1941 BJ~d 1965 collections were made d 1ring the summer, so the 1eng1hs 

would be expected to be somewhat sn1aller in co1nparison. Confidence 

limits were determined for the m.ean length tor each age group for eacb 

21 



Table 6. --Coi:nparison of .l.ength at capture of m ale and fem ale ciscoes, 1939-1965 

[ Nui'.nber of fish in parenthesesj 

Year t 
/ ie 1roue and lenith in inches 
II III IV 

M ale F e m.ale fv! ale Fem ale :M ale Female Male Fei:nale 

19 39 - 8. 3( 1) 11. 0(5) 11. :3( 1) 11. 2(2) 11. 1(1) 
1943 - 12. 6(1) 11. 8( ~1) 12. 0(1) 12. 1(114) 12. 0( ::$ 3) 12.1(23) 12. 1(5) 
1944 - - 12. 0(13) 11. 8(20) 12. 2(1()9) 12. 2('76) 12. 4( 23) 12.5( 3 1) 
1945 - - 12.2(6) 12. 3( 35) 12. 5( B6) 12. 6(42'H 12.8(11) 12. fi(103) 
1946 - - 12. lC1)a 12.9(7) 12. 9( 21) 13. 1( 3G9) 13. 7(4) 13. 2(58) 

1947 - - 13. 3(1) 1 :·J. 4(1 3) 13. 5(23) 13. 6( 391) 14. 1(4) 14.0( 37) "" f\) 

194 8 - - - 12. 7(1) 13 . 6(1) 14. O(:W) 14. 2(2) 14. 2( 68) 
1949 - - - - - 15. 0(11) 16. 3(2) 15. 8(1 :3 2) 
1950 - - - 14. 9( 1) - - 15. 2( 3) 16. 2(5) 
1952 - - - - - - - 15. 1( l) 

195 3 - - - - l 5. 5(1) 15. 2( 3) 16. 3(2) 1 G. 6( 8) 
1954 - - 14. C(l) - - - 17 . 0(7) 1 'i . 2( 7) 
1955 11. 8(24) 12. 0( 1) 11.5(1) - - - 1 'l . ~1(:H 17. 4( 3) 
1956 11.5<10) 12. 5(12) - - - - - l 'i. 1( 2) 
1957 - - 13. 9(24) 14. 3(12) - 15. 7(1) - 1 7 . ()( 1) 

1958 11.1(4) - 13 . 5(1) - 16 . 6( 10) 17. 0(2 3) - 17 . 5(2) 
1959 11. 1(7)a 11. '1(6) - - 1 '7 .1(5) 17. 2(1 8) 
1960 12. 7(22) 12. 9( l) - - - 16. 3(1) 
1961 - - 15.1(9) 15. 0(18) 17. O(l) - - 17. 8(2) 
19G2 10 . 5( 37) 10 . 7(4) 15. 4(4) 15. 1( 16) - - - 13. 8(2) 
l9G5 12. f)( 1) 12. 7( 5) 14. 5($) 14. 8( 11) 

( continued next page-) 



Tabie 6. --concluded 

Year V 
Male Female Male 

1939 
1943 12.1(5) 14. (){ 1) -
194.f 14. 0(2) 13. 5(1) 14. 4( 1) 

1945 13. 1( 3) 13. 2( 6) 14. 9( 3) 
1946 14. 3(2) 13. 6(5) 16.0(1) 

1947 14. :,< 3) 14. l( 3) -
1948 - 14. 6(7) -
1949 . - 16. 3(9) -
1950 l G.4( 3) 16. 7(21) 
1952 - - -

1953 18. 2( 3) 17. 5( 8) -
1954 1'7.1(1) 1 '1. 5(1) 16.0(1) 
1955 17. 9( 2) 17. 9(8) 
1956 - 17. 1(4) 
1957 - - 19. 5(1) 

1958 - 1 H. 3(1) 20. 5(1) 
1959 
19GO 
19Ul 
1962 
1965 

-
a Significant difference between sexes. 

f. ge group and length in inches 
VI VU -Female Male Female 

14. 6(1) 
14~ 5( 1) 18. 1( 1) 
15. 6(1) 

14. 5( 2) 16. 3( 1) 
16. 2(1) 
18. 3(1) 

18. 0(1) 18. 8( 1) 

19. 3(1) 
18. 0(2) 

18. 5(1) 

X 
lVfale Ferr.ale 

17.~(l) 

~ c.., 
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'fable 7. --/:verage total lengths of age groups of ciscoes captured 

in Birch Lake. 19::;7-HHi5a 

l Number of fish in parentheses j 

Year A fi.e sroue and len~h in inches 
I II III IV V VI VII X 

19~nb 9.5 10. 3 1 :J. :.i 15.4 
(4) ( 11) en ( l) 

1938b 9.3 10.4 11. 2 
( 1) (14) (1) 

1939b 8.2 11. 0 11.1 12.4 15.8 -(2) (6) 0) ( 1) ( 1) 

1941b 15.8 
(l) 

1943 12.6 11. 9 12.1 12.1 12.4 14.6 17.6 
0) (4) ( 147) ( 33) ( 5) (1) (1) 

1044 11. 9 12.2 12.5 13. B 14.5 18.1 
1'Tir ( 185) - (;;) (59) ( 2) (1) 

1945 12. 3 12.5 12. 8 13.1 15.1 
mr (513) - 79r ( 114) (4) 

1946 12. 7 13. 1 1 3. 3 14. 1 16.0 
(10) ( 390) (62) (9) (1) 

1947 13.4 13.6 14.0 14.2 14.5 16.3 
Tm'" (414) (41) -im- (2) (1) 

1948 12.7 13.9 14.2 14.6 lo.2 
( 1) ( 32) (71) (7) (1) 

1949 15.0 15.8 16. 3 18.3 
Tiir (134) (9) (1) 

1950 14.9 15.9 16. '7 
(1) (8) (24) 

1952 15.0 18.0 18.8 
(1) (1) ( l) 

195 ~1 15. 3 16.5 l 'L 8 
(4f Ti1r Ti"if 

1054 14.6 17.0 18.2 17.6 
(1) ( 17) (J) (4) 

195p 11.9 12.4 17.4 17.9 
Tm- (2) ( 8) (11) 

1956 12.1 17.1 17. 1 
(24) (2) (4) 

1957 14.0 15.7 17.0 19.0 
( 36) ( 1) ( 1) (2) 

( continued next page) 
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Table 7. - -concluded 

Year A&e groue and leni!h fo inches 
I II III IV V VI VII 

1958 11.l 13.5 16.8 17.5 18.3 20.5 
(4) ( 1) (::.3) (2) ( 1) (1) 

1959 11 •• 17.2 
03) Tm-

1960 12.7 16.3 
Tm'" (1) 

1961 15.0 17.0 17.8 
rm- (1) (2) 

1962 10.5 15.2 18.8 

1965b 
mr (20) (2) 

12.6 14.7 
(6) rm-

a Samples with a confidence limit of less than 50/o of the mean 
are under lined. 

b Non-spawning population. 

X 
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year. Those samples with a confidence limit oC less than 5o/c of the mean 

are underlined in Table 7 and are assumed to be good samples of the totaJ 

population. The bulk or the data and the most useful data were collected 

in 1943-1950, since following the collapse of the fishery no extensive 

netting records or scale samples were taken. 

Gear selectivity 

It is obvious from Table 7 that the length ranges of the gill-net 

samples are small, since age groups with as few as four individuals 

(age-groups n in 1943 and Vin 1956) mow low confidence limits. P!so 

there is only a small dlflerence in average length between the best 

represented age groups, 11-V. in 1943-1950. The dUferences between 

the average lengths of the II and V age groups of 1943-1948 are G. 5, l. 9, 

o. 8, 1. 4. o. 8, and 1. 9 inches respecttveiy. In the 1943-1945 samples 

this may partly be due to the slow 1:,rrowth of the ciecoes after their 

second year. It was noted above that more rapid growth began during 

1946 for all age groups over I, and although the difference between the 

average lengths of age ~".l'Oups does increase, this is expected because 

of the larger sirz.e of the fish captured. 

These narrow and overlapping length ranges of age groups are 

more reasonably attributed to gill-net size selectivity. It can be seen 

that during 1943-1947 most of the fish n,at~red at age In. or at the end 

of their fourth growing season. This would also be expected to be true 

of the stable population before 1943. The nets 1-teed by the fishermen, 
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therefore. wouM be of such :-. s ize mesh as to exploit the most nur.oeroua 

spawning group, the m age group. It appears frorn the sm all numbers 

of individuals in the II and IV age groups that few fish mature at age II 

and that there is a heavy mortality after the fourth year of life. Hile 

(19 36), Smith (1956),. Carlander (1945) and Van Oosten (1929) a ll found 

the youngest n1ature fish of significant n,unber to be age I, while 

C1exr.ens (1922), Stone (1938), Cooper (1937), Dryer and Beil (19C4), 

and Pritchard (19 :3 1) found this group to be age II. Brown and Moffett 

( 1942) found the youngest mature cisco to be of age four (age-group 

III ? ) • In every lake the age at which the majority of the fish matured 

was the next older one, except for Lake Ontario ( Pritchard, 1931) 

and Swains Lake, Michigan (Brown and Moffett, 1942). Probably a 

greater percentage of fish mature at age n than is shown, but were not 

taken in the giJl nets due to t he small size of the fish. The gill nets 

capture just the larger m embers of the group. so the average length 

of the II age group is almost as large as that for the Ill age group. 

There is little doubt that there is a c onsiderable mortality of 

fish after their fourth year. The fishery is probably the m ost i mportant 

factor since it definitely selects the Ill age class. Van Oosten ( 1929) 

also found that each year class dropped oft rapidly in the years following 

the year of its predominance, in this case the fourth, and attributed 

this to the intense fishery for lak.e herring. He a lso cited the paucity 

of old individuals as a symptom of heavy fishing. Old fish are also 

scarce in catches of ciscoes from Birch Lake (Table 7), and this is 
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partly due to fishing mortality at younger ages. However, it must be 

remembered that the gill nets are of too small mesh to take the best 

sample of older !lsh. The smaller members of the IV and older age 

groups are selected for, resulting ln low ever age lengths for these fish, 

especially the IV and V age groups. The few very large and old individuals 

are taken by entanglement or entrapment in the nets rather than by actual 

gilling. Dryer and Beil ( 1964, p. 508) write: ''The small difference in 

si~e an:iong the age groups is surely a result of the highly selective giU 

nets, segregation by maturity, and of selective fishing mortality. " The 

fish captured in this study are segregated by maturity since the nettini{ 

was carried out in a spawning population. So these three factors are 

active in the present study also. 

1\ ge composition 

The age composition of the fish captured is shown in Ta.hie 8. 

It can be seen that the average age of the fish remains virtually constant 

during the years of 1943-194',', although the size of the fish increased 

considerably during this period. The question arises as to how the 

fishermen continued to take such a similar age erunple when gill nets 

are so selective as to the size of fish that can be taken. Washburn (see 

footnote 2, p. 7). using both straight and expezimental gill nets, found 

that 2 1/ 2· and 3-inch mesh nets were the m.ost productive for ta.king 

the size of ciscoes then present in Birch Lake. The 2 1/ 2- and 3-inch 

meshes took approxin.1ately 75% of the total catch in experimental nets 



Table 8. --./" ge composition of ciscoes captured in Birch Lake, 19:.-n- 1965 

Year Number of Perceata~e of total coHection in each a~e ~oue .1\ verage 
ciscoes I II DI IV V VI VD X agea 

1937 19 21.1 57.8 - 15.8 - 5.3 - - 3.58 
1936 16 6.25 87.5 6.25 - - - - - 3.00 
1939 13 15.4 46.2 23.1 7.7 - 7.7 - - 3.46 
1941 1 - - - - - 100.0 
1943 193 0.5 2.1 76.2 17.l 3. 1 0.5 - 0.5 4.25 

1944 283 - 11.7 65.4 20.8 1.1 0.7 0 •) . ,.:, - 4.15 
1.945 681 - 6.0 75.4 16. 'i' 1. ~) 0.6 - - 4.15 
1946 472 - 2.1 82. 7 13.1 1. 9 0.2 - - 4.15 
1947 478 - 2.9 86.6 8.8 1. 3 0.4 0.2 - 4.10 
1948 112 - 0.9 2B.6 63.4 6.3 0.9 - - 4.78 

1949 153 - - 7.2 8(1. 3 5.9 0.7 - - 5.00 
1950 ').'} 

•JJ - 3.0 - 24.2 72.7 - - - 5.42 
1952 3 - ,, ,.., ,.,. 

•"" ""' <') c°' .r~ ..-. 6.67 t., - - .:>.:>. ,J - .j.). J ,),1 • .;> - co 
1953 2S - - 15.4 42.3 42.3 - - - 5.27 
1954 26 - 3.8 - 69.3 11.5 15.4 - - 5.35 

1955 50 5fJ.O 4.0 - 16.0 22.0 - - - 3.24 
1956 30 80.0 - - 6.7 13. :, - - .. 2.73 
1957 40 - 90.0 2.5 2.5 - 5.0 - - ~) . 28 
1958 42 9.5 2.4 '18. 5 4.8 2.4 2.4 - - 3.95 
1959 32 40.6 - 59.4 - - - - - 3.19 

1960 25 92.0 - 4.0 - - - 4.0 - 2.32 
1961 3 1 - 90.3 3.2 G.5 - - - - 3.16 
1962 63 65.1 ::; 1. 7 - 3.2 - - - - 2. :35 
1965 22 27. 3 72.7 - - - - - - 2.73 

Total 2,844 

a Total age is one year greater than the age group. 
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having mesh sizes of 1 1/ 2, 2, 2 1/ 2, 3, and 4 inches. Local fisber:r.nen 

in the t.::ass County area confirm that this sbe mesh net was used •..vhen 

the clsco population was still high. In order to continue to take a sam ple 

with a similar age structure in 1947 when the fish were averaging al most 

2 inches more in length, it is obvious that the size of mesh must have 

been Increased by the local fishery. Serious cisco fisherr:nen who net 

a number of lakes own several sizes of nets. This is necessary since 

the size of the cisco populations and the si£-e of the fish themselves 

vary greatly within the c luster of lakes in Cass County. The fishermen 

start out the season in a given lake by experimenting with different m esh 

nets until the most productive sh.e is found. Often a number of fisher­

men will combine their e fforts and compare results so that this can be 

determined more rapidly. Even those fisherm en who concentrate their 

effort 011 a single lake own a number of nets, knowing that the effective­

ness of a given mesh size may vary from year to year. Because of this 

flexibility or the fishery, it is felt that the age and length data collected 

during 1943-1950 are comparab1e and that all 8 years' catches are 

equally good samples of the population. 

The problem of the effect of g1ll-net selectivity on age composi­

tion is certainly a difficult one. A ,1thors such as Hile ( 1936) and Van 

Oosten (1929). who have also used gill-net sam ples of ciscoes. have 

dealt ·wtth this problem extensively and should b e consulted for a more 

thyrough discussion of the problem. Hile ( 1936) emphasi;c.ee that the 

overlap of length distributions of consecutive a ge groups of the cieco 

rnakes length alone a poor index of age, with the l argest fish frequently 
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not being the oldest. It is felt that the necessity ln the present study is 

to establish the validity of ccmparisons. Table 9 gives the length 

distribution by age group of the ciscoes taken during 1943-1950. It 

shows quite well the extensive overlap of length ranges due to gill-net 

selectivity, but at the sam.e time a striking st ·.lilarity in the distribution 

pattern for the various years. Even though the predominant age group 

shifted t'rom lll in 194::3-1947 to IV in 1948 and 1949 and to Vin 1050, the 

overlap of lengths ts still obvious enough to sho,n that certain a ge groups 

were reduced in the popu1ation. rather than selected against by the 

gill nets. 

All data for 1952 through 1962 1o•,erc obtained m ainly through 

the efforts of Mr. Gerald Breece of William sville, Michigan, a 

successful gill-net fisherman on Birch Lake for a number of years. 

The data are a representative sample of his catch during the spaw-ning 

season and are comparable and useful in grO\,\.-th and life-history 

studies where comparisons between years are made. Nothing can 

be construed about the siz.e of the cisco population from the numbers 

of fish ln each year's sample. 

Relation between population size, age, si.i e 

frequency, and length 

Table 9 shows strikingly the rapid increase in the si~e of the 

ciscoes during 1943-1950. In n years the distribution rnoves from one 

centering c losely about 12 inches to one stretching between 15 and l C 

inches. This increase in si.!.e is due to a reduction in population as 



Table 9. --Length distribution by age group for the cisco, 194 3-1950 

Total length 
1943 1944 1945 1946 

(inches) 
II m IV V 11 Ill IV V II Ill IV V II m IV V 

10.0-10.4 
10.5-10.9 
11.0-11.4 - 1 - 1 4 1 - - 1 3 - - - - 1 
11.5-11.9 3 55 11 1 15 38 6 7 23 1 1 .5 

. - - -
12.0-12.4 1 Ti 17 1 11 109 27 21 180 20 1 26 " - - -~ 
12.5-12.9 - 14 5 2 :5 30 18 - 11 2~4 53 5 5 114 7 
13.0-13.4 - 1 - - - 4 6 - 1 69 31 1 :3 182 34 2 c..:. 
13.5-13.9 1 2 4 9 1 59 10 2 

t-.:i - - - - - - - -
14.0-14.4 - - - 1 - - - - - - - 2 - -~ 5 2 , J 

14.5-14.9 - - - - - - - 1 - - - - - 1 2 2 

15. 0 -1 !:1 .4 
15.5-15.9 
16.0-1 6.4 - - - - - - - - - - - - - - - 1 
16. 5-Ui. 9 
17.0-17.4 
17.5-17.9 
13. 0-18.4 

( continued next page) 



Table 9. --concluded 

Total length 
year I aie s:roue, and number of fish 

1947 1948 1949 - - -- f95 () 
(inches) 

II Ill IV V II Ill IV V 11 III IV V n Ill IV V 

10.0-10.4 
10.5-10.9 
11.0-11.4 
11.5-11.9 
12.0-12.4 - 1 

12.5-12.9 2 14 - - 1 - 1 
13. 0-1 3.4 7 141 5 8 

, . - - .j 

13.5-13.9 3 18'l 16 1 - 4 2() 1 - - - - - - 1 - c.,.:. 
c.., 

14.0-14.4 2 64 10 5 - 15 26 1 . 3 4 
14. 5-14.9 - 3 9 - - 4 16 4 - ::5 7 - 1 - 1 

15.0-1 5.4 - - - - - 1 5 - - 1 27 - - - - 1 
15.5-15.9 - 2 - - - - - 1 - 2 4:, 3 - - - 1 
16. 0-16.4 - - - - - - - - - 1 S5 ,·, - - 5 8 £, 

16. 5-1 6.9 - - - - - - - - - - 15 2 - - - 6 
17. 0-17.4 - - - - - - - - - - .. , 

.,) 2 - - - 4 

17. 5-l'i.9 - - - - - - - - - - - - - l ., - .;, 

18. G-1 8.4 - - - - - - - - - - - - - - - 1 
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indicated in Figure 2, which plots catch per hour (as an estimate of 

population sl~e) with the average length ot' the four best represented 

age groups for 194~;, -1950. The catch fi gure for 1943 is omitted because 

it is based on experimental netting. Fh;ure 2 sho.vs conclusively that 

as the number of fish in the population decreases the length of the 

individual fish increases. This is a common occurrence in fish popula­

tions where competition ls keen and a reduction in numbers rneans better 

conditions for those remaining. Hile ( 1936) found in the fottr 1a;-;-.es he 

studied that the order of the rate of growth Nas th~ reverse of the order 

with respect to popu.i.ation density. He attributed this to corn petition 

for food, or a ,, space factor" Si.iCh as crowding. The question o i -.vhy 

the popt1latton declined will be discussed later. 

Table 1D gives thl.':' length distribution of the cisco for the 

entire study. By using it and Tat)les 7 and 8 the over-all history of 

the cisco population in Birch Lake can be reviewed. It is kno.Jv'n the 

cisco population .vas high during the 19301 s (personal comn-....mications 

with fishermen). Even thot1gh the collections ,_.ere rnade dllring the 

summer, the su: all size of the fish captured in 19::n -1939 emphasiL.e 

this. The large number of fish in the very young age groups sho..v these 

fish were collected experirnentally and not during the spawning season. 

f',fter the reopening of the lake the spawning pop ulation was still high. 

but on the decline. The a&:e structure remained ren;arkubly stable 

while population numbers decreased through 1947. This indicates an 

even suppression of all groups of the population. Then. in 1948, there 
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~igure 2. --Coniparlaon of catch and length 

of ciacoea. 1943--1950. 
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Table 10. --Length distribution or the cisco, 1939-1965 

-
Total 1engU1 Year and number of fish 

(inches) 1939 1943 1944 1945 1946 1947 1948 1949 1950 1952 19531954 1955 1956 1957 1958 1959 1960 1961 1962 1965 

8. 5- 8. 9 
..., ,.. 

9.0- 9.4 
9.5- 9.9 

10.0-10.4 - - - - - - - - - - - - - 3 - - - - - Hi 
10.5-1() .ij 4 - 1 - - - - - - - - - 2 J - 2 l - - 33 

11.0-11.4 5 2 4 - - - - - - - - - ~ l - - 7 - - 2 
11.5-11.9 - '70 59 - - - - - - - - - 'i 1 - .1 4 
12.0-12.4 - 96 147 221 30 1 - - - - - - 13 - - 1 - 4 - - 3 
12.5-12.9 - 21 51 '.30::S 126 16 2 - - - - - 5 7 2 - 1 12 - - 4 
13.0•l ~.4 - l HJ 102 221 153 11 - - - - - 1 5 4 - - 7 - - 'l t, · 

~ -1 

13.5-13.9 - - 3 14 71 291 25 - 1 - - - - 4 10 1 
14.0-14.4 - 1 2 2 10 84 42 7 - - - - - - 12 - - - 4 1 
14.5-14.9 - l 2 l 5 13 24 10 2 - - 1 1 - 5 - - - 6 ') 4 ... 
15.0-15.4 .. - - 2 - 2 2 27 1 1 2 1 - - 1 - - - 13 1 1 4 
15.5-15.9 1 2 2 48 1 2 

., 
2 4 4 2 - - - - - - - - .:J - -

16.0-16.4 - - - - 2 1 - 38 1~ - ~ 5 3 1 - 5 1 1 1 '> .. l 
l u.5-1 6.9 - - - - - - - 17 6 - 5 4 - 1 - 1:1 l - - - 1 
l 'i .0-17.4 - - - - - - - 5 4 - 4 5 4 l l 4 10 - 1 
17.5-1 7.9 - 1 - - - - - - 4 - 5 

., 

.::, 3 
,, 
(;, - 9 7 - 1 1 

18. 0-10.4 - - 1 - - - - 1 1 1 2 5 5 1 1 ~ - - 1 

13.5-lH.9 - - - - - - - - - 1 2 - <\ 
,) - 1 

19.0-19.4 - - - - - - - - - - 1 1 - - - - - 1 
19.5-19.9 - - - - - - - - - - - 1 - - 1 - - - - 1 
20.0-20.5 - - .. - - - - - - - - - - - - 1 
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was a definite lack of the usual recruitment i.nto ~l-,e younger age- groups 

III and II, corresponding to the 1945 and 1946 year classes respectively. 

The 1946 year class conttn,Jed very poor in 1949, showing only 11 fish 

in the Ill age group, formerly by far the 1i-1ost dominant group. Never­

theless, there were significant numbers of the 1945 year class appearing 

tn the IV age group, indicating the decline was probably greater in the 

1946 than in the 1945 year class. More striking, however, was the 

complete absence of the 1947 year class as the II age group. In 1950 

the population again had aged. The 1945 year class continued to pre­

dominate over 1946 with the result that the V age group was most 

numerous. A few fish of the poor 1946 year ciass were present in IV. 

The 1947 year class \vas again nonexistent as the III age group. T >ere 

was only a single II recruit from the 1948 year class. It -.vould appear 

that something happened starting in 1945 that resulted in very poor 

reproduction and year classes. 

The population level was so low that no fish were netted in 

1951, and in 1952 only 3 fish wl3re taken. These fish belonged to the 

same year classes which were present in the 1950 sample. No fish 

ever appeared from the 1947 year class. ,t\pparently the 1948, 1949, and 

1950 year classes were som.ewhat in,proved since these fish began to 

show belatedly in 1953 as the V, IV, and III age groups. The same three 

year classes v,•ere again present in 1954., and a single recruit appeared 

from the 1952 year class. It is obvious that by 1954 reproduction was 

much hnproved, as shown b y the large number of 2-year-old fish, or 



age-group I, that appeared in 1955 and 1956. /, pparently thE: cisco will 

mature at a younger age if a normal spawning population of older fish 

does not exist. It ls known that about this time the population n, ade a 

comeback, although it peaked at a considerably lower level than before. 

The data seem to indicate that the population was still unstable since 

certain a ge groups are often comp etely missing ln a year•s sarriple. 

However, it is felt this is due partly to the fact that the sample was 

based on one man's netting, rather than to the existence of a ' 'sick'' 

population. Mr. Breece reports total catches of' ciscoes for him self 

and an average of two other netters as 802 during the spawning season 

of 1960, 136 in 1961, 830 in 1962, 1, 194 in 1963, and 329 in 1964. This 

indicates a considerable cisco population since these figures represent 

only a fraction of the total ta\(en from Birch Lake. Mr. Breece feels a 

10, Oi)O estirnate of ciscoes tak en in 1963 wodd be conservative (personal 

comm unication). This estimate is fully one-half of the number ta.1<en 

during the high population of 1939 and 1943, and, considerin~~ the m uch 

greater sh:.e of the fish in recent years, Birch Lake appears to have 

regained much of its former production of ciscoes. It should be reali:led 

that nothing certain can be said about the si.:.e of the population after 1950; 

however, the avaUab!e data do indicate the resumption of a m ore nor1:.1al 

population structure. 

To sun.1marh.e, the aver.age age figures in Table 8 can give a 

siJ:nple understanding of the changes in the cisco population. In 194 ~~ -

1947 mostiy ag-e- group-lII fish were taken~ so the nverage a ge rem ained 
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stationary around 4 years. Then the population began to grow older in 

194B with the onset ot poor reproduction, and remained so untU 1954. 

The year 1955 marked the return of younger fish to the spawning 

population. The fish were maturing so much younger that the fishery 

now also took large numbers of fish of ages I and n, depressing the 

average age even lower than lt had been in the ear!y 1940's. It seems 

reasonable to assume that the present fishery selects these more 

numerous younger mature fish, aa it did the m age group previously. 



GROWTH 

Body-scale relationship 

In order to study the growth of fish frou1 their scales it is 

necessary to establish a relationship between the growth of the body 

of the fish and the growth of the scale. For reasons wMch will oe 

discussed later, it was necessary to use the anterior radius of the scale 

for the study of growth. This is the length of the scale between the 

center of the focus and the anterior edge of the scale. Using a 

magnification of 44. :.:i , the totai 1ength of the radii of the scales of 

1, 226 fish were measured and plotted against the total length o.f the 

fish. Following the method suggested by Whitney and Carlander (1956), 

the mean body lengths at various scale n~easurements were determined 

and the unweighted data are shown on Figure ~,. /\ regression of body 

length on scale measdrement was run on the 1, 226 fish and the regression 

line is drawn through the data. The linear regression equation is 

L "' 6. 97352 + O. 054338 f : 

where L is the total length of the fish in inches and S is the magnified 

scale radius in millimetere. It is obvious that this e~uation is 

erroneous, since it implies that the fish were aln-'-ost 7 inches long 

when they formed their scales. Van Oosten ( 1929) round scale forrnation 

begins when the fish are only 35 to 40 millhneters long. It should be 

emphasized that there ls little chance of error in rr,easurement, since 

41 
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Ic"'igure 3. --Relation between total length and 

magnUled anterior scale radius (mm x 44. 3) or the 

Birch Lake ciaco. 
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it does not involve any age determination, but sin:ply the measuring of 

the total length of the radius. Carlander (1945) states that the main 

objection to the use of radii n-,easurements in growth calculations of 

coregonids is that the foci are large and it is often difficult to determine 

the center. However, he i·ound this 11aa not a problem in his material, 

and similarly lt was not found to be a problem in this study since the 

foci are quite small. 

Numerous factors could contribute to the erroneous body-scale 

ratio. Van Oosten ( 1929). who first established the validity of growth 

computations for the lake herring, found that scales of the same fish may 

grow at different relative rates, and that scales taken from the sarr.e area 

of the body grow more nearly at the same rate than those fron:1 various 

parts of the body. Thus it is desirable to use similar scales from each 

fish, preferably the very same scale or scales (key scales) in order to 

find the true relationship. However, as was discussed earlier, these 

criteria are not met in this study and the scale samples often are not 

taken even from the sarne general area of the body. It is obvious from 

examination of the scales that scale shape and si:.:.e varies widely. even 

for fish of the same length. For smaller. yo(mger fish the sample 

often tends to contain large. somewhat elongated scales, while the 

samples taken from larger. older fish often contain small, depressed 

scales. The reason for this bias is not known. Some wor \i;ers average 

the lengths of seve1 .. al scales from the sarne fish to minimbe this 

variability. This \vas not done in this study. \Vhere possible, an 

attempt ""'as I;~ade to use a scale with the same general shape for the 
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growth measurements. Since there often would be only one of these 

present In the sample from a given fish. it ·,•,as felt that averaging its 

measurement ·,r;lth the length of the radius fron·l a differently shaped 

scale would only add more error. 

Van Oosten (1929) also found that the various areas of a single 

scale may increase in length at different relative rates. He concluded 

that the diameter of a lake herring scale increases more in proportion 

to the increase in body length than does the anterior radius. He found 

that after f orrnation of the first annulus the ratio of total scale dian..eter 

to total body length is so nearly constant that a direct-proportion 

relationship can be used in the back-calculation of growth. Most 

authors working on the age and growth of the cisco have recogni.:.:.ed 

this and used dhuneter measurements and the direct-proportion 

calculation of growth (Hile, 1938; Cooper, 1937; Stone, 1938; Smith, 

1958; Dryer and Beil, 1964). It was not possible to use diameter 

measurements in this study tor several reasons. One, cited also 

by Carlander (1945), is that the annuli are very difficult to locate in 

the posterior field of the scale, especially in older, slow-growing 

fish and fish older than 3 years taken during the high-population, 

slow-growth years. /\nother, and perhaps the most important reason, 
. .:..· 

is the fact that the posterior field of the scale is covered with s kin. 

This skin has been allowed to dry on the scale for up to 20 years, and 

the plastic impressions rnade with these scales show a very indistinct 

posterior field. Van Oosten ( 1929) and Hile ( 1936) were able to scrub 



46 

their scales clean in water before examination. However. this could 

,·iot be satisfactorily done tn thls study. Cisco scales are quite thin and 

fragile and it was found that the amount of scr1Jbblng needed to remove 

the dry s kin ruins the structure of the scales and the water causes them 

to crinkle and bend. It was concluded that anterior radii measurements 

.vere the only ones that could be feasibly used. 

Carlander ( 1945) is the only other investigator found to have 

used this particular measurement in his calculations. He discovered 

that the relationship bet-.veen the scale radius and standard iength is 

not a straight line but can be best described o:y u third degree parabola. 

l t plot of the data gtven in his paper shows that hie curve is very nearly 
. . 

a straight line, much more so than that shov1n in Figure 3. The correlation 

coefficient r ,. :f.xy/ V·1.x2 • :::::y 2 for the data in t..'1e present study is 

r). 682 which is probably significant only because of the large sample 

involved (1. 226 fish). It is very possible that the data could be better 

fitted to a curve other than a linear one. However. it was decided not 

to pursue this further since it ls obvious that the lower end of the line 

bends up anyway, and any more exact curve w(1u1d only cross the Y axis 

at a higher point. thus making the size at scale formation more ridiculous. 

Smith ( 1956). using diarneter measurements. calculated a regression 
• 

equation of 

L ,. O. 01615 + O. 05486 S 

where L is total length in inches and S is the ma(ll iiied scale diameter 

in millimeters. It is interesting to note that the slope of his line 

(0. 05486) is very similar to the one round in this study (O. 054~"1 :38). 
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Smith, however, used direct-proportion calculations since his 

intercept was so smal1 that it could be assum ed to be zero. The 

n ~aterlals and methods used in this study give a poor indication of 

the size of the ciscoee at scale formation. 

Because of these problems it was decided to calculate growth 

">vith the use of the direct-proportion method, using ttie equation 

Length of scale radius in annulus of year X 
Total length of scale 

Total length of fish at end of year X 
Total length of fish at tim e of capture 

where scale lengths are in millimeters and total .lengths in inches. 

No exact comparisons rn ay be made between the resultant data and 

tho.t calculated by authors using more suitable ruaterial. Nevertheless, 

it is believed that important comparisons can be made betv,een the 

growth shown by the ciscoes under various population densities ·Nithin 

the saine lake. if the sa.rue method is used throughout. \Vhitney and 

Carlander (1956) explain this very well in the following quote. 

Regression l ll refers to the regression of body length. L. on scale 

measurement. s. of the type, L :: a1 + b1 s. run in this study. The 

Lea method is the use of direct proportion, or L == b f: . They write 

(p. 21-22), '1 
••• Lea's method of back-calculation is not a regression 

method. It is, on the other hand. based upon an assumption that the 

growth of the body and scale are directly proportional. It is usually 

recogni:c..ed that this method gives an approximation since the body-scale 
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regression rarely, if ever, passes through the 0, f) intercept. The use 

or this method assumes that the value of ,, ai1 in regress ion l lj is not 

great enough to significantly affect the computations. It would be of 

value in most cases to test this aesur.uption. For general surveys and 

many management purposes growth approximations 1.1sing the dfrect 

proportion corr...putations are probably sufficiently accurate but it shouid 

always be recogni:z.ed that they are approximations. Body-scale 

regressions differ for each species and probably for populations ·1ri thi.n 

species (Carlander, 19508). Computation of regressions using sr.nall 

samples or even large sainple& with small size ranges m ight ir:troduce 

more errors in the '1corrected11 gro\Vth coi-nputations than the errors 

resulting from U1e direct proportion assun:.ption. '' The samples used 

in the present study had narrow size ranges because of the highly 

selective gill nets used to capture the fish. Most of the variation in 

scale length within the total sample occurs in this narrow range and 

this tends to level off the regression line hori:::.ontally, as sho~vn by the 

very high intercept in Figure 3. Since Van Oosten (1929) and Sn-11th 

(195G), using more precise materials. have proven that ''a'' is very 

small for other populations of Coregonus ~i. it is felt that the 

above assumption is applicable to the Birch Lake cisco and would be 

verified if more appropriate material were available. 
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Calculated growth 

The method f' or computing avera~{e lengths ~vas that suggested 

by Van Oosten ( 1953). 1',lany authors investigating the age and gro.vth 

of this species have recognbed ·• Lee's phenomenon. ·· • or the decrease 

with age in the computed values of corresp,c,ndlng years of life (Van 

Oosten, 1929; Cooper. 19a7; Hile, 1936; Smith, 1956; Fry, 1937; and 

Stone, 1938). Van Oosten (1929), Hile (1936), and Smith (1956) all 

found this phenomenon to occur arnong age groups of different year 

classes and also among different age groups of the same year ciass. 

Discrepancies arr.:.ong age groups of different year classes will be 

discussed first. 

Table 11 gives the calculated length at the end of each year of 

every age group captured in the various years. Fifty fish per age 

group were selected at random to serve as the basis for cr-Jculation 

when a sarnple larger than that number was present in a given a[e 

group. Otherwise the total number of fish of each age was used. 

In this study, there is no general decrease with age in the calculated 

lengths at the end of the first year of life as expected. This is the 

gro-.vth year which caused so much difficulty in calculating the body­

scale ratio, so it is not surprising that the use of the direct-proportion 

method apparently does not give good estimates for the first year's 

growth. 

Lee's phenomenon is present almost without exception at the 

end of every year after the first during the years 1943-1950 for the 



Table 11. --Growth of ciscoes captured in 1937-1965 

t- ge 
Number Average 

Len~-th at end of 't..ear ot life in inches 
Year of length at 1 2 ,; 4 5 6 '1 8 9 10 11 group 

fish capture 
..:, 

1937 8 II 4 9.5 4.1 9.0 9.5 
VIJ 1 15.4 4.0 9.7 11. 5 12.4 13. 3 14.4 15.0 15.4 

19393 I 2 8.3 4.9 8.3 - -
n 6 11. 0 5.7 9.5 11. 0 

Ill •) 
.,; 11.1 5.5 9.4 10.4 11.1 

1941a VI 1 15. a 5.0 11. 2 12.8 14. 0 15.1 15.8 

1943 I 1 12.6 7.0 12.G 
II 4 11.9 4.8 10.1 11. 9 - - - - - - .. - U1 

0 

m 50 12. 1 4.8 10.1 11. 4 12.1 
IV 33 12.1 5.1 9.7 10.9 11.6 12. 1 
V 6 12.4 4.9 9.5 10.7 11.5 12.0 12.4 

VI l 14. 6 6.S 9.7 11.9 12.8 13.2 14.2 14.6 
X l 17.6 4. b s.a 10.5 11. 7 12. 7 13.'7 14.8 15.6 16.4 17,2 17. 6 

1944 II 33 11. 9 5.0 10.4 11. 9 
Ill 50 12.2 5.0 10.1 11.5 12.2 
IV 50 12.5 &.l 9.9 11. O 11. 8 12.5 
V •) ... , 13. 8 4. 7 9.4 10.7 11. 8 12. 7 13. 8 

VI 2 14.5 5. 0 10.0 10.9 11. 8 12.5 13.7 14.5 
VII 1 18.1 6.9 10.9 12.4 13. a lf>.4 16. 3 17.4 18.1 

1945 II 41 12. 3 1• f -.. o • .:, 11. 3 12. 3 
m 50 12.2 4.9 10.5 11. 6 12.2 
IV 50 12.8 5.3 10. 3 11.5 12. 3 12.8 
V 9 13.1 5.0 9.5 lU.8 11. 7 12.5 13.1 

VI 4 15.1 4.5 10.0 12. 0 13.2 14.0 14.6 15.1 

( continued next page) 



Table 11. --continued 

/i Nun1ber t-.verage 
Lenith at end of lear of life in inches \ge 

Year - of length at 
1 2 " 4 5 6 7 g group " .fish capture 

1946 D 10 12.7 5 ., . ., 11. 4 12.7 
Ill 50 13.1 5.4 10.8 12.3 13.1 
IV 50 13. 3 5.3 10.1 11. 3 12.4 13.3 
V 9 14.1 5.1 9.7 11. 2 12.4 13.4 14.1 

VI 1 16.0 5.4 11.5 12.6 13.3 14.2 15.1 t i~ . 0 

1947 u 14 13.4 5.0 11.6 13.4 
III 50 13.6 5.1 10.5 12. 1 13.6 
IV 41 14.0 5.0 10.1 11. 6 12.8 14.0 
V 6 14.2 5.1 10.0 11.3 12.3 13. ~1 14.2 - - t;'l 

VI 2 14.5 4.8 10.3 11. 7 12.5 13.4 14.0 14.5 
.... 

VII 1 16. 3 3.8 8.1 9.2 10. 3 ll. 8 13.S 15.1 16.3 

194fl II 1 12.7 5.6 10.7 12. 7 
m 32 13.9 f>. 2 10.6 12.3 1~.9 
IV 50 14.2 4.9 9.8 11. 5 12.9 14.2 
V 7 14.6 4.4 8.9 10.4 12.3 13.4 14.6 

VI 1 16.2 5 ,, . ,.; 10.5 11.9 1:1. 2 14.4 15. 3 16.2 

1949 m 11 15.0 4. ~, 10.7 12.7 15.0 
IV 50 15.8 4.9 10.0 11. ; 13.5 15.8 
V 9 16.3 5.0 9.6 11. 4 12.5 14.2 16.3 

VI l 18.3 4. ~i 11.7 13.0 14.5 15.6 16.6 18. 3 

1950 u 1 14.9 4.5 9.7 14.9 
IV 8 15.9 4.7 .10. 4 12.G 14.9 15.9 
V 24 16.7 4. 7 10.1 11. 8 Ul.5 15. 8 16.7 

1952 IV 1 15.0 S.G 8.8 11. 9 14.1 15.0 
VI 1 18. 0 3. 6 9.8 12.5 14. 6 15.9 16.9 18.0 
vn 1 18. 8 4.9 10.1 12. 4 1 ~} . 7 15.5 16.9 18.1 18.8 

(continued next page) 



Table 11. --continued 

t .ge Number .'\ verage 
Length at end of lear of life in inc.lites-Year of length at 

group 1 2 3 4 5 6 7 8 
fish capture 

1953 lll 4 15.3 3.5 7.7 12.9 15.3 
IV 11 16.5 4.0 9.1 12.7 15.2 16.5 
V 11 17.8 4.5 10.5 13.8 15.9 17.0 17. 8 

1954 11 1 14.6 4.4 10.5 14.6 
IV 17 17.0 3.9 8.9 13.2 15.7 17.0 
V ';), 18.2 4.6 10.2 14.0 16.l 16.9 18.2 .., 

VI 4 17.6 4.1 9.9 13.0 15.1 16. ~~ 17.t 17.6 

1955 I 29 11. 9 7.3 11.9 
II 2 12.4 3.8 8.9 12.4 - - - -

IV a 1·1. 4 4.3 9.0 13.3 15.9 17.4 
Q'I - - - h) 

V 11 17.9 4.5 9.8 1 :3. H 16.1 17.1 17.9 

1956 I 24 12.1 6.8 12.1 
IV 2 17.1 4.0 9.9 12.8 15.1 17. 1 
V 4 17.1 3.7 8.9 12. 7 15.1 16.2 17.1 

1957 II 36 14.0 fi. 1 10.3 14.0 
III 1 15.7 4.2 10. :1 13.8 15.7 
IV 1 17.0 4.4 9.6 13.5 15.2 17.0 .. 
VI 2 19.0 4.1 8.2 13.9 16.l 17.3 18.3 19.0 

1958 I 4 11. 1 5.4 11.1 
u 1 13.5 3.1 6.9 .l 3. 5 
m 33 16.8 G.O 10.4 14. 3 1G.:l 
IV 2 17.5 3.6 8.9 1~1. 1 16. :, 17.5 
V 1 18.3 2.8 6.2 12.0 15.1 17. 3 18.3 

VI 1 20.5 5.9 9.9 14.9 17.8 19.2 20.0 20.5 

( continued next page) 



Table 11. --<:onbluded 

A ge 
Number Average 

Year of jength at Leni!!; at end of 't..ear of lite in inches 
group 

fish capture 1 2 3 4 5 6 7 8 

1959 I 13 11.4 6.9 11.4 
m 19 11.2 6.0 10.8 14.2 17.2 - - - -

1960 I 23 12.7 7.1 12.7 
m 1 16.3 4.9 9.4 1 ~i. 7 16.S 

vn l 19.0 3.8 10.2 13.l 15.2 16.2 17.2 18. l 19.0 

1961 n 28 15.0 6.7 12.5 15.0 
m 1 17.0 o.6 10.4 14.9 17.0 
IV 2 17.8 5.1 9.9 13.9 16.9 17.8 

1962 I 41 10.5 5.7 10.5 - c,, - - - - - w 

II 20 15.2 6.7 12.4 15.2 
IV 2 18.8 5.7 10.6 14.5 17.6 18. 8 

1965a I 6 12.6 5.7 12.6 
II 16 14. 'i G.4 12.1 14.7 - - - - . 

a 
Finai year of growth not co1npleted. 
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well represented age-p~oups II through V. The only three exceptions 

are the IV end V age 6roups at the end of the fifth year of life in 1944, 

the same situation in 1046, and the ll and IV age groups at the end of 

the second year of lite in 1050. Since there are only J fish in the V 

age group in 1944 and l fish in the II age group in 1950, the only 

significant exception is that in 194b. In all other instances during these 

years the average calculated J.engths of a ge-i~roups 11-V decrease or 

ren.ain the sa.we as the a ge increases. The consistency with which 

this phenomenon occurs indicates that the ca1cuiated lengths after the 

first year of life are fairly &'.Ood ones. 

Many of the a:...1thors who have recognh:.ed Lee's phenomenon 

2.i:oong age groups of different year clasaes have given various explanations 

.vhich Smith ( 1956) has sumruarbed into four principai ones. They a.re: 

1. f\~jectlve action of gill net& ased in collecting fish 

2. Segregation as to rnat:.irity during the spawning run 

3. $egregation as to she, independent of maturity 

4. Higher n:~ortality rate among fast-growing fish than 

an1ong s low-growing 

r, ll but the third one contribute to this phenoxrienon in the Birch Lake 

cisco. It has been shown how th~ biiH-net fishery selects the 1arger. 

fast-growing fish in the yo,mger a ge . ?~(1,1ps and the sn,alier, s1ow­

gr·owing fish in the oJd-c-r a ge groups. Therefore, the computed lengths 

for the eari ier years of lile are greater in the younger age groups. 

Vim Oosten (1!129) found that the faster-t;rowing meu;ber·s of a given 
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year class tend to matrlre at a young·er age. Since this study is based 

on a spawning population, it is reasonabie to assum e that only the 

larger members or the ll age group are sexually rn ature and present 

in the sample. Similarly, the ciscoes that mature later in Ufe are the 

s low-growing ones in their year class. This undo:..ibtedly is a major 

!actor in the presence of Lee's pheno,·n enon. The fishery causes a 

higher mortality among fast-growing fish since they can be taken at a 

younger age and are more exposed to the fishery. In addition, there 

is the possibility cited by Hile ( 1936) and Car lander ( 1945) that s.lo.'l­

growing individuals may be naturally longer-lived than fast-growing 

ones. Both factors would decrease the calculated lengths with increasing 

age, since fast-growing fish progressively disappear frorn the older age 

groups. The explanation due to segregation as to size, :'egardless of 

maturity, · ls not applicable to this study since only the spawning popula­

tion is sampled. 

Lee's phenomenon may also occur in comparisons of the gro~.vth 

of fish of the same year class captured at different ages. Table 12 gives 
, 

the growth of ciscoes of year classes 1939-1946 and 1955. These year 

classes were selected because they had a good representation of fish 

captured at various ages. /\ gain Lee's phenomenon is weU pronounced 

after the first year of life in comparing age-groups 11-V, although there 

are more exceptions than in Table 11. The regular occurrence of Lee's 

phenomenon in both con-:iparisons (Tables 11 and 12) seem s to support 

one assumption m ade in comparing age groups of different year classes 



Table 12. •-Growth of ciscoes of various year c lasses 

Year /ge 
Number / verage 

Len&th at end of iear of life in inches 
of 1ength at 

c lass group 1 2 ? 4 5 6 7 8 fish capture v 

19:39 IV 33 12. 1 5.1 9. 7 10.9 11.6 12.1 
V ;5 13.8 4.7 9.4 10.7 11. 8 12.7 13.8 

VI 4 15.1 4.5 10.0 12.0 13.2 14.0 14.6 15. 1 

1940 III 50 12.1 4. 8 10.1 11. 4 12. 1 
IV 50 12.5 5.1 9.9 11. 0 11. 8 12.5 
V 9 13. l 5.0 9.5 10.8 11. 7 12. 5 13.1 

VI 1 16.0 5.4 11. 5 12.6 13. 3 14.2 15.1 16.0 c,, - c, 
vu l 16. 3 3.8 8.1 9.2 10. 3 11. 8 13. 3 15.1 16. 3 

1941 11 4 11. 9 4.8 10.1 11. 9 
III 50 12.2 5.0 10.t 11. S 12.2 
IV 50 12. 8 5.3 10. :, 11. 5 12. 3 12. 8 
V 9 14.1 5. 1 9.7 11.2 12.4 13.4 14. l 

VI 2 14.5 4.8 10. 3 11. 7 12.5 13.4 14.0 14.5 

1942 I 1 12.6 7.0 12.6 
II ~3 11.9 5.0 10.4 11. 9 

III 50 12. 2 4.9 10.5 11. 6 12.2 
IV 50 l J . 3 5. :3 10.1 11. ::; 12. 4 13.3 
V 6 14.2 5.1 10.0 11. 3 12. 3 13. 3 14.2 

VI 1 16.2 5. 3 10.5 11. 9 13. 2 14.4 15. 3 16.2 

194 :, II 41 12. 3 5 r.; . .., 11. 3 12. 3 
ID 50 13.1 5.4 10. 8 12.3 13. 1 
IV 41 14. 0 5.0 10.1 11. G 12.8 14.0 
V 

,., 
14. 6 4.4 H.9 10.4 12.3 13.4 14. 6 I 

VI 1 18. 3 4 ., . .,, 11. 7 13. 0 14.5 15. 6 16.6 18. 3 

( continued next page) 



Table 12. --concluded 

y A Number P.verage 
ear - .ge of length at L ens!h at end of iear of life in inches 

class group fish capture 1 2 3 4 5 6 7 8 

1944 II 10 12.7 5.3 11.4 12.7 
Ill 50 13. 6 5.1 10.5 12.1 13.6 
IV 50 14.2 4.9 9.8 11. 5 12.9 14.2 
V 9 16.3 5.0 9.6 11.4 12.5 14.2 16.3 

1945 n 14 13. 4 5.0 11. 6 13.4 - - - -
III 32 13.9 5.2 10.6 12.3 13.9 
IV 50 15.f:i 4.9 10.0 11. 7 13.5 15.8 
V 24 16.7 4.7 10.1 11. 8 13. f> 15.8 16.7 

VII 1 18.8 4.9 10.l 12.4 13.7 15.5 16.9 18.1 18. 8 

1946 II t 12.7 5.6 10.7 12.7 01 - - - - - ..;a 

m 11 15.0 4.7 10.7 12.7 15.0 
IV s 15.9 4.7 10.4 12.6 14.9 15.9 
VI 1 18.0 3.6 9.8 12.5 14.6 15.9 16.9 18.0 

1955 I 24 12.1 6.H 12.1 
II :36 14.0 6.1 10. 3 14.0 

DI 33 16.8 6.0 10.4 14.3 16.8 
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(Table 11), nwnely, that growth does not vary with the calendar year. 

Better growth in certain calendar years could not cause Lee's phenom enon 

within age groups of the same year class, but could cause this discrepancy 

when comparing different year classes. For example, in the 1943 

collection in Table 11, if the 1939 year class (age-group IV) grew more 

slowly during its second year of ll!e than the 1940 year class (age-group 

llD did in its second year of life, then the difference ln length at the end 

of the second year could be due to variations in growth during the s econd 

year of life of year classes which passed that year during different 

calendar years, and not to the factor cited above by Sn:;.ith ( 1956). 

Since there was a progressive increase in the size of the ciscoes in 

Birch Lake. better e;Towth in some calendar years undoubtedly contributes 

to the m ore regular appearance of Lee's phenom enon when com paring 

different year classes (Table 11). However. the presence of Lee's 

phenon1enon in a cornparison of age groups of the sam e year classes 

(Table 12) shows that three of the factors recognit.ed by Smith (1956) 

are operative in both comparisons. 

Comparison of growth of 

year classes 

Hile (19 36) described what he called a .i cisco-type'' of gro~-vth 

which is typical of this species. It is characterb.ed by rapid growth 

in length during the first or first and second years of life, with a 

gradual decrease in growth thereafter. Cooper ( 19 37) emphash'.es 
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that the first prorr_j inent decrease in growth occurs in the year during 

which sexual rn at ;rity is first attained. F study of the length incrernents 

given in Table 13 confirm s that this pattern of grmvth is shmvn by the 

Birch Lake ciscoes taken in 1937-1950. Under high population densities, 

growth is rapid during the first 2 years and declines quickl.Y thereafter. 

During this time there is no significant increase in the first and second 

years' growth. but there is a slight increase in the calculated grov,:th 

during the third and fourth years o! life as the population declined in the 

late 1940's. This increased growth in the later years is responsible 

for the yearly increases in the aiz.e of fish of a given age. The popula­

tion was very low by 1950 and it never fuily recovered to previous levels. 

Concurrent with this population change \Vas e n1arked change in the 

growth pattern of the Cisco. In the years following 1950, the third 

year's growth continued to increase until, in many cases, it approaches 

or even exceeds that attained during the first or second year of Iife. 

The fourth year's growth is noy;,· two or three times greater than that 

for this growing season during the high population levels. Figure 4 

compares the growth curves of three year classes. Ti ·.ese year classes 

were chosen because a reasonably iarge sam ple of fish was present frort1 

each in a number of successive years. The 1942 year class is represented 

by 140 fis h in five age groups, the 1950 year class by ~52 fish in three age 

groups, and the 1955 year class by 93 fish in three age groups. The 

growth histories of these fish a.re combined to get the respective g--rowth 

curves. which are representative of that shown under various population 
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Table 13. --Growth increments of clecoes computed from Table 11. 

1937-1965 

Year 
1\ ge Length increment in inches durins lear of life 

sroue 1 2 3 4 5 6 7 8 9 10 11 

1937 8 II 4.1 4.9 0.5 
VII 4.0 5.7 1.8 0.9 0.9 1. 1 0.6 0.4 

1939a I 4.9 3.4 -
II 5.7 3.8 1.5 

III 5.5 3.9 1.0 o ... , 

1941a V1 5.0 6. 2 1.6 1.2 1.1 0.7 

1943 I 7.0 5.6 
II 4.8 - ., 

~-~ 1. 8 
m 4.8 5.3 1. S 0.7 
IV 5. 1 4.6 1. 2 0.7 0.5 
V 4.9 4.6 1. 2 0.8 0.5 0.4 

VI 6.3 3.4 2.2 0.9 0.4 1.0 0.4 
X 4.6 4.2 1. 7 1. 2 1.0 1.0 1. 1 0.8 0. 8 o. e 0.4 

1944 II 5.0 5.4 1. 5 
III 5.0 5. 1 1. 4 0.7 
IV 5.1 4.8 1.1 0.8 J.7 
V 4.7 4.7 1.3 1. 1 0.9 1.1 

VI 5.0 5.0 0.9 0.9 0.7 1. 2 0.8 
VII 6.9 4.0 1. 5 1. 4 1. 6 D.9 1.1 {). 7 

1945 II 5.3 6.0 1.0 
Ill 4.9 5.6 l. l 0.6 
IV 5.J 5.0 1. 2 0.8 0.5 
V 5.0 4.$ 1. 3 0.8 0.8 0.6 

VI 4.5 5.5 2.0 l. 2 0.8 0.6 o.s 
1946 II 5.3 G.l 1.3 

Ill 5.4 5.4 l. 5 0.8 
IV 5.3 4.8 1. 2 1. 1 0.9 
V 5. 1 4.6 1.6 1. 2 1.0 0.7 

VI 5.4 6.1 1.1 0.7 0.9 0.9 0.9 

1947 11 5.0 6.6 1. 8 
III 5. 1 5.4 1.6 1. 5 
IV 5.0 5.1 1. 5 1.2 1. 2 
V 5. 1 4.9 1 ~. . .) 1.0 1.0 0.9 

VI 4.8 4.5 1. 4 O.B 0.9 0.6 0.5 
VII 3.8 4.3 1. 1 1.1 1.5 1.5 1. S 1. 2 

( continued next page) 



61 

Table 13. --continued 

Year 
/1ge Leni!h lncrenient in inches durinj year of life 

group 1 2 3 4 5 6 7 8 9 10 11 

1948 II 5.6 5. 1 2.0 
Ill 5.2 5.4 1.1 l. 6 
IV 4.9 4.9 1. 7 l. 4 1. 3 
V 4.4 4.5 1.5 1.9 0.9 1. 2 

VI 5.3 5.2 1. 4 1. 3 1. 2 0.9 0.9 

1949 III 4.7 6.0 2.0 2.3 
IV 4.9 5.1 1. 7 1. 8 2.~ 
V 5.0 4.6 1.8 1. 1 1. 7 2. 1 

VI 4.3 7.4 1 .-, . .) 1. 5 1.1 1.0 1. 7 

1950 II 4.5 5.2 5.2 
IV 4.7 5.7 2.2 2.3 1.0 
V 4.7 5.4 1. 7 1.7 2 ,. . ., •). 9 

1952 IV 3.6 5.2 3. 1 2.2 0.9 
VI :} . 6 6.2 2.7 2. 1 1. 3 1. 0 1. 1 

VII 4.9 5.2 2.3 1. 3 1.8 1. 4 1. 2 0.7 

1953 Ill 3.5 4.2 ~.2 2.4 
IV 4.0 5 . l 3.6 2.5 l ,, . ._) 

V 4.5 6.0 .. ") -t"I 

.:>. J 2. 1 1.1 0.8 

1954 II 4.4 6. 1 4. 1 
IV 3.0 5.0 4 •)_ . ..., 2.5 1.3 
V 4.6 5.6 3. 8 2.1 0.8 1. 3 

VI 4.1 5.8 3.1 2.1 1.2 0.8 0.5 

1955 I 7.3 4.6 
II 3.8 5. 1 3.5 

IV 4.3 4.7 4.3 2.6 1. 5 
V 4.5 6. 3 4.0 2.3 1.0 0.8 

1956 I 6.8 5.3 
IV 4.0 5.9 2.9 2. 3 2.0 
V 3.7 5.2 3.8 2.4 1. 1 0.9 

1957 II 6.1 4.2 3.1 
lU 4.2 6. l 3.5 1. 9 
IV 4.4 5.2 ~1. 9 1. 7 1.8 
VI 4.1 4.1 5.7 2.2 1. 2 1.0 0.7 

1958 I 5.4 5.7 
II 3.1 3.8 6.6 

UI 6.0 4.4 3.9 2.5 

(continued next pa~:e) 
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'fable 1:3_ --concluded 

Year 
t. ge Length increment in inches durlns: year of life 

group 1 ~ 3 4 5 6 7 8 

1958 IV 3.6 5. 3 4.2 3.2 1. 2 
(cont) V 2. 8 3.4 5.8 !3. 1 2.2 1.0 

VI 5.9 4.0 5.0 2.9 1. 4 0.8 0.5 

1959 I 6.9 4.5 
ID 6.0 4.8 :1. 4 3.0 

1960 I 7. 1 5.6 
III 4.9 4.6 4.3 2.6 

VII 3. 8 6.4 2.9 2.1 1.0 1.0 0.9 0.9 

1881 II 6.7 5.8 2.5 
III 6.6 3. 8 4.5 2.1 
IV 5.1 4.4 4.0 3.0 a.0 

1962 I 5.7 4.8 
n 6.7 5.7 2.8 

IV 5.7 4.9 3.9 3. 1 1. 2 

1965a I 5.7 6.9 
II 6.4 5.7 3.6 

a F'inal year or growth not completed. 
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Figure 4. •-Growth of three year cluaes of 

ctacoee in Birch Lake. 
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densities. The marked decline ln growth alter the second year is 

easily seen in the 1942 curve. The 1950 curve does not begin to 

level off until the fourth year, and then lt is not nearly as drastic as 

the 1942 curve. Even after 4 years the 1955 year class shows no 

marked decline in growth. 

The growth curves are strikingly similar through the second 

year of life and only after this age do the curves diverge to any degree. 

It can be concluded that ciscoes during their first 2 years do not compete 

with the rest or the population of ciscoes, since their growth is 

independent of the overall population density. Birch La."lte apparently 

can provide suitable conditions for these young ciscoes, regardless of 

their numbers, within the limits of the species. This conclusion of 

density independence of growth during the first 2 years is made vnth 

the assumption that the nun1bers of fish captured in older age groups 

ts indicative of the numerical strength of a year class at all ages. 

The argu."l:i.ent that young fish were equally abundant throughout the 

study but died before they were captured during the so-called 

low-density periods does not seem justified. During the third year of 

life these fish enter into competition with the rest of the population 

and, under high density, this competition is severe and growth is 

greatly curtailed. Low population levels reduce this competition in 

the later years and favorable cooditions for growth exist for these older 

fish as well as the young. Thus, the increase in length of various age 

groups of fish is not due to gTeater growth in the ear lier years. but to 
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a lengthening oc the rapid growth period. .A lso. overall growth is not 

greatly limited by aexual maturity, as was expressed by Cooper (1937), 

since the fish captured during low population levels are mature yet 

continue to grow rapidly while forming the sex products. 



WEIGHT I T C P.. PTURE 

Comparison of sexes 

Table 14 gives a comparison of the average weights at capture 

of ma1e and femaie ciscoes of each age group. Since these fish are 

sexual!y mature it is expected that females of a given length or a ge will 

weigh ruore than males due to the greater weight of female sex products. 

{\ one-way variance analysis at the 95% confidence level shows that 

females weigh sl~&lificantly more in 18 oi the comparisons. The average 

weight of the rnalee exceeds that of the fem ales in only 5 of the 4 "i pairs 

of data, and these are not statistically significant. It is concluded that 

f e1nales weigh more than males of the same length. To prove this 

variation, one length-weight relationship was determined for 16 m ales 

captured in 1946 and one for 289 females captured the same year, the 

only year when lenbth and weight were measured in r.uillimeters and 

graml!i. The equations are: 

Males Log W ~ -4. 66 355 + 2. 84880 log L (corr. coef. ; o. 86046) 

F e m ales Log W '-= -2. 27275 + 1. 91409 log L (corr. coef. = 0. 591 0 1) 

where V/ is weight in grarns and L is length in rnillimeters. The disparity 

between the hvo equations is illustrated in Figure 5. 

G7 



Table• 14. --Com parison of weight at capture of m ale and female ciscoes. 1939-19658 

I Number of fish in parenthesesj 

t . s:e ~roue and weiiht in ounces 
Year I n Ill IV 

riflale Female M ale Female Male Female Male Female 

1939d - 2. 5(1) 6. 2(!>) 6. 7( l) 6 . 6(2) 6. 4(1) 
194:j - 1 l. 0(1) 7. 3( 3) 8. O( l) 'i .6(114) 8. 5(33) 8. 1(28) 9. 4(5) 
1944 - - B. O( 2) 9. 8(8) 8.8(29) 9. 7( 27) 97!(9) 10. 8( 1 ~) 
1945 - - s. 0(6) 10. 0( 35) -8. 9( 86) - 9. 5(1 U -10. 6(42'i') 10. 8( 103) 
1946 - - 9.4( 3)b 11. 6(7) 11. 0(21) 12. 6(:369) 12.9(4)C 13.1(58) 
1947 - - 12. 0( 1) 1~. 6(13) 13. 5(23) 14. 0(391) 15.3(4) 14. 9( :1 7) 
1948 - - - 9. 0( 1) 14. 0( 1) 15.0( 30) 17. 0( 2) 17. 0(68) 
1949 - - - - - 27. 7(11) JI). 0(2) 30. 3(1 82) 0) 

Ol 

1950 - - - 26. 1)( 1) - - 2~. 7( 3) 30 . 4( 5) 
1952 - - - - - - - 28. ()(1) 
195 3 - - - - 22.0(1) 2~. 3( 3) 27.5(2) 36. 1(8) 
1954 - - - - - - 27. 7( 3) 35. 5(4) 
1955 10. 3( 10) 14. 0(1) 1n. o( u - - - 35. 5(4) 32.5(2) 
1956 8.7(10) 11. 7(12) - - - 40. 0( l) - 30. 0(1) - - 16. 5(13) 19. 4(7) 1957 - - - - - 37 . 0(1) - -1958 '7. 5(4) - 14. 0(1) - ::iO . 6(10) 37. 2(23) - 43. 0(2) 
1959 7. 3( 7)b 9.,0(6) - - :rn.o(5) S2. 7(1 ~1) 
1961) 10. 9(22) 12. 0( 1) - -- - 23. 0(1) 
19Gt - - 20. 8(9) 22. 4( 18) 30. O( l) 

1962 5.8( 37) 6. 1(4) 20. 5(4) 22. 1( 16) 
1965d 9. 2(1) 10. 3( 5) 16. 5( 5) 15. 9( 11) 

(continued next page) 



Table 14. --concluded 

Year V 
/>. ~ &roue and weiiht in ounces 

VI VII 
Male Female Male Female Male l◄'emale 

1939d 
1943 H. 0(5) 12. 0(1) - 1·,. 0(1) - -
1944 14. 0(1) - 16. 0(1) 18. 1)( 1) 

1945 10.0( 3) 11. 8(5) 15. 8(3) 14. O( 1) 
1946 14. 6(2) 14. 6(5) 2S. 0( 1) 
1947 15. 0( 3) 16. n( :3) - 15. 2(2) - 19. O(l) 
194H - 1 ~,. 4( 7) - 16. 2(1) 
1949 - 30. 7(9) 
1950 2 '' 0( '? ) '-• • V 34.1(21) - -1952 - - - 41. 0(1) - 49. O( 1) 
1953 41. 3(3) 42. 8(H) - -
1954 - 39 . 0(1) 32 . 0( 1) :)2. O( 1) 
1955 3G . 0(2) 3(;. 2( 16) 
1956 - 29. ::;( 3) 
1957 - - 45. 0(1) 48. a( 1) 
1958 - 48. 0( 1) 42. 0( 1) 

a _,. ge eroups underliued -- females significantly heavier than u.ales. 

b Fernales significantl.Y l on~~er than ma.I.es. 

c Ma;es significant,y longer than ferna.ies. 

d :'Ion-spawning fish . 

X 
Male Female 

- :n. oo) 

- - ~ -
(Cl 
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Figure S. - -Length-weight relation• of male 

and temale clacoe• captured ln 1940. 
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Length-weig·ht relationship and 

its variations 

'i'2 

The cisco is kno,.vn to show seasonal changes in weight of each 

sex correlated with the development of sex products (Smith, 1956). 

There are also definite variations in weight with the progress of the 

spawning season itself resulting from the release of eg~s and sperm. 

/•. study of the females captured in 1946 verifies this. The state of the 

sex organs of 267 females is :mo~vn, and Table 15 gives the average 

lengths and wei g~.~ ...c; of -:.., c fish according to the progress of spa"Hning. 

/'-!though there is no significant difference in the average length,· 

there is a definite di{ference in the average weight of ripe, partially 

spent, and spent fish (all statistically significant at the 95% level). ,:.. n 

average loss of 17. 1% (65. G grams/ 382. 7 gram.s) of the body .veight is 

found between ripe and spent fish. Table 15 also shows the lengths and 

weights of five terua1es before and after stripping. The loss in body 

•Height of the five stripped fish is 18. &%, coi"npared to the above figure 

of 17. 1% for average loss, indicating very few eggs are reabsorbed after 

natural spawning. It also shows that the field methods used in determining 

the state of the gonads are reliab1e. 

The relationship between length and weight would also be 

~xpected to vary with the year of capture, considering the length of the 

study and the changes in population densities and sit-e of the fish. To test 

this, a length-weight relationship of the forrn lo t, \•.; = a + b log L was 

determined for each year and the respective values of .ta" and "b'' are 
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TabJe 15. --Comparison of female weights at varlo•,9 

stages of spawning, 1946 

Fish as collected 
State of Number /. verage /1.verage 

aex of length weight 
organs fish (mm) <sranis) 

Spent ::J4 334.7 317. 1 

Partial.Ly spent 147 331.6 359.3 

Ripe 86 332.4 362.7 

5 females before and after artificial stripping 
Length \'v' eight Weight Percentage 
(mm) before after loas 

strieping stripping 

341 4J8 358 18.3 

333 362 303 16.3 

334 395 320 19.0 

336 409 338 17. 4 

342 411 318 22.G 
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shown in Table 16. W is expreseed in ounces and L in lncheti. It is 

obvious that there is considerable yearly variation in this relationship. 

Part of thla variation m ay be due to fluctuations in the sex composition 

of the sample. wlth a, the interc.ept, tending to be smaller (relatively) 

and b, the slope larger, when males are rnore nun;erous, and just the 

opposite when females are numerous. However, there is great variation 

in the 1946, 1947, 1948, 1949, and 1950 equations~ yet aH are com posed 

largely of females. 

Because of variations in the length-weight relationship wit..~ 

sex. season, year of capture, and progress of &-pawning) it was decided 

not to try to calculate growth in weight for this popuiation. Since growth 

in weight wouid have to be based on the weight durinr; spawning it is 

felt that this would not be indicative of the overaH growth pattern. 

The fol !owing length-weight equation, expressing weight in ounces and 

length in inches, is based on all 2, 5£:i'l fish for which leng1h and weight 

meas -.trements are available, regardless of sex, progress of spawning, 

age, or year of capture. It is n1 eant to be only an indication of ri 

so-called ' ' average' ' situation, and certainly is applicable only to a 

spawning population. The equation is: 

Lo g V./ :. - ::S .18615 + 3. 82606 Log L 

and is indicated ln F i gLlre 6. This and a.ll the above length-weight 

equations were determined with the use of compute r s at the Computer 

Center of the University of Michigan. The length and weight rr,easurements 



75 

Table 16. --Year.ly variations in the values of a and bin the length-

weight equation Log W :t; a+ b log L 

Number P•rtial Percentage Year of fish a b correlation 
fen:.ales 

coefficient 

1939 11 -2.54048 ~:i . 20239 • 98715 ao .o 
1943 198 -2.3440j ~j . 00164 .76320 22.3 

1944 111 -1.85196 2.58385 • 73443 45.9 

1945 680 -1. 29568 2.09789 .52568 84.0 

1946 478 -1.32276 2.16G16 .59212 93.4 

1947 4'i8 -l.1~757 2.01240 • 58622 93.5 

1948 112 -2. 89824 3.56Gl0 • '18132 97. :-1 

1949 153 -0.51959 1.66700 • 6023,0 98.7 

1950 33 -1.17752 2.19868 .63214 81. 8 

1953 26 -2.39880 J.21452 .83528 76.9 

1954 11 -2. 33524 3.14981 • 881 79 50.0 

1955 29 -2.08460 2.90153 .95764 27. 3 

1956 27 -2.26283 3.32214 .97731 64. 3 

1957 24 -2.06159 2.9141 7 .96566 3'/.5 

1958 42 -2.82333 3.5Sa27 • 96972 61. 9 

1959 32 -2.63093 ~1 . 34635 . 99 385 61.3 

1960 25 -2.03078 2. 7'i707 .98250 12.0 

1961 31 -1. 02408 2.01 351 • 83216 66.7 

1962 62 -2. 7 8837 3. 4'i' 689 .99076 34.9 

Tota.\ 2.587 -3.18615 3.82606 • 93837 
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Figure 6. --Total l•ngth-wet,itt relation or 

ciacoea ln Birch Lake .. 
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were converted to logarithm•. entered on IBM cards, and fed into the 

computer, which then calculated the relationship between the t...vo 

variables. 

The partial , correlation coefficients given in Table 16 for 

the various years are ail highly si~-nificant at the 99% level, meaning 

the data fitted a log-log relationship well. The lowest correlation 

coefficients occurred during 1945-1950 when the samples were the 

largest. This is the period during which the growth pattern of the 

fish changed markedly in their later years. It may be that this chan ge 

in growth pattern during the lives of these fish caused the length­

weight relationship to deviate more from a log-log equation. Under 

mere stable growth and population conditions the data fit this 

relationship better. 

These lower correlation coefficients in 1945-50 are also 

undoubtedly partly a function of the fact that males taken during the 

spawning season more nearly fit a log-log length-weight relation than 

females. The correlation coefficient for 16 males taken in 1946 is 

• 8G046 while that for 269 females is only • 59101. Since the fish 

captured ln these years were n.ostly fe1nales (Table 16) this 

undoubtedly lO'Nered the correlation. Length-weight relationships 

for each sex for each year were not determined since no calculation 

of growth in weight was undertaken. 



SP/..WNING 

The spawning run of the cisco has been described in Birch Lake 

by Bowditch (1939) and \Vashburn (1944) (see footnotes 1 and 2, p. ·n and 

in various other bodies of water (Smith, 195G; Van Oosten, 1929; 5tone, 

1938; Scott, 1951; D1'yer and Beil, 1964; .Pritchard, 1931). / ,11 except 

Scott and Stone record that the ab mdance of the sexes varies throughout 

the run, with the males tending to arrive on the spawning grounds earlier 

than the females. The proportion of f eu;ales then increases throughout 

the duration of the run. Stone (19 38) did not find that the n:: ales preceded 

the females to any degree, but did discover that the n ,ales we re fewer 

than the fem ales later in the run. Table 17 gives the percentage of 

females captured in each day's collection made d uring the years 194 ::.1 -

1962. The totals for all years indicate that the males tend to he rnore 

numerous early in the season, although this trend can not be shown for 

many individual years because of the paucity of males. Totals for only 

7 days (Novembex· 16. 17, 18, 21, 22. 25, and 2 b) contain a percentage 

of fema!ea of 60. 5% or less. and these are all within the first 11 days 

of the season. To test further, the sea.son was divided into two parts 

according to months and the percentage of the total fish of each sex 

taken during Novem ber was calculated. The results are shown in 

Ta~le 18 and are somewhat inconclusive. since the percentage of m a1es 

captured in the earlier i n orith is greater than the percentage of fe m ales 
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Table 17. --Dai.ly sex ratios of spawning ciscoes, 1943-1962 

Date and eercentaic ol f ema1es 
Year November 

16 17 10 19 20 21 22 23 24 25 26 27 28 29 30 

194;3 
1944 - - .. - - - - - - 3;1. 3 51. 8 - - 86.7 o.o 
1945 - - - - - - - - - 41. 5 69.4 57.4 98.0 100.0 94.0 
194G - - - - - -- - 80.0 - - 65.7 
1947 - - 100.0 100.0 - - - 58.8 75.0 - - 69. 2 84.6 95.8 94.1 

1948 - 100.0 - - - - 83.~ - 94.1 96.0 100.0 100.0 100.0 
1949 - - - 100.0 100.0 - - 100.0 - - - 100.0 95.8 100.0 100.0 
1950 - - - - 75.0 - - 100.0 - - - - - - 100.0 
1952 · 
1953 - - - o.o - - 66.1 - - - 100.0 100.0 66.7 100.0 100.0 

1954 - ~,3-. :j 42.9 100.0 - - 100.0 - - - 60.0 50.0 - - - ,:0 

1955 25.0 100.0 100.0 o.o 50.0 50.0 57.1 10.0 
0 - - - -

1956 - - - - - - - - - - - 66.7 100.0 
1957 - 60.0 :10. 0 - - - 29.4 - - - - -
1953 - 66.7 100.0 100.0 66.7 - - - - - - - 57.1 50.0 

1959 50.0 47.6 - - 100.0 66.7 - - - 100.0 
1960 - - - - - - - - - - - - - 12.0 
1961 57.1 - - 87.5 - 50.0 - - - - - - - - 100.0 
1962 100.0 50.0 - - - - - - 100.0 
Total 

percent 57.9 53. 3 52.2 72.4 82.4 60.0 4 "J ,., 
'-' . &) 74.1 {36.2 60.5 58.6 67. 1 91.4 83.1 94.2 

fen-..i ales 

Number 
of fish 19 45 23 29 17 11) s iJ 54 29 'l6 244 117 151 154 103 

( continued next page) 



Table 17. - -continued 

Date and percenta&e of females 
Year December 

1 2 3 4 5 6 7 8 9 10 11 14 15 17 

1943 35.6 'i. 8 - - - .. - - - 21.7 
1944 - - - 23.1 28.1 100.0 32.3 41.7 o.o o.o 
1945 89.9 98.6 94.4 96.7 69.6 71.0 91.7 57. 1 90.5 75.0 - .. - £13. 3 
1946 - 95.1 90.0 93. 7 100.0 96.0 88.0 90.9 100.0 100.0 100.0 62.5 
1947 90.0 98.6 100.0 94.4 90.9 100.0 9'i' .1 100.0 95.6 96.4 100.0 

1948 - 100.0 100.0 100.0 - 100.0 
1949 - 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 
1950 - 87. 5 100.0 - - - - ... 62. 5 
1952 - - - - - - - - - - - - 100.0 
1953 - - 100.0 o.o - 100.0 - 100.0 

1954 - - - 100.0 o.o 
1955 

co - .. - - - - - - - - - - - - .... 
1956 75.0 - - 50.0 100.0 - 60.0 
1957 
1958 20.0 o.o - o.o 100.0 

1959 
1960 
1961 
1962 38.7 - - - - - 20.0 
Total 
percent GG.1 80.5 94.4 flG.l 71. l 89.7 66.9 73.2 92.7 '7 5. 0 100.0 62.5 100.0 93.3 
females 

Nurn ber 
of flsh l G8 27 'i 162 180 114 97 139 71 109 100 25 C 3 ;rn 

(continued next page) 



Table 17. --concluded 

Year 
Dat~ and percent age of f emaies 

December 
19 21 22 23 28 31 

1943 
1944 -
1945 
1946 100.0 93.8 - - - 100.0 
1947 

1948 - ... 100.0 100.0 100.0 
1949 
1950 - - - -
1952 
1953 - - - - -
1954 - - - - - - O:l 

N 

1955 - - - -
1956 - - - -
1957 
1958 

1959 
1960 
1961 
1962 
Total 
percent 100.0 93.8 100.0 100.0 100.0 100.0 
females 

Number 
of fish 12 16 "2 a 9 53 
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Table 18. --Percentage ot total catch of each sex of 

ciscoes take-n during November 

Year 
Percentage of total Percentage of total 

females males 

1944 78.6 58.2 

1945 40.0 66.9 

1946 7.0 29.0 

1947 24.8 67.7 

194£' 71.0 100.0 

1949 67.1 100.0 

1950 38.6 33.3 

1953 65.0 83.3 

1954 90.9 87.5 

1956 16.7 10.0 

1958 92.3 56.3 

1962 23.5 94.3 
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in only 7 of the 12 years where collections were made during both .nionths. 

It appears that the time differential in the arrival of the sexes on the 

spawning grounds ta not always pronounced in Birch Lake, but varies 

with the year. 

Smith ( 1956) found that in his spawning collections the 

percentage of spent male lake herring la always greater than of 

females. This was also noted ln Birch Lake by Bowditch ( see footnote 1, 

p. 7). The collecUone made in the present study for which extensive 

data were taken on the state of the sex organs (years 1046 and 1947) 

contain so few males that no significant comparisons can be made. 

S1nith (1956) also found that older fish spawn earlier than young fish, 

and that ionger fish spawn first. Table 19 gives the percentage of fish 

in each age group for each day's collection 1n Birch Lake Crom 1943 

to 1950. No trend toward earlier spawning of older fish can be 

determined, with the proportions in each age class remaining roughly 

the sa.tne throughout the season. f.. one-way variance analysis run on 

86 ripe and 181 spent or partially spent females captured in 1946 shows 

no significant difference at the 95'1/o level in their lengths ( see Table 15). 

Therefore, neither of Smith's observattons is supported by the present 

study. 



Table 19. --Percentage of total collection of ciscoes in each age gro<Jp by date, 1943-1950 

I Number of fish in parentheses) 

Date 1943 1944 
D- III IV V+ 11- m -iv- --v+ 

Nov. 25 - - - - 16. 7(1) 66. r/(4) 16. 7(1) 
26 - - - - 10. 6(18) 70. 6( 120) 18. 8(~i2) 
29 - .. - - 13. 3(2) 53. 3( 8) 33. 3(5) 
30 - - - - - 100.0(1) 

Dec. 1 4 ·. 4(2) 66 . 7(30) 24.4(11) 4. 4(2) 
2 3 . 9(2) 80. 4(41) 13. riO) 2. 0(1) 
4 84. 6(11) 7. 7(1) 7. '7(1) 

o: - .. - - - (1\ 

5 - - .. - 25. 0( 8) 46. 9(15) 21. 9(7) 6. 2(2) 
6 - - - - - - - 100. 0(1) 

7 - - - - 3. 2(1) 64. 5(20) :32. 3( 10) 
8 - - - - 25. 0(3) 50. 0(6) 16. 7(2) 8. 3(1) 
9 - - - .. - - - 100.0(1) 

10 - 82. 6( 19) 4. 3(1) 13. 0( 3) - 50. 0(1) 50. O(l) 

(continued next page) 



Table 19. --continued 

Dat~ 
1945 1946 

D III IV V+ D III IV V+ 

Nov. 23 - - - - - 80. 0(24) 16. 7(5) 3. 3( l) 

25 4. 9(2) 18. 0(32) 12. 2(5) 4. 9(2) 
26 - 83. 3C:\O) 13 . 9(5) 2. 8( 1) - 100. 0(9) 
27 11. 1(6) 75. 9(41) 13. 0(7) 
28 - 'I 8. 0( ~-;9) 20. 0(10) 2. 0( 1) 

29 1. 7(1) 31. 7(49) 16. 7( 10) 
30 2. 0( 1) 74. 0( 37) 20. 0(10) 4. 0( 2) 

Dec. 1 6. :1(5) '79. 7(63) 12. 7(10) 1. 3(1) 
2 2. 'j ( 2) 7 o. 7( 56) 19. 2(14) 1. 4( 1) 4. 9(2) 80.5(38) 12. 2(5) 2. 4(1) 
3, 14. 8( B) 06 . 7(36) 16. 7(9) 1. 9(1) - 83. 3(50) 11. 7(7) 5. 00) 

4 1 3 . 3(4) 73. :3(22) 13. ;~(4) - 3. 8(3) 74. 7(59) 20. 3( 16) t. 3(1) 
5 1 3. 0( 3) 78. 3( 18) 8. 7(2) - -5. 9( :i) 82. 4(28) 11. 8(4} - ~ 

~ 

6 6 . 5( 2) 8::t . 9( 26) 6. 5(2) 3 . 2(1) 4. 0(1) 84. 0(21) 12. 0(3) 
7 16 . 't( 2) 50.0(6) 25. O( J) 8. ~( 1) 4. 0(1) 68. 0(17) 20. 0(5) D. 0(2) 
8 4. 8( 1) 57 .1( 12) 3:~. 3( '1) 4. 8(1) - 81. 8(9) 9. 1(1) 9.1(1) 

9 4. 8( 1) 71. 4( 15) 19. 0(4) 4. 8( 1) - 96. 6(28) 3. 4(1) 
10 6. J( 1) 56. 3(9) ~{7 . 5( O) - 3. 8( 1) HO. 8(21) 11. 5( 3) ~- 8(1) 
11 - - - - - 81. 3( 13) 18.7( 3) 
14 - - - - - 87. 5( 7) 12. 5( 1) 
l 'l 6 . 7( 2) 13 . 3( 2.2) 20.0(6) 

19 - - .. - - 83. 3( 10) 16. 7( 2) 
21 - - - .. - 93. 8(15) - 6. 2( 1) 
31 - - - - - 88. 7(47) 11. 3( 6) 

( continued next page) 



Table 19. --continued 

Date 
1947 1948 

n m IV V+ n m IV -- - -- -v 

Nov. 17 - - - - - - 50. 0(1) 50. 0(1) 
18 - 100. 0( 3) 
19 50. 0( 1) so. 0(1) 
22 - - - - - 33 . S(2) 66. 7(4) 
23 - 94. 1(16) 5. 9(1) 

24 - 100. 0(12) - - - 11. 8(2) 82. 4( 14) 5. 9( 1) 
25 - - .. - - 26. 0(7) 68. 0(17) 4. 0(1) 
26 - - - ... - - 1~0. 0(15) 
21 - 84. 6(11) - 15. 4(2) - 12. 5(2) 75. 0( 12) 12. 5(2) 
28 3. 6(1) 82. 1( 23) 10. 7(3) 3. 6(1) - 30. 0(3) 60. 0(6) 10. 0( 1) 

29 - 91. 7(22) 4. 2(1) 4. 2( 1) 
30 11. 8(4) '19. 4(27) 8. U(3) 

Dec. 1 - 90. 0(9) 10. 0( 1) - - - - - 00 
. -.J 

2 2. 7(2) 8'7. 7(64) 6. 8(5) 2. 7(2) - 20. 0( 2) 80.0(8) • 
a - '15. 0(27) 25. 0(0) - - - 100. t)( 1) 

4 - 97. 2(35) - 2. 8( 1) - 28. 6( 2) 57. 1( 4) 14. 3( l) 
5 4. 5(1) 77 . 3( 17} 13.6( 3) 4. 5(1) - .. 
6 8 . 6(3) 82. 9( 29) 8. 6( '.:l) - - 25. 0( 1) 7 5. 0( 3) 
7 - 82. 4(28) 14.7(5) 2. 9(1) 
8 - 100. 0(16) .. 
g 2. 2( 1) 91. 1(41) 6. 7( ~) 

10 :1. 6(1) 85. 7(24) 10. 7( 3) -
11 - 100. 0(9) 
22 - - - - - 100. 0(2) 
2 ·~ V - - - - - C C-'. '"'( 2) ;>\,l o j ' 33. 3(1) 
28 - - - - 11. 1(1) 77 .3(7) - 11. 1(1) 

(continued next page) 



Table 19. --concluded 

Date 
1949 1950 

n Ill IV V+ n Ill IV V+ 

Nov. 19 - - 100. 0(1) • 
20 - - 100. 0(3) - - - 25. 0(2) 75. 0(6) 
23 - 50. 0( 1) 50. O( l) - - - 33. 3(1) 66. 7( 2) 
27 .. 25. 0(2) 75. O(Ei) 
28 - 6. 3(3) 91. 7(44) 2. 1(1) 

29 - 7. 4(2) 88. 9(24) 3. 7( 1) 
30 - 6. 7( 1) 06. 7(13) 6. 7(1) - - - 100. 0( 1) 

Dec. 2 - - 100. 0(19) - - - 37. 5( 3) 62. 5(5) 
3 - - 50. 0( 1) 50. 0(1) 25. 0( 1) - - 75. 0(3) 
4 - - 100. 0(2) - - 0) - - - . eo 

7 - s. 3( 1) 83. 3( 10) 8. 3( 1) 
8 - - 60. 0( 3) 40. 0(2) - - -
9 - 20. 0( 1) 40. 0(2) 40. 0( 2) - - 25. 0(2) 75. 0(6) 

10 - - 80. 0(4) 20. 0( 1) 



SEX COMPOSITION 

Changes in sex co:mposltion 

with age 

There is considerable variation in the changes in sex com posi­

tion wlth age for different ciaco populations. some showing an increase 

in percentage of females, some a decrease, and some no significant 

change with age (Smith, 1956). The changes in sex ratios with age for 

different years for the Birch Lake claco are shown in Table 20. The 

totals for each age group are giveu in two separate periods, 1939-1950 

and 1952-1965, since the latter shows a much better sarnpling of the 

younger age groups. The data indicate no definite trend, although the 

high percentage of 2-year-old males (age-group I) after 1952 shows that 

under periods of low population density and rapid growth the males 

r.n.ature at e. younger age. This fact is emphasized by Table 21 which 

gives the average age of the sexes taken during the various spawning 

seasons. Under high population densities and population decline (194:3-

1950) the average ages of males and fen1ales are very similar, the 

greatest variation being O. 2 year in 1947 and 1950. However, following 

th~ resumption oi reproduction aud a partial recovery of the population, 

the males definitely are sexually rnature at a younger age. For 9 

straight years ( 1954-1962) the average age of the females is greater, 

very significantly so for the 6 years of 1955, 1956, 195b, 1959. 1960, 
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Tab!e 20. --Changes in sex eornposition of ciscoes with age, 1939-1965 

l N,.mlher of fish in parentheses; niaies at left, females at rightj 

Year 
Percent females in as:e srou.2 

I II m IV V VI vn X Total 

19396 100.0 16.7 33.3 - - - - - 30. 0 
(0: 1) (5: 1) (2: l) (7: 3) 

194:j 100.0 25.0 22.4 15.2 16. 'l 100.0 - 100.0 22.3 
(0: 1) ( 3: 1) (114:33) ( 28:5) (5: 1) (0: l) (0: 1) ( 150:43) 

1944 - 60.6 40.1 52.5 33. 3 50.0 100.0 - 45.9 
(13:20) (109:76) (28: 31) (2: 1) (1: 1) co: n ( 153: 130) 

1945 - 85.4 83.2 90.4 6G.7 25.0 - - 84.0 
(6: 35) (86:427) (11:103) (3:6) (3: 1) (109: 572) 

(0 

1946 - 70.0 94.6 93.5 71.4 o.o - - 9J.4 · o 

( 3: 7) (21:369) (4:58) ( 2:5) (1:0) ( 31:439) 

1947 - 92. 9 94.4 90.2 50. l) lOQ.i 0 100.0 - 93.5 
(1: 13) (23: 391) (4: 3'"/) (3:3) (0:2) (0: 1) ( 31:447) 

1948 - 100.0 96.8 97.l 100.0 100.0 - - 97.3 
(0: 1) ( l: 30) (2:68) (0:7) (0: 1) (3:107) 

1949 - - 100.0 96.5 100.0 - - - ~· ug. : 
(0~ 10 (2:132) (0:9) (2: 152) 

1950 - 100.0 - 62.5 87.5 - - - 8!. g 
(0: 1) ( 3:5) ( 3:21) (6: 27) 

Totals 
19 39- 1oa.o 71. a 70.0 84. ~1 74.6 54. f> 100.0 100.0 

195() (0: 2) CH:r/9) ( 356:1338) (32:4 39) ( 18:53) (5:13) (0:2) ( 0: 1) 

( continued next page) 



Table 20. --concluded 

Ye-ar 
I --II~~ m- IV V vr- VII X Total 

1952 - - - 100.0 - 100.0 100.0 - 100.0 
(0: 1) (0: 1) (0: 1) (0:3) 

1953 - - 75.0 81. 8 72. 7 - - - 76.9 
( 1: 3) (2:9) (3:8) ( 6: 20) 

1954 - o.n - 50.0 50.0 66.7 - - 50.0 
(1:IJ) ('1:7) (1:1) ( 1: 2) (10: 10) 

1955 4.0 o.o - 37.5 80.0 - - - 27.3 
(24: 1) ( 1:0) ( 5: 2) (8: 2) (32:12) 

1956 54.5 - - 100.0 100.fl - - - 64.3 
(10:12) (0:2) (0:4) (10: 18) 

CD 

1957 33.3 100.0 100.0 50.0 37.5 
~ - - - -

(24:12) (9: 1) (O: 1) (t: 1) (25: 15) 

1958 o.o o.o 69.6 100.0 100.0 o.o - - 61. 9 
(4:0) ( 1:0) (23:10) (0:2) (0: 1) ( 1:0) (16:26) 

1959 46.2 - 72.2 - - - - - 61.3 
(7:o) ( 5: 13) (12: 19) 

1960 4.3 - 100.0 - 100.0 - - - 12.0 
(22:1) (0: 1) (0: 1) (22:3) . 

1961 - 66.7 o.o 100.0 - - - - 66.7 
(9: 18) (1:0) (0:2) (10:20) 

1962 9.8 80.0 - 100.0 - - - - 34.9 
( 37:4) (4: 16) (0: 2) (41: 22) 

19653 8 ') ' 1 
.... V 68.8 - - - - - - 72.7 

(1:5) (5: 11) (6: 16) 

Totals 
1952- 21. 6 55.9 48.3 67.4 58.6 57.1 100.0 
, 1965 (105:29) (45: 57) ( 30:28) (14:29 12: 17 _ _ u p:4} lOi 1} 

on-spawn g popu a on. 
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Table 21. --Average age of m.aiee and females, 1943-1962a 

Males Females 
Year Average Number ~·.verage Ntm1.ber 

age of flab age of fish 

1943 4.23 150 4.09 43 

1944 4.14 153 4.15 130 

1945 4.18 109 4.15 5"/2 

1946 4.26 31 4.14 4 39 

1947 4.29 31 4.09 447 

1948 4.67 " 4.79 107 .) 

1949 5.00 2 4.99 152 

1950 ~.60 6 5. ·10 27 

1953 5.33 / 5.25 20 <) 

1954 5.10 10 5.50 10 

1955 2.75 32 5.42 12 

1956 2.00 10 3.22 18 

1957 3.16 25 3.47 15 

1958 3.6S 16 4.15 26 

1959 2.83 12 3.37 19 

1960 2.00 22 4.67 n 

" 
1961 3.10 10 3. 20 20 

1962 2.10 41 3.00 22 

a Total age is one year greater than the age group. 
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and 1062. /', study of Table 20 sho·,vs a general increase with a ge in the 

proportion of females for these years. Dryer and Beil ( 1964) found, 

with Cew exceptions, that the average age of the females exceeds that 

of the males, although this difference is never greater than o. 5 year. 

It seems possible, and quite probable. that males mature at a yoi.lnger 

age than fem ales under all population conditions. but were not sampled 

adequately at the younger ages in 1943-1950. Van Oosten (1939) and 

Van Oosten and Hile (1949) found that the males of the closely related 

lake whitefish mature 1 year earlier than the females. 

Differential mortality and changes in sex 

composition by years 

The most striking variation in sex composition occurs in the 

total sex ratios for the fish captured during the various years (see 

Table 20). If a single coilection is made during the spawning sea.son. 

it would be very easy to capture a high proportion of one sex due to 

sex differences in behavior and to segregation and differential arrival 

on the spawning grounds. Such a case ls illustrated by Cooper ( 1937) 

who obtained a sample containing only 29% fem ales. Brown and 

ivloifett ( 1942). whose earnple ts based mostly on one collection made 

late in the season, found twice as many females as males. with the 

ratio persisting throughot,t the different age groups. The yearly 

samples in the present study. however, consist of a nurnber of 

collections made throughout the spawning season. so inadequate 
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sampling is lees of a problem. Nevertheless, it is still important and 

la illustrated by the years 1952-1965. During this time the sex ratio 

approaches the expected l: l ratio in only one year, 1954. Otherwise 

there is a marked preponderance or one sex or the other, with the 

predominant sex fluctuating from year to year. This appears to be 

due to the differential maturity rates discussed above, with the males 

predominating when the sample ls largely young fish, and the fen:ia!t•s 

predon11nating when 1.nainly older fish are captured. In this Light the 

sex composition obtained for the years 1952-1965 is not unrealistic. 

The sex ratios for the years of population decline present a 

much different problem. It can be seen that the percentage of females 

increases progressively from 22. 3 in 1943 to 98. 7 in 1949. The 

percentage declined to 81. 8 in 1950, but only 33 fish were taken in the 

whole lake that year. Kerle and Washburn (1947) ::~ found 85. 6% of 940 

fish weighed during their study or the cisco harvest in 1945 to be 

females. Such a tremendous increase in one sex apparently has never 

been recorded Cor this species. These sex ratios are not due to 

differential age at maturity, as was the case after 1952, since the average 

ages of the sexes are very similar (see Table 21), and there is no 

significant increase or decrease of either sex with age (see Table 20). 

3 
Kerle, Arthur. and George Washburn. 1947. The cisco harvest from 
Birch Lake, Cass County, Michigan, in 1945. Michigan Department 
of Conservation. Institute for Fisheries Research, Rept. No. 1122, 
9 p. l Typewrittenj 



95 

Smith ( 1956) and Van Oosten ( 1929) found a progTesslve decrease in the 

abLmdance of f ernales with increasing age, and attributed this to a 

selective destruction of females in younger age groups, wiiUe Dryer 

and Bell ( 1964) f ound the percentage of females increases .vith age. 

Since the percentages of fer.., ales do not increase significantly with 

age in the present study. it appears there is no differential sex rnortality 

which could accoant for the lack of in a1es. To test this t\1rther TabJe 22 

was com piled and shows the percentage of fem ales in each year class at 

each successive age of capture. The sex corn position for the year classes 

1942 through 1948 gives no indication of greater ruortality of m.ales, since 

the sex ratios ren-,.atn reasonably constant throughout the history of the 

year class. However, the 1940 and 1941 year c lasses do show a significant 

increase in the abunda.l'lce of fem ales that appears to be due to a heavy 

m ortality of maies after their fourth year of life (age 1m. Since this is 

the a ge at which fishing mortality was by far the heaviest, this might be 

expected to be the cause or the decline in m a!es, if, by chance, a very 

large proportion of the m age group captured consisted of n:,, a,i.es. The 

big change in sex ro.tio in the 1940 year class occurs between the III age 

group captured in 194:3 and the IV age gro-:Jp captured in 1944. f: ince the 

1943 collection ls based on experimental. netting and only z, 108 clscoes 

of all ages were rem oved from the la ke, this could not have depleted 

the rn ales in view of the large population then present. The significant 

increase in the 1941 year class occurs between t he Wage group taken 

ln 1944 and the IV age group taken in 1945. !i total of 10, '1 38 fish were 



!!rable 22. --Sex composition of year c Jasaes or ciscoea at successive ages 

Ar,e 
Year class and eercentae of females .• 

1938 1939 1940 1941 1942 1943 1944 1945 1946 1948 

I - - - - 100.0 

II - - - 25.0 60.G 85.4 70.0 92.9 100.0 100.0 

m - - 22.4 40.l 83.2 94.6 94.4 96.8 100.0 

IV - 15.2 52.5 90.4 93.5 90.2 9'7. 1 98.5 62.5 100.0 co 
~ 

V 16.7 33.3 66.7 71.4 50.0 100.0 100.0 87.5 - 72. 7 

VI 50.0 25.0 o.o 100.0 100.0 - - - 100.0 66.7 

vn - - 100.0 - - - - 100.0 
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taken from the lake in 1944, which certainly means there was 

considerable fishing 1nortality. However, since the proportion of the 

sexes ta...l<en in the ID age group sample tn 194-4 is nearly I: 1 (40. l % 

females), this does not appear to account for an increase to 90. 4-% 

females the next year. I' rnore reasonable explanation is that the 

disappearance of males is due to some envirorunental factor which is 

reflecte,J in the abnor1na1 sex raUos throughout the entire year class 

beginning with 1942, a factor which depressed the males oniy in the 

latter stages of the 1340 and 1941 year classes. 

Possible determinants of observed 

sex ratio 

Since the sexes arrive on the spawning i1.round at somewhat 

dlff erent times, it might be argued that the abnormal sex ratios are 

not indicative of the entire population and are due to sampling the 

populaUon when the females are more numerous late in the season. 

It is also possible that there was a : ,shifting in the time and intensity of 

the spawning runs which, since the population was sarnpled during the 

same period every year, rnight contribute to a shift in s 0x composition 

in the catch. 1\.1any a t.tthors (Sn·:ith, 1956; Stone, 19::$8; Brown and 

Moffett, 1942; Dryer and Be.U, 1964; Wnshburn, 19444) have observed 

a critical temperature of 3°-4° C at which ciscoes begin to spawn, so 

fluctuations in the climate and weather could alter the spa.'.vning run. 

4 
See footnote 2, p. 'l. 
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Table 23 ls a comparison of the intensities of the spawning runs of 

1944-1950. It indicates a very striking similarity in the runs in 5 

out of the 7 years. In every year except 1946 and 1948 the peak of the 

run occurs on either November 30, December 1. or December 2. The 

general trend of these runs consist• of very low catches earty in the 

season, a slow increase to a peak during the first week of December, 

and then a gradual decline until netting stops, at which point the catch 

ls generally better than that at the beginning of the season. The 1948 

run shows no definite peak period, with catch remaining fairly constant 

throughout the netting period. The low catches at both the start and 

finish of the season indicate that the run occurred largely during the 

netting season and was well sampled. The 1946 r~1.1n was unusually high 

during the latter part of the season, indicating that perhaps the tail end 

of the run was not weH srunpled. However, since males are rr,ore 

numcro ,.:s early in the season and this part is better sampled, the catch 

would be biased toward a larger number of n'}.ales. .,, ct:..ially this appears 

to be the general rule, rather than the exception. The very low values 

early in Noven1ber mean that netting starts well before the main spawning 

run is under way, and the higher values late in December indicate the run 

is considerably greater at that time. Because part of the period of 

fei-na!e predon,inance occurs after the sea.son and Ls sampled less than 

that of male predominance, the tendency is to select for males. if 

anything. Since this is the sex which is so scarce, it is concluded that 

the tune of sampling is not responsible for the high number of females. 
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Table 23. --Dally comparison of catch of clscoes per hour per net 

1944-1950 

Date 
Year and catch eer hour 

1944 1945 1946 1947 1948 1949 1950 

Nov. 15 Q.07 0.02 0.03 

16 0.36 0.00 o.oo 
17 0.02 0.07 0.00 

18 0.00 o.oo o.oo 
19 0.55 o.oo 0.10 

20 O.J3 0.03 o.oo 
21 0.72 0.00 o.oo 
22 o. :n 0.00 o.oo 
23 0.17 0.13 0.23 0.16 o.oo 
24 0.88 0.40 0.50 0.07 o.oo 
25 8.41 2.68 0.35 0.14 0.35 0.40 o.oo 
26 6.72 2.46 0.36 0.37 0.27 0.36 0.00 

27 9.25 4.75 0.57 0.52 o. 30 0.35 o.oe 
28 7.45 4. 54. 0.78 0.70 0.20 0.18 o.oo 
29 7.28 3.68 0.65 0.71 0.28 0.62 o.oo 
30 10.97 5.14 1.17 0.77 0.50 1. 87 0.17 

Dec. 1 9.31 J.34 0.64 2.28 0.23 o.oo O.OJ 

2 8.41 4.03 1. 58 1.42 o. 11 0.80 0.74 

3 6.00 ::!. 93 1. 37 0.80 D.18 O.i8 o. 20 

4 6.64 2.41 1.44 1. 70 0.16 0.10 0.33 

5 4.48 2.62 1.64 1. 17 0.09 0.10 o.oo 
6 3.75 1.75 1.37 0.82 0.15 0.16 0.25 

7 2.90 1.56 1.09 1.40 0.10 0.11 o.oo 
8 3.39 2.44 1. 67 0.53 0.05 o. 30 o.oo 

·:- 9 2.70 1.08 1. 78 0.90 0.05 0.13 0.45 

10 3.49 1.26 1.32 0.60 0.04 l). 12 0.13 
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.~. further incUcation of thla is that the sex ratio returned to a sotr!ewbat 

normal condition w; en reproduction resumed and the population increased 

following its crash. 

There was no change in sampling methods between the t vio 

distinct periods of male scarcity and abundance. There is alway s the 

possibility that the fishermen may have wanted to select one sex, because 

of better smoking qua :ities, for example. Bvwever, it is not reasonable 

that the !arge number of fishermen trying to catch the few ciscoes during 

the lean years of 1946-1950 would pass up the -uiales. Smith (1956) lists 

gear selectivity ln relation to differential morphology and activity as 

a possible factor in sex composition. Since n-~alee of other sp~cies o! 

fish and other types of animal& are traditionally the more active sex 

during breeding periods, it is believed that, if any, male ciscoes move 

about more and thus are more susceptible to gill netting. Hile and 

Deason ( 1947) found males of a closely related species, the kiyi, to be 

very active during the spa·Nning season. Sinee there is no significant 

difference in the growth in length of the sexes of ciscoes in Birch La::e, 

the only possibility is that the gill nets could select fem.ales because of 

sex differences in weight, shape, and condition at spawning under a 

period of rapid growth and low population levels which made them more 

susceptible to gill netting. This does not seen.. probable, however. 

because similar rapid growth continued after 1950, and large numbers 

of males were taken during this period. 
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Thls variability in sex ratio cannot be readily explained, altho,1gh 

several other possibilities niay be mentioned. One ls that there was 

some chanf;e in the behavior of the n-,ales under low population densities 

and rapid growth which eliminated them largely from the spawning 

grounds during the usual spawning season. Smith ( 1956) found larger 

ciscoes to spawn earlier than the smaller ones. although this finding 

was not verified by the present study. It is possible that the extremely 

rapid growth of males under lovV population levels may have hastened 

or retarded sexual tDaturlty to such a degree that they did not spawn 

normally. 

Applegate and Thomas (1965) have studied a closely related 

problem in the sea lamprey. This le the age at which arnmocoete larvae 

transfor0; into adults and move out of the stre&TIS and into the Great 

Lakes. It is known that there are pronounced changes in sex co:mposition 

of spawning runs asaociated with changes in the abundance of upstrearn 

spawning migrants in successive years. !--pplegate ( unp,,blished data 

cited in .:-,pplegate and Thomas, 1965) has demonstrated that the total 

abundance of spawners and the ratio of males to f e1r.ales was positively 

correlated in Ocqueoc River, !vUchigan, spawning nms. that is. the 

greater the nwnber of mature upstream migrants. the larger -.vas the 

proportion of males. (This finding is paralleled hy the present study 

in which males are most abundant when the population is high.) P- nearly 

equal sex ratio of recently transformed sea lampreys moving downstream 

is considered normal. Yet the sex ratio of 1960-61 downstream. migrants 
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was 324 ma.lee: 100 females, an extremely high and atypical proportion 

of males. This was attributed to two factors. One was the effective 

prevention of recruitn.ent into the larval populations in the stream for 

approximately 6 years immediately prior to the 1960-61 do~tnstream 

run. Thie was done with barriers which b1ocked llpstrean .. movenient of 

spawners, and resulted in low larval populations. The second factor is 

that the females apparently transform at an earlier age than do the inales. 

There was no recruitment in 1950-61. In the 5 years between the 1956-57 

run and the 1960-61 run the ratio of males to females increased four 

times. Applegate and Thomas conclude that such a pronounced shift in 

sex composition can rr1ean only that the f erI.a1es transJ.' orm and leave 

the streaai at an earlier age under low iarval populatfDn densities in the 

stream. This fact can then be correlated with the relative abundance of 

females when the adult spawning population is low and the r-elative 

abundance of males in high spawning populations, when it is considered 

that. one growing season later, these downstreB.lr. migrants form the 

basis for the next spawning run. 

P,~rhaps a slight seasonal variation in m aturity or behavior 

associated with low populations may have occurred in rnale ciscoes 

in Birch Lake. 5ince the population was under obvious stress during 

this period it seems logical tha.t any change would be such as to 

increase the survival chances of the species. /1 higher percentage of 

fe1:nales on the spawning grounds rnay be construed as a step in this 

direction, since the cisco ls a pelagic spawner, and a single male nlay 
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spawn ~1th severa1 females. However because the sexes do tend to 

segregate on the spawning grounds and because so very few n1ales 

were present, lt appears that reproduction may be reduced rather 

than increased under such sex ratios. 

Possible determinants of actual 

sex ratio 

If differential mortality, changes in behavior and thn e of 

maturity, sarnpling errors, segregation on che spawning ground, gear 

selectivity, and variations in the spawning runs are discounte i , then 

it must be assumed that the observed sex ratios are the true sex ratios 

of the population. Such an assun.ption points to the related concepts of 

interaexuality, parthenogenesis, sex reversal, hermaphroditism, sex 

differentiation and determination, and genetic abnormalities for an 

answer. Much of the material on these subjects has been treated by 

J,t. (1964) and no attempt will be made to explain them. T hese phenomena 

will be mentioned here only as they might apply to the immediate problem 

and anyone wishing a more thorough explanation sho,1ld consult f tz ( 1964). 

Melander and fvlonten ( 1950) report a case of probable 

parthenogenesis in Coretionus lavaretus in which 15o/,, of a batch of 

_ unfertilized eggs developed into females. Turdakov and Turdakov ( 1959) 

found that ova of about 40% of fem ale Leuciscus bergi developed 

parthenogenetically. The perce11tage of eggs which developed partheno­

genetically varied from lo/ti to 90% in different t'emales. In this instance, 
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however, external impregnation or the ova by spermat,.izoids was 

necessary for development. Nevertheless it is shown that partheno­

genesis has occurred in the families Coregonidae and Cyprinidae. It 

is known that some type of mortality greatly reduced the inales in the 

1940 and 1941 year classes of the cisco. If a large number of fec-iales 

had no males with which to mate, conditions for parthenogenesis could 

exist if the females spawned anyway. Such parthenogenesis, if it did 

occur, would then contribute to the larger percentage of females. since 

these eggs would develop into females. The possibility that a limited 

amount of parthenogenetic developxnent may occur naturally, but is 

not significant under normal reproductive conditions when both sexes 

are prominent and the percentage of ferUJh.ed eggs is high, u1ay also 

be considered. 

/\ !though these phenomena are known to occur in ruany fish, 

th~ literature does not indicate that hermaphroditism or sex reversal 

ff-~> >.1 operative in coregonids. /\lso no literature was found which 

supported the possibility of the aex ratio at f ertili~ation being altered 

by unusual conditions, either environmental or genetic. One n,ore 

lof;ical explanation involves the period or sex differentiation when the 

fish is very young. Here there is the possibility that strong environ­

tnental conditions may infiuence sexual development in one direction. 

P, t, ( 1964) writes concerning the effect of the environment on sex 

ratios (p. 193): 'Scientific investigation of environmental influences 

on sex determination and differentiation in fishes has yielded a 
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nun1ber of provocative and little understood observations. T hat the 

environn;ent can exert, under some circun,stances, a significant e ffect 

on the sex ratio is 'Nell established, but !1o w this is accom plished is 

unknown, and even the conditions under which it occurs are ill-defined. 

The proble ru of ruling out differential m ortality m ust ah vays be faced 

and is especially acute in form s, like the oviparous fis hes, that exhibit 

high fecundity ·Nith a significant amount of rr.ortality under the best of 

conditions. ,, Dr. P t:z. points out that investigators of this prob ien1 have 

found that crowding and starvation result in higher p roportion s of r::·a a l es 

and then continues ( p. 194): '' It is interesting to note t hat as far as 

lmown am ong teleosts, advel'se enviromriental conditions appear to 

favor the differentiation of m ales, and _, et the rnales are the less viab le 

sex, as n-, easured by longevity and resistance to adverse environm ental 

a gents. Is this adaptive? ·• The fact that n ,ale ciscoes were nun ierous 

when the population ·,1vas high and gro .vth s low, and t hen declined in 

ab1.mdrmce ,-vhen the population decreased and groNth increased, seen 1s 

to be evidence in s ~1pport or the above statem ents. Hile ( l9 ~1G) 

concluded t hat (p. 29 2) "the correlation beh•,een growt!1 rate and sex 

ratio may be consider ed to r esult f rou ,. the dependence of these h vo 

characteristics on the sau~e environmental iactors. '1 

It is m o~1t. ~ ·nportr:,:, .. here to differentiate between the individual 

and the t,pecieL , ;1Ue ( :: . . _-onmental conditions, as n,easured by 

growtL, s eeni eJ poor f ,·.,-· 1. . e individual, t he y \Vere apparently better 

for the species as a wh0~.~·, :J~ i!'1c.1icated by t he hig;h popuiation le vels 
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and successful reproduction. When the conditions. as measured by 

growth, seemed good for the individual, they apparently were urnch 

worse for the species since the population was undergoing a marked 

reduction tn nurnbers and ln amount of reproduction, leading alruost 

to extinction. In Birch Lake environmental conditions as they alf ect 

the individual cisco are the important ones in influencing the determina­

tion and differentiation of sex, if such a phenomenon doe6 occur. 

Perhaps growth is not the best criterion to use here since after 1950 

the sex ratio returned to normal under continuing rapid growth. The 

succese of reproduction ma) be a better indicator of these environmental 

conditions that may alter the sex ratio, i.e., conditions are better for 

the individual when reproduction of the species as a whole is poor. 

The entire problem is one of ca1.1se and effect. 



REASONS FOR POPULP.TION FLUCTUP-TIONS 

A final disc ,ssion of the possible factors responsible for the 

population fiuctuattons of the cisco in Birch Lake serves to err.1phash:e 

the con.·,plexlty of the relationship between an organism and its 

environment. Because of the rnany interactions between the various 

ecological conditions and the complexity of their effects on the cisco, 

it is not possible to determine if any one factor is responsible for the 

changes, although several factors may be largely eiiminated. 

Overfishing 

One influence that n::ust be considered is overfishing. V✓ashburn 

(1945) 5 and Kerie and Washburn (1947) (see footnote 3), using coniputecl 

average weights, calculated that ciscoes were removed during the 

netting season at a rate of 32. 9 pounds per acre in 1944 (10,540 pou.nds 

total) and at a rate of 23. 3 pounds per acre in 194 ~1 (7,16 8 pounds total). 

The 1944 value seems especially high in view of the great depth and 

relatively low productivity of the la_l.(.e. Carlander (1955) gives tlie 

average standing crop of fish in ' 'trout'· lakes as less than 50 pounds 

per acre. Since the ciscoes are all caught within such a s hort period 

these values are comparable and could possibly indicate overharvesting 

of the stock, considering that the cisco is only one or rnany species of 

5 
Washburn, George r, . 194.:i. The cisco harvest froru Birch Lai<e, Cass 
County, in 1944. Michigan Dtpartment of Conservation, Institute for 
Fisheries Research, fiept. No. 1J20, 12 p. l Typewrittenj 
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fish in the lake, and especially s lnce the three youngest arid rt,ost 

nu,:.,erous age groups of ciscoe8 a.re hardly harvested at ali. However, 

the cisco ls a plankton feeder and th,,.?~r>lore is in a relatively l ow trophic 

level, where productivity is greater than for the higher predator levels 

in whtcr. most other fresh-water sport and con-. .:nercial fish species are 

found. 

.r-. review of the age structure o f the population during its 

decline ( see Tabie 8) indicates that overexpioitation was probably not 

the rnain contributor to the fi:.ictuations. Van Oosten ( 1929) lists three 

sy i-n ptoms of heavy commercial fishing. namely ( 1) the paucity of old 

individuals, ( 2) the shifting in the a ge co.mposition of the sau·;ples, 

and (:3) the one-year dominance of a year c lass. However, Scott (1951) 

felt that in Lake Erie, where the fishery Nas quite intense, the dom inance 

of the cisco fishery over a nu rr..ber of years b y one year class was the 

rule rather than the exception. S:,,mptoms ( 1) and ( 3) are certainly 

present in the present data for 1943-50 and indicate heavy fishing, 

although they are undoubtedly due also in part to gear seiectivity. 

Synipton, (2), which involves the increase in the percentage of young 

fish in the catch at the expense of the older, is definitely not true in 

the present study, since the population actually ages l. 32 years fron.: 

1946 to 1950. This indicates that a lack of reproduction was more 

responsible for the decline in the population. Car lander ( 1945) found a 

marked change in the sh:. e and age composition of the cis <.:o pop.tlation 

resulting f rorn changes in fishing intensity. He found intense fishing 
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resulted ln the establishwent of populations of _young sma.11 fish. The 

clscoes ln Birch Lake became big and old when the popu!atlon declined. 

Even if fishing mortality was high, ~cott (1951) has s i·:own that a J.arge 

spawning stock is not necessary for a successful year class. The 

commercial catch of ciscoes in Lake Eric in 194:3 was the lowest 

recorded since 1371. Yet the year class spawned by this stock was 

one of the largest ever produced. The cisco has such a high fecundity 

and reproductive potential that the factors influencing hatching and 

survival are much 1nore in;.portant (8cott. 1951). Pr-itchard (19 ::i l) 

feels that factors other than over-.ishlng are responsible for the 

pcipulation fluctuations of the cisco in Lake Ontario. 

Trout stocking 

There is the possibility that stocking of trout may have 

contributed to the changes in the cisco population. Table 24 gives the 

kinds, numbers, and sizes of trout p1anted in Birch Lake by the 

Michigan Department of Conservation. The period of heavy rainbow 

trout stocking, 1040-1953, coincides largely with the period of popula­

tion decline of the clsco. The clsco population made a considerable 

c omeback after 195Z ,vhen trout .verc stoci-:ed ...:,n \ y every 3 or 4 years. 

This rnay be coincident or it i-na:v xuean that the tro .,t contribl1ted to the 

decline. Leonard and Leonard (1947). who studied the food habits of 

rainbow and lake trout in Birch Lake, concluded that the trout were not 

significantly predatory on the cisco, did not cornpete with it for food to anJ 

degree, and did not appear to jeopartlii.e the cisco population in any ,vay. 
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Table 24. --Trout stocked in Birch Lake, t907•19o3 

Year R alnbow trout Lake trout Brook trout Brown trout 
Number Size Number Size Number Size t~umber Bi~e 

1907 10,000 fry 
1908 10,000 fry 
1909 10,000 fry 
1910 10,000 fry 
1937 10,000 9 mo 

1938 1,000 yrlgs 1,000 yrlgs 
1940 2,000 yrlgs 790 adults 
1941 4,786 7 1/2 mo 
1942 2,510 8 n.10 

1943 4,519 yrlgs 

1944 3,000 14 mo 
2,763 23 mo 

1945 2, 763 14 n10 

3,026 22 mo 
1946 3,003 13 mo 

3,000 23 mo 
1947 S,000 yrigs 5,000 yrlgs 

3,000 yrigs 

1948 3,000 7. 5!' 5,000 4 '' 

3,000 9. o'' 
1949 3,000 8. O" 5,000 4" 

3,000 10. o'' 
1950 3,000 1. o·• 5,000 4!1 

3,000 10. O'' 
1951 3,000 7. o·• 

3,000 8. O" 
195~ 3,600 4. 5' 1 

1953 3,000 a. s·• 
1956 6,000 legal 
1959 6,000 legal 
1963 2,400 legal 

Total 83,370 50,790 1,000 20,000 
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Parasites, predators, and competitors 

Numerous species 01· warwwater fish are present in Birch Lake, 

but these w0uld not seen;. to corr:pete with or feed upon the cisco, which 

rem ains in deeper water throughout m ost of the year. Gar control was 

carried out in the lake for a number of years and this predatory fish m ay 

have been present in considerable nun:. bers. However, it is kno ,;vn to 

ren.ain near the surface in the warm er upper stratw1., of .r;ater. 

Yellow perch and bullheads have been found to be important 

predators of cisco e ggs, as are the ciscoes themselves (Stone, 19:H: ; 

Pritchard, 1931). Personal comm unication wtth workers on Birch Lake 

has indicated that the perch is an especially important e gg predator. 

Table 25 r-iives the catch per hour per net of perch and cisco taken 

during the various ·/ears, and also the catch of non-cisco fish per hour 

per net and the percentage of the total fish that were non-cisco. T he 

increase in the proportion of fish caught that were not ciscoes is due 

m ainly. of course, to the reduction in the cisco population. T here is 

sonje increase in the catch per hour of perch and other warrn wate1~ 

fish, but the increase does not seem to be significant enough to increase 

competition and predation to where it could cause the striking decrease 

in ciscoes. It is very im portant to realize that the fish sam pled are 

mostly predatory game fish, and that there is no indication of the 

uum bers of minnows in the lake. Since many of these fish occupy the 
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Table 25. --Catch of ciacoes and other Ciah, 1939-1950 

Percentage Perch Non-cisco Cisco 
Year non- per per per 

claco hour hour hour 

1939 0.65 .014• O-:>a 
• <J 4.5• 

1943 2.15 • 036 • 067 3.07 

1944 1.62 .06 • 10 6.28 

1945 3.47 • 035 • 13 3.15 

1946 9.1 .06 .11 1.07 

1947 21.7 .17 • 22 0.78 

1948 32.3 .067 • 11 0.24 

1949 49.7 .11 • 19 0.19 

19~0 47.9 .13 • 16 0.17 

• Baaed on 6 hours per set, the lawtul set time 
beginning in 1944. 
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same trophic level as ciscoee, the possibility of increased competition 

!rom arnall, plankton-feeding fish cannot be ruled out. 

In many areas clscoe& are often heavily parasitized, especially 

by worms of various kinds. Carlander (1945) found tt was advisable to 

reduce the population in order to get greater production of non-parasitL:.ed 

fish. Under maximum population levels the ciscoes contained so many 

larvae of the tapeworm Triaenophorus robustus that the fiah were banned 

from sa.ie on the market. Pritchard (1931) found that the ciscoes of 

Lake Ontario were not heavily infested with parasites, while Hile ( 19 ::;; 6) 

found 'the ciscoes in three out of the four lakes studied had a very high 

( 80% or r.nore) positive incidence of parasites. One population was 

almost Cree of parasites and showed by far th~ best growth rate. 

although both factors are undoubtedly also linked closely to the 

population sh:.e. 

Parasitism is not a major source of mortality in the cisco 

population in Birch Lake. The few speciu1ens examined by the author 

tailed to reveal any parasites. and workers on the lake have consistently 

said that the species is renlarkably pa:rasite-t'ree even under high 

population densities. 

Pc. ging of the lake 

It is often said that all lakes are doomed to extinction o i 

'
1 death." 'They age as surely as an organism ages and pass throi.lgh 

periods of youth, middle-age, and old-age. caHed oligotrophy. 
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eutrophy, and dystrophy by many limnologiste. !· s the lake ages and 

its llmnology changes, so does the community of organisms in the lake 

change. Frey ( 1955). in his very interesting stady, makes the assump­

tion that the clsco once was present in all the glacial lakes in the water­

sheds where lt has occurred, and that its present day absence from a 

lake means the lai<.e has aged and environmental conditions unsuitable 

to the survival of the clsco have developed. It is possible that the 

changes in the cisco population in Birch Lake reflect changes in the 

physical, chemical. and biological make-up of the ia.cce itself. 

Despite its southerly geographic location, Birch Lake still 

can broadly be considered to be oligotrophic. or young, becaust• of 

its depth and large volume of cold water. /\ s such it appears to 

ren:zatn as excellent habitat Cor the cisco. Frey ( 1955) established 

a minimu.m tolerance limit of 3 ppm of dissolved oxygen. and a 

maximum tolerance lim.tt of 20° C temperature for the species. 

Limnologica! data taken in 1937 and shown in Table 26 indicate the 

iake to be very suitable for ciscoes, with an abundance of oxygen on 

the bottom. No limnological records were kept after this date. In 

the sunuuer of 1942 or 1943 Mr. C. Troy Yoder, in checking for the 

iower limit where rainbow trout might be located, found that the oxygen 

was completely gone on the bottom. but that it v1as 4 ppni or over down 

to ·15 feet (personal communication). Data taken on l -ugust 10, 1965, is 

also shown in Table 2b, and indicate further depletion in the dissolved 

oxygen content, since it is not suitable for ciscoes rn uch below 50 feet. 
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Table 26. --Compariaon of ilmnoloh'Y of Birch Lake. 1937 and 1965 

July 8, 1937 AUW:!8t 10, 1965 -Depth Temperature Oxygen Depth Temperature Oxygen 
(teet) (•F) (ppm) (feet) (•F) (ppm) 

0 80.2 8. 3 0 73.5 8.4 
6 78.6 2 73.5 
9 76.3 4 73.5 

12 75.2 6 73.5 
15 73,.0 8 73.5 

18 72.3 10 73.5 
21 70.2 12 73.0 
24 64.8 14 73.0 

:·27 57.2 8.2 16 73. 0 
30 5S.8 18 72.5 

36 50.5 20 72.0 8.2 
39 50.0 22 70.5 
42 24 67.0 10.9 
45 50.0 8.3 26 60.5 
60 46.8 28 56.0 

75 46.0 30 52.0 
95 44.6 4.6 32 49.5 12.8 
96 .. 34 48.0 

36 46.0 
38 45.0 

40 44.5 
42 44.0 
44 43.5 
46 43.5 
48 43.0 

50 43.0 ::i. 5 
61) 42.5 2.3 
70 42.0 1.4 
80 42.0 0.6 
90 42.0 o.o 
96 42.5 o.o 
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Although the verticai oxygen distribution tends to indicate eutrophication 

and an increase in productivity, these comparisons do not take into 

consideration the date, c!tmate, weather, and other factors. It is 

poeeible that this 1:nuch variation co· .... ld occur 1n one Si.m,mer if careful 

records are kept. Hile (1936) found the poorest coefficient of condition 

or the cisco to be in the most eutrophic environn.,ent, and the best 

condition in the most oligotrophic envirorur:ient. f~ lthough adverse 

limnological conditions cannot be ruled out as a cause of the population 

crash in the 19501s, lt is felt that at present the lake ls not much 

changed as clsco habitat fro1n the period of high population level. This 

conclusion is based largely on the above findings of Hile and the fact 

that ciscoes presently grow big and fat in Birch Lake. 

A reduction in tota1 biomass of ciscoes has not necessarily 

occurred when comparing the high population densities and the present 

lower ones, since the average size of the fish is currently much greater 

and growth much better. It appears that altl1ough eutrophicatlon may 

have lowered the amount ot' habitat at certain times of the year, the 

lake has maintained or increased plankton food ievels so that the 

re.rnaining fish can grow better and maintain the level of overaH cisco 

production. 

Cycles 

The final possible explanation is one expres~~ed by many 

fishern:1en and workers who are familiar with Birch Lake and the 
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other nearby cisco lakes. This is that there are more or .less predictable 

cycles which occur in the cisco populations. Such periodic fluctuations 

would be similar to the well known population cycles of I-. retie birds 

and manun.als, and such fish as sockeye, pink, and Atlantic salmon 

(Scott, 1951). That violent non-periodic fluctuations occur in this 

species in both inland waters and the Great Lakes was established very 

ea.rly in this paper. However, there is no indication in the literdure 

that population c ycles do exist in this fish. / · s Errington ( 1954) points 

out, a tremendous arr .. ount of very convincing data would have to be 

accumulated before the presence of a ' 'cycle" could be proven. 

It is known that the individual cisco lakes in the Cass County 

cluster to which Birch Lake belongs do not a11 shoN population peaks 

or declines at the san.e time. During the late 1940's when the popula­

tion was so low in Birch Lake, Shavehead Lake, which is on1y about 

2 miles away~ le said to have produced an al:u:iost unbelievable nun1ber 

of ciscoes. 500 ciscoes per net per night being an ''average" catch 

(personal communication with r.,,1r. Gerald Breece). This indicates 

that climate is not the detern1ining factor in s -.:ch fluctuations, but 

that they are dependent on the ecological conditions in each individual 

lake. Hile (1936) also found that the len~1h of the ctsco's growing 

season and the abundance of a year class depend on the local conditions 

and not on general climatic conditions that affect all lakes the same. 



SUMMt.RY 

1. The shaUowwater cisco ls a ohort-lived, fall-spawning 

men.i ber of the whitefish fa.n,Uy found ln the Great Lakes and deeper, 

colder inland lakes. It ls very plastic morphologically. 

2. This species is known to show violent non-periodic 

fluctuations in populaUon numbers. 

~- Birch Lake is a lake or 295 acres with a depth of 95 feet 

and is characterized by an abrupt slope at the drop-off, a large volume 

of hypolimnetic water, and a sparse growth of aquatic plants. 

4. fi. gill-net sport fishery for ciscoes exists during the fall 

spa ~ning season. The catch records show a marked decline in the 

cisco population in the years 1939-1950. 

5. A total of 2, 039 scale san1ples were aged to study age 

and growth of the cisco, all but 71 of which were taJ,en during the 

spawning season. The fish were captured in gill nets. 

6. Not all the scale samples \Vere taken from the same area 

of the body. 

7. Plastic impressions were made of the scales and the 

scales were aged with the aid of a microprojection machine. The 

formation of accessory annuli was found to vary with the year, the 

age of the fish during that year, and the growth rate c f the fish. 

a. Ti ,ere was no significant difference between the length 

at capture of male and tern.ale ciscoes. 

118 
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9. Gear selectivity results in very narrow length ranges and 

small difference■ in si~e among the age groups. t ' lso the age cor.nposi­

tion of ciscoes taken from gill nets is not representative of the population. 

Lent.rth ls not a good indication of age. 

10. The length of the individual fish increased as the num ber 

of Cish in the population decreased. 

11. t study of year class strength s howed that the decline in 

population numbers was due to a lack of reproduction in the latter 

1940's. In 1943-47 rnostly age- group-Ill fish ,vere taken. Then the 

population began to age in 1948 with the onset of poor reproduction 

and remained so unW 1954. The year 1955 n1arked the return of 

younger fish to the spawning population. The fish were maturing so 

much younger that the fishery now selected for age-groups I and II. 

as it had for the [II age group previously. 

12. The body-scale relationship based on 1. 226 fish gave an 

i.tnsatis!actory estimate of the size of the fish at scale formation. [t 

was necessary to use the anterior radius measurement and the direct­

proportion method of calculation of growth. This method gave consistent 

calculations for all except the first year of growth. Lee's phenom enon 

occurs ln comparisons among age groups of different year classes a..'1.d 

also among age groups of the same year class. 

13. With high popu.laUon density, growth was rapid during the 

first 2 years of life but decreased markedly thereafter. Under low 
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density growth was much more rapid during later years of H.fe but wa.s 

about the same as under high density for the first ~ years. This suggests 

that growth is largely density independent during the first 2 years b;.it is 

density dependent thereafter. Overall growth is not greatly lb:nited by 

maturity but rather by population si;t:,e, and there ls little competition 

between young and old fish. 

14. Females weigh significantly more than males during the 

spawning season. 

15. The length-weight relationship varies by sex, season, 

progress of spawning, and year of capture. The overall relationship 

based on 2, 567 fish is 

Log W ~ -~1. 18615 + ::s. 62606 Log L 

where W ls weight in ounces and L is total length in inches. Growth 

in weight was not calculated because the fish were captured during 

the spawning season. The length-weight relationship of spawning 

males fits a log-log equation better than spawning ferualee. 

lu. Males precede the females to the spawning gre;.Jnd to 

some degree but this is not always pronounced. Older and larger fish 

were not found to spawn earlier. 

17. There is no definite change in the sex composition with 

age under high population density and the period of population dec1ine. 

Under lower stable population levels, males niature at a younger age, 

so there la an increase in the prop•ortion of fen:ales •.vith increasing 

:1ge. 
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18. /1 n abnormally large percentage of fe.males appeared in 

the spawning run during the period of population decline. The percent­

age of' females increased from 22. 3 in 194:3 to 93. 7 in 1949 and then 

declined to 81. 8 in 1950 when only :13 fish were taken. The sex ratio 

returned to normal when the population recovered. 

19. DitferenUal age at maturity and nat ·.tral and fishing 

r:oortalities are not responsible for the lack ot' males. although males 

did suffer a high mortality in the 1940 and 1941 year classes. 

20. Variations in the spawning run, changes in behavior and 

time of 1:naturity, sarnpling errors. segregation on the spawning ground, 

and gear selectivity are discounted as causes of the unusual sex ratios. 

Possible explanations of the sex ratio are parthenogenesis and envtron­

mentai effects on sex diff erentiatlon. 

21. Overfishing, trout stocking, parasites and predators, 

climate and changes in the limnology of Birch Lake are apparently not 

responsible tor the population fluctuations of the cisco. Increased 

competition from small fish and the existence of population c ycles 

cannot be ruled out, although there is also no evidence in s upport oi 

these factors as causee of the fluctuations. 
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