


U. S. DEPARTMENT OF COMMERCE
Daniel C. Roper, Secretary

BUREAU OF FISHERIES
Frank T. Bell, Commissioner

AGE AND GROWTH OF THE CISCO,
LEUCICHTHYS ARTEDI (LE SUEUR), IN THE
LAKES OF THE NORTHEASTERN
HIGHLANDS, WISCONSIN

By RALPH HILE

From BULLETIN OF THE BUREAU OF FISHERIES
Volume XLVIII

Bulletin No. 19

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1936

For sale by the Superintendent of Documents, Washington, D.C. = = = = = = = = = = o = = = = o o = = - = o Price 30 cents




AGE AND GROWTH OF THE CISCO, LEUCICHTHYS ARTEDI
(LE SUEUR), IN THE LAKES OF THE NORTHEASTERN

HIGHLANDS, WISCONSIN !
&

By Ravpu Hing, Ph. D., Assistant Aguatic Biologist, U. S. Bureau of Fisheries

&
CONTENTS
Page

Imtroduction Tt at ERE 0 THIIE) T Sl 212 | Condition and the relationship between
Acknowledgments_____________________ 214 length and weight___________________
Materials s o8 pilaos o Snbata i mate be 214 | Length of growing season______________
Methods ke T L o S e ¥ syl S 215 | Relationship between density of popula-
Gear used in collecting._ . __________ 215 tion and rate of growth______________
Methods of fishing________________ 215 | Age composition of the samples and the
Field data recorded for individual relative abundance of year classes___._
specimens_ _____________________ 216 | Age at maturity and sex ratio__ . _______
Treatment of preserved specimens Annual increments of growth_._________
and resulting shrinkage._________ 217 Variation in the amount of growth in
Preparation and examination of scale different calendar years___..____.
material - _____ 217 Bimodality in the calculated growth
Miscellaneous considerations.______ 218 for the first year of life_...___.___
The scale method. ____________________ 218 Growth c.omp(?nsa.?;ion -------------
Assessment of age and caleulation of Growth relationships in the Trout Lake,
growth o Tad ol o fis atal B 218 Muskellunge. Lake, Silv.er Lake, and
Lee’s phenomenon in the Silver Lake Clear L.ake 21800 'populatlons """""
GHOBLS it tion T ko 299 Physical-chemical factors____._____
. 3 Density of population_____________

Possible causes of Lee’s phenomenon Length of the grow b
in the Silver Lake cisco______ 224 s A A A
Selection by gear_ . ___________ 224 ParaSIt.l BREOR . Lisi adh S oo
v 8 SN T, Condition’ .- ©_ _fe B0 h el T
Selection due to dissimilar dis- Beormetley - o | oot LT
tribution ) within the Ilake Clenornl ramitekn. oo 7 4 DOED 1
of the yarious elements of the Fishes associated with the cisco_________
pop.ulatlon-___:_ ESES s 2 224 | Selective action of gill mete 2 0 0l al
Selecf;xon due to differential mor- Review of previous investigations___
tality, correlated with growth Selective action of gill nets used in
rate----'_ ------------------ 225 collecting samples of ciscoes from
Other possible causes....._.._. 225 Trout Lake, Muskellunge Lake,
General growth curves for the Trout Lake, Silver Lake, and Clear Lake_____
Muskellunge Lake, Silver Lake, and Trout Lake Lris yigios oo,
Clear Lake cisco populations_________ 226 Muskellunge Lake__ . _________
Growth inlength. . _______________ 226 Silver Lake. - — -~ ______
Growth in weight_________________ 230 Clear Lake_ . _____
Comparison of the growth of the Trout Relative abundance of age
Lake, Muskellunge Lake, Silver Lake, groups in gill net samples____
and Clear Lake cisco populations with General conclusions__ _ ________
that of cisco populations in other re- Sufamaryess oLl T et v feonie od iy
glonsesle Jatten dabo cgad o n 232 | Bibliography - - - _._______________
Range of length in individual age groups; Appendix A. Growth of the cisco in Alle-
maximum length and weight__________ 234 quash and Tomahawk Lakes_________

t Bulletin No. 19. Approved for publication, July 31, 1935,

Page

237
249

253

263
267
271

271

280
282

286
287
288
288
289
289
292
292
293
294
294

298
298
300
302
304

305
306
306
310

316



212 BULLETIN OF THE BUREATU OF FISHERIES
INTRODUCTION

In 1927 the Wisconsin Geological and Natural History Survey and the United
States Bureau of Fisheries instituted a cooperative study of the life histories of the
fishes that inhabit the lakes of the highland district of northeastern Wisconsin. By
the arrangements agreed upon, the survey furnished facilities for the conduct of field
operations and staff members of the two organizations cooperated in the collecting and
investigation of the research materials. The limnological laboratories of the survey
at Trout Lake, Wis., served as headquarters for all field operations.

During the summer and early autumn of 1927 Dr. Stillman Wright of the Bureau,
with the aid of an assistant made collections of fishes from several lakes of the region.
In 1928, when it was impossible for Dr. Wright to be in direct supervision of the field
work, the collections were made by Dr. Joseph Goldsmith and an assistant. A part
of the collections for the years 1927 and 1928 served as a basis for a preliminary report
on the growth of the rock bass in Trout and Muskellunge Lakes (Wright, 1929).
In 1929 Dr. Wright found it necessary to devote his entire time to limnological investi-
gations on Lake Erie and collecting operations were suspended during that year.

The collection of data for the investigation of the life histories of the fishes of the
region was resumed in 1930. During this season the field work was carried on by Dr.
Edward Schneberger of the survey and Dr. Ralph Hile of the Bureau. (In 1931 the
collecting of materials was continued under the supervision of these 2 investigators
with the aid of 2 assistants.) In 1932, when it was impossible for Dr. Hile to partici-
pate in the field operations, the collections were made by Dr. Schneberger, aided by
one assistant.

Although the materials collected have afforded data on a number of species, the
investigations have centered upon the life histories of three forms: The yellow perch,
Perca flavescens Mitchill; the rock bass, Ambloplites rupestris Rafinesque; the cisco or
lake herring, Leucichthys artedi (Le Sueur). Dr. Schneberger has given his attention
to the study of the perch and Dr. Hile to the study of the rock bass and the cisco.
The small collections of game fishes collected in the various years formed a part of the
material used by Juday and Schneberger (1930, 1933) in their studies on the growth of
game fishes in Wisconsin.

The ultimate aim of these studies of the fishes of northeastern Wisconsin is a
more precise evaluation of the various environmental factors in their relation to the
growth and abundance of the different fish forms. Since 1925 the survey has been
conducting extensive limnological investigations on the lakes of the region.? The fish
collections that were made for the growth studies have served also as material for
study by survey staff members of food habits and parasitic infestation in the
various species. The general consideration of the relationship between growth and
environment awaits the termination of these several lines of investigation. In the

present publication references will be made to relationship between growth and
certain environmental factors, but no exhaustive discussion of the question will be
undertaken.
In the investigation of the ciscoes an attempt was made to select the populations
for study from “type’’ lakes. The selection of the four lakes with which this study
is primarily concerned was based principally on the amount of fixed CO, present in

% For 2 history of the survey’s operations consult J uday and Birge (1930). Annual summaries of the survey’s activities appear
in the Bureau’s reports on Progress in Biological Inquiries (Rich, 1926; Higgins, 1928a, 1928b, 1930, 1931a, 1931b, 1932, and 1933).
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the water. This factor was considered to be a fair index of the general productive
capacity of the various waters. Size and form of basin were also taken into account
in the selection of the lakes. Trout Lake is the second largest and the deepest lake
of the region. In comparison with the surrounding bodies its water is relatively
hard. Muskellunge is a lake intermediate as to size and as to the amount of fixed
CO,. Silver Lake is a small lake with intermediate conditions with respect to fixed
CO,. Clear Lake has an area approximately equal to that of Muskellunge Lake. Its
water contains an unusually small amount of fixed CO,.

Table 1 gives for each lake the details of location, area, depth, and also data
relative to the physical and chemical nature of the waters. The two lakes, Allequash
and Tomahawk, from which small samples of scales were obtained for growth study,
are included in the table.

TaBLE 1.—Description of the 6 lakes of which cisco populations were studied

[The characteristics, color, pH, conductivity, fixed CO3, and organic content of plankton refer to average surface conditions. Thess
data were furnished by the Wisconsin Geological and Natural History Survey
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Muskellunge....... Town 41E, range VIIE______ 3.30 | 1.18 375 19.3 | 26,172 | 4.0 4173 40 | 10.0 | 1. 1(3‘
Silver. oo Town 41N, range VIE______ 1.69 | .64 87.3 | 19.5 9,884 | 5.5 4175 62 | 15.0 .85

Trout:
North basin....|[Town 41 and 42N, range VI |f 3.60 | 2.10 532 29.0 | 69,017 | 5.0 6178 73 | 18.5 . 66
South basin 1.__ and VIIE. 4.51 | 3.86 | 1,051 35.5 | 149,020 | 4.5 3176 77 | 18.7 .92
Allequash ... ... Town 41N, range VIIE ______ 2.41 | 1.41 142 L R 1.5 30|79 67 | 16.9 1.48
Tomahawk____.___ Tow(l; :‘3781%nd 39N, range VI | 7.24 | 3.00 | 1,476 2250 s 4.2 8176 69 | 16.7 .78
an E.

1A1I ciscoes collected from Trout Lake were taken in the south basin.

Juday and Birge (1930) published a general description of the northeastern
highland lake district. Thwaites (1929) described the glacial geology of a part of
Vilas County in which all but two (Clear Lake and Tomahawk Lake) of these lakes
are located. Chemical, physical, and biological data concerning the various lakes
have appeared from time to time in the publications of the limnological laboratory
of the survey.

From time to time in the following discussion different species of fish will be
mentioned by their common names. Because of the considerable local variation in
the common names of fishes it is thought well to list the scientific names of the various
species mentioned, along with their common names:

Blueéill, Helioperca incisor (Cuvier and Valen- | Perch, yellow perch, Perca flavescens Mitchill.
ciennes). Pike-perch, Stizostedion vitreum (Mitchill).
Burbot, Lota maculosa Le Sueur. Rock bass, Ambloplites rupesiris Rafinesque.

Ciscoes or chubs, Leucichthys spp. Sauger, Stizostedion canadense (Smith).
Cisco, lake herring, Leucichthys artedi (Le Sueur). | Smallmouth black bass, Micropterus dolomieu

Lake trout, Cristivomer namaycush (Walbaum). Lacépéde.
Largemouth black bass, Aplites salmoides (La- | Sucker, Catostomus commersonnii (Lacépéde).
cépéde). Whitefish, Coregonus clupeaformis (Mitehill).
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The determination of age and the calculation of growth of the 1928 collection

of the Trout Lake cisco are entirely the work of Dr. Still i
fo Lo Lt \ x man Wright, formerly of the

MATERIALS

The investigation of age and growth has been based upon the determination of
ages for 3,882 specimens and the calculation of growth for 3,694 specimens. Speci-
mens other than those whose ages were determined have been used incidentally for
other purposes such as the study of vertical distribution of the cisco and the density
of Populatlon. .Koelz (1931) described material from each of the six lakes whose popu-
latlor}s are considered in this study. According to Koelz 3 subspecies of Leucichthys
arteds, are represented in these 6 populations. Clear Lake is the type locality for
L. artedi clarensis Koelz. The same form is accredited to Muskellunge, Silver, and
Allequash Lakes. Koelz described the Trout Lake cisco as L. arted; cler,nensi K,oelz
ar{d the forgx occurring in Tomahawk Lake as L. arted; wagneri Koelz. However,
Hile (MS.) in a paper now in press has demonstrated that the ciscoes of these lakes,
at present are not susceptible of division into subspecies, but should be considered
merely as populations of the species, L. arteds.

_Table 2 lists the locality and year of capture of the ciscoes used in the life-history
studies. . The 1931 material includes 658 preserved specimens collected for a mor-
phometnc_ study to appear in a later publication, while all the 1932 Muskellunge
Lake specimens and 95 of the 1932 Clear Lake specimens were preserved.
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TaBLE 2.—Year of collection and number of specimens in the collections used in the study of age and
growth of the cisco

Year of collection
Lake Total
1928 1930 1931 1932 || Bumber
Poaaber s uitis Lo ate S e U TE L TA TR AR 1 T s b SAA0 BRIV 1, 300
Mouskellunge. 1,330
Silver_._______ o 631
Clear s L O e ¥ S NS W = 440
Alleguash. - 45t el R AL LA 2 5 113
Tomahawk = 68
Total 3,882

The relatively limited data from the small collections from Allequash and
Tomahawk Lakes are not considered in the general discussions of this paper, but are
treated in a special section (appendix A).

METHODS
GEAR USED IN COLLECTING

With the exception of a small number of 0-group individuals picked up on the
beaches of Trout Lake all samples used in this investigation were collected by means
of gill nets. The 1928 collections were made in nets of the following sizes of mesh: 3
1%, 1%, 1%, 2, 2%, and 3 inches, and in Trout Lake a 1} by 8-inch trammel. The
trammel used in the capture of Trout Lake ciscoes would operate as a 1%-inch gill
net. In this year no net records were kept for individual specimens. It is unlikely,
however, that in any of the three populations (Trout Lake, Muskellunge Lake, Silver
Lake) ciscoes were taken either in the 2%-inch- or 3-inch-mesh nets.

The nets used in 1930 had also been used in 1928. However, the discarding of
worn-out nets at the close of the 1928 season was so extensive that the only sizes of
mesh available in 1930 for the capture of ciscoes in the three lakes named in the
preceding paragraph were 1} and 2 inches. These same nets were used in the early
part of the 1931 collecting season. The depth of these nets varied from 3 to 4%
feet.

The gill nets used in 1930 and in the early part of the 1931 season were in a sorry
state of repair. Not only were many of the meshes broken, but holes of considerable
size were of frequent occurrence. The making of repairs was not feasible as the thread
had deteriorated to the extent that even ordinary handling and use of the nets fre-
quently produced new tears in the webbing.

The gear was completely replaced on July 22, 1931, after which date the following
sizes of mesh were used: 1%, 1%, 1%, 2, 2%, 2%, and 3 inches. Each net was 50
yards long and approximately 6 feet deep; 5-inch leads were used as a precaution
against tangling of leads in the webbing. All Clear Lake samples (1931 and 1932)
were taken in the new gear, but only a few lifts of the new gear were made in the
other lakes.

The question of gill net selectivity, particularly with reference to the use of gill net
samples for the study of age and growth, is considered in a special section (pp. 294-306).

METHODS OF FISHING

The new nets purchased in 1931 were fished in gangs containing 1 net of each
of the 7 mesh sizes. In sets of the old nets the larger mesh sizes, known to be
ineffective on the cisco populations that were being sampled, were occasionally

7 Throughout this paper, sizes of mesh, unless otherwise indicated, are presented as stretched measure.



216 BULLETIN OF THE BUREAU OF FISHERIES

omitted. No attempt was made to arrange the nets in any definite order as to size
of mesh. In general it was customary to intersperse the larger mesh sizes with the
smaller. All sets were made on the bottom.

The nets were lifted and reset once each day. At least once each week they
were removed from the water, stretched on g reel, and allowed to dry thoroughly
At intervals of about a month all the nets were treated with copper soap after a:
method suggested by Harry Hansen, formerly of the Bureau of Fisheries.

Thfs 1928 data contain only scattered information as to the depth from which
the various samples were taken. During 1930 observations were made regularly as
to the genergl depth and the nature of the bottom in the region in which the nets were
set. Later it was found desirable to Possess more precise information on the matter
of depth. Accordingly in 1931 and 1932 soundings were made to determine the
dept].n _at which each particular net was set, Routine records were kept as to the
cqndltlon of the weather (cloudiness, precipitation, and strength and direction of the
Wl.nd). Catches from the different sizes of mesh were placed separately in labeled
Paﬂs. After the return to the field laboratory counts of the number of fish taken
in each net were added to the field notes,

FIELD DATA RECORDED FOR INDIVIDUAL SPECIMENS

Scale samp!es were taken in the field from all specimens except those preserved
for morphometric studies. (The treatment of preserved specimens will be discussed
later.) The scale samples were removed whenever possible from the left side of the
body dorsal to the lateral line and ventral to the dorsal fin. Scales were stored in
standard Bureau of Fisheries scale envelops. On each serially numbered envelop
were recorded date, locality, species, length, weight, sex, state of maturity,* and
gear.® The field numbers included in the day’s catch were cataloged. ’

The standard length (from the tip of the snout to the end of the vertebral col-
umn) was measured for each individual fish. Enough measurements of the total
length (from the tip of the snout to the line connecting the tips of the extended
caudal fin) were made to obtain a reliable figure for the ratio between standard and
total Igngtl.l." All lengths were measured with a steel tape in a straight line between
the pomts_ 11.1dicated, not along the curvature of the body, and were recorded to the
}D,Zatr}?:t m}mﬁ]il;::::ir. - Throughout this paper the unit of length can be assumed to

The smalle; individuals were weighed on a Chatillon spring platform balance of
5OQ—gram capacity with calibrations at 2-gram intervals. Weights of these fish were
estimated to the nearest gram. Weight records above 500 grams were obtained by
means of a (?hatillon spring platform balance of 5-kilo capacity and with calibrations
at 20-gram intervals. Weights of these larger fish were estimated to the nearest 5
grams. Toward the close of the 1931 collecting season the smaller balance devel-
oped a fluctuating error that was at no point greater than 2 grams. This balance

was replaced by a new instrument at the beginning of the 1932 season.

¢ A fish whose sexual condition showed that it woul i i i
T ey : d spawn in the coming autumn was listed as mature, whether or not it may
:g‘eﬁx, maturity, and gear were not recorded for the 1928 samples.
e ratio, total length in standard length, has the followin, : C
g values: Clear Lake, 0.84; Trout Lake, 0.84; Silver L 5
Muskellunge Lake, 0.85; Allequash Lake, 0._84. The ratio was not determined for the Tomahawk Lake cisco. T e O
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TREATMENT OF PRESERVED SPECIMENS AND RESULTING SHRINKAGE

Part of the fish preserved for morphometric study were weighed and measured
while fresh. These specimens were provided with individual, serially numbered tin
tags. Other specimens to be preserved were divided into small groups which were
wrapped in cheesecloth. Within each package was included a label bearing a record
of date, locality, and usually of gear. The specimens were held in a 10-percent for-
malin solution until the close of the season. Upon removal from the formalin solu-
tion the fish were soaked in water about 4 days and then transferred permanently to
a, 70-percent solution of alcohol.

Since the preserved specimens—most of which were not weighed and measured
in the field—constituted a part of the material used for a study of growth, it was of
some importance to know the extent of the shrinkage brought about by the preserving
fluids. Data on this question were obtained from 99 ciscoes from Clear Lake and
from 105 ciscoes from Muskellunge Lake, all taken in 1932. These fish were
weighed and their lengths measured at the time of capture. The dates of capture
for the Clear Lake specimens were July 12 to July 19; for those from Muskellunge
Lake, July 28 and July 29. The individuals of both collections were reweighed
and remeasured October 10 and October 11, 1932. At this time they had been in
alcohol about 5 weeks. The measurements and weighing of both the fresh and pre-
served material were made by the same method and by the same individual (Dr.
Schneberger).

The ratio between preserved length and fresh length was 1.000: 1.019 for the
Muskellunge Lake cisco. This value of the shrinkage factor agrees closely with the
figure, 1.016, determined by Van Oosten (1929) for the Lake Huron herring. Since
the populations from Silver Lake and Trout Lake do not have greatly dissimilar
length ranges (approximately 125-200 millimeters) the shrinkage factor based on the
Muskellunge ciscoes has been used in correcting for shrinkage the lengths of the pre-
served specimens from these two lakes.

In the Clear Lake cisco, where the length range is much greater, the relative
amount of shrinkage was found to vary at different lengths. The lengths of pre-
served specimens from this lake were corrected according to the following shrinkage

factors:

Length interval: S’}'a’c%‘;z e %ﬁ'ﬁ[n‘;f
ol e 1.005 16
B e 1.010 65
15052400, UAIMTNL RL SI8 D Tea B8 08 TOFUILEA = YOEHE 211 1.028 18

The shrinkage factors for weight were 1.181 for the Muskellunge Lake ciscoes
and 1.144 for the Clear Lake ciscoes. However, the individual shrinkage in weight
varied so widely that it was not considered valid to employ a weight shrinkage factor
for the purpose of making individual corrections. Only those preserved specimens
that were weighed when fresh were used for the study of growth in weight.

PREPARATION AND EXAMINATION OF SCALE MATERIAL

Scales were soaked in water and cleaned by means of a dissecting needle and a
small camel’s-hair brush. Three scales from each fish were mounted on a microscope
slide in a gelatin-glycerin medium prepared according to a formula presented by Van
Oosten (1929). No regenerated scales or scales with abnormal or irregular shape

24535—36——2
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were mounted. On the label of each slide were recorded the field number, laboratory
number, date and locality of collection, species, sex, maturity, length, weight, and
gear. The scales were studied by means of the projection apparatus described by
Van Oosten (1923). The magnifications used were X19 for scales of the Clear
Lake ciscoes and X40.5 for scales of all other fish.

MISCELLANEOUS CONSIDERATIONS

It is the policy throughout this paper to apply toward the solution of each par-
ticular question all suitable dats, available. As a result of this procedure there appear
certain discrepancies in the number of specimens listed in the tables pertaining to
different phases of the general problem of the life history of the cisco. Since dis-
crepancies of this sort, if unexplained, may prove a considerable annoyance to a
reader, attention will be called to the causes for at least the most important of them.

Table 2 lists the fish upon which determinations of age were made. These
specimens, with the exception of the 1932 Muskellunge Lake collections, separated
into age groups and year classes, appear in the growth tables 3 to 7. The tables of
general growth in length (10 to 14) are based on fewer specimens than tables 3to7
since certain indicated age groups were eliminated because of selection by gear.
(The 17 0-group Trout Lake ciscoes were also omitted in the computation of the
general growth curve.) The tables for growth in weight (15 to 18) are based on fewer
specimens than those for growth in length since part of the preserved fish used in the
growth study were not weighed before preservation. Of course, the study of the
length-weight relationship and of condition was based only on specimens weighed in
the field.

In the listing of catch per unit effort of gill nets (section on the relationship
between density of population and rate of growth) it was, of course, valid to include
fish that had not been aged. Similarly in the determination of the average length of
all fish taken in a particular size of gill net (section on selective action of gill nets) it

was also valid to include unaged fish. Further, the grand average length used for
comparing the average length of an age group as determined from the combined
catch of several different sizes of mesh with the average lengths of the same age
group as based on the catch of individual sizes of mesh may include certain fish for
which net records were not available, (Net records were lacking for a large part of
the preserved fish.) The data of tables 40 and 73 are based in part on catches of
Muskellunge Lake ciscoes taken in 1932 for morphometric investigations and included
only incidentally in this study. None of the 1928 data is included in the analysis of
net catches.

The 1928 data also lacked records of sex and maturity and hence could not be
included in the sections on sex ratio and age at maturity.

Although some of these discrepancies are mentioned in the general discussions, a
general statement of their origins was considered advisable.

THE SCALE METHOD
ASSESSMENT OF AGE AND CALCULATION OF GROWTH

The treatment here of the growth data of the cisco is baged upon the use of the
scale method. Van Qosten (1929) established the validity of the method for this
species in his study of the life history of the Lake Huron herring. It is assumed that
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the method is equally valid for the populations considered in this i.nvestigatlon. As
will appear later, the results of the analysis of tht_a growth matc.arla,‘l Presented here
seem to justify the assumption. Throughout this paper the individual ages are
designated as the number of years of life that have been co.mp-le'ted. .Although the
cisco spawns in late autumn or early winter, the life of the 113d1v1dual is assumed to
begin the following spring when hatching takes place. During the ﬁ.rsi-; year of its
life the individual is & member of the 0 group, during the second year it is a member
of the I group, etc. Fish hatched in the same year belong to the same year class,
regardless of their age at the time of capture. et

Two examinations for age determination were made of_ the sc.ales of each individ-
ual specimen. At the second examination either a definite assignment of age was
made for the troublesome scales or the slides were marked as ul}readable. At the
time of the final examination one of the three scales on the slide was measured.
This scale was selected on the basis of clearness of markings and symmetry of for}n.
The diameters of the different growth areas were measured alo.ng the anteroposterior
axis of the scale. For this measurement the ruler was I?Iaced in §uch 8 position t}%at
its edge passed through the focus of the scale and a‘pp.roxunately blsefcfsed the posterior
field (that portion of the scale which is exposed in its natural position on the fish).
Scale measurements were made with a tested millimeter ruler and recorded to the
nearest millimeter (occasionally the nearest half mjllimet.er). .

The assessment of age was based on the determination of the number 9f ann}lh
or lines of discontinuity between growth areas of succeeding years. Two d1ﬁicult1es
were encountered in the determination of individual ages. The la.ter annuli of the
older individuals (particularly those of the slower—gr_owing populations) were some-
times so crowded together as to make their recognition difficult or even impossible.
In the latter case the scales were discarded. Accessory. annuli (summer checks's)
were not infrequent, but their characteristically indefinite appearance gnd thglr
position with respect to the true annuli were such that they were ordinarily egsﬂy
recognizable. Somewhat less than 5 percent of the total number of scales examined
were discarded as unsatisfactory for the determina.tiox.l of age.

Accessory checks were found to occur regularly in all the samples of the.sca%es
of the Muskellunge Lake cisco. They could be separated from the true annuli quite
easily in the growth fields of the earlier years, and co.nsequently they pr(?sented no
great difficulty in the age and growth analysis of the earlier (1928-31) collections which
were composed almost entirely of I-, II-, and III-gI:oup fish. ?n 193?, howev.er, IX—
group fish were present in abundance for the first time. In this year’s collection the
presence of accessory annuli, along with the IV-group’s excessively slow growth
during the fourth year of life, made the separation of. the III group and the ?V group
of that year’s collection both difficult and uncertain. Because of these dlfﬁcul.tles
and because of the abundance of data from the preceding years, the 1932 collections
were not used in the computation of a general growth curve for the Muskellunge
Lake population. However, certain of the data from the 1932 Muskellunge Lake
samples will be used from time to time for other purposes. )

Van Oosten (1929) demonstrated that after the formation of the ﬁl:st annulus
the ratio of the total scale length to body length is so nearly constant in the lake
herring that the assumption of the absolute constancy of the ratio affords the most
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satisfactory means for the calculation of growth during the various years of the

individual’s existence. The formula used in the calculation of growth was:

L
L,=Dj; D

where
Lr=length of fish at time of capture;
Dr=total diameter of scale;
L,=length of fish at end of n* year of life;
D,=diameter of scale within the n” annulus.

Tables 3 to 7 present the data for the calculated growth in length for the ciscoes
of Trout, Muskellunge, Silver, and Clear Lakes. Since no difference in the growth of
the two sexes was apparent in the fish of the first three lakes the data for these lakes
as presented represent a combination of males and females. In the data for the Clear
Lake cisco the sexes are treated separately.

TaBLw 3.—Calculated growth of Trout Lake ciscoes to the end of each year of life for the different year
classes at each age; seves combined

[Groups marked with asterisks unreliable because of selective action of gear]

- " Il;l'eumE Length Year of life

ear o T 0 in

Year class capture | A28 | speci- | milli- i

mens | meters

1931 XII 1 226
1931 XI 2 205
1931 IX 2 200
1931 VIII 5 192
1928 IV 17 147
1931 VIL 4 175
1928 III 61 143
1930 Vv 167
1931 VI 12 1656
1928 I 102 134
1930 Iv 99 156
1931 A4 79 156
1928 T 2 128
1930 II1 347 149
1931 IV 269 148
1930 *71 36 140
1931 IIT 173 142
1931 *1I 61 136
1930 0 17 66
1931 i 2 128

TasLE 4.—Calculated growth of Muskellunge Lake ciscoes to the end of each year of life for the different
year classes at each age; seves combined

[Groups marked with asterisks unreliable because of selective action of gear]

" . N Lm.}ber Length Year of life
‘ear of o in TS L
Year class capture | A8 | gpeci- milli-
mens meters 14 2 3 4

I 10 172

II 252 160

5 19 137

III 14 166

IV 2 176

1T 214 162
IIT 347 166

o1 17 148

II 258 149

*T 9 136
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) 3 3 the different yeor
B 5.— Silver Lake ciscoes to the end of each year of life for
Vil i el clzazggs at each age; sexes combined

[Groups marked with asterisks unreliable because of selective action of gear]

Number | Length Year of life
Yearof [ , of in
r class 88 | gpeci- milli-
i i xgens meters 1 2 3 4 5 6 7

\4 10 182

}8’;"; v 69 174
1930 | VI 3 197
1931 | VII 1 201
1928 | III 46 165
%, U Y L S YA B ST 1930 N4 25 192

T Mg or 1931 | VI 21 19
1928 I 9 157
________ 1930 | IV 58 183
e P P 1931 v 108 188
1928 T 133
oy O N R R e T 1930 | II 181
""""""""""""""""""" 1931 | IV 102 183
1930 i 7 173
1928 { 1031 | IO 61 177
1931 I 19 171
1931 T 66 141

l La c18coes ( ales) to the end Of eaChr year Of l’l e for the dl =
IABLE 6 C(Ilculated gr Owth Of C eqar ke 0! m

Number | Length Year of life
Year of of in
Year class Age specl- milli-
o miens | mueters |11 val 8 PR wF B Pl e
1931 | VII 3 338
L bt { 1932 | IX 1 355
1931 | VII 8 331
WL G it STt e { toa | v 7 345
1931 VI 11 326
e mn e { 18 | v 9 336
f 1981 v 4 325
BB e {132 | VI 2 320
f{ 1931 v 10 317
D & i | 1932 7 320
1931 | I 28 285
S e A T { 1932 v 11 314
1931 I 34 253
ol =t e { 182 | m 23 290
1931 I 20 178
A 1932 | II 20 254
1 L e 1932 i 20 176

¥ ABLE 7 .—Calculated 70wth 0’ ar Lake ci8coes (’e')nales) to the end 0’ each year 0, l”efo? the dz!;e? ent
g Cle

Year of life

Year of g Leng{:llg
A, ber of | in milli-

Yearclass | capture | A8 specimens| meters | 211 3 TS T 2 IS O TR (T A B
1 X 2 376
1S ot { %8'3’2 X1 1 378
1931 IX 1 351
£ SN { 1932 X 1 379
1931 VIII 13 354
1928, e coviocas { 1932 IX 2 368
{ 1931 VII 21 344
L S e T I 1 1932 VIII 8 356
1931 VI 12 339
1025 & ol { 1932 VII 12 362
{ 1931 \4 2 338
028 1 1932 VI 1 320
1931 v 4 334
1 - { 1932 v 7 342
1931 III 25 302
1928 ... { 18 | Iv 14 320
1931 I 35 264
029 . . { 1932 III 21 308
1931 I 18 130
LR 1 1932 II 13 262
1931 __ .. 1932 I 1 176
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Fr o i
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¢ 8 1t 18 determined from successively older groups of individuals, while i;;:s
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a;gt:,l i%ﬂr'g;ii t:gzgeasga;me yifxrf s colleictlon Or upon samples of the same year class taken
» agree satistactorily for corresponding vears of life, wit i

of the large calculated growths obtained for the yogger age lu:):;l)zh(g:r?;cjpvtfli(t)ﬁ

of th
ratioe ’f:(l):; Igz;)léi Igsal ;,I;ayl be% .partly the result of slight changes in the body scale
. oba selective action of gear pl
iy ¢ gear plays a role here also. A
o ;;Eg-zlzal?:l((;i are of such sr_na,ll magnitude that they affect but little any cct;nacllllirs;‘jrtle
awn concerning the growth of the population as a whole ‘

resent in :
large, but the pommencires POPUIations.  Not only aro these discrepancios relatively
B ok i v iflcr on 5’ a0y two age groups shows that in general they tend to be
e ) ol baea(sie age. These discrepancies appear in the comparisons of
P LR R rowtlie bon the same year class but taken in different seasons as well

To illstrats thg s a.sed on the different age groups of a single year’s collect;
ese two points there may be examined (table 5) first the calcu(iaj;);i'

& ﬂ}i di_]ilie;; ences-in the age of the groups studied.

- ﬁshvgllderetﬁomc&? f}lrther tha? the apparent change of growth rate as it appears in

fo-thet i6 4 thearclalcsl gir oup dllflfers from Lee’s phenomenon as it ordinarily occurs
z ated growt, 5

iAo g s of the later rather than the earlier years of life:

older than II. The calculated
. ' . growths for the first year of life
fcx) ;)1:11(31 :; af)bsl_omewhat less than those based on the I group, but thosea(s;f}ii)st?ﬁl (:"guthe .
o y geater than the growths based on the older-age groups Theg hi I}is arle
growths for the first year of life as based on the I group can.be explaié;e; ®
] in

larger indivi

forgtheuflig}llvz,(fi:ﬁf fIf this gr oup. Such an explanation, however, does not seem to hold

16k 6ha Facad-of _group, since on the basis of comparisons with samples from othe
ge oI size of the Silver Lake IT group seems to be such that very littlg
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selection by gear could have taken place. Some other explanation must be sought,
therefore, for the high growth values of this age group. '

Since disagreements in the calculated growth data of fish are generally attributed

in part to changes with age in the growth relation between body and scale, it was
deemed advisable to study this relationship in the Silver Lake cisco. The 1931 collec-
tion was selected as best suited for this purpose.
(p.216) the scale samples used in this entire investigation were all taken from the same
region of the body. Selections of scales for mounting and for measuring were made on
the basis of distinctness of the annuli and symmetry of form rather than on size. Asa
consequence of this procedure the relationship between the length 6f body and the
diameters of the scales measured should be comparable in the different age groups of a

single sample.

As was mentioned previously

As may be seen in table 8 the average ratio between the body length and the

magnified diameters of the scales does not vary greatly from one age group to another.
The generally made assumption of a linear relationship between scale size and body

size tends to the determination for the Silver Lake cisco of the equation:’

L=10.7 mm-+1.078 D,
where L=length of body in millimeters,
and D=the (magnified) diameter of the scale in millimeters.

TaBLE 8.—The body-scale ratio for the different age groups of the Silver Lake cisco collected in 1931,
and the average diameters of scales as measured at the magnification X 40.5

[Dr is total diameter. The diameters within the different growth areas of the scales are indicated by the subscript figure]

Number | Body-
Age of speci- | scale Dr Dy D; Ds Dy Ds Ds Dy
mens ratio

1 1.16 174.0

21 1.16 168.3

108 113 167.9

102 1.13 161.9

61 115 155.7

19 1.18 145.8

66 117 121.3

Table 9 gives a comparison of the calculated growths of the 1931 Silver Lake
collection first as they were determined on the assumption of a constant body scale
ratio at all ages and second as they appear after correction for the changing body-
scale relationship indicated by the above equation. It will be noticed that while the
“correction” produced changes in the actual values of the individual average cal-
culated lengths, it did little toward the elimination of the discrepancies between
the calculated growths of the different age groups. For example, it may be seen
that the maximum discrepancy in the calculated growth for the first year of life
(between the calculations for the I group and the VI group) was reduced from 28
millimeters in the uncorrected to 24 millimeters in the corrected data—an improve-
ment in agreement of only 4 millimeters. Similarly, the improvements in the agree-
ment in the calculated lengths for the later years of life are unimportant when they

7 1t is realized that a more precise evaluation of the body-scale relationship might have been obtained through the use of “key”’
scales selected from exactly the same location in each fish. However, the complete failure of the “correction”’ equation to eliminate

the discrepancies in the calculated growths of the Silver Lake cisco together with the fact that no corrections are needed in
the other three populations made any detailed study of the body-scale relationship in these cisco populationg unnecessary.
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are considered in relation to th i
: e total discrepan T i
¥ lati pancy. Thus it ma
na:gri;ed dfcrepanmes in the calculated growth of the Silver Lake Zisbi) Sctlai(idIl thtat 'th'e
& change of the body-scale relationships with increas'mg age v

TABLE 9.—Calculated growth of the Silver Lake cisco, collection of 1931
—

Corrected calculated lengths

e LT At T 4
L TR

Ld | L | Lo | Ls | Lo | Ly | L Ly Ls | La | Tg | Le

Uncorrected calculated lengths

measﬂ-lg ther light is thrown on the question by the examinat;
calculad;if)rf;1 zcsre(l)'i %l:segéoz:t%lare?s i i s oali L growth
] able 8). The compari :
of tabl 3 parison of the diameter
: e 8 with the corresponding calculated lengths of table 9 shows clﬁi?;usgi?}f:

ion of the actual average

scale measurements as well as in calculated growths

T 11 .
S d]::e q :pliilienht change in growth rate’ in the Silver Lake cisco must, then. b
change rather than an apparent change due to changing b’ody s::alg
g '

g g

or on the basis of varying

g § ears. It
sidered the result of some selectional factor correlated with thelal:;;t;af;};efl;‘itge
) e

interveni 7 i
ning between the years for which the computations and scale measurements

were made and the year when th
; i e fish : .
briefly to possible sources of selection. T8 Bpiured. - Attention will be called

P
OSSIBLE CAUSES OF LEE’S PHENOMENON IN THE SILVER LAKE CISCO

SELECTION BY GEAR

A more detailed consideration of the
used will be presented later in this pape

SEL
ECTION DUE TO DISSIMILAR DISTRIBUTION WITHIN THE LAK
ELEMENTS OF THE POPULATION

Since the gi i i i
Rl el ﬁeggl(}tzlsts :ﬁed 1n collecting the cisco samples for these studies were set
I e 11(11 ey fished only the lower fow feet of water. Ifitis assumed
s ividuals of the population tend to lead a more pelagic existenze

E OF THE VARIOUS
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than the smaller ones, then the more rapidly growing fish within an age group would
be less subject to capture by nets set on the bottom than the slower growing individuals
within the same group. Further, the effect of such segregation would be greater as
age increases. The above-mentioned assumption would serve well to explain decreas-
ing growth as it has been observed in the Silver Lake cisco, but data for its verification
are not available. The chief objection to such an explanation lies in the fact that it is
the smaller fish not the larger that would normally be expected to lead the more pelagic

existence.
SELECTION DUE TO DIFFERENTIAL MORTALITY, CORRELATED WITH GROWTH RATE

It has been observed repeatedly that poikilothermous organisms tend to grow
more slowly and reach a greater age in northern latitudes. The phenomenon appears
to depend on the relation of temperature to the rate of metabolism. It is not wholly
unreasonable to assume that the individual rate of metabolism might affect the indi-
vidual growth rate and the individual length of life. Were mortality greater among
individuals of more rapid growth, those individuals that survived longest would be
those that had actually grown most slowly. The early growth as calculated from
these slow growing survivors of the older age groups would naturally be small. Fur-
ther, the effect on calculated lengths of this selection through differential mortality
would tend to be increased with greater age, and thus discrepancies of the type
observed in the Silver Lake data would be explained.

The relation between individual growth rate and individual length of life has
been studied experimentally by several investigators. Osborne et al. (1917) found
that a temporary preliminary stunting delayed maturity and extended the life span
of rats. Titcomb et al. (1928) and McCay et al. (1931) found that trout that did
not grow lived longer than those which showed growth on a similar diet. Zabinski
(1929) by effecting a retardation of growth was able to prolong life in the black
beetle and the roach. MecCay (1933) presented a brief discussion of the general
problem of the relationship of rate of growth to longevity.

OTHER POSSIBLE CAUSES

It is recognized that the three possible causes of Lee’s phenomenon in the Silver
Lake cisco discussed in the preceding paragraphs are by no means the only possible
explanations of the observed discrepancies in calculated growth as based on fish of
different age. These three suggested explanations were emphasized because they
appear to be the most plausible in the face of the available data. Other explanations
should be mentioned briefly along with the reason for their rejection.

1. Growth may be better in some calendar years than in others. This explana-
tion cannot be accepted as the growth discrepancies were found to occur between
members of the same year class, captured at different ages.

2. Portions of the scale may be resorbed after being laid down. The examination
of the scales offered no evidence for any kind of resorption.

3. The scale fields may contract after being laid down. The nature of the
structure of scales makes this explanation totally unacceptable. (See Van Oosten,
1929.)
4, More than one annulus per year may be formed. The clarity of scale markings
on the Silver Lake cisco was superior to that of the Trout Lake and Muskellunge
Lake ciscoes; yet the measurements of the scales of the last two populations gave.
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quite consistent, results in the calculation of growth. Accessory annuli were rare in
the Silver Lake cisco scales. With the elimination of the more questionable scales
it appears unreasonable to assume that the number of errors in the determination of
ages was sufficient to account for the observed large discrepancies in the calculated
growths. Certainly accessory annuli cannot account for the decrease with age in the
diameter of the first growth field.

of maturity with the result that the smaller, immature members of each age group
may have been absent from the samples. This explanation lacks plausibility in the
face of the strong evidence presented later (p. 268) that some if not most fish mature ag

members of the I group, while all II-group fish certainly can be considered mature.
It should be mentioned further that segregation on basis of maturity would be

cisco is confined in Silver Lake to g Narrow stratum of water in the lower part of the
thermocline and the upper part of the hypolimnion,

Regardless of the explanation or explanations accepted as to the cause of Lee’s
phenomenon in the Silver Lake cisco, it appears that the observed discrepancies do
not affect the validity of the method used in this paper for the calculation of growth
from scale measurements, Nevertheless, there remains the question as to why the
phenomenon should he peculiar to the Silver Lake population.

GROWTH IN LENGTH

For each population considered here al] collections were combined 8 to give a gen-
eral growth curve (fig. 1). The indicated lengths at the end of the various years of
life are in general the grand average of all calculated lengths for these years. In the
Trout Lake and Clear Lake ciscoes, however, the irregularities in the later years,

The Silver Lake growth data raise g question as to the value and significance of
any “‘general” growth curve in this population. The Presentation of a general
growth curve involves the tacit assumption that this curve can be taken to represent
the course of growth of an individual that is typical of the population as a whole,
However, the Silver Lake growth curve was derived from the combination of severa]
age groups whose growth histories were fundamenta.lly different. It appears char-

growth material. The typical individual that such a curve is purported to represent
is probably nonexistent. Nor can the growth curve obtained from a single age group
be considered homogeneous. A sample of ITI-group fish, for example, can be expected
to contain fish that would normally have died within the year of collection, and along
with them others that would have survived to their fifth, sixth, or seventh year, or
even longer, All these different groups within a single age group would have dif-
ferent types of growth.
e Lo

# Certain age groups, however, were eliminated ag unreliable because of seleciion by gear. These were: Trout Lske, all I

groups and the IT groups of 1930 and 1931; Muskellunge Lake, all I groups; Silver Lake, all I groups. For Clear Lake no groups
needed to be eliminated,
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TaBLE 11.— /. uskellunge Lake cisco-ca_lculated length in millimeters at end of year, increase in length,
and percentage increase tn length for each, year of life
[A1l collections combined. Sexes combined]
Number of Year of | Length 100AL Number of Year of | Length
1 ¢ li- 1 earof | [OT&RY 100AL

specimens life lgl:gélr; AL T I specimens life lggltgrls! AL T
o l_*__ Ih..ﬁ\ ameadbacsr e
AR IO 4 174 13 2 1 [
TR s eie l 3] 161 18 o J % ! ______ 490

TABLE 12.—S;lper Lake cisco—calculated length in millimeters at end o

: ¢ f year, increase in length, and
percentage tncrease in length for

each yeor of life
[A1l eoliections combined. Sexes combined]
:\“‘\_““_““\"\"““‘\i

Number of Yle_?r of iﬁ%gﬂtl?_ Number of Year of | Length
specimens it~ <2 21l

? 100AL,
Shan : in milli- AL —
Specimens life meters

229
AGE AND GROWTH OF THE CISCO

80

70 \
|
\

w
A x
\ i =
E 50 1
5 \\.\
s s sl A}
goi i\
\\
E 30 \\
o ‘:\‘
20 \\‘“-
N
O -y
10 e e & e =t i
T e L -F——\
5 8 o 10 ] 12
0 1 e 3 A 3 ¥

YEARS OF LIFE :

] Q u ake, ’
¥
FIGURE 3.—General growth curves showing the percentage increase in length of the cisco in each year of life. Trout Lake
. ©] 1 o o0 =y ake (males), ; C ( )s T
Muskellunge Lake, — ; Silver Lake, — Clear L lear Lake (females

5 . th
X ille t end of year, increase in length,
3 lculated length in millimeters a !
TansmAs L an c;;(&o;e:zziftfz}—ecgncrease in length for each year of life

[A1l collections combined]
Length 100AL
Length 100AL Number of Y(]a§e of | in B8k | AL 3
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[All collections combined]

Length 100AL
Year of illi- AL
th AL Number of 2 in m! L
Number of Yﬁ_«g of iIr;ellalu%lli- AL ——1001, specimens e meters
specimens meters
5 312 21 7.2
7 19 2 201 31 11.9
11 376 2.2 260 61 30.7
10 369 8 . 3 %9 90 82.6
9 361 10 25 2 i 100 [ooeemeem
8 o ﬂ 43
H 326 14 4.5




230
BULLETIN OF THE BUREAU OF FISHERIES

In the amount of
i growth the Clear Lake o
populations. The Trout Lake cisco shows z]ieciz(;tswnds 7 ek iy s

g

of average weight of each age grou
weights, and the yearly bercentage increase in weight

It was found

l - . . ] 1 . 11 l 1 ] I ] -1 ] 1

f : ;
rom Silver Lake tend toward a slightly better growth than do the females

and grand average wes, 5
2 g ght for each age g €ach age group in each year’ ;
with the annual increment and the pgrcéﬂszf;’ ifzgcrzz;sé 930, and 1931 collections coymbiZdec,OZtloe;f;:zg

[Sexes combined. The average weights for the I-groy sh are D abl h r tion, selection probab].
-group fish a; robab too igh as the result of gear selec
s y

reliable because i : A
of selective action of gear] ens in parentheses. Groups marked with perroLeDly

Year of capture

Age

AGE AND GROWTH OF THE CISCO 231

00 -
12 ’ A
'l‘
100 S
S |
I’ -,
'I
1000 '
7
e
200 ' o
e /
800 = <
2
o
< 700 //
] |1
Z 00
-
T
o 500
[N
b4
400
300
200
A
p >,
. l‘ __‘d’
100 / o e ===
A P il ot S
0 t 2 3 4 s 6 7 8 -] 10 t 12
FIGURE 4.—General growth curves showing the average weight (in grams) of the different age groups of cisco at time of capture
in summer. Trout Lake, - - -~; Muskellunge Lake, — . —; Clear Lake, — ... —; Clear Lake (males), ; Clear Lake
(females), — — —.

TABLE 16.—Muskellunge Lake cisco—Average weight in grams of each age group in each year’s co-
lection, and grand average weight for each age group, 1928, 1930, and 1931 collections combined,
together with the annual tnerement and the percentage increase

[Sexes combined. The average weights for the I-group fish are probably too high as the result of gear selection. Number of spec-
i eg with asterisks unreliable because of selective action of gear]

imens in parentheses. Groups mark
o Year of capture Grand N 100AW
e
« 1928 1930 1931 aversge w
________________________ 60 (2) 60 (2 9 17.6
55 (10) 49 (14) 51 (266) 51 (290 5 10.9
50 (252) 45 (214) 42 (229) 48,(608). I - - l-rsnnreie
33 (19) 7930 I(17) 781 (9)/] (%860 (D) |.-afii.o|iiiloao.

TasLe 17.—Silver Lake cisco—Average weight in grams of each age group in_each year's colleciion,
and grand average weight for each age group, for the 1930 and the 1931 collections combined, together
with the annual increment and the percentage increase

{Sexbs separately. The average weights for the I-group fish are probably too high as the result of gear selection. Number of speci-
mens in parentheses. Groups marked with asterisks unreliable because of selective action of gear]

Year of capture W
Grand average AW 10.%
Age 1928 1930 1931

Mf:};ﬁgd Male Female Male Female Male Female | Male | Female| Male |Female
108 _(8) |- .nmm-ean 104 (8) |-ccomocea- 104 (11) acocoaae 1 O S 1.6
81 (10; 98 (10) 99 (15) 95 (12) 92 EZZ) 96 (22) 95 (37 10 11 1.6 13.1
68 (69, 86 (23) 87 535) 86 (13) 80 (22) 86 (36) 84 (57 4 11 4.9 15.}
59 (46) 86 (13 74 (12) 76 (10) 73 (13) 82 (23) 73 (25 16 12 24.2 19.7
9, 64 4 66 ( 61 212) ................................

.| 50 68 (3 4 64 60 (8 7)
*28 21; ( () *32 (z()-;; *35 (553 *32 (24) | *38 (25) [-comcmocfomomoe e

-
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TABLE 18.—Clear Lake c;
: e cisco—Average weight in gro
z)r;it I%‘and_thav’elrage weight for each age group;g fo?st}g %gz §
weth the annual increment and the Dercentage increase

[Sexes separately. Number of specimens in Darentheses] 7
Year of eapture ’
e . T §

ge group in each year’s collection.
and the 1932 collections combi;,gg'

£l

Grand average i
1931 1932 g i "
vl (e
T, PETET e
Male | F
emale Male Female Male Female | Male | Female Male | Female
............ L190 (1) |
- 1,035 )| b e Lo B | s
g o B ; 11 R Lo62 () (2777771 gy (TTTTTTe- 31
: o @ "D DT & EG | Toss & w0 3R e Ere:
g0 B mg.me e B 8 g o
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Examinati I

il tﬁ:té(isaffl,;iz (g:;: l?ei?:ﬁ 0011 tir(:;w'rth in weight reveals how sharply the
. m ) .

The differences that, exie; amodlﬂng % populs:x ti1(1)1nthe other three populations (fig. 4),
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FHAT O ki AR LAKE CISCO POPULATIONS WITH

Data on the growth

Erie by Clemens (1922), for O
: N conomowoc and Pine Lakes in sout i i
ahn (1927), for Lake Huron by Van Oosten (1929), for Lakes (Slnlt;lgil(l) v;)V;rSCP(;]il:;Eatr)g

(1931), for the Indian Villa, i

. ge Lakes in i i
Hudson Bay by Dymond (1933). Tablt:;oﬁ)hem i i 37 et
growth of these populations with that of the po

POPULATIONS IN OTHER REGIONS

2 ; ; were altered to conform to this un; '

Weiegﬁrzis;?i Iﬁ?l%zl:n vir;lght', and a',lg"e. Dymond did not include dz,:;l of;r?rc?v?:t%?g
eig ay cisco. Thel in hi i

mﬂhmeters i ey ;:1 :rgest fish in his collection was a female, 383
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~—_ Tasur 19.—Comparison of growth in length, expressed in millimeters, of 11 cisco populations

[The data for the 6 lakes at the right were adapted from various authors as indicated in the text]

b

Clear?
Muskel- |q. : : Ocono- |p;., 4/Eudson
Age Trout!| Junge 1 Silver? i Huron?| Ontario ¢ | Erie? \;5(11;223 mowoc ¢ |Fie Y Bay s
Male| male

1 Calculated lengths at the end of the year of life indicated. !
2 A combination of calculated lengths and actual lengths measured in November. ;
3 Actual measured lengths at time of capture during the growing season. The ages of the fish are really greater than indicated

e, n
¢ Actual measured lengths in midwinter after the completion of the growing season.

TasLe 20.—Comparison of growth in weight, ezpressed in grams, of 10 cisco populations

[The data for the 6 lakes at the right were adapted from various authors as indicated in the text]

Silver Clear
Indian

Village

Muskel- Erie Pine

lunge

Age Trout Huron | Ontario
Male Male

It should be mentioned that the length data of table 19 are not in all cases strictly
comparable from one population to another. The data for Trout, Muskellunge, Silver
and Clear Lakes are all calculated lengths; the data for Lake Huron are a combination
of caleulated lengths and actual lengths measured in November; the data for Lake
Ontario, Lake Erie, the Indian Village Lakes, and Hudson Bay represent actual
measurements of fish caught during the growing season; and the data of Oconomowoc
Lake and Pine Lake are actual average measurements of fish taken in the winter
after the close of the growing season. These small differences in the manner of presen-
tation should not affect the value of the data for purposes of comparison.

Though growth in length of the cisco varies widely in different localities, certain
consistent likenesses as to the manner of growth are apparent. The greatest growth
in length occurs in the first year of life. The growth of the second year is large but
less than that of the first. Growth decreases markedly in the third year of life.
Throughout the later years the annual increment of growth in length tends to remain
fairly constant. Growth in weight is too greatly complicated by the questions of
differences in form and of change of form to permit a general description of the style

of growth with respect to this character.
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Willer (1929) called attention to the fact that certain fishes can be said to possess
a typical species growth curve that retains a characteristic form regardless of the
extent to which external factors influence the actual amount of growth. With re-
spect to growth in length the cisco seems to Possess such a species growth curve.

It will be noticed in table 19 that the populations showing the greatest (Clear

Lake, Indian Village Lakes) and the least (Trout Lake) amount of growth are found
in small, inland lakes. Such situation might be expected in view of the greater
diversity of habitat furnished by the smaller bodies of water. The growth in the
different populations cannot be classified according to latitude or region, but rather,
the differences in growth seem to depend upon purely local conditions within the indi-
vidual lake or possibly upon the genetic make-up of the local stock.

A population showing a greater amount of growth in length than another does
Dot necessarily show a greater amount of growth in weight. Two examples will
illustrate this situation. (See tables 19 and 20.) At all ages beyond the seventh

Clear Lake cisco, and yet at all ages the weights of the Oconomowoc fish are less
than those of the Clear Lake fish of corresponding age. Secondly, at the age of 7
years the weights of the Clear Lake and the Indian Village Lakes ciscoes are approxi-
mately equivalent. At the same time the length of the Indian Village Lakes fish at
the age of 7 years is greater than that attained by the Clear Lake ® males in the
ninth year and equal to the length reached by the Clear Lake females in the tenth
or eleventh year. These discre pancies between growth in length and growth in weight
find their origin in the different length-weight relationships in the various populations.
Populations may differ both as to general body form itself and as to the manner of
change of form with increase in length.

RANGE OF LENGTH IN INDIVIDUAL AGE GROUPS; MAXIMUM LENGTH
AND WEIGHT

Tables 21 to 25 show for the four lakes under consideration here the length
distribution of the different age groups in each year’s collection. On the whole,
length is a poor iadex of age. The amount of overlap between consecutive age groups
is so great that in most instances a fish of a given length might have any of several
different ages. This is particularly evident in the Trout Lake data of table 21.
In the rapidly growing Clear Lake population, however, the positions of both sexes
of the first three age groups (I, II, and IIT) stand out clearly in the length frequencies.
In the 1931 Silver Lake collection the I group is well separated from the remainder
of the sample. The Muskellunge Lake collection of 1931 shows a fairly distinct
separation of the IT and IIT groups, but a greater abundance of other age groups in
the collections of this year might have obscured this division.

% The average lengths of the Clear Lake fish measured at the time of capture were: IX group, male, 355 millimeters; X group.
female, 377 millimeters; XT group, female, 378 millimeters.

250210 ool
.210 to 214
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= X ; ! the T out Lake 01:860 n
) .llimetm inter vals) Of. each age group Of
TABLE 21.——Length f7 equencles (5 mi 4 7 r

1
i 1928 | 1930 | 1928 | 1930 | 1931 | 1928 | 1930 | 1931 | 1928 | 1930 | 1931 | 1930 | 1931 | 1931 | 1931 | 1931 | 193
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[The 1932 III and IV groups are not included because of the high degree of uncertainty in their separation]
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185 to 189__
180 to 184 __
175 to 179. _
170 to 174__
185t0169. . ____
160 to 164 . .
155 to 159 _
150 to 154 __
145 to 149 __
140to 144 __
135t0139_...___
130 to 134. .

125t0129. ..
120t0124____

Average. _

193
133 | 141 | 157 | 173 | 171 | 165 | 181 | 177 | 174 1.83 183 | 182 9
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TaBLE 24.—Length Sfrequencies (10-millimeter intervals) of each age group of the Clear Lake c¢isco
(males) in each year’s collection

I v v VI VII VIII IX
Length

1931 | 1932 | 1931 | 1932 | 1931 | 1932 1931 | 1932 | 1931 | 1932 | 1031 | 1932 1931 | 1932 | 1931 | 1932 | 1932

250 t0 259. _...__
240 to 249 ____

230t0 239, ______
220t0 229 _.____
210to 219_._____

190 to 199 __
180 to 189 __ %
17040179. .......
160 t0 169 .. __

TABLE 25.—Length Jrequencies (10—millz'met_er intervals) of each age group of the Clear Lake cisco
(females) in each year’s collection

v \4 VI ViI VIII IX X X1

1631(1932/1931

III

Length

1931

1931]1932 1932|193111932(1931(1932/1931 (1932{1981 1932(1931 19321932

1932(1931 l,1932

880t0389..__.__
370 to 879 .
360 to 369.. Sl
R o S S e e e e e e ok L]
340t0849___________ T e e e e e e

330 to 339__
320 to 329__
Sl0fodlo._ .. - CTTTI e FHere : e
300 to 309__ . - . [RS

____________________________________________ ST ) S L B 8

W [ e ] e = e

]
¥ O Codo DO DD

270 to 279__
260 to 269__
250 to 250__
240 to 249__ s el
230 to 239___ i el i

220 to 229___ S ' Ll e =i e
210 to 219___ SO B I B3 O ey e e e e
200 to 209__- 2 i

190 to 199_
180to189_ . T TTTTTTTTTTTTT = e =
170t0 179 TTTTTTTTTTT . SR R s e
160060 5 S o e ST el s R RN
160i0dB00. o) A ST T

338

342

339 (320 (344 362 (354 1356 (351 368 (376 (379 | 378

There are some disagreements between the length distributions of fish of the
same age, but taken in different seasons, Some of these differences, particularly
in the younger age groups, are due to the variation in the time of the collection of the
sample within the growing season. The I groups of Clear Lake will serve as an

example. (See tables 24 and 25.) In 1932 these ciscoes were collected from

AGE AND GROWTH OF THE CISCO 237

ther differences between the length distributions of. ﬁsh. of the same age may

gi t:all,lc(::(())unted for by the actual differences in the growtoh histories of thfe yearMclaJsisels
they represent. 'This appears to be true, for example, in tl;_xe II groups romh ,us;L Hee;
lunge Lake (table 22). The 1931 II-group fish from this lalfe were uflui:l :n;) o
in average size than those of the preceding 2 years. The exa.mma:tlon of t ehat th-
tion of calculated lengths for these various groups (ta,b_le 4) likewise shows tda e
1931 II group (1929 year class) actually grew less during the first and second years
of life than did the 1929 and 1930 II groups (year classes of 1927 and‘1928). 1

In table 26 are given the data relative to the longest and.tne heaviest fish ta,ﬁeE
from each population. (Data concerning the lengphs and_ We1ght§ o_f tkEe 91((1;51.;(1 s1
taken may be obtained from tables 3 to 7.) Thereis _sufﬁclent variation in in: IVSl'lua
growth that the largest individual need not necessarily be the oldest. In thgl hl ver
Lake collections and for both sexes of the Qlear Lake sam_ples the largest hs :,Ire
from 1 to 4 years below the observed maximum age. I’? is true furthei' that ¢ };e
largest fish with respect to length is not alwayg the heaviest (for example, see the
data on the longest and the heaviest fish from Silver Lake). The dlff(_er(_ence:s,f among
the maximum sizes attained in the different populations are more striking if size 119,
considered in terms of weight. The Clear Lake fish resfch a weight approxnnf;te y
17 times as great as those from Muskellunge Lake, 10 times as great as those from
Silver Lake, and 7 times as great as those from Trout Lake.

TasLE 26.—Data concerning the longest and the heaviest cisco in each of the 4 lakes

o Length i
Year of in milli- | . Weight Hox
Lake capture Age lglg#er; in grams

1931 XII 226 172 | Female.

e e e e 132 | IV 180 70 |~ Do.

B L 1932 | oo 1188l Lot Male,
i 1930 \4 g& gg Fen:)ale

------------------------------------ VI

S o i vk ng VIII 368 910 | Male.
——--[3 1931 X L PP Female

e R, LR e e R A 1932 VIL 383 1,216°| ~ Do.

1 This fish was not weighed betoré it was preserved. The length recorded includes a correction for shrinkage.

The maximum size attained depends both upon rate of growth'and upon the
maximum age of survival. The Trout Lake cisco is the slowest growing ?f the four
populations, yet a few individuals survive to such an age as to reacp a, size greater
than is attained by the fish in either Silver or Muskellunge Lakes. Itis prqbable that
further collections might change the order of arrangements of the Ia:ke with respect
to the maximum size reached by the cisco, as well as the absolute maximum values for

length and weight.
CONDITION AND THE RELATIONSHIP BETWEEN LENGTH AND WEIGHT

‘Weight in fishes may be considered a function of .the l.ength. If form and
specific gravity 1° were constant throughout life the relationship could be expressed

by the equation, W=cI?, ’ i
where . v,

L=length,
siia _ c¢=constant.

The above equation is a statement of the well-known c}lbe la,W.. Act'ually, in
nature, the value of ¢ is not constant for a species or population but is subject to a

e .
10 Reibisch (1908) could find no appreciable seasonal variation in the specific gravity of the plalc?. Keys (1?28) poh;:ed u(::l.l:;ktel'lmt
the hydrostatic equilibrium that exists between the fish and its environment renders great fluctuations in specific gravity y.

'-'
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wide range of variation. The values of ¢ under various definitions (coefficient, of
condition, condition factor, length-weight factor) have been used widely by fisheries

‘“degree of well-being”’ of figshes,

Some investigators have used
measure of the

state of sexual development. Others have con-

In addition to its use as g means of estimating condition, the equation /(1) has
been employed also to describe the general length-weight relationship in populations

The use of the
due to the failure of

forms of fishes. Fulton (1904) who applied the law to the relationship of length to
weight in several marine species stated:

The law in regard to the increase in weight according to the cube of the length, although
broadly true, does not accurately apply in the case of the fishes examined, With scarcely an
exception, the weight at a given length is greater than the weight calculated from the law, so that

if the specific gravity of the fishes remains constant they must increase somewhat more in other
dimensions than in length

Although the cube law does appear to apply to the length-weight relationship
in some species (Crozier and Hecht, 1914; Hecht, 1916), these instances appear to
be the exceptions, for the observations i i
cube law in describing the length-weight relationship in fishes have been repeated
by numerous investigators and on many forms of fishes.
satisfactory method of describing the length-weight relationship in fishes has been
developed through the use of the more genera] equation:

W=0L",

2)
where W=weight,

L=length,
and c¢==constant,

In this equation the values of both C and # are determined empirically.
Such a relationship has been determined by Jirvi (1920), Tjurin (1927), Clark

(1928), Keys (1928), Fraser (1931), Hart (1931, 1932), Tester (1932), Walford (1932),
and Schultz (1933).

Some of the above authors
issues of describing condition and
abandoned the use of coefficients

have, however, confused the two entirely distinct
expressing the length-weight relationship, and have
of condition based on the cube relationship in favor
determined exponent (Cin W=CL"™. That coeffi-
relationship and from empirically determined expo-

nents are in no sense of parallel significance as measures of condition appears from

the following simple illustration.

=
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A fish With a length of 1 foot and a weight of 1 pound will shoxj\; on .l;l;le&b::ﬁl Zf
he cube relationship a coefficient of condition of 1.00. In (?onf(ifn(lil yb‘;;:ls .
3 eer:aml usage this quantity may be designated. as K: If this ﬁs1 (;1111 b
%v(;:;lhout change of form or of specific gravity its v2e1g1hi(;) Oat tﬁe hilfever L
lue of K will continue to be 1.00. If, » b
e, his greater length will be 1.25,
i i d of 8 the value of K at this gr leng _
at 2 feet is 10 pounds instea - . Pt ol
it wi hange of form ™ has occurre g -
R T tratie ight of this 10-pound fish represent its
be considered that 2 pounds of the ‘weight . 3
(I-;Jlal?l?; ofe form; this change is measured directly mdt}ﬁe hlncrga.se(zlsv;gsezi fiiat;‘d;
; i t heavier than the 8-pound fish and is .
L i 0 nd fish corresponds in form to a
i the 1-pound fish (that is, the 10-pou 1
geﬁvi;lgz,tﬂvlvirllﬂd havg a weight of 1.25 pounds at th(.a length of 1 foot). 1’1311;18511]2 n;a;‘y(;
; n that values of K, by reason of their ca.lcula:tlon fror.n the cube.re 5}11 io i s}; e
gfrzzs and quantitative measures of form or relative heaviness, and in this se
i rable between fishes of any length.
dueclﬁIIZv:(;fmtglaé weights of 1 pound at the length 9f 1 foot and. of 10 pounds a,t;) 12l dflelcla;
were to represent actual average conditions within a population, the corresp

length-weight equation would be:
W=1.00L3-32%

The coefficients of condition calculated from tl-us higher emp&mca(l1 ?zf(;ﬁzngsir:tlt.gg
both for the fish at the length of 1 foot and Welgl.lt of 1 poun a:h oRda gl e
length of 2 feet and weight of 10 pounds. Thus it may be seen tha oy
f;lilli entirely to measure in any way the change of for_m that occurre . \tng ; ;Ir:cth .
in length. Further, the value of C for a;dﬁsh that tzzltg};sﬁihpg;j;d(si ;1 5 : o, lgength
i ‘rom this value it would appear 1t & . engtl
if:l?cful: ((:)l.li%gzn(?f ffi)(;m actually suffers a loss of condition. ; Slnce 'ﬂ}lle a:sun&;;iuz)ril nls
hardly tenable that a fish can suffer such a great ioss of) I(‘;(()}ilf(;i;l(;)l; }:&;12; v(;lllu el;nof g i f
elative heaviness it must be ¢ :

:&i&iﬁ%&iﬁ;&?ﬁ; determined exponents fail to serve as _sat;sfs;ctoil}:i irz(e)s:ls:;fﬁ
of condition. Questions concerning th('a use -of C as a coefﬁt(:,len fothceodata Sk
receive further consideration in connection v§nth the }.)resex.lta_ 10117;1 ;) fiignsiat s
investigation on condition and the length-welght relationship 1IIj St fhe e
of Trout Lake, Muskellunge Lake, Silver Lake, and Clear :‘ ; ool i
time, however, a brief review will be presented of _the obsgrva ;onsS ) coe};ﬁ s, of
auth:)rs who have used or suggested the use of C in equation (2) a
cond'lli‘;iﬁanobservations of Jarvi (1920) s}llloqld(;):hm:llllléii«ria;nc (t);l;;se :ﬁ:ée;vﬁi;?ﬁ;gxizﬁ
justic at author it should be emphasized tha r Y. Jrifh
&Ztﬁctuol;:;on of unknown lengths and Weights fro“m z‘z’ general lengffth;‘s;;):illl:rl ii?}z;c;gt
ship rather than with the measure of conditlol}. Jirvi’s data are obp T e
here since he included a comparison of coefficients basned on the cul ?czu ShAu g
as determined from equations of the type, W=- CL?, with em}()iu'tl;he gf fojemnol
exponents. His coefficients for the males, the ripe fema'les, allll 1 };elaﬁonsmp
of the kleine Marane (Coregonus albula) were, on the basis of the cu ,
—_———

i i ics but refers only
i The term “form"’ as employed throughout this section carries with it no implications as to details of shape,
to relative heaviness of stature.
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0.00848, 0.00989, and 0.00830, respectively.? The coefficients as calculated from
formulas with empirically determined exponents were, for the males, ripe females,
and spent females, 0.0050, 0.0020, and 0.0056, respectively. The exponents in these
last three formulas were 3.2 for the males, 3.64 for the ripe females, and 3.16 for the
spent females. The comparison of the coefficients derived by the two methods shows
clearly that those based on empirical exponents fail completely to reflect the relative
heaviness of the fish groups to which they pertain. While the values of K based on
the cube relationship show that the ripe females are on the average the relatively
heaviest group, followed in order by the males and the spent females, the values of the
coefficients calculated from equations with empirical exponents follow exactly the
reverse order. Thus on the basis of the values of ¢ of equation (2) the relatively

If the values of

associated with a small value of the coefficient—and the reverse.

Clark (1928) appears definitely to have confused the two problems of describing
condition and expressing the length-weight relationship. From her study of condi-
tion and the length-weight relationship in the California sardine (Sardina caerulea)
Clark concluded: “The weight of sardines increases at a rate slightly greater than

the cube of the length. For the data studied the correct formula for the weight-

1000
length factor was found to be F= TIEV But for the purpose of the present study

1000 W :
7¢  Was sufficiently accurate.”

the formula 7=

Clark evidently believed that the coefficient of condition (weight-length factor),
to be accurate, should tend to hold a constant value at all lengths of the fish, for she
stated: “The more species departs from this general weight-length relationship
[cube relationship], the greater the error involved in the factor,” Concerning the
changes in the value of the factor with increasing length she observed further: “Duye
to the error introduced from calculating 7 on the basis of the cube of the length, the
1000 W

I’ rises consistently throughout the range
of sizes represented in the commercial catch at San Pedro.”

Clark’s conclusion that the failure of the cube law to describe the length-weight
relationship makes inaccurate the use of coefficients of condition (weight-length
factors) based on the cube relationship is scarcely justifiable, particularly in view of
the fact that coefficients based on empirical exponents fail to reflect differences in

curve resulting from the equation F—

actually studied variations in the weight-length factor on the basis of values calculated
from the cube relationship, but did so only because she considered that the use of
these values introduced “only a minor error into the work.”

" 4 1In the data from which these coefficients were determined weights were recorded in grams and lengths in centimeters,
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Clark’s data on the correlation between Weight-leingth factors (qalqlﬂate(i. dfrom
the cube relationship) and the fat content of the sardme}a1 oﬂ"ers conlwntx.lcm%li ;vx eﬁgi
iti hould be calculated from the cube relationship. )
that measures of condition s d b 1 _ : P
i h length in the value o
show conclusively that variations wit, ' n ; ¢
ﬁ;lmth factor are reflected closely in corresponding variations with lengt(lll :n tgle é&;f
on%;ent of the sardine. Inasmuch as relative heavn'less is t.;hus shovye 0 et =
;endent on fatness (condition), changes with lengthIm ?elam;et hl;eaﬁe;s; (111(1)1;2 Lo
i f condition. In view o s fac
considered also to represent chang(?s 0 | 4 o
i it tity that tends to be cons
r valid to measure condition in terms of a quan / . -
?frpﬁegh of all lengths regardless of actual changes thag I}la{hoccur utl rela&;vegleﬁx;l:ne;:
i i ince the quantity C in the equation W=
of form with change in length. Since = ; _ G
i i tive heaviness it must fail als
d this constancy and fails to measure relative . i : 0
fx(x):;z{lre the differences of fatness (condition) upon which differences in relative heavi
end. ]
o ’(li‘zls)ter (1932) likewise appears to have confused the tviro pr(_)blems of megsun}:lji
condition and describing the general length-weight rel‘atlon.shll.). Concernﬁ;g o
method of determining the general length-weight relationship in the smallmou
k bass (Micropterus dolomieu) he stated: =
bla’cll in, S:he met?;lod used by Hart (1931) and others the relationship between'le:gth r:m:
Weli?gohtoi:(:r gass from Perch Lake [Ontario] was obtained by plotting average lengths against averag

i line
i i ivi tural slope of the resultant straight
i ble logarithmic paper and deriving the natur
:ifafsv};tstl?:oggo}? the p%)ints. It was found that the weight increased by the power 3.1(7) of the

1 h. * * ok ) )
o Tester assumed, however, that the failure of the cube law to describe the length

weight relationship made the use of coefficients of Sovr%’dition based on the cube rela-

i i ile (1931) to
tionship invalid. Concerning the equation, K = . employed by Hile ( )
describe condition in several species of Indiana lake fish, Tester stated:

This equation is only approximate and might be better expressed—

100 W
K= =

In the case ()i the Iel‘()] l;Bke l) S “Le power W()lll(l ]lave a Value 3.1(: B If bhe power x—-3 18
)
a8
used l}he Value Of I{ tends to increase Wlbh the length of the ﬁsh whereas it ShOUId remain constant.

Tester used the value 2=3.1(7) as determined {ror;l thePﬁerc:ch L%{:k:aisa]zg
i iti his smaller samples from Phantom ;
compute coefficients of condition for ; « A s
ipissi i hat, “To be strictly accurate,
Nipissing, and Georgian Bay, but observed that, ' 5 Y0iRe 5
sh(fuld bi determined separat,ely for each of the latter three bodies of Watﬁr. i
Had Tester actually determined the value of the exponent for Fa:he odifﬁcu]ti'es
i i become aware o
opulations he studied he would probapl.y have A
.?nvpolved in the use of coefficients of condition based on emplrl.cal e)_(pozll?ntts). ey
Schultz (1933) expressed the relationship of length to weight 1nl ed ta};); £
(Atherinops affinis oregonia) by the equation Wh= Ff"“. dHet s;llsloﬂe:;lls)tzzr: o gelop-
i in weight, dependen _
tity F' as a measure of seasonal changes in weight, : oy
i the length-weight factor, F,ide
ent of the gonads. That Schultz considered ) tor, ;
1 i be relationship is apparen
In significance with factors calculated from .the cu '
fromgtkie cfil)llowing statement: ‘““The length-weight factor, 1,7’, was 1}1]sed to es(tilsl)xi?t)e
the state of development of the gonads, as has been done by D’Arcy Thompson A
24535—86——3
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Van Oosten (1929), Clark (1928b), Weymouth (1918 and 1923), Reibisch (1911),
Crozier and Hecht (1915), and others.®

Of the above authors some employed the cube relationship in the study of the
length-weight relationship (Thompson, Van Oosten, Weymouth (1918), Crozier and
Hecht), while others used empirical exponents (Clark, Weymouth (1923)).

Because of the serious objections to the use of coefficients of condition based on
empirical exponents, condition in this investigation has been measured by coefficients
calculated from the cube relationship. The comparison of the equations W=KI3?
and W=CL" reveals an interesting connection between condition and length in popu-
lations that deviate from the cube relationship. The equation, W=CL*, may be
written in the form:

W=f(L).¢(L), (3)
where
fL)=CL",
¢(L)=L3
and
m=n—3.

Thus it may be seen that where weight can be expressed as a parabolic function
of the type W=CL" condition can be expressed by a similar function of length.
While this definition of condition as a function of length is valid only insofar as the
equation (3) actually describes the length-weight relationship, the failure of equation
(3) has no effect on the value of coefficients calculated from the cube relationshie
as measures of relative heaviness. Where the coefficient of condition does behavp
as a parabolic function of length (hyperbolic if m< 0), the value of m=n—3 measures
the rate of change of form or condition,

In order to have the most complete data for the study of condition the value
of f(L)= 73 Was calculated for each individual specimen. Since lengths were recorded

13 This statement of Dr. Schultz as it pertains to the studies of other investigators is in some points inaccurate. Van Oosten
made no use of the coefficient of condition to study the state of sexual development but was interested primarily in deriving a general
length-weight equation; he did, however, quote Thompson (1917) as to the effect of sexual state on the value of the coefficient. Clark
used the weight-length factor chiefly as a measure of the state of nourishment or fatness as the following statement shows: “The
monthly and yearly fluctuations in the weight-length factors of sardines were due, therefore, to some changes in the composition
of the body tissue of the fish, bresumably an increase or decrease in the fat content, and not to the amount of focd in the alimentary
tract, or to the growth of the sex organs.” Weymouth (1918 and 1923) was concerned with the general length-weight relationship
and not with any individual or seasonal fluctuations in the length-weight factor. Reibisch’s coeficient was calculated neither from

W=KI3 nor W=CL», but was a “Dickenkoeffizient” with the formula 5=_‘ /ﬂo .1%, (@=weight in grams, L=length in
w

centimeters). Reibisch discussed the effect of sexual state on the state of nourishment, but, in order to make § describe only the
state of nourishment, removed the gonads before weighing. Crozier and Hecht were concerned with the determination of a general
length-weight equation. They stated: ‘‘All the fish examined (over 400) were either spent or unripe; so we are sure that none of
the weights recorded are influenced by the ripening of the gonads.” (The date of issue of Crozier and Hecht’s Daper was 1914,

not 1915.)
1 The differential equations corresponding to the equations W= CLn, and f(L)=K=CLm are:
aw_ 4L
w UL
and
4K dL
i

Now %’ é—,y % %n and %tlg Il{' where {=time, are the relative rates of change in weight, length, and condition, respectively. The
exponent 7 describes the ratio of the relative rates of change of weight and length, while m describes the ratio of the relative rates
of change of condition (form) and length. If n=3, m=0, and growth proceeds without change of form, If N3, then m=-0, and the
values of the exponents measure the rate of change of form,
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in millimeters and weights in grams, the actual values of f(.l?).were quite small. To

avoid the use of such small decimals the coefficient of condition K as actually used
defined:

T K=f(L)X10° (4)

In the Trout Lake, Muskellunge Lake, Silver Lake, z.md Clear Lake populations
the variation of condition with length, and of weight with length 9onforms closely
over certain length intervals with the conditions deﬁn-ed by equation 3). ponse-
quently it was possible to determine equa.tions' describing condition and weight as
functions of length by fitting parabolic equations to the observed average values
of K at different lengths. . : .

The assumed relationship between K and L indicates a linear relationship between
the logarithms of their values:

log K=a-+m log L, ®)

where a=log C+5.

It is possible to determine the values of C and m by ﬁttir}g a straight line to the
logarithms of corresponding values of K and L. The determed values of C and m
can be used in writing not only the equation for f(l as iz:hf};nctlon of length but also

iting the equation for weight as a function of length.
;i W’f‘ablc;g 27 cgntains the eq%mtions obtained for K=0X10° .L“‘ and W=CL-~.
The data from which the equations were determined are foum.i in ta'.bles 28 to -31.
The tables mentioned last contain also a comparison of actual weights with theoretical
weights calculated from the length-weight equations of table 27.

TaBLE 27.—Equations for K=CX10°L™ and W=CL" as determined for the various cisco collections

Year of Number of | Range K=0X108 Lu W=CLa
Lake collection| 5% | specimens | of I X

= =6. 523210~ L,2.87280,

1928 a, Q 138 | 125-154 | K= gvv—‘; Samaxios L
o B0 28| B ES VLRI
1928 | a9 263 | 145-179 | K= W =4, 568. 9% 10-8 L1771

1930 @' Q 244 | 140-179 | K=567.36 L-1.33462___ .| W=567.36)X10-5 L,1.76538,
Muskellunge.....\ 1g31 | &7 ¢ 505 | 130-179 | K=141.92 L-0.ssuma] | W=141 026510 Laaos,

1932 | o9 93 | 145-179 | K=182,87 L-0.5o01s___ 7| W=182, 875105 L2.00sss,
1930-31 c;" 110 | 130-199 | K =0. 25532 L.0-33370___ -| W=0.25532%10~5 1,3.32370,
Silver........... 1930-31 Q 160 | 135204 | K=0.12322 10.48372___ W =0. 123225105 1345372
1931 o4 85 | 160-359 | K=0.10104 1.0.80530_ _| W=0.10104X10-5 I3.5030,
1931 Q 105 | 170-379 | K =0, 04555 1.0.64001 _ _| W=0. 04555X10-5 T,3.64901_
Olear ... 1932 4 100 | 160-379 | K =0. 04954 L0.62476_ _| W=0.0495410~5 T3-62¢76,
1932 Q 85 | 150-389 | K=0. 03652 1.0.68489___ -] W=0.03652)10-5 1.3.68489,

18 For the purpose of fitting the equations the specimens were divided into length groups (10 n}illimeters in the Clea_r Lake
cisco, 5 millimeters in the other populations) and the average values of £ and L determined for each mter_vs.]. A straig'ht line was
fitted to the logarithms of these values by the equating of moments. Combinations of the sexes and of different yeax"s collectlozfs
Were made wherever the data justified the procedure. In Trout Lake and Muskellunge Lake the sexes were co_mbined in each year’s
collection. In Silver Lake the sexes were treated separately, but the 1930 and 1931 collections -were combined. In Clear Lake
each sex and each year’s collection received separate treatment. The data upon which the equations were based include only the
size ranges for which adequate numbers of specimens were available.
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Taste 28.—Tvout Lake ciscoes.—Valuggfrféeﬁarltgg%’:};ejszﬁi:ggl teeight, ogtual weight, and K ab &-mil Tasue 31.—Clear Lake ciscoes—Values of length, theoretical weight, actual weight, and K ai 10-

mallimeter length intervals

[Sexes combined]
1931, male 1931, female 1932, male 1932, female
1928 1930 1931 i
2 Calcu-
Caleu- | s oyia) Qalon- | Actual Lengtn | lateq |A%us!l & || Longtn | Tated [Actul| &
Calcu- Caleu- Calcu- Length | lated |Zlopel K Length | lated weight K D ated | weight weicht | Weight
Actual Actual Actual ight| VeIE! weight weight g
Length lated > K Length lated H K Length lated K weig
weight | Weight . weight | Weight 4 weight | Weight S
13
62| 68|14z 73| 768|138 59 | 1.26 L
20 25 26| 1.22 2 2| 1.3 72 70 | 1.37 83 85 | 1.36 93 %% igg
31 27 27| 118 31 31| 132 84| 80| 1.3 eE 0118 138 | 1.39 1.43
33 3| 3| L1 3| 32| 1% 14| 124|148 Mg e 182 | 122 1.62
37 33| 114 36 35| 124 M e lLh o8 Byt 298 | 158 160
40 36 36| 115 39 39| L2 =l oty 160 244 | 1.47 1.64
43 40 40| 113 42 42| 121 ; 292 | 1.53 1.62
43 43| 112 45 45| 1.1 316 | 316 | 1.70 1.68 o
........ . .18 330 | 1.62 1.69 370 | 1.82 i
48 48| 1.14 49 49 | 115 351 . 18 434 | 1.95 1.90
..... = 51 51| L1l o R T 43 | 188 2.0
493 465 l: 71 1.96 508 | 1.80 }gg
582 595 | 1.89 égg % i gg 28
TABLE 29.—Muskellunge Lake ciscoes—Values of length, theoretical weight, actual weight, and K at %‘é %‘2 }j 83 2.04 708 | 1.91 %?g
5-mallimeter length intervals 777 | 803 | 2.00 2.07 Bl o2 212
834 850 | 1.98 2.12 840 | 1.82 A
i 2.18 885 | 1.79
[Sexes combined] 2.05
1928 1630 1031 1032 ; . [
The comparisons of theoretical and actual weights show that the eclluatlons o
" |Caleu- Caleu- Caleu- Caleu- i i i anner, for in general the agree-
Length | lated [J0%| K || Length | lated A%l & || Lengtn | Jated woroet| K || Length | lated |Actusll ¢ table 27 fit the observed data in a quite satisfactory m yforin g ey tg
ey e T e T ment between actual and calculated weights is good. The discrepancies between
44| 45140 36| 36|12 33| 32|13 8| 9|19 8ctual and calculated weights are greater in the Clear Lake samples (table 31) than
2l 8 1:222 il 5 Hg e 46| 4117 in those of the other three lakes. This might be expected not only because of the
. - > 7 46 | 1. o :
2| Blih | 4@|ro Slachlae 5 491118 gmaller numbers of fish in the Clear Lake collections but also because of the much
. e 44 (1. 52 52 | 1.12 S . .
55 58113 47 | 48104 45 | 48]1.19 51 55|18 oreater size range shown by the ciscoes of this lake.
57 54| .98 50 49 | .97 48 49 | 1.15 57 58 | 1.05 . - = s : f tion rel&tive to
8 b2) .94 Bl BRLE The equations themselves (table 27) contribute interesting informa ]
57( 54| .90 the problem discussed previously (pp. 238—242) concerning the use of C as a coefficient

of condition. The examination of the values taken by CX10° shows how‘widely this
TasLe 30.—Silver Lake ciscoes—Values of length, theoretical weight, actual weight, and K at 5-milli- quantity can vary not only within different populations of the same species but glso
i o i in different sexes and in different years’ collections of the same population. Certainly

1030-31, malo 1930-31, femal the value 0.03652 (Clear Lake females, 1932) cannot be compared dlrect!y as a:
: e measure of condition with the value 4,568.9 (Muskellunge Lake, 1928), particularly
Qalou- | Actual Caleu- | o0 in view of the fact that the higher value of C pertains to the slenderer form. Nor
. welght | welebt % i woight | welent | X can the higher values of C shown by the males in the Clear Lake equations be inter-
preted as showing the males of this population to be in better condition than th.e
3 32 124 5 3 1% females. The actual values of K and of weight for length show that the reverse is
5 % 15 . A rl  true. The table shows yet other examples that demonstratt? clearly that’values 9f c
3 o 15 o o 1% cannot be compared either between the sexes or between d_1ﬁ?erent years’ collections

% % 15 o & }#  of the same population, much less between different pqpulatlops. iy e
e - -8 P o 18 If the variations in the value of C are examined in relation to variations in thg
24 1% 18" values of the exponents, m and n, it may be seen again that the values taken by €

depend on the values taken by n. If n is high, C is small—and the reverse. T]?us
it may be seen that here as in Jirvi’s data the values of C' do not depend on relative
heaviness but on the rate of change in relative heaviness as measured by the expo-
nents, m and n. T

The examination of the values taken by n show further that this quantity is not
fixed either for a species or a population. The values of the exponent not only vary
tremendously from lake to lake but also vary considerably from year to year in the
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If the equation, K= OX10°L™, for each Year’s collection of the Muskellunge
Lake cisco is solved for L=100 millimeters the following values of K are obtained:
1928, K=2.50; 1930, K=1.93; 1931, K=1.80; 1932, K=1.86. These values of the
coefficient of condition indicate a fairly robust body form. Ciscoes of such heavy
build are indeed found among the larger fish of the Clear Lake population (table 31),
but it is very unlikely that such heavily built individuals may be found at the length
of 100 millimeters in the Muskellunge Lake cisco population, or in any population
of the same species. This view is supported by the comparison of the K values

be expected to show small values
for the coefficient of condition. Table 32 which contains a comparison of actual
and theoretical values of weight and K for these five fish shows that they fail com-
pletely to fulfill this expectation, for the actual values of weight and X are far above
the theoretical values calculated from the length-weight equation.

TABLE 32.—Values of length, weight, and K Jor the & longest individuals of the 1931 Trout Lake ctsco

collection
\ 

Calcu-

Calcu- Actual

Age Length | lated | Actual | lated value
weight | Welght | valuo | TAlue

and Schultz (1933).
& Materials for the comparison of condition in the different populations and in
different>years are to be found in tables 28 to 31 and 33. The last-named table
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() w1 Cha’n es Of 'Zz Elth age dBPEIld on dlﬁEI ences

i length of the various age groups. ( : : -
Effthexi';‘;:r?fea:erige lengths of age groups are associated with large differences
ere

3 ated
age value of K, while smaller differences in average length are associate
aver )
:?iih smaller differences in the average value of K.

In Clear Lake in particular large

TaBLE 33.—Value of K according to age groups

[Number of specimens in parentheses]

Trout Lake Muskellunge Lake Silver Lake
1930
i 1931 1928
1928 1930 1931 1928 1930 S,
i | D W N— I T e
Y] e T e Ee He— R e Ea—
A SIS ST - GRS e R
S e e o ol S s i £ b ersl S
e e T e e e e
Vi e e el S e S 1.34 (10)| 1.38 (10)| 1.37 (15)
. T Rt I IITTT0T(@9)] 120 (69 142 523) %gz g}gg
Iy ( G| 124 (o] i1 i) 16 SOl Lgin 130 ue L) 04 °
---------------- ; . ; 1.07 214)| 1. ; : )
PIL """"""""""""""" T (1?2) L1s w0 iﬁ% (%g; }zz)i((ziﬁgz)) 1.18 ((17) 128 9)] 119 (W)|eommeeo |t
e L@
Clear Lake
i 31
Silver Lake, 19 e s
Age
Male Female Male Female Male Female
""""""""""""""""""" L (BT FR %623 g;
) onntmm N e =l Rl el ol R ;
§E- ------------------------ By 3.12 8 1.97 (D] 236 (2
e A e Rt e @213 A 1.99 (D] 2.16 (g)
e e e 6)] 2.12 A7)| 1.95 (9)| 2.00 (12)
e R o et i ™| 2.06 (8)| 1.82 (2| 2.50 (1)
e e o 2] 210 ()] .93 (7| 1.93 (7;
| ———— (5)] 2.03 ()| 1.83 (11)| 1.90 (14
O —— 1.73 (17)| 1.86 (19)] 1.70 (23)| 1.82 (21)
i -66 (28)| 1.66 (27)| 1.56 (20) 1.% 8%
II}I-~——-—-—-—-——-~-::::::: 1.22 (24)| 1.18 (25)| 1.38 (18)| 1.39 (15)| 1.25 (20)| 1
T o e O e SRS N AT

- s ¢ R
The analysis of the data was made to inf:lu.de the exal}lilnatlolilnofﬁ S‘;iu;??}?: S0ame
with size in fish of the same age and the variation of K witk leatgtia1 Blydiionly
size. Without presentation of the extensive tablflar matem{t} i
, to show the detailed results of these analys.es it may be statec R
(S)ﬁfﬂ'ly_'{ with length within an age group proceeds in the same d1rect§;>n1 asthe i
of K with length in the population as a whole, and that, z;: the whole,
B independe?i)t ([)%flage ?3%S}slh(fwxflﬁlrs:£: 11';11;% céndition varies from yeﬁr
28, 29 1, an B
to Y;l;krleixta?}:l;s sa?x’le I;Opu,lation. In both Trout Lake &91,1'1(11 Mfali:ihézgia{:;kof o
ciscoes were slenderer in 1930 than in 1928 or 1931. : In1 ; verears et e
records for 1928 makes a comparison of that year with 13 er.yco S i S
is some indication, however, that in 1928 the Silver Lake cis

table
boorer condition than in 1930. In Clear Lake there do not appear to be fmny 1%1?“_ a
differences i_n the condition Of the CiSCO m 1931 a’nd’ 1932' S pseeleim e gl
i
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With respect to average condition, from poorest to best, the populations fall in
the following order: Muskellunge Lake (sexes combined), Trout Lake (sexes com-
bined), Silver Lake females, Silver Lake males, Clear Lake males, and Clear Lake

females.

The order of the four populations of this investigation with respect to average

condition is the same as their order with respect to average duration of life (p. 267).
The indicated association between condition and longevity finds support in the
observation (table 32, p. 246) that in Trout Lake survival to an advanced age appears
to be accompanied by, if not contingent upon, a departure from the general tendency
for condition to become poorer with increased length.

The study of condition and of the length-weight relationship in these four cisco
populations may well be concluded with an illustration of how progressive change
of condition is reflected in a progressive change in body proportions. In order to
determine the intensity of the excess vertical and lateral growth that produced the
heavy body form in the older and larger Clear Lake ciscoes the relationship of length
to depth and width was studied in 95 preserved specimens collected in 1932, Since
the relationship of length to weight in the Clear Lake cisco can be expressed satis-
factorily by a parabolic equation it was assumed that a similar relationship may
hold between length and width and length and depth. On the basis of this assump-
tion the following equations were derived:

Male—46 specimens:

Depth=>5.05210~2 L;1-25
Width=0.656 % 10~2 L1502

Female—49 specimens:

Depth=5.230¢10~2 1269
Width=0.173 % 10-2 L1789
L=length in millimeters.

TABLE 34.—Clear Lake ciscoes, 19832—Comparison of iheoretical and actual values of body depth and

body widt
Males Females
Calcu- Calcu. Calcu- Calcu:
Actual Actual Actual Actual
Length lated lated 2 Length lated Iated :
depth depth width | Width depth depth width | Width
19 34 34 13 13
19 38 37 16 20
21 40 40 17 19
26 46 48 20 24
31 69 68 37 36
35 73 72 39 35
36 80 80 45 41
41 84 85 48 47
43 87 87 50 49
47 90 86 53 45
43 94 92 56 54
51 98 99 59 64
56 102 105 63 67
63 105 111 65 69
110 111 69 65
113 109 72 59

depths and widths with theoretical values calculated from the
If due consideration is given the small number of specimens the agree-

equations.
ment between the actual and theoretical values of depth and width is, in general, good.
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The equations show that both the males and females of tlflfe Cle@rlLake ci}slco fgr:hwz
i i i i h. The differential growth o
idly in depth and width than in length. : _ ' ;
Efrll‘;}n;?fn v?’ridth, proceeds more rapidly than the differential growth o(fﬂ th:1 dlm:}?e
sion deptl,l that is, the change to a heavier stature proctfaed; more t1;'ap1 f); ; :}lg i
. , i i i the equations
than along the vertical axis. The comparison o .
ifzi?ihows further that the differential growth in deﬁ)ﬂ:h%rocei(_isl at afvlt)ioﬁmwait;g
i d the females, while the erential growth |
R ee ol e nn B i al It is this higher differential
idly in the females than in the m es.
e igher K values in the Clear Lake females.
in width that accounts for the higher K valu
grow{:’l;lllrlle?of K for cisco populations have been presented by Van Oosten (fl&i2i)§
d by Hile (1931). The former author found K to have an average valueho .
?f)lr thS; Lake Huron herring (0.01126 in his method of_ I})lreseniziatlon).f ’l;he ::iz::
i i d there was only a slight tendency for the _
showed no consistent differences, an il e o i e
i ith i in length. Hile’s data on the cis .
of K to increase with increase in 2 ik et s
i kes (Indiana) were too scanty to afford any info :
Vhlua;i?uI::)feK (With change in length. The largest value of K which he f9und folr ang
> roup was 1.79, the smallest, 1.56. Since both Van Qosten and Hile emp oyed
?ﬁ: fube relationship for the calculation of K values, their results can be compare
i ith those of this study. - :
dlreczyc;?xfpaﬁson of the values of K in the Lake Iil}lron (leerr;lng altlg :hshgnLd;iI;
i i i f the populations of this study s ows that th
Village Lakes cisco with those o ¢ : 8y Secrione
ing i tely the same relative heav.
Huron herring is a very slender ﬁsh of approximat R 9 | N e
llunge Lake cisco, while the Indian Vﬂlage ake : ;
Egﬁlxﬁ:ietﬁl: gl‘rout Lake, 1</Iuskellunge Lake, and Silver Lake ciscoes, but slighter

in form than the Clear Lake cisco.
LENGTH OF GROWING SEASON

It was not possible in this investigation to follow th.e course of t?e ses-l,soeri1 :

growth in the different populations by means of a systeanatli collectlé)ixll1 ((:)e ill)le(:([)rll] o
i i and autumn. -

at different times throughout the spring, summer, Mo e

i i ly September, and the single yea

tions were made in July, August, and early mbe _ e
i ithi i de within a period of only a few days,
tions within a single lake were frequently ma : o Phbieu i

i th during the growing season or o e leng

any estimate of the course of grow oL ohak.

i i i kes must depend largely upon an i oroacl
growing season in the different la k e

Is from each lake represent c _

However, the fact that the growth materia. ; iy e

i timate of the length of the growing
2 e years makes possible at least a rougl-l es :
se(;:orz(;:l eay;ch lake. The following example will illustrate the method by which these
timat be made: _ ; .
b lm'_[%hzs 11.:)133 collection of the Trout Lake cisco contained 1f0i23ipre;filunfwnst e(:i leet}llz
length o ime
1926 year class). These fish had an average ! 1 1 o
%.irn(;lelapof( captgre (July 21, 28, and 29). The calculation of their earhe1: grow t‘};ffrsﬁx;
scale measurements indicated that their average length gt.the begln’?}llngs' g
1928 growing season (end of second year of life) was 117 .mllhmett()ars. . ;1 o
be seen that these II-group fish of 1928 had grown 17 mll!lmeters uJetwe% Fglls et
ning of the growing season and the time of their capture in late J yl'u e mgl g
now arises as to what part of the total 1928 groyvth of the IT group t ls, i; iy
increment may represent. The presence of this same (1926) year class - ot
collections as the IV group and in the 1931 collections as Fhe v groupulm: e:hz %otal
reliable answer to this question available, for it is possible to calculate

24535—36——4 i
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1928 growth from the scale measurements of each of these later collections of the
year class. The 1930 IV-group samples indicated that the 1926 year class had a
total growth of 19 millimeters in 1928, while the 1931 V group gave an average cal-
culated growth of 17 millimeters for the same year. The combination of the 1930
and 1931 data gives a calculated total growth of 18 millimeters for the 1926 year
class in the calendar year 1928. Since the 1928 specimens themselves had grown
17 millimeters at the time of their capture in late July it is apparent that the 1928
IT group had practically completed its season’s growth at the time of capture of the
samples.

It is obvious that comparisons of the sort given above, to be most dependable,
should be based on different years’ collections of the same year class. By such a
procedure errors that might arise from unequal growth of the same age fish in differ-
ent calendar years are completely avoided. The confining of comparisons to differ-
ent years’ collections of the same year class of course limits this type of analysis to
those year classes that are well represented in more than 1 year’s collection. How-
ever, for the question at hand dependability is more important than a diversity of
material.

Since data of the above type throw light only on the probable time at which
growth ends, the presentation of the available data on the amount of the season’s
growth already made by the different populations at the time of capture of the samples
should be preceded by a brief consideration of probable time at which the season’s
growth begins. Juday and Birge (1930) stated that in the lakes of this region ‘““The
ice disappears about the 1st of May; the shallower lakes usually lose their covering
of ice a few days before the larger and deeper lakes.” From these facts it may be
considered valid to assume that in general growth does not occur in any of the four
populations of this study before early May, and that the time at which growth
begins does not differ by more than 1 or 2 weeks from one lake to another.

Table 35 shows a comparison of the amount of calculated growth made by three
age groups of the Trout Lake cisco between the beginning of the growing season and
the time of capture of the samples, with the total calculated growth for the season
as determined from later years, collections of the same year class. The data for the
1928 IT group which were used to illustrate the method of comparison have already
been discussed. It may be seen at once that the 1930 III and IV groups agree with
the 1928 II group in indicating that the season’s growth of the Trout Lake cisco is
practically if not entirely complete by the end of July. The growing season for the
Trout Lake cisco is not longer than 3 months and, since growth may not start at once
upon the disappearance of the ice, may actually be somewhat less than 3 months.

TaBLE 35.—Calculated growth of 8 age groups of the Trout Lake cisco up to the time of capture in the

summer, compared with the growth for the entire summer calculated Sfrom collectrons of the same
year closs in later years

[Number of specimens in parentheses]

Growth in entire sum-
Ago at Growth in mer based on later col-
ggsa;- Date of capture time of uiuiﬁlﬁf{e lections of
Capture | of canture
1930 1931
1926 | July 21, 28, 29, 1928 S bt II 17 (102) 19 (99) 17 (79)
1926 | July 29, 30, 31, 1930 IV 9 (99) [-ccommmmmo . 9 (79)
1927 DO c0s e e a it e II1 LT S S 11 (269)
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Only one year class (1928) occurred in sufficient nu-mbers in more than 1 yea-r’ﬁ
collection of the Muskellunge Lake cisco to make possible a comparison of gxi)olwt
up to time of capture with the total season’s growth. The 1930 II group (see ta f34)
had an average calculated growth of 19 millimgters for the' 1930 season up to the time
of capture, August 28 and 29. The 337 specimens of this same yea_ar_class taken }s:s
the ITI group of 1931 showed an average calculated growth of 18 millimeters for the
entire 1930 season. Although these data can scarcely be taken to demonstf‘ate a.f
shrinkage of 1 millimeter in the average size of the 1.930 II group between the time (;)
capture of the samples and the time of the formation of the third annulus, they do
indicate that the season’s growth of the Muskellunge Lake cisco is complete at the
ugust. )
i (ift ;As, {f)f course, possible that growth in the Muskellunge Lake cisco may be com-
plete several weeks before the end of August. The 1928 _and 1931 collfectlons were
taken earlier in the summer but, unfortunately, no comparisons are possible between
the data of any age groups of the samples of these 2 years and ('lata based on collec-
tions of the same year class in other years. In the 1928 collections (made July.1 (;;o
July 4) only the II group was well represent(?d and none of the 192§ year class in 11-
viduals was taken in any of the later collections. The 1931 collections (ma(;le July
14 to 28—over 80 percent of the former date alone) cannot be compared with the
1932 collections since for reasons discussed previously (p: 219) f;he 1932 catches were
not included in the Muskellunge Lake growth data. It is possible, hOW(?ver, to com-
pare the season’s growth before capture of the 1928 and ‘1931 IT groups with the grand
average of 18 millimeters calculated growth in the third year o,f life, bfxsed on the
combination of all age groups above the II group and all years .collecblon. Tl}ese
comparisons show that the 1928 IT group which had grown 13 millimeters at the tm.le
of capture in early July was still 5 millimeters short .of the average gr_ovsft}‘l of fish in
the third year of life, while the 1931 II-group fish which _had grown 11 millimeters up
to the middle of July still lacked 7 millimeters of having attamed- thfa average for
third-year growth. These two comparisons, particularly the lat.ter, indicate .t]_Ja,t th.e
Muskellunge cisco is growing actively throughout July and that in all probability Ph1s
growth extends at least into early August. Consequently the Muskellunge Lake cisco
may be accredited with a slightly longer growing season than t.he Trout Lake cisco.
Since it was felt that the prominence of Lee’s phenomenon in the growth data of
the Silver Lake cisco made the comparison of age groups separated by more than 1
year of life inadvisable, none of the 1928 material was used in. the study of length of
the growing season in that lake. Table 36 shows th.e comparison o.f the 1930 calcy-
lated growth of three age groups of the Silver Lake cisco up to the time of capture in
the middle of August with the total 1930 growth of these age groups cs}lculated from
1931 collections of the same year classes. It may be seen that at_ the time of .capture
of the 1930 samples, August 9 to 15, the season’s growth of the Sllx_rer Lak(? cisco was
approximately two-thirds to three-quarters complete. From this fact it may be
concluded that the Silver Lake cisco is still growing throughout the month of August
and that the growing season probably extends on into. early Septe_mbe:g‘. It may be
concluded, therefore, that the growing season of the S]lve.r Lake cisco is longer than
that of either the Trout Lake or the Muskellunge Lake cisco.
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TaBLE 36.—Calculated growth of 8 age groups of the 1930 Silver Lake
capture tn the summer, compared with the
collections of the same year classes in 1 931

[Number of spscimens in parentheses]

Growth in

Year Ageat sgg’;gfén entire sum-
alass Date of capture timte of to time oP melrgblase(li
capture on 1931 col-

capture | tions

1925 \4 8 (25; 12 (21)
1926 IV 10 (58 14 (108)
1927 III 14 (25) 17 (102)

The 1931 Clear Lake cisco sa
July 22 to 28, and the second fro
calculated growth during 1931 up
considered separately) and also t
culated from 1932 collections
irregularities in the tables
occurred after the latter p
pleted in early September.

mples were collected in two groups, the first from
m September 2 to 5. Tables 37 and 38 show the
to these 2 periods of capture for 7 age groups (sexes
he entire 1931 growth for these age groups as cal-
of the same year classes. Although there are several
it can be seen at once that much of the season’s growth
art of July and that growth was by no means entirely com-

If all age groups are considered together, the males taken

s growth; the same data for the
females are 68 percent for the July samples and 76 percent for the September samples.

From these facts it may be concluded that the growth of the Clear Lake cisco prob-
ably continues through September and possibly into October, and further that the
growing season of the Clear Lake cisco is longer than in any of the other three lakes.
TasLe 37.—Calculated growth of 7 age grou

ps of the Clear Lake cisco (males) up to the time of cap-
ture in the summer of 1931 » compared with the entire 1931 growth caleulated from the same year
classes in the 1932 collections

[Number of specimens in Darentheses]

Total 1931 Total 1931
Age at 1931 1931 Age at 1931 1931
growth 3 growth
Year clags time of | growth | growth besed on Year class time of | growth | growth based on
capture up to up to 1932 gol- capture up to up to 1932 col-
in 1931 |July 22-28| Sept. 2-5 lections in 1931 [July 22-28 Sept. 2-5 Tedtions
VII 8 (7) 5 (1) 1) (1928 .. __________ III | 27 (16) | 33 (10) 42 sll)
VI 9 (6) 10 (5) 13009) Jlgeer, T 227071717 II | 51 (27 61 (7) 70 (23)
4 13 (2) 14 (2) 16 (2) | 1930..._ 777777 I| 55(16) | 77 (&) | 105 (20)
v 18 (6) 22 (4) 24 (7)

TasLE 38.—Calculated growth of 7 age grou
ture in the summer of 1931 s CO

ps of the Clear Lake cisco (females) up to the time of cap-
classes in the 1932 collections

mpared with the entire 1931 growth calculated from the same year

[Number of specimens in Darentheses]

Total 1931 Total 1931

Age at 1931 1931 h Age at 1931 1931 h

time of | growth | growth | ,8rowt time of | growth | growth | 8rowt!
Year class capture | up to up to ll’gggdc&’f Year class capture | up to up to ll)gggd o
in 1931 |July 22-28| Sept. 2-5 Tockiins in 1931 |Tuly 22-28| Sept. 2-5 Teciioos
VII 9 (16) 7 (8) 12 (8) 1928 il II1 31 (18) 36 (7) 44 (14)
VI| 12 (6) 12 (6) 18 (12) |( 1929 "7 TTTTTC7C II | 55 (27) 60 (8) 77 (21)
\4 12 (1) 13 (1) 16 (1) 1Gd0m. U et j 63 (14) 78 (4) 105 (13)

IV | 26 (2 26 (2) 32 ()

cisco collections up to the time of
growth for the entire summer of 19380 calculated from
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While the Clear Lake cisco undoubtedly has an advantage over the (;)ther thr:i
ulations in the length of the growing season, this adYantage may notl;1 el asoflll'eof
s ht at first be suspected. The autumn of 1931, in which year t ellenb
th mlgowing season of the Clear Lake cisco was estlmate.d, was al.)norma, y gvax;mé
4 gI‘ecords 16 of the United States Weather Bureau station at .Mlnocqua:b a (;1;31
lrfjlllsx;eters west of Clear Lake, show that the air teml\}I)eratull;e u'lf, Septe;nooerF . d,
ile i d November it was 3. :
° . above the normal, while in October an
gzi 4F"5 above normal, respecizively. This warm autumrll ﬁli]l:iz hsg*i htl?xtiengi(t :ﬁz
. , i its norma, : s is
i ason of the Clear Lake cisco beyond i
gro:xlllgbstfyond early September in normal years may not.be- as much as 20 percent
. re of the season’s growth as tables 37 and 38 would md_lcate. _ e
& mi)f the length of the growing season in the different lakes is co}rllstdered mtre aWth
i lations, it may be seen that poorest gro
to the growth rates of the various popu - S a L
i i hortest growing season (Trou
occurs in the lake with the' s - s e Rl o
s in the lake with the longest growing sea _ .
lgal,‘lc{):;ﬂzl\({}flcsllgaﬂunge and Silver Lakes) in which the grovs-rth rate Ws;i 1;1?;{;25311122
i intermediate length. Thus it appears tha .
e ddnter i tributing factors toward differ-
i f the growing season are important con - g .
- %zngf'g\:th ratges. However, these differences in .the lengtl.l of the grovs;mgf
ence:n cai by no means explain entirely the observed d1ﬂ’erence§ in the algzllm f(())r
Z:stwth in the four populations. The growth of the Clef:ir -Lal,f‘e 01:01(: 1]1Ip t(i) e (3;,a =
i i f that found in Trout Lake cis
le (tables 37 and 38), is well in excess o : : \
ggn:)lr) th(e Silver Lake cis,co (table 36) of corresponding ages at any time in the
growing season or for the entire growing season.

R

It was stated in the introduction that these studies on the girozvfih of :}1:: f;s;(;
have been made on populations from ‘‘type” La.kes that W(ge ?e ec :heo;nm-ounts P
of their biologically productive capacﬁies ash g;t;dmzﬁztz t(}:lh;e:: O{H pr:;ixéon Aodes 4
fixed carbon dioxide in their waters. was . '
of the various populations mightfyi}fld nzforms;)t;gnt ﬁl:gtr(:) v?tl}? :;}t;nﬁfiii frilsai;o;r;aps_

he natural richness of the waters u ] h pu-
It::i:rfxfseizsi give in them. The investigators.who collaborateddm pﬁuimsjinognglﬁ 11_;1;116
tiating the studies of which the present one is a part harbored no a.unment A
effect that the relationship between the grow‘?h_ of fishes and Ithf_z e?g;r;)nvestigatio;l
any sense simple. It was nevertheless surprising to find ear ¥ md'd s e
of the growth of the cisco that the growth rate§ f’f the populatlo-ns ;]1 R
in the order of the estimated productive capacities of thej lakes in w ; c B m}_;]ﬁon 7
red, but rather that the reverse was true. Trout Lake with 18.7.par S Il)u i
fixed CO, contains the slowest growing cisco of the four populatl-(l)lrl}s, wf g st
of Clear Lake, in which body there occur only 2.2 parts pfar m_Il 081;l oer S ang
stands out by far as the fastest growing of the four stgcks. (1;. ; V_n e
Muskellunge Lake where the amounts of fixed CO, are 11-1te.3rme t}lla e rloWths A
ver, 15.5 parts per million; Muskellunge, 10.0 parts per million) the g
ciseo populations are also intermediate. - ) .

II: (f)anahardly be concluded that an inverse causal relatlon'sh_lp} eiz)l.stts b;gi(}a;r;
the growth rate of the cisco and the fixed CO, content of the lake it inhabits.

e
¢ Climatological Data of the United States by Sections ,vol. 18, 1931.
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it would appear that the growth rate of the cisco in these lakes depends primarily
on some factor other than that of the productive capacity of the lake as that capacity
is estimated from the concentration of bound CO, in its waters. If it is assumed
that the various stocks do not differ greatly in their hereditary capacities for growth
and that environmental conditions are in general comparable, then it may be expected
that the amount of growth in the various populations will depend in large measure
upon the availability of food. The determining factor is then the amount of food
available to each individual fish. If the poorest growth occurs in the lake that
produces the greatest amount of food, it may be assumed that here in all probability
the number of feeding individuals is so great and the competition for food so strong
that these individuals cannot secure a sufficient amount of food to maintain their
normal rate of growth. On the other hand, if a relatively rapid growth occurs in a
lake with a scanty basic supply of food it may be assumed that the feeding popula-
tion in that lake is so small that in spite of the scarcity of food the individuals are still
able to secure sufficient nourishment to maintain rapid growth.

This conception of a dependence of growth upon density of population is based
primarily upon the assumption that there exists a competition for food. If food is
present in a quantity greater than the maximum which the population can utilize
for purposes of maintenance and growth, then an increase in the density of the popu-
lation should not affect its growth rate until that point is passed where the food avail-
able becomes less than the maximum quantity which the population can use. From
this point on a continued increase in the density of population involves a decrease
in the ration of the individual fish and reduces the amount of individual growth. If
the density of the population becomes sufficiently great, there is finally reached the
point at which the food supply suffices only for purposes of maintenance and there
is no excess for growth.

The evidence that investigators have presented to show a relationship between
density of population and rate of growth in fishes has been of two sorts: (1) Change
in rate of growth accompanying transfer from a thickly populated to a sparsely popu-
lated region, and (2) change in rate of growth accompanying changes in the density
of the population within the same region.

European investigators have conducted numerous experiments that show the
effect on growth rate of transplanting young plaice from the overcrowded coastal
nursery grounds to less densely populated areas with more abundant food. The
classic of all such experiments is the Danish work of transplanting young plaice from
the overcrowded nursery grounds at the entrance of the Limfjord to the thinly popu-
lated areas of the inner broads. Although three-fourths of the fish are retaken within
the year following the time of their liberation, their increase in size is so great that a
continuation of these transplantation operations, which were begun in 1892, has
proved profitable up to the present time.!”

Borley (1912) gave the results of experimental transplantation of plaice from the
English coastal waters to the Dogger Bank. He believed that there was “at least a
doubling of the growth” (in length). In the same paper Borley reviewed the results
of similar experiments by Dutch and Danish investigators. Lee and Atkinson (1912)
also reviewed the results of earlier transplantation experiments. A good general review

of European plaice transplantation experiments may be found in Blegvad’s paper
published in 1933.

17 There was no transplantation in 1917. Johansen (1928) summarized the results of the transplantation operations in the
Limfjord up to that time.
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The study of the relationship between the (.1ensity‘ of population in marine ﬁfslt:\ﬁs
and their rate of growth received considerable stimulation f.rom the opservammz' of the
conditions that resulted from the almost con-lplete suspension of fishing opera lonslm
the North Sea during the World War. During the war tk}ere occurred an accuntl;u a;
tion of the stock of plaice. Large fish became more plentiful but the average 1:1 et od
growth decreased. With the resumption of fishing on a laI:ge scale the accumulate
opulation was largely fished out. Large fish became _relatwely scarce and-the aver-
zgg rate of growth increased. Further investigations disclosed the fact that in general
in regions with a dense population of plaice the rate of growth tended to be low and
. 18
= ‘];‘gzi.mann (1932) expressed the relationshi_p between growth in .Welght“and t‘:he
density of population as being inversely propor’mons-zl and I:eferred to it as ah"Y:re-m};
fachtes Wachstumgesetz’” which he defined: ‘“Die Gewichtzunahme ver ab S;fl
umgekehrt proportional zur Bestandsdichte.” Biickmann expressed this law by the

equation, n
=

=W

w=wy

where w is the weight increase per individual in a populatioy of n individuals and w(;
is the increase in weight that would occur if the numb.er of individuals were chang(?

from n to n!. Biickmann recognized the law t9 be inexact and mentioned cel;.tan(:i
disturbing influences. He pointed out that it is mcor.rect to assume that. all 'ﬂl.e 3(;

consumed is applied toward increase in size. A certain definite amopnt is utilized to
maintain individual metabolism. The percentage of the f(fod. tl-lat is so used Vanﬁs
according to the total amount of food available to .each 1nd1Yldual. Furthez, the
efficiency with which a fish makes use of its food varies accordm.g.to the.abun arﬁce
of food at hand.’® Yet another complicating factor is the com_petltlve action of other
species. Biickmann developed a growth formula that contained correcting factors

for these sources of error. ; - 1
Russell (1932) made a somewhat similar analysis of the relationship between

rowth and population density in fishes. .
A OwIn somg slf)ecies ﬂuctuati{)ns in the density of the population appear to ha?e no
effect on the rate of growth. Concerning the haddock Bowman (1932) stated:

It cannot be inferred from the results of the extensive and continuous investiga,t.ions tha.t,‘in
comparable areas, the average growth rates of successive broods in their first year of life vary with
differences in brood densities. {

Hjort (1932) pointed out that growth in thfa Norwegian cod and herrlpg SthCI];S
is remarkably uniform from year to year and quite mdepend-ent of tl}e. dens.lty of the
stock. He contended that growth was determined by specific conditions in the sea
rather than by the numbers of fish in the population. :

Marine populations, particularly round fishes, can Wapder freely over extenfswg
areas. It is possible for them to seek out those regions with the most sultab.le foo
conditions, and in some instances it is probable that the rolq of food as a limiting
factor for growth is insignificant as compared to other environmental influences.
Within the restricted limits of a small inland lake a closer dependence of the growth

i i i opulation in
Rt e G e D e Ot Lanyhoramt 92, Hogko aad Bickann G3,
Garstang (1926), Jensen (1928) and (1932), Biickmann (1932), Bowman (1932), Hjort (1932), and Russell (1932). These papers are

only representative of the rather voluminous literature of the subject. . ’
' Biickmann referred to Dawes’ (1930, 1931) feeding experiments with plaice.
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rate upon the density of the population might be expected. Here ordinarily it is im- the growth of the kleine Maréine and stated that he had found the samé situation
possible for underfed fish to move to an area with more abundant food; they must  jn the smelt (Willer, 1926).

subsist as best they can upon the food supply available within the lake. If the lake In view of the numerous demonstrations by other investigators of a relationship
contains a “natural” population, a population not disturbed by any extensive re- between density of population and growth rate in fishes it was considered advisable
moval of individuals through a fishery, then it may be assumed that in all probability in this study to investigate the relative densities of the four cisco populations with
a competition for food exists, and that this competition may in some lakes be quite particular reference to a possible relationship between these densities and the observed
severe. Several examples of the dependence of fish growth upon the density of the  ifferences in the growth rates of the various stocks.?

population have been observed in fresh-water lakes. An important source of difficulty in the study of the relationship between popu-

The Norwegian farmers have long recognized the disadvantages of an over- lation density and growth rate lies in the fact that the estimation of the density of a
crowded stock in trout lakes. The appearance of emaciated and undersized indi- fish population, either absolute or relative, is at its best difficult and in a large measure
viduals is taken as an indication that a more intensive fishery is desirable. Through uncertain. Ordinarily the chief sources of information are the results of experimental
the regulation of the intensity of the fishery they “keep the trout under discipline” fishing and the statistics of the commercial yield. In the present investigation

(Huitfeldt-Kaas reviewed by Rugde (1923) in the Salmon and Trout Magazine). In dependence must be placed entirely upon the size of the catch per unit of effort
another paper Huitfeldt-Kaas (1927) stated, ““ Very great rapidity of growth is shown = gs based on the action of experimental gear (gill nets). In this connection some of
by fish [trout] in lakes with quite small stock * * * This type of growth I think the chief difficulties and sources of error in the gathering and the interpretation of

can suitably be termed ‘slender stock type’.” data on the gill-net catches should be mentioned.

Surbeck (1921) stated that the decrease in numbers in the stock of the “Balchen”’ Gill nets fish from a fixed position, and their effectiveness is dependent upon the
(Coregonus schintzii helveticus Fatio) in Vierwaldstéittersee following 1900 was ac- movements of the fish. If the amount of movement varies according to time, locality,
companied by a significant increase in individual size. or population, such variations will be reflected in the catch of the net. The effect

Jarvi (1920 and 1924) was able to show that in the “kleine Marine”’ (Coregonus of the movements of the cisco is complicated by a tendency for the fish to shoal or
albula) of the Finnish lakes the poorest growth occurred when the fish were most move in groups. Group movements cause a great variation in the catch from day
plentiful and the best growth occurred when the fish were scarce. The fishermen to day from nets set in exactly the same location.
consider the presence of large young fish in the early catches of the fishing season as an Further difficulty lies in the fact that the catches of the same net or the same
indication that the year will be bad. group of nets in different lakes are not always directly comparable.® For example,

Pirognikoff (1927) stated that the decline of the intensity of the fishery for the the seven mesh sizes of the “new’’ gear employed in collecting the samples for the
rudd (Butilus rutilus lacustris Pallas) in Lake Chani and the consequent increase in later part of this investigation failed to take equally adequate samples of all the age

the abundance of that form was accompanied by a distinct decline in the rate of groups in the different populations. The Clear Lake catches probably represent
growth. reliable samples of the I group and all older groups as well. In Silver Lake and

Hart (1931) found that whitefish taken in different parts of Lake Ontario showed Muskellunge Lake, however, the I groups cannot be considered adequately repre-
different rates of growth, which he was able to explain in part by the selective action sented, while in Trout Lake the representation of the II group as well as the I group
of the gear used in collecting the samples, but stated with reference to the slow growth are to be considered too small. The comparison of the Clear Lake catches with
of the fish taken at Pleasant Point, “An explanation on the grounds of detrimentally those in which the I and II groups are absent or poorly represented would of course
keen competition for food in the first years in the neighborhood of a much frequented lead to a too high estimate of the relative density of the Clear Lake population.
spawning ground is a tempting one.” It must be recognized also that the fishing effort represented by a series of nets

In his studies of the trout (Salmo kamloops Jordan) of the Kamloops district, varies from one lake to another, for obviously no effort can be accredited to a net
British Columbia, Mottley (1932) observed that the opening of a lake to intensive that is wholly ineffective for the capture of the members of a particular population.
fishing was followed not only by a decrease in the abundance of trout but also by an On the other hand, in a population with a wide length range two or three sizes of

increase in their “size for age.” He advocated that an annual determination of =  mesh may be necessary to capture a sample directly comparable to the catch of a
growth rates be included in the data upon which stocking policies for the lakes of the single mesh size in a population with a more compact size range. Because of these
region are based. l difficulties it is not possible on the basis of gill-net catches to derive ‘“‘index numbers”

Juday and Schneberger (1933) reported the discovery of abundant populations - that can be taken directly as reliable measures of relative densities in populations of
of undersized smallmouth black bass in two small lakes in Vilas County, Wis. They =  greatly dissimilar size ranges. In general, however, the examination of the catch of
considered the inferior growth of these bass as the results of a too great density of the each size of mesh in each lake will, in spite of these aforementioned difficulties, give
populations in relation to the amount of available food. a fairly good idea of relative population densities in different lakes.

O‘Il the basis of experimental studies on young trout Willer (1929) asserted that md that competition for food is not at all confined to competition among individuals of the same species. With the
?rowdmg operates as an inhibitor to growth in a manner over aind above the effect Egsaize exception of the Muskellunge Lake cisco population, however, the competition of other species is probably of insignificant
1t may have in producing competition for food. He considered this “Raumfaktor” cheon aiﬁﬁlnpiféiil‘l‘iyaccita%ﬁ%’iﬁfyeiiiiii:ii?:;ﬁiifﬁ?ﬁiﬁe ?SEETLL"SEﬁﬁ,iefivtiiﬁe?m‘é?affé’ ﬁ?ﬁfﬁﬂ'&i&ﬁm’
to account for the irregularities found by him (Willer, 1924), and by Jirvi (1920) in * For 2 more detailed discussion of the actien of gill nets ses the section, **The selective action of gill nets.”
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In the comparision of net catches from different lakes it is important further to
know whether observed differences in net catches result from real differences in
population densities or whether they depend merely upon the actual positions in
which the nets were set within the lakes. For this purpose it is necessary to have some
knowledge of the vertical distribution of the cisco in each of the lakes whose popula-
tions are to be compared. The importance of such information will appear from
the following discussion of the vertical distribution of the cisco in Trout, Muskellunge,
Silver, and Clear Lakes. Particular attention will be given the question of the
relationship between the vertical distribution of the cisco and the temperature and
oxygen concentration in the different lakes. The data on the vertical distribution
of temperature and O, in Silver Lake were taken from Juday and Birge (1932, table
VI) and those for Trout Lake, Muskellunge Lake, and Clear Lake were supplied by
Dr. Chancey Juday from the records of the Wisconsin Geological and Natural
History Survey.

The cisco collections from Trout Lake were taken during July, both in 1930 and
1931, and in nets set on the bottom 2 at depths of from 15 to 33.5 meters. Nets
set anywhere within this region always took good catches of ciscoes while nets set
in shallow water (less than 7.5 meters) for the capture of other species caught ciscoes
only rarely. The few that were taken in the shallow water nets can be considered
stragglers. From the examination of the data, of table 39 it can be seen that in
Trout Lake in middle and late summer there lies below the depth of 10 or 12 meters
a large body of cold water with a good supply of oxygen. It isin this region that the

cisco lives during this season of the year, and it is in this region that the samples used
for study of density were collected.

TaBLE 89.—Trout Lake, July 1, 1931, and Aug. 27, 1931.

Relationship of temperature and dissolved
oxygen to depth

[0z in milligrams per liter]
July 1, 1931 Aug. 27, 1931
Temper- Temper-
Depth in meters atlgréa in O3 Depth in meters atq.ra in 03
25.4 (i 19.9 8.60
19.4 8.75 19.9 8.80
13.5 9.71 16.8 8.45
9.5 8.89 9.8 7.00
8.3 8.31 8.4 5.40
7.6 7.20 7.8 3.80
7.5 7.07 70 2.00
7.3 5.71 7.3 .56
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i i is time to depths of 7 meters and shallower. The
< nef:uwsztgg; I;assl:nége(ll),ex?flf 13 suckers,pS smallmouth black bass, 3 rock'bass,
e ;)ln 13gciscoes. Thus it may be seen that at the end of August 1?30, ciscoes
i g’ on the bottom in abundance only within a rather ]i]_nited region. Tl}ey
;Z(i}(lar;it plentiful in depths less than 9 meters and were absent in the deeper portion
. thlfillhyf 3?::111121 ((:)irsl;:oes collected from Muskellunge Lake in 1931 were taken in a single
set magz July 14 at a depth of 9.5 to 10 m(?te:.rs. Althougl% there are nohl%l\; dljtla

be used to set the upper and lower limits of the vertical range of the Muskel-
fﬁ;:ﬁ Ezke cisco in that year, nets set at depths less than 8 meters for the capture of
i i e ciscoes.
Other'riief;:ili:ﬁdtﬁz f:tkher extensive fishing of the 19.32 col_lect.ing season (ta‘tzle 49)
ive the most complete information concerning. the vertical dlstnbutl'on of thB.CISOO in
igVIuske]lunge Lake. From these samples Whlcl.l were taken :.zt different Elﬁms in
July and early August it appears that approximately two-thirds of t:lek s inwfﬁz
captured in nets set at depths between 11 and 13 meters (the ﬁsl;)were at }fno £k
stratum of water 6 feet thick immediately ab.ove the bottom). ata SI;) ed 5 g
temperature conditions in Muskellunge Lake in the late summer of 1932 é:.se on i
results of a vertical series of temperature and O, concentrs?tlon deten?lma.lotns mh P
August 25 (table 41) offer an explanation of the concentration of the CIISCO into sucer
narrow stratum and suggest that such a concentration most 'probab y occurs every
year. The data of table 41 indicate that in M}lskellunge Lake in late sun%mill'l, oxygz:z
is almost completely lacking in the hypolimmon. and may be abundant.mth edugper
part only of the thermocline. As a result of this deficiency of oxygeli1 in ef e pce
strata the ciscoes are forced out of the cooler strata and by reason of their preferer;
for cool water and their need of oxygen become concentrated.m that stratum of wa 1(;ar
that has the lowest temperature available and yet contains sufficient oxygen to

support life. MINEDIE & .
. TaBLE 40.—Muskellunge Lake cisco, 1932—Vertical distribuiion of the cisco

The d > & s 0
yards of gill net, set at different depths. In parenthes e given the
[The data show the catch per day’s fishing of 100 square yar theses ar th

3 in inch
Size of mesh (in inches) Size of mesh (in inches)
: Depth in meters
Depth in meters 99 - . % \ig %
Less 3 = .0 (1) | 93.4 (5) 0.5 (2)
H L1 (1 0.1 (9) Mito 18— e feRiern e
e e OB D D | Bl R JoR Bl R ) S
T 8 (8 1.2 (4| .5 (& || No depth record.------mooon-ov L :
9tol1 10.3 (6) [20.0 (6) | 1.5 (10)

It is in Muskellunge Lake that the late-summer habitat shows the most marked
restriction to a limited stratum. The record of the first three lifts in the 1930 col-
lecting season shows how closely the number of specimens taken depends upon the
depth at which the nets are set. On August 27, 1930, nets were lifted in Muskellunge
Lake from a depth of 17.5 meters. The total catch was a single sucker. The nets
were then reset at a depth of from 7 to 11.75 meters. The catch on August 28 was:
38 perch, 17 suckers, 3 smallmouth black bass, 1 Tock bass, and 226 ciscoes. Most of
the ciscoes were taken in the nets set at g depth greater than 9 meters. The position

22 It should be remembered throughout these discussions for ell lakes that the nets were always set on the bottom at the
recorded depths. They actually fished the stratum of water, 3.5 to 6 feet thick, immediately above the hottom.

TaBLE 41.—Muskellunge Lake, Aug. 25,71932—Relationship of temperature and dissolved ozygen to
K depth

[O; in milligrams per litre]

Temper-
53 Temper- . 0 -
Depth in meters E?ﬁ?g ?:fx (o1 Depth in meters atgrg in (o] Depth in meters atg.rg '1n 3
N0, y
0. 56
14.5 B R A e e 10.5
o3 81 13.8 A 7H | ST 10.1 -2
20.7 8. 21 12.0 .43
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Because of the heavy concentration of the Muskellunge Lake ciscoes within s
narrow stratum in late summer, it is apparent that the catch of ciscoes in a particular
net will vary greatly according to the depth at which the net was set. To obviate
this difficulty the estimate of the relative density of the population of the Muskellunge
Lake cisco was based only on catches of nets set in the depths at which the cisco is
most abundant. These depths were 9 to 11 meters in 1930, 9.5 to 10 meters in 1931,
and 11 to 13 meters in 1932.

The conditions of life that the Muskellunge Lake cisco finds in middle and late
summer in the upper strata of the thermocline are probably far from the optimum
for the species. Not only is the water temperature higher than they would normally
be expected to select but the crowding itself and the probable competition with the
perch that inhabit the same region in large numbers (p. 293) may be expected to make
for quite unsatisfactory feeding conditions. In view of these unsatisfactory condi-
tions of life the poor condition (p. 248) of the individuals of this population in contrast
to those of other lakes in which chemical conditions are better, and their short life
span are not surprising.

That the existence of conditions that force the cisco into unsuitable strata of
water may have damaging effects on the population was pointed out by Cahn (1927),
who stated that when “the cisco is forced into water far warmer than it ordinarily
selects * * * the result is often disastrous”, and a high mortality occurs.
Scott (1931) showed that where there is formed a ¢ thermoclinal notch” in the oxygen
curve the disappearance of the oxygen from the hypolimnion may force a sudden
movement of the ciscoes from the hypolimnion to the upper strata of water. His
observations on the cisco of Snow Lake, northeastern Indiana, showed that no
great mortality results from this sudden move, but rather that the fish are only
temporarily incapacitated. After floating for a short time at the surface they make
& recovery and remain in the epilimnion for the remainder of the season. Such a
forced removal into an undesirable habitat, either sudden or gradual, doubtless entails
considerable shock to the individual fish. It is readily conceivable that a temporary
stoppage of growth might occur, and that the occurrence of accessory annuli such as
appear in the Muskellunge Lake cisco scales can be thus explained.

The Silver Lake cisco agrees with the Muskellunge Lake cisco in showing a
rather sharply delimited vertical distribution. In the summers of both 1930 and
1931 ciscoes were taken only in nets set in depths between 10.5 and 15.5 meters.
The dates of collection in 1930 were August 9, 10, and 15; in 1931, July 17 and
August 22. The reason for this concentration within a 5-meter stratum appears
from the examination of the data of table 42, which shows the relationship between
depth and the temperature and O, concentration in Silver Lake on August 28, 1931.
If the data of table 42 are considered in relation to the known vertical distribution
of the cisco in Silver Lake, it would appear that a preference for cool water keeps the
ciscoes from entering the warmer strata less than 10 meters deep, while a deficiency
of oxygen prevents them from occupying the lower portions of the hypolimnion.
Thus in late summer the Silver Lake cisco is confined to a narrow stratum in the
upper part of the hypolimnion and the lower part of the thermocline. The catch of
nets set between the depths of 10.5 and 15.5 meters can be taken to represent the
relative abundance of the Silver Lake cisco at that time.

=
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TaBLE 42 —Silver Lake, Aug. 28, 1931 —Relationship of temperature and dissolved oxygen to depih
& ’
[0z in milligrams per litre. From Juday and Birge (1932)]

Temper-
Temper- : o
ot i O Depth in meters | ature in H
Depth in meters ah{rg in (] Depth in meters atgrg in 2 o
_________ 9.4 T | NSO I A T 1.60
o B T — Y IS — izl
14.7 1320 || 182-2TTITIT 8.2 4.40 || 1822 :
11.4 11.70

The field records of lifts of ciscoes in Qlear Lake i.ndicate that in this lalze the
cisco occurs in all parts of the hypolimnion from midsummer to earlyda; ilmilz
(The dates of collection were July 22 to 28,. 1931, Sept. 3 to 5, 1931, and Ju 5; -
to 19, 1932.) This distribution of the cisco in Clear Lake suggests tha.t it m;,y ; 5
times find a plentiful supply of oxygen throughout the hyp_ohmmgn. uc .
assumption is supported by the data on the temperature and dissolve oxyg:ln (;(;1;
ditions in this lake based on a vertical series ta!&ep August 19, 1932 (E&ﬂ e 1.
These data show that at this time of the year there is in Clear Lake a plenti sup(f 5‘;
of oxygen at all depths. Thus it is valid to assume that the net sampl'es captux('le a
different depths in the hypolimnion may be taken to represent the relative abundance

of the cisco in Clear Lake.

TaBLE 43.—Clear Lake, Aug. 19, 1932.—Relationship of temperature and dissolved oxygen to depth

[O3g in milligrams per litre]

Temper-
Temper- . 0
o Depth in meters | ature in (o7}
Depth in meters Btlolra in 02 Depth in meters atg:é in Os D e
4.51
__________ 12.4 9.40 1|23t s ca st 8.4
L 0.0 -k e s wiee 9.9 S| e 8.0 3.25
it 18.5 g e 8.6 6.03

The data for the comparison of the relative density- of the four cisco populs'a,tloni
(table 44) represent the catch of 100 square yards of gill net fished over a period o
24 hours. The lifts upon which the data are based were all made from depths at
which the cisco occurred in abundance at the time of capture. These depths include
the entire hypolimnions of Trout Lake and Clear Lake and the 10.5-15.5 meter
stratum of Silver Lake, while in Muskellunge Lake th-e depths were 9 to 11 meters
in 1930, 9.5 to 10 meters in 1931, and 11 to 13 meters in 1932.

TaBLE 44.—Caich in number of ciscoes per 100 square yards of gill net per 24 hours’ fishing

i [Data arranged according to lake, year of capture, and mesh of net]

Size of mesh

Year of
capture

Lake o

3 This size of mesh was not represented in the gear of the preceding years. ’
! The data for the 1932 Mu.skglunxe Lake collections are presenteg in detail in table 40.
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From the examination of the data of table 44 it may be seen that the various
populations show considerable differences in their relative densities at the time of
capture in the depths from which the samples were taken. The Muskellunge Lake
fish appear to be the most abundant although Trout Lake is not far behind. The
Silver Lake data show a relative abundance slightly less than that in Trout Lake or
Muskellunge, while the Clear Lake cisco population may be considered relatively
sparse.
The estimate of the relative densities of the four cisco populations at the time of
capture is not, however, of primary importance in this
section is concerned chiefly with the relationship between density of population
and rate of growth the most significant comparison of population densities must
include a comparison of densities throughout the entire growing season rather than
at some particular time within the growing season. It was pointed out in the sec-
tion on the length of the growing season that growth of the Trout Lake cisco is prac-
tically complete at the end of July; the Muskellunge cisco completes its growth by
the end of August, possibly sooner; the season’s growth of the Silver Lake fish is
two-thirds to three-quarters complete in mid August; and the Clear Lake cisco has
completed well over half its season’s growth by late July. From these facts it is
apparent that the relative density of the four populations in late spring and the first
half of the summer is more significant than their relative densities at the time the
samples were collected. There is strong evidence that in Muskellunge Lake and
Silver Lake at least the densities of the cisco populations earlier in the growing season
were less than at the time of capture in late summer. The concentration of these
populations in late summer within g narrow stratum may be considered the result
of the temperature and oxygen condition at that time. It is most probable that in
late spring and early summer no such concentration existed, since in the early season
oxygen would be expected to occur at all depths in the hypolimnion. Consequently
the relative densities for the Muskellunge Lake and Silver Lake fish in table 44 must
be considered too high as compared to those from Trout Lake and Clear Lake,

If attention is given to the relative densities during the entire growing season
the most probable arrangement of the lakes from the most dense to the least dense
population is: Trout, Muskellunge, Silver, Clear. This is the same order these
lakes show with respect to growth rate in weight (with slowest growth in Trout
Lake and fastest growth in Clear Lake). The growth rates of the four populations
are approximately in the reverse order of the productive capacities of the lakes as
estimated from the amount of bound CO, in their waters (Clear Lake was estimated
as the least productive, followed in order by Muskellunge, Silver, and Trout). Thus
it appears that the growth rates of these populations are determined primarily by
their relative densities rather than by the basic productive capacities of the waters
they inhabit. Although it is recognized that crowding itself may possibly impede
growth to a certain extent independently of its effect in creating competition for
food, and that various physical-chemical factors may affect growth rate directly,
it is believed that the differences in growth rate in these four populations depend in
large measure on the varying degrees of competition for food in the different lakes.
It is further probable that variation in the intensity of competitionfor food from
lake to lake may be related to the observed differences in the length of the growing
season of the different stocks. (See preceding section.)
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ELATIVE ABUNDANCE
SITION OF THE SAMPLES AND THE R
i OF YEAR CLASSES

Because of its importance in the study of commercia,l. fisheries thei quest}xlon ;)lf
ition of the stock and of the existence of d9m1nant year classes has .
% compossl received a great amount of attention. It is now well known that the
o YG?J rdiﬂ"erent years’ hatches as measured in terms of the number of young
e 3 is subject to a wide range of variation from one year to another. th-e
ﬁ:(t):gllll:se 0f1:0me years may be so successful that that pfstrticulsui1 yei;lr zlailss ma;:rY d;;:;
i i f 1 or several years. Yet other hatches m
S t}slfillﬁzls:etrg Ii)lzf;a:)i?lt;nffin%r contributions to the stock. The common oceur-
::;:: (:)?Srelatively successful and unsuccessful yearhclass?ls hafst‘tl;een (:ecr:)llc;xi)sgiti;si 1;;
i ial i . 'The study of the ag
many species of fish of commerm.al importance Ehita of tie g compeion
the commercial catch over a _perlod of years has 1kferlwieE TRk eI e
investigation of fluctuations in abundance. Inthot Witllllrcg; 3 T
age composition of the commercial stock, together S Sl gl
from year to year, has been used by fisheries :
ggsgsf :f 3;'81;1(‘1igcr’o(i)cl)lrrl) of the }Ir)robable yield of the fishery for the approa(‘a)]:fm% sfesfmisli);.u 3
In spite of the extensive researches tﬁaz hav]i been m;:d:l :SI; t::(:;l 0]r e(i) a(:1 e
tions little is known as to the causes that make a; year g Gk u;lknown,
(1914) stated that While. the basic causes of- ﬁ.uc:tua 1011;1;111110ondjtior_lS A
it appears that ﬂuctuat19ns “have th(,%,ll‘ origin in :e; R
very early period in the life of the fish.”” He repe}si, ?—, - termli)ne Solwl i
(1932) pointed out that not only are the fa,.ctors t af f:) e e i
of a year class complex, but also that th_e difficulty of o serving el

i is great. He called attention further to the fallurfa of attemp
fai??aiﬁlrﬁtcfn%itions in the laboratory, a convincing proof of inadequate knowledge

i nditions. : : :
o Op’;‘lhl?au::llo(s:z thorough-going studies on the questmn of ﬁuctuatlonsHm vs;::zgiz:g
in coregonids and their causes are thos}_(: of ;)Téirx(ril (1222}' lgi?érizfoy)éar c?asses i
show not only a great variation in the abundanc  of R Ca T
“Kkleine Marsne” (Coregonus albula) but also a distinct f:onr}ectlon e )
vt;].ill'ieafltéiins in abun(;ancegand weather conditi(_)n-s in thfa spring just ﬁftgrlﬁh:tsllri:v ;);
hatching. If there are strong winds at this cx:ltlcal p?no_d many of the de ;(;1 gl
hatched young are destroyed by the Waltlre acfll:l)n. Jiarvi found, however,
winds at the time of spawning are less harmful. : )

Huitfeldt-Kaas (191p7) found that in some years in La];e Mjgsen almoisat1 ?il:hz}:;
spawning run individuals of Coregonus albula are taken in the (',olmmerlc;1 .
before they have had an opportunity to spawn, s%nd that poor year ¢ ﬁsses 15; iy

Because of the manner (collecting with gill nets) in which the safTﬁ)e e
obtained in the present investigation the study of the rel.atnfe abundanfz((ia 0 b
age groups in the four cisco populations and along with it the consi e;a s
relative abundance of the different year classes must be approa:che Wld ge "
caution. (The limitations of gill net samples in th(? study of relatn.re abttx‘l ]flcl)cf: .
age groups and year classes are discussed in the section on the selective ac io g

iti ill- le must in general be considered as
nets.) The age composition of a gill-net samp ust, e
descriptive of the sample rather than of the population as a whole. Ex 1; o ’
however, the representatives of some particu.lar year class may appear s djlf)f -
nently or be so scarce at all of the ages at which that year class appears in
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collecting years that it may be possible to designate the year class as good or poor.,
The examination of the age composition of the different years’ collections in each of
the four lakes (tables 45 to 48) does indicate the presence of certain year classes that
can be termed relatively good or relatively poor.

In the Trout Lake collections (table 45) the year classes of 1926 and 1927 appear
to represent good years for the production of young. The former year class as the
II group of 1928 made up more than half of that year’s collection, and 3 years later
as the V group of 1931 it was still relatively abundant, comprising 13 percent of the
total collection in this latter year. By reason of gear selection the 1927 year class
(I group of 1928) was almost entirely lacking in the 1928 collections. This year
class was, however, dominant in the collections of the later years, first as the ITI group
of 1930 and then as the IV group of 1931. These conclusions as to the “goodness”’
of the 1926 and 1927 year classes are supported by the comparison of the relative
abundance of corresponding age groups in the different years’ collections. The 1926
year class furnished the greatest relative abundance of any II group in any year %
(66.0 percent of 1928 collection) and also of any V group (13.0 percent of the 1931

collection). Similarly the 1927 year class furnished the greatest relative abundance

of any IIT group (1930) and of any IV group (1931). It should be mentioned further
that the presence of these two relatively successful groups contributed toward the
Progressive increase from year to year in the average age and average size of the fish
in the collections obtained from Trout Lake.

TABLE 45.—Age composition of the samples of the Trout Lake cisco

[The percentages are given in parentheses]

Age
Year of cap-
ture
I II , IIT Iv v VI VIL
%35’3 .......... 2(1.1) | 102 (56.0) | 61 (33.5) 10 (Q8) [2an- Lenlioiiliufie v 3
1080, TR @) | 9 65 '"9‘9'555.'5)" I oot MO Mo Ao S R
)1 | (R 2(0.3) 61 (10.0) | 173 (28.4) | 269 (44. 1) |79 (13.0) |12'(2.0) (4 0.7) |5(0.8) |2(0.3) |- 2(0.3) [ 1(0.2

In the Muskellunge Lake collections (table 46) the year class of 1928 (IT group
of 1930, III group of 1931) may be considered relatively successful. This year class,
as the ITI group composed 55.6 percent of the 1931 collections, whereas in preceding
years the III group composed a negligible portion of the total collection. The simi-
larity of the age composition of the 1928 and the 1930 collections suggests the possi-

dance of the 1928 year class but also in part on the failure of this year class to suffer
this customary great mortality. The scarcity of I-group individuals in all Muskel-
lunge Lake collections may be considered the result of selectivity by gear.

% The great abundance of II-group fish in 1928 may depend in part on the smaller mesh gill nets used in that year.

AGE AND GROWTH OF THE CISCO 265

TABLE 46.—Age composition of the samples of the Muskellunge Lake cisco

[The percentages are given in parentheses]

Age
Year of capture . = s -
ok il Na it PR etibucvd wooio |
R (B[ E e

it i Silver Lake collections (table 47) reveals
tudy of the age composition of _the S ;
the ;Sseezce grf one year class (1926) which may be considered 1good anddof (?E: ny;esillxl'
i idered poor. The 1926 year class was domi
class (1929) which may be consi RN dkarnhe b
i . the IV group of 1930 and as the V group :
the collections of 2 of the 3 years, as t : 8 Span 6L
i individuals as the II group in the co >
The scarcity of 1926 year class in [ua ; b oo or
i i lectivity. The 1929 year class mus .
be explained on the basis of gear se { il sy
i i ty as the II group of the
relatively poor because of its relative scarci S 2308} colsetoan
i i tion by gear as the individu
arcity can hardly be the result of selec i ;
Egh(:sgigups zn either side are more than three times as numerous. The great abun.

~ dance of I-group fish in 1931 as compared with 1930 is the result of the introduction
" of smaller meshed nets in the first-named year.

The lack of individual net records

makes it impossible to determine the reason for the scarcity of I-group fish 1}111 1;)9228§
However, the 1930 year class can safely be considered more abundant than the g
year class. The 1924 year class which was dominant as the 1928 IV group may p

sibly represent a good production year.

TABLE 47.—Age composition of the samples of the Silver Lake cisco

[The percentages are given in parentheses]

Age
R I I I v v VI viI
967 |46 4D | 0GLD | 10 @4
e 66 (17.5) 13% 8;" 3?-8@3 nlgg 83: 53 108 gé: gg

The Clear Lake samples (table 48) present much more definite and consistent
indications of the presence of successful and unsuccessful year classes than were
found in the other three lakes. Figure 5 shows graphically the year clas.s composltl_on
for the 1931 and 1932 collections. The agreement between tl.le 2 years in the relative
abundance of the different year classes is close. Since the mdlwc!uals of (?ach year
class were a year older in 1932 than in 1931, and consequently of a dlffel‘en’t Sizeé range,
this close agreement between the year class composition of _tl_le 2 years 0011(‘4(‘4310]1;s
may be taken ag strong evidence for a high degree of reliability of the Clear Lake
samples both as to year class and as to age composition.
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TaBLE 48.—Age composition of the samples of the Clear Lake cisco
[The percentages are given in parentheses]
Age
Year of capture
1 i 11 v v VI VII VIII i . X X1
WL ool 38 (15.3){ 69 (24. 5; 51(20.5)| 14 (5.6)| 6(2.4) 23(9.2)| 20 (11.6)| 16 (6.4)| 1 (0.4)| 2 (0.8)|...___.
Loy L R R 31(16.2)| 33 (17.3)| 44 (23.0)| 25 (13.1)| 14 (7.3)| '3 (L6)| 21 (11.0)| 15 (7.9)| 3 (L6)| 1 (0. 5)| 1 (0.5)

It can be seen at once from the examination of table 48 and figure 5 that in Clear

Lake the 1926 year class (V group of 1931 » VI group of 1932) was very unsuccessful,
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FIGURE 5.—Percentage representation of the different year classes in the Clear Lake cisco collections. 1931, broken line; 1932,
solid line.

while the 1929 year class (II group of 1931, ITI group of 1932) which was dominant
in the collections of both years may be termed good. It can be considered valid to
state further that the 1924 and 1925 year classes (VII and VI groups of 1931) and
probably the 1928 year class (III group of 1931) were more successful than those of
1926 and 1927 (V and IV groups of 1931), and that the 1929 year class (II group of
1931) was more successful than either that of 1930_'(I ‘group fof 1931) or 1931
(I group of 1932).2

In the comparison of the relative abundance of different year classes in Clear
Lake some consideration should be given the matter of the age of the samples upon

% In contrast to the other 3 populations the I-group samples of Clear Lake can be considered representative. (See the
section on ““The selective action of gill nets.”)
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which the estimations are based. For example., the 1927 year class which as the IV
roup composed 5.6 percent of the 1931 collection and as the V group composed 7.3
: ont of the 1932 collection must be considered to represent a much less successful
pe:; than the 1924 year class which as the VII group of 1931 composed 11.6 percent of
{ﬁat year’s collection and a year later as the VII-I group ma-de up 7.9 pel"cent of .the
1932 collection. Although the 1924 year clags md1v1_duals in both years’ collections
combined were only about one and one-half tlm'es as numerous as those of the 1927
year class, the former year class, by reason of its 3 years great(.ar age, had suffert;d
the reducing effect of natural mortality over a longer period of time. Qonsequenti
the 1924 year class as compared with the 1927 year clags may be considered .mui
more successful than the comparison of the represer%tatlon of the two groups in the
collections would indicate. A similar line of reasoning leads to the conclusion that
the 1925 year class (VI group of 1931) also represents a very sucgessful year. The
same conclusion may possibly apply to the 1923 year class which was well rep-
s the VIII group of 1931. ' :
resenliﬁdtl?e precédinggdisglssion it was shown that in each population there ex1§ted
a considerable variation in the numerical abundance or successfulness of the various

1 year classes. The years that appear to have had a production of relatively successful

year classes were: Trout Lake—1926, 1927;.Muskellunge Lake—1928; Silver Lake—
1926; Clear Lake—1924, 1925, 1929. In Silver Lake the 1929 year class was poor,
and in Clear Lake the 1926 and 1927 year classes must be considered relatively
essful.

unsugi(iznce the four populations show no agreement in the matter of goodr.xess or
poorness of the various year classes, it may be concluded that in each pqp_ulatlor} tl_le
success of the individual year classes depends on the purely local conditions within
the lake. This conclusion is of particular interest in view of the rabher'genfar.al
opinion that fluctuations in the relative abundance of year classes have their origin
in differences in weather conditions from one year to another. Inasmuch as these
four lakes are grouped closely together (the maximum distance bet.ween any two of
them is about 18 kilometers) they must all be subjected to approximately the same
weather conditions. . 1

It must be remembered that relative abundance is not a wholly re!mble mde.x of
absolute abundance. A poor year class may appear quite numerous in comparison
to a yet poorer one. Jirvi (1920) gave an excellent illustration of this fact when he
pointed out that the great relative abundance of third year fish in some years’ ca:tches
of the “kleine Marsne’’ depended not upon the actual abundance of that partlcu.lar
age group but was rather the result of the scarcity of fish in their second year of life.

The data of tables 45 to 48 make possible a comparison of longevity in the fqur
populdtions. The Muskellunge Lake cisco has definitely the shortest average life
span. The Trout Lake cisco falls second and the Silver Lake cisco third, Whl.le the
average life span of the Clear Lake cisco is quite long. A possible explana.tlon of
these differences among the four populations as to the average length of life was
mentioned in the section on condition in the different populations.

AGE AT MATURITY AND SEX RATIO

Although the collections of the cisco were made in July, August, and early
September, several months before the time of spawning in November, the. develop-
ment of the gonads was such as to leave little doubt as to the sexual maturity of the

-
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individual. Fish that would have spawned the following autumn could be distin.
guished easily from those which would not have spawned at that time. The for-
mer were considered here as matured fish even though they may not have spawned
previously.

Sexual maturity occurs at an early age in each of the four populations. All the
Clear Lake fish with the exception of a few I-group individuals were mature or matur-
ing. Since there is good reason to believe that the I-group samples from Clear Lake
are representative, it may be concluded that in this population the first s
occurs in the autumn of the second year of life.
viduals in the samples from Trout,
spawned the following autumn.

pawning
Practically all the I-group indi-
Muskellunge, and Silver Lakes would have
There is reason to believe, however, that in these
populations the nets used for collecting the samples took only the larger I-group
individuals. The smaller members of the age group may have been immature. In
all three populations, however, all IT-group individuals indicated that they would
spawn in the autumn.

The ciscoes of the four populations considered in this investigation attain sexual
maturity at an earlier age than has been found by some investigators of this species.
Clemens (1922), referring to L. artedi in Lake Erie, stated that first spawning is
“probably at the end of the third summer.” The ciscoes of the inland lakes of
southern Wisconsin spawn at the age of 3 years (Cahn 1927). Van Oosten (1929)
found that in the Saginaw Bay herring only a few fish matured in the second year,
and that the majority maturedfin the thirdland fourth years of life. Van Qosten’s
data were based on the examination of individuals from the spawning run. In the
Lake Ontario cisco Pritchard (1931) found a few females but no males mature at
2+-years. He stated further that several individuals of both sexes were mature at
3-+years, while spawning was general at 4+4years. Dymond (1933) found that in |
Hudson Bay the cisco does not mature ‘““until the fourth and probably the fifth year.”

The sex ratio expressed as the number of females per 100 males was determined
by age groups for each of the four populations. These data are presented in table 49.

TABLE 49.—Sezx ratio according to age in each of the Sfour populations

[The ratio is expressed as the number of females per 100 males. The
groups which were composed entirely of one sex are indicated by th
bining the 1931 a;

numbers of specimens are shown in parentheses. The age
3 nd 1932 collections. The data for the remaining t|
collections)

6 sex symbols. The Clear Lake data were obtained by com-
hree lakes are based on the combination of the 1930 and 1931

Age
Lake
I Ir IIT IV v VI
162 (97) | 204 (520) | 354 (368) 1,367 (88) [ 1,100 (12)
130 (472) | 151 (361} S R RN L SR
160 (26) | 126 (86) | 111 (160) | 129 (133) 200 (24)
89 (102) 94 (95) 86 (39) 82 (20) 100 (26)
I
Age
Lake Average
VII VIII IX X X1 XII
Trolb. oo o SHII B S0 4) | 400 (5 ) | Ll de 2 267 (1, 101)
l\fuskellunge-._.._.__._____--_.,._____-.__._,___._-. .____9._(.2_ _-_-._.(_2_ _____?.(_2_ eyl Al ._-..8_\_(.2. 2 -] 137 . (861)
Bilver.. ... T SN T R N e Ry ---| 124 (496)
L L O R N S e I Y 194 (50) | 210 (31) | 300 (4) 26)) ) --| 104 (440
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With the exception of the irregular data of Silver Lake, the fema;iles tend et:

latively more abundant as age increases. The tendem_:y' toward a proIngk

b'ecome e ter preponderance of females finds an extreme condition in Trout ake
pey greii iné)ividuals are rare beyond the IV group. The Clear Lake ﬁsh.dlﬁer
ke f the other three lakes in that the males outnumber tl.le females in the
i those © roups. In the VI group the numbers are equal while in the age groups
Sn aen € thlc)a 'females are much more numerous than the ms?les. Differences
iy 6hyemc'>s ulations in the rate of change of the sex ratio with increased age are
::iigzﬁadt iilI:;hI; average sex ratio for each population as based on the combination
g ¥ Eri)igsz;i that the data of table 49 are a reliable index of the:, SeX composi-
tion f); lsheefour populations. Cahn (1927)' and Van Oosten (1929) pointed 0}1t zlslaf

ive at the spawning ground earlier than the females. Europea_n inv s

ee M%rwere onids have observed frequently that not only .do males arrive at the
g o coro;(fnds», earlier than females but that they remain there. longer. Ag a
spawnmegnfe if samples are taken from the spawning run t}1e conclusmI{s conce.zrmn%
:ﬁ:ssg:umtié would not only be affected by the time within the spawning pe:md gf
the taking of the sample but also would t_end_ to contain a too high ﬁercen. ;fies N
males. The collections used in this investigation ar(; nogntzﬁznbi‘;(f)oigcth: :Ir)la Wning.

ken during the summer, several m _ _
é::lles,a?n%e:hgzmistio evidenceg pointing toward a segregation of the sexes at this
peno’%lfef gt:say:e&lz.tive to the sex ratio in the four populations fiiffer from thoge given
by Cahn (1927) for the lakes, M(itldlz)tsi{ and Ohcon.omowgc:;hnmf(s:lllllgh%xi gﬁ;:::;snlg
and by Van Oosten (1929) for the Lake Huron herring. : A insco a0
62 females in his collections from Lake Mendota anq 429 males lslms s:g B81, prmales
in his samples from Oconomowoc Lake. He combined the collec ions it b

in a ratio of 100 males to 71.2 females. Cahn attrlbute. e gre

ﬁ?ﬁd‘;::) f; ilnales to the relatively higher m?rtaﬁty of the females du.l;}llllllg :he warm
weather of late summer. His data on sex ratio were not (:,orrelated wi 11 ab(la). s

Van Oosten (1929) found males and females approxuns?tely t;{qua Z f; unCit
(49.5 percent males) in his samples of the Lake Hurox.1 l}errmg t:a en at Bay i 5;,
Mich. He did, however, find differences in the sex ratio in the dlﬁ"erex.lt aﬁ;e gr th}()) d
Females were the more numerous in the younger age groups (I and II in 11:) e fine e

of age designation used in this paper) while the males. were the more abundan 2
ibuted the shifting sex ratio to an earlier
the older age groups. Van Qosten attribu O
attainment of sexual maturity on the part of the femix‘les and a consequent tendency
em to appear in the commercial catch at an earlier age. ; )

i thT};: char?glza with age in the sex ratio of t}_le four cis'co populations of this sstlllllciy;
must be explained on the basis of a differential mortality of the two slfxes. e
there is no fishery for the cisco in these lakes, th.ere'c?,n be no distur ancet}(: e
natural relationship through the catching of more md.1v1d_uals of .the one :1(?x ha: ot
the other. The reason for the observed diﬁ”erence§ in dlfferent-;ml mozi:1 du{)y m11 9
four lakes presents a problem difficult of explanation. Attent_lon sho d be ca 1eS
to the fact that with respect to the relative abundance of males in the entlrefsamp :h
the lakes fall in the same order that they show with respect to the amount o lgr(-)w1
in weight, that is the population with the slowest growth. (Trox‘1t Lake) hgs re ;t]wte y
fewest males. The possible significance of this parallelism will be considered later.

=
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Willer (1929) suggested that selective destruction by carnivorous forms might
affect the sex ratio in the kleine Marine (Coregonus albula). In the younger groups

the heavier, less agile female would fall prey to predators more readily than the
In the older groups the heavier

the growth of the two sexes in this lake is the same both with respect to length and
weight. Furthermore, the greatest changes in sex ratio occur between age groups
that show only slight differences in average length and weight. The situation in
Muskellunge Lake is similar to that in Trout Lake. In Silver Lake the males tend
to be slightly heavier than females of the same age while in Clear Lake the females
are distinctly heavier than the males, Yet in both populations, particularly in the
Clear Lake cisco, females are relatively more abundant than males in the older age
groups.

two sexes is probably the result of basic differences in their innate physiological
mechanisms, differences that vary i

another, and whose effects appear
rate of each particular population.

The above suggestion of an explanation of the differential mortality of the sexes
isco is i the conclusions of Geiser (1923, 1924, a, b,) % who
held that females are inherently better fitted than males to survive adverse environ-
mental conditions. The explanation of the sex ratio on these grounds assumes par-
ticular interest when it is considered in relationship to the correspondence between
sex ratio and growth rates in the four cisco populations of this study. It was pointed

out (p. 269) that in these populations slow growth is associated with a relative paucity
of males. It appears logical i

mortality among the less viable males.
to females would produce the observed rapid change with increased age in the sex
ratio and the relatively high abundance of females in the population as a whole.
Similarly, the better growth in Muskellunge Lake and Silver Lake may be taken to
represent conditions less adverse than those in Trout Lake. In these less adverse
environments of Muskellunge and Silver Lakes the mortality of males as compared
to females is less than in Trout Lake, and females are relatively less abundant in
the populations as a whole, Finally, the favorable conditions that permit such
excellent growth in the Clear Lake cisco are reflected in the slowly changing sex ratio
and the almost equal representation of the two sexes in that population.

* In these papers Geiser included comprehensive reviews of the literature on the subjects of sex ratios and differential mortality
of sexes, not only in the fishes but in other animal groups as well.

|
|
|
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ANNUAL INCREMENTS OF GROWTH
VARIATION IN THE AMOUNT OF GROWTH IN DIFFERENT CALENDAR YEARS

Tables 50 to 54 show the calculated annual grovlvlth. incremellllltst.i:)rll‘ eazzIIilo(f) 11;1::‘
ups in the collections of each cisco population.
el represe;l teiuﬁe bgt:l(())vg) the IX group were included.) ) Tl%e arrangelme:(rilt of 1;111‘:
Lake all 5 hgtrhat each horizontal row shows the growths in dlﬂ"er_ent calendar yﬁ
i s s fs ‘ﬁ’le same age and in the same year of life. The vertlcs?l colul;n(lil.SﬁS 01::
e rements for the same calendar year but for fish tha.t are either o A i er:he
growth %ncdiﬂerent years of life, sometimes both. Eac}l diagonal row s owssin A
o (t),ll; 1'1]111crements in the different calendar years of a s1t111g1§ aége grox:);f) liu}eaof a{I,’l g
e i responding to the first year
n. The calendar year cor P

yearjslﬁgi.IGCt;Ogroup is the year of birth, while the year of capture of eac}:lh aieiir(allg
Partlz yearaliter than the calendar year of the last growth increment show.
is on

table for that age group.

% X 1le = Trout Lake cisco, ages 111 to
th increments in millimeters of the:
B A calculatle,(,i g::;:diig to calendar year and year of life

1924 1925 1926 1927
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TaBLE 51.—Annual calculated growth increments in millimeters of the Muskellunge Lake cisco, age.
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TABLE 53.—Annual calculated X
growth increments in millimeiers of th
groups I to VIII, according to calendar year tifnd ;eg{eg; l‘i?'g
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The examination of tables 50 to 54 shows that the amount of growth made by
fish of the same age and in the same year of life varies considerably fromone calendar
year to another. This variation is doubtless to a certain extent random and of no
particular significance. In each population, however, there may be detected certain
that by reason of the consistently good or poor growth made in them
dered good or poor growth years. For example, the growth of the Silver
d the Muskellunge Lake cisco (possibly that of the Trout Lake cisco also)
n better than average in the year 1929 while the Clear Lake cisco

above populations appears to have been relatively poor in 1930, while the Clear Lake

DY eisco shows poor growth for 1926 and 1927 at least.

The relative positions of the different calendar years with respect to goodness or
poorness of growth may be brought out more clearly by simple methods of analysis.
In the Trout Lake, Muskellunge Lake, and Silver Lake cisco populations the relative
position of each calendar year was determined on the basis of the percentage deviation
from average growth in that particular year. As an illustration of the method of
determining the deviation from average growth consider the growth of the Silver Lake
cisco in the calendar year 1924 (table 52). The calculated first year growth of 72
millimeters of the VI group (year class of 1924) represents a —4.0 percent deviation
from the average of 75-millimeter growth for VI-group fish in the first year of life; the
39-millimeter growth of the V group (1923 year class) in its second year of life repre-
sents a —10.8 percent deviation from the average growth of 43.7 millimeters for
V-group fish in the second year; and finally the 79-millimeter first year’s growth of the
I1I group (year class of 1924) represents a 0.0 percent deviation from the average of
79-millimeter growth for ITI-group fish in the first year of life. The mean of these

three deviations is —4.9, and it may be considered that the growth of the Silver Lake
cisco in 1924 was 4.9 percent below average. The deviations from average growth for
each calendar year calculated by the above method are shown in table 55 for Trout,

Muskellunge, and Silver Lakes.

TABLE 55.— Percentage deviation from average growth in the different calendar years

Calendar year
Lake
1923 1024 1025 1026 1927 1928 1929 1930 1931
Trout........___. 4.0 00| -b52| -32 3.8 R = e
L R, e 10.2 —7.4 3.2 1.4 T R | e
Bl " Z0.9 i 0.9 —0.7 —0.5 =19 77 =egiloe
e 33| —-11 —5.1 85| -85 —0.4 3.2 31 1771

In criticism of the above method of determining the relative position of the differ-
qnt calendar years as to the amount of growth, it should be mentioned that the evalua-
t}on of the different years depends on comparisons that are based on different combina-
Plons of year classes and age groups, and that the evaluation of a single calendar year
Is based not upon a single comparison with all other calendar years involved but rather
1s the average of a group of comparisons no one of which involves more than 3 calendar
years. If one of these single comparisons should happen to involve, for example, 3
poor-growth years the resultant percentage deviations would give too high an estimate
9f the relative goodness of these growth years as compared to calendar years not
mvolved in the comparison. Similarly, a comparison that involves 3 good-growth

24535—36——5
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years will give too low an estimate of the goodness of growth in these years as compare|
with years not involved in this particular comparison. The possible distorting effecy
of examples such as those just given is obviated in large measure, however, by the
fact that the evaluation of the goodness of growth of a single year involves compari.
sons with so many other calendar years that the effect of a single distorted comparison
will tend to be greatly reduced. ;
In Silver Lake (table 52), for example, the evaluation of the year 1927 is baseq
on comparisons that involve all other years from 1924 to 1930, inclusive. At the
best, however, the evaluation of growth in different calendar years shows only their
relative positions, and a general shifting of values might be expected to follow the
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F16URE 6.—Relationship in different calendar years between the deviation of the growth of the Trout Lake cisco from the avera,

and the deviation of the air temperature from the normal during the cisco’s growing season. Deviation from the average growtg.,
broken line; deviation from normal temperature, solid line.

1928

elimination or addition of another calendar year in the comparisons. The method
of comparing goodness of growth in Trout, Muskellunge, and Silver Lakes in different
calendar years has the advantage that all the single comparisons are based on fish

of the same age, and that any possibility of a distortion through Lee’s phenomenon
is thereby eliminated.

the other three populations would
mean that the estimate of the relative position of a single calendar year would be

based not on comparisons with several other calendar years but on comparisons with
only the single years immediately preceding and immediately following the year in
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s i i ught out presently, the calendar years 1924 to 1927,
fluestl'on- ilxiceziﬂasbg(l)livb:xrzggf as to goodness of growth, while the years 1929,
mduswe:i v;7931 were all above average, the limitation of the estimate for a poor year,
i - le 1926, to comparisons with two other poor years, 1925 and 1927, or of
oy eXﬂ-mIP as 1936 to comparisons with other good years, 1929 and 1931', would
. goqd y'e: bly to erroneous conclusions concerning the goodness of growth in these
s mev’ll‘ aJa.v?;)id this difficulty the evaluation of the different years was l.xased on
e ison of total growth in each calendar year with that of the preceding year.
i OZI; Ii)l?nstmtion will be given of the method used in the evaluation of goodness of
growth of lt?he Clear Lake cisco in different calendar years. (See table 53.) In 1924
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FIGURE 7.—Relationship in different calendar years between deviation of growth of Muskellunge Lalgetti:iifgr :Elda 35}1‘%‘;:211.‘0%%11{]9
cisco from average, and deviation of air temperature from normal during cisco’s growing season‘.; Deviatio: .
Muskellunge Lake cisco — . —; Silver Lake cisco — . . . —; deviation from normal temperature,

1924 1925

the first year’s growth of the VIII-group fish was 108 millimeters. This groyvth was
10 millimeters or 8.5 percent less than the first year’s growth of the preceding year
(118 millimeters in 1923). Thus the calendar year 1924 shows a —8.5-percent devia-
tion from 1923 as to goodness of growth. Similarly the 1925 growths of 87 (VIII
group, second year of life) and 102 (VII group, first year of hfe)‘ show a total of 189
or a deviation of —3.1 percent from the total correspondmg_ growth of 195
millimeters in 1924. The position of 1925 with, respect to 1923 is thg sum of the
deviations, —8.5 and —3.1 or —11.6 percent. A continuation of this procedure
shows the position of each calendar year with respect to the year, 1923. In order to
make the relative positions of the different years describe their deviations f?or.n aver-
age growth rather than from 1923 growth, the mean value of all t.he -dgvmtmns as
computed from 1923 as the starting point was subtracted from the individual devia-
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tion of each year. The final figures after a combination of the sexes (table 55) indj
cate that growth in 1923 was 3.3 percent above average. Although the Clear Lakg
data of table 55 were obtained by a different method from the data pertaining
the other three lakes, the fact that all these ‘“deviations from average growth’’ ay
used only to show relative positions of the different calendar years makes a compar
son of the data of all four lakes valid. !
The data of table 55 are presented graphically in figures 6 to 8. The examing
tion of the curves reveals a certain degree of correspondence as to goodness or poox1

]
15

TEMPERATURE

NORMAL

PERCENTAGE DEVIATION FROM AVERAGE GROWTH

DEVIATION FROM.

1 1 1 i
- -8
1923 1924~ 1925 1926 1927 1928 1929 1930 1931

FIGURE 8.—Relationship in different calendar years between the deviation of growth of Clear Lake cisco from average and deviati

of air temperature from normal during cisco’s growing season. Deviation from average growth, broken line; deviation
temperature, solid line.

ness of growth for certain populations and over certain periods of years. For exampl
Trout, Silver, and Muskellunge Lakes agree in showing improvement in growth fro
1928 to the relatively good year 1929, followed by a distinct drop to the relatively
poor year of 1930. Similarly Trout, Muskellunge, and Clear Lakes agree in showin
poor growth in 1926 and 1927. -

Agreements of the sort just pointed out suggest that the amount of growth i
different calendar years may possibly be determined in part by factors that affec
all four lakes. The failure of any general agreement of the growth deviation curv
indicates, however, that local conditions that exist within a single lake also exe
a powerful influence on the amount of growth in different calendar years.

The most apparent influence that might affect growth similarly in all lakes i
the average temperature during the growing season, while growth within a singl

. of the much
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lake might be expected to vary somewhat with annual fluctuations in the abundance
ake

} of the population within that particular lake. References to the literature on the
0

- i at accompanies change in the density of
- W ththi f)};:x?i?aléle gizzt)}:lsﬁ;tf(&p;}.l 254-257 )? Some mention should be made
- ?Zss numerous observations on the relationship between annual fluctua-
tions in average temperature and annual fluctuations in. growth, particularly as these
i tions have been made with reference to coregonids.? .
observa-tf dlt-Kaas (1917) demonstrated a close correlation between first-year
ﬁmanfi average annual temperature in the lage-sild or po]lax_l (Coregonus albula)
i;ﬁj gsen and Storsjg. At the same time he recognized the po:}sllble effect on growth
i ity of population from one year to another.
i (;f chﬁiiisl)]:pg;e(gﬁife}élt—Ip{aI;s, 1927) he was able to show a relationship between
the axxxlljunt of growth and summer temperaffurfa in t_he g’YViniff,d (0071egom/f lavarfet;t}i)
and the pollan (C. albula). (He noted a similar situation in several tribes of the
trou%(l‘(s)'gsl;gfl e(?g;;)) compared the growth of three species of Coregonus (C. wartmannu
borealis, C. wartmanni generosus, and C. lavaretus) of Norrland in the wa,rria summevrv ;);
1930 with that in the cold summer of 1931. In all three forms there was arge gr(; -
in the warm summer and slow growth in the.cold. Olofsson called attentloill Eﬁrt .
larly to the fact that occasionally growth d}lrmg a cold season may be so slma aeven
year ring formed on the scales might eas1}y be overlooked. Some scales rr;iyf s
fail to form a distinct year band. The differences ol?served between growth o
years 1930 and 1931 were exhibited by fish of different sizes and ages. e
Krogius (1933) found that the curve of the deviation from average %rovslr t}in
different calendar years for Coregonus lavaretus of Lake Baikal followed cdose y :
corresponding curves for deviation from average annual temperature and averag
ipitation. : : ;
annuélallirg:}s)tfm (1929) found no relation between. annual ﬂuctua_tlons- in hthe ﬁ;uz
temperatures during the growing seasor(lLandt :th)e annual fluctuations in the firs
! in the Saginaw Bay herring (L. artedr). .
year’i‘igzv:l?e no recofds of wa{er temperature available upon which ’-co base a com(i
parison of annual deviation from normal temperature durmg the growing seasonIan.
annual deviation from average growth in the cisco populations f’f .thls study. Itis
possible, however, to make a comparison between annual ('lewatlon .from aver:};;e
growth and annual deviation from normal air tempera_‘nure 7 in the. region. Fz)irR 1i
purpose the records of the meteorological stations at Big St. Germaine Da.m anL kes
Lake Dam were taken as representative for Trout, Muskellunge, and .Sllver gl es,
while the records of the Minocqua station were taken as representative for Clear
Lake.2 3 i
Since the lengths of the growing seasons (pp. 249-253) are not the same in t g
different lakes the annual deviations from normal summer temperature were calculate

* Although his worlk does not deal with the coregonids, mention should be made of Segerstrale’s (1032, 1(1953:l)t Ob?:;‘:’;‘;o;:rgﬁ
the relationship between summer temperature and the growth of fishes in southern Finland. Thl.S wo];k :‘r' e aantiy
g"" ca fluviatilis) and several species of cyprinids. Segerstrale found that the amount of growth during the summ

ghly sensitive to the average s r temperature. 5

¥ Climatological Data;ifih: Eﬁ:ed Stalt];es, U. 8. Department of Agriculture, Weather Bureau, vols. X-XVIII, 1‘1‘?‘31} eiild

* Muskellunge Lake lies about 3 kilometers east of Trout Lake, and Silver Lake lies about 1 Kilometar off the souk w:s tion lies
of Trout Lake. The gt. Germaine weather station is about 13 kilometers southeast of Trout _Lake wh1lel the Rest Lake s : (:Ic‘lear
;:ts:n approximately equal distance to the northwest of Trout Lake. The town of Minocqua is about 6 kilometers due wes )

e.
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from different combinations of months, The St. Germaine and Rest Lake data werg
used to determine the annual deviation from normal temperature for the periody
May to July and May to August, both inclusive. The former period of time may he
taken to correspond approximately to the growing season of the Trout Lake cisco,
and the latter to the growing seasons of the Silver Lake and Muskellunge Lakg
ciscoes. The annual deviation from normal temperature for the longer Clear Lake
growing season (May to September, inclusive) were determined from the Minocqug
station data. In these calculations of deviations from normal temperature, records
for a single month were found to be occasionally lacking in the data for a station,
For these few gaps in the data the corresponding records of the nearest neighboring
station were substituted. This substitution is justifiable for the corresponding devia.
tions from normal temperature at the different stations were almost always close
to each other in valye. I
Table 56 shows the annual deviations from normal air temperatures as based
on the different combinations of months and for the weather stations mentioned in the

normal during the growing season. In the Trout Lake data (fig. 6) the years (1924,
1928, and 1929) with better than average growth were years with subnormal tem-
perature for the period, May to July. On the other hand, 1930 with a temperature
slightly above normal was a poor growth year. The year 1929 was a good growth
year in both Muskellunge Lake and Silver Lake (fig. 7), while 1930 was a year of poor
growth. Yet the air temperature for the period, May to August, was below normal
in 1929 and above normal in 1930. Certain other years, however, show both sub-
normal temperature and growth below average (for example, Silver Lake, 1924),
There is some indication that in Clear Lake (fig. 8) there may be some slight connec-
tion between annual variations in growth and annual variations in average air tem-
perature over the period May to September. It may be seen that in Clear Lake all
the calendar years with poorer than average growth (1924 to 1928, inclusive) showed
subnormal temperatures during the growing season while 3 of the 4 years with better
than average growth (1923 » 1929, 1930, 1931) had temperatures above normal during
the growing season. The year 1929 showed growth slightly above average, but tem-
perature below normal. In general, however, the Clear Lake curves for annual devia-
tion of the cisco’s growth from the average and the annual deviation of the air tem-

perature during the growing season from normal show a rather conspicuous lack of
parallelism.

TABLE 56.—Average deviation of air temperatures from normal during the growing season of the cisco
[Deviations are in degrees Fahrenheit; 1.8° F.=1.0° C,]

Stations Months ' 1923 1924 1925 1926 1927 1928 1929 1930 1931
St. Germain Rest Lake.__ May, June, July.___.___. 20 —58| —1.6| —1.2| —3.5 —-0.7( —2.4 0.2 —0.2
(RN sz, tJune, July, 8| —48| —0.2| —0.7| —-36| —0.5| —1.9 .8 —0.6
ugust.
Minocqua...____________ May, June, July, L1 —45| —0.6| —1.6| —4 3| —0.4| —2.6 .3
August, September.

The failure of the data discussed in the

preceding paragraph to show any clear
dependence of growth in different calendar ye

ars on the temperature of the air during.
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i ken to show that in these four cisco populations
S Sfe&SO;tSI?(i)I‘lﬂ;l pi?‘iigl(il;: summer does not depend in part on the tempera-
. ok gl;owaters during the growing seasons of the several stocks. It 'must b(;
tuke Of. i lf?r istha,t fluctuations in air temperature may not oﬂ.er a perfect 1¥1dex Of
recogmz‘ed i ater temperature. A more probable explanation of the fal!ure 0
L e lnt;'Wns in temperature and in growth to show correspondence is that
- ﬂpctu& " in growth are so closely dependent on some other factor or factors
e dlﬂ!eret];l cefsannual differences in temperature are almost copaplfat;ely obscured.
i th'e ke n0 to believe that in the populations of this investigation the annual
g hetf ea}osio;es&isl(l) the goodness of growth may show some dependence on annual fluctua-

uctu

. tions in the densities of the different populations.

It has been shown previously (p. 262) that the grovirth_ ratgs (i}:' We;gfhglec_;lf‘
i i f the relative densities
ulations follow the inverse order of th
thesslafggflspogn ifiew of this demonstrated relationship between growth rate and
pop :

density of population it might well be expected that within a single population
- de
|

i i in it wth rate.
B ot e ne oo thotson saugls from Tront Lt (able
e age composi :
45 pIn2(t3}r)3 ftflis(}ays (;)fogntedgout t}fat the years 1?2(;1 an% 19d27 savgftilﬁeé):(:vi;i)c:g:ugi
ol nd that as the result of the abundance
:l?ﬁgggtﬂzft cIlJ&asl::S(’;i:codsamples were on the average composed (;lf (ﬁdere?:}}:efzilé
the 1928 samples while the 1931 samplsls :&.rere cfor(])rigofsi:ﬁ (t)i ;el;i;;rﬁvi . 1’c1 ;ile e i
1928 or 1930 collections. This accumulation o w2 P )
i i ter than 1927 probably caused the density o le pop
;};:;fnofoyl?:nritﬁ:ﬁgjlgeis1153O. This increas§2i;1 tth(i ;))e;sity of the population may
i i th from 1 0 ;
accm'll‘nlfeu&zizrgofro fdfili\/?igﬁel]iligt’awLake cisco also afford evide.nce for az(;eper(lldfggg
of growth variations on variations in population dgnsﬂoy. While 1tdhe&1i)arg :1]11 g
collections contained only a few individuals more than 2 years o19 é g e o
of the 1928 year class individuals were present as the I1I group in ; e i .Of el
The great abundance of the III group in 1931 suggt_asts that a&nlaé(;%um - gy
stock may have been occurring in Muskell}lnge Lake in 1929 an i .m s et
lation may possibly account for the drop in the amount of. gro‘WL kro g g
The age and year class composition data for the Silver Lake lula,tion Gl
P. 265) show that here as in Trout Lake there was probably an aclc(lllrlx)l Mo gr i
stock in 1930. In the examination of the data of table 47 it sh0}1 fetll'l i
that the large number of 1931 I-group fish causes the represen’tatlo(;llo 19268 P g
groups of the 1931 samples to appear relatively too low ; the'gea_l use tmme e
captured few I-group individuals. If due consideration is glvendo oy B
the I-group fish in the 1928 and 1930 collections the relative a_bmé :n(tz)e; oL
age groups in the 1931 Silver Lake collections must be recognized to f 1dgﬁsh o
in 1930, while the 1930 collection in turn shows a greater abundanfze of o e
the 1928 collection. In Silver Lake as in Trout Lake and. Muskellunge a929 o
accumulation of older fish was accompanied by a decrease in growth from 1
1930. .
It should be mentioned that the data upon which a suggested explsguﬂ;;csniv gi
the drop in growth from 1929 to 1930 in Trout, Silver, and Muskellungiﬁ fam =
based fail to offer any logical explanation for the improvement of growth iro
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: distribution by 5-millimeter interv

to 1929, Unfortunately there are no 1929 collections upon which to base 4 com. TasLE 58.— Muskellunge Lal;"r g;jfmpﬂfgﬁﬁnﬁmg the first year of life
parison of the age composition of that year with the years 1928, 1930, and 1931. Viahr dlass

In the Clear Lake cisco the evidence for a dependence of annual fluctuations in the foasiclay
amount of growth on annual fluctuations in the density of the population is somewhat s | o 1926 1628 o
stronger than in the Trout, Muskellunge, and Silver Lake populations. The years 1923, i Length T
1924, and 1925 (p. 265, table 48, fig. 5) were undoubtedly excellent years for the production Leogth b m | m | om s &
of young. The presence of three successive good hatches must have led to a consider. 1098 | 1930 | 1031 | 1931
able accumulation of the cisco stock. Corresponding with this accumulation the 1928 | 1930 | 1031 | 1931
amount of growth per year decreased from 1923 to 1927 (fig. 8). The production of ; g ey 20 » . =
young was poor in 1926 and 1927. The occurrence of 2 poor production years coms g % AR 2 2 2 e 3
bined with natural mortality could be expected to lessen the crowding of the popula. P o . - 1 3 ¥ |smommty
tion. The growth improved from 1927 to 1929, fell back a little in 1930, and im- 5 i 24 | Ry koo AN o e
proved again in 1931.2 ‘ o 7

The relationship indicated in the Trout Lake, Muskellunge Lake, Silver Lake

S iies 115 ; ls of the calculated
; ” : . N . : ; ) distribution by 5-millimeter interva
ciscoes, and especially in the Clear Lake cisco » between annual fluctuations in popula- 59.—Silver Lake cisco—Frequency

TaBLE growth in length during the first year of life

tion density and annual fluctuations in growth is in agreement with Jirvi’s observa-
tions (1920, 1924) on the kleine Marine (Coregonus albula). il v »

The failure of variations in the amount of growth in different calendar years to e . 1926 1027 | 1928
show any close general dependence on either annual variations in temperature or
annual variations in population density suggests that possibly these variations in Hehuth w |m | v |v|w ]| Vv |w]|m
growth depend closely on both factors, and that the failure of these factors to operate so60 (I 1gm | er-| et
in the same direction in the same year tends to obscure the effect of each of them. i iR el fad sin

BIMODALITY IN THE CALCULATED GROWTH FOR THE FIRST YEAR OF LIFE

The examination of the frequency distributions of the calculated growth for the
first year of life in the best represented age groups (tables 57 to 60) shows that some
of these distributions have a distinct bimodality, which appears to be characteristic

for a year class and present regardless of the age of the fish upon which the calculated
growths were baged.

2009 0 5> © =T i IR VRS

TABLE 57.—Trout Lake cisco—Frequency distribution by b-millimeter intervals of the calculated
growth in length during the Jirst year of life

1l ) lated
 stributs -millimeter intervals of the calcu
= isco—Frequency _disiribution by b-mallime
it s Q0 Cloor Lake msi]orowth 'gn length during the first year of life

1926 1927 1928 1929 Year class

Length

1924 1925 1928 1929 1930 1931

Length

1
2
1
3
1
4
1
1

2 The good growth in 1931 may have been in part due to the climatic conditions of that year as well as to the reduced number
of ciscoes in the stock. The temperature over the period, May to September, inclusive, was only slightly above normal (table 56)
but the autumn temperatures were exceptionally high (p. 253). It is probable that the warm autumn of 1931 gave the Clear Lake _
cisco a longer growing season in that year than it usually enjoys, 1835 —36— ¢
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i in table 61. Table 62 shows
This bimodality of the length frequencies of the calculated growth for the first same groups at t'he t?nd 9f thef Seﬁon_d (?I‘Z?ie(iftgfifagf:;i}induring the second year of
year of life may be found in the 1928 year class from Trout Lake and in the 1926 and the frequency distribution of t : <lin raphically as percentage frequencies in figure 9.
1928 year classes from Muskellunge Lake. All the other year classes from these | life. All of these data are presented grap
two lakes, and all year classes from Silver Lake and Clear Lake, where the samples

are large enough to give reliable results show unimoda]l distributions for the calculated e T

growth of the first year of life. The fact that bimodality in the first year’s growth o £ \\

oceurs only in two populations and in only one or two year classes of these populations / N

suggests that the occurrence of the phenomenon depends on the nature of the local 20 /’ \] el B T Bkl ey
conditions within each lake and that these conditions vary from year to year / \

¥ / \\ \ Il GROUP (1928 YEAR CLASS)
i

N\
: ’ / Fe= Q
L =
o

winds can warm the waters of the shallow littoral region to a temperature several
degrees above that of the main body of the lake. At such a time the development,
of the eggs of the cisco would be accelerated and some might hatch. If, however,

PERCENTAGE FREQUENCY

INCREMENT IN MM A
there occurred before the completion of hatching season a period of cold, windy 30 / \
weather the temperature of the water of the littoral region would undergo a sudden VAN /I “ A\
drop of several degrees.® The development of the unhatched eggs would be retarded, 2> / ‘\‘ \ // \
and their hatching might be delayed for several days or even weeks. Such a situation / \

would explain the observed cases of bimodality in the amount of growth during the
first year of life. Eggs that develop in more exposed regions of a lake or in a lake
more swept by winds would be less affected by fluctuations in weather conditions.

J
y ll A
i /f/\ / ; \\ II \

t \
o YT NN AN
° /"/ k! \4/ )

=
% 180
o70 80 90 100 1o 120 130 140 150
M M.
CALCULATED LENGTH IN . o
f Muskellunge Lake cisco Wi

istributi 1 samples of 1928 and 1929 year classes o: e e e

g 9'_Penieﬁ§a§:df§gglgli?ﬁ‘scgt%ﬁgg?g;gi? y%‘;rt ho? 1%?3 (belove at left), the catl’culéted lengths at end of second y

:?ﬁ’gtg? a.cg(f caaleulated increments of growth during second year of life (above).

L
-

GROWTH COMPENSATION

The phenomenon of “growth compensation ”’—the tendency for individuals that
grow relatively slowly in the early years of life to grow relatively rapidly during the
later years—has been observed by numerous investigators and in several species of
fish. The only study of growth compensation in the cisco was made by Van Oosten
(1929) on the Saginaw Bay herring of Lake Huron. He concluded that “the large
fish of an age group were the large fish in each preceding year of life * * * but
that the differences between the small and large yearlings diminished each year of
age—that is, the small yearlings were rapid growers and the large yearlings slow

e ; he
=M ) istribution by S-millimeter intervals of &
ke cisco, 1931—Frequency disiribuiion o e
TAméglgil‘ated lzzlzii?z?g;;eegdeofczhe éecond year of life as based on the I1I group and the group

growers.” Thus he found that compensation did occur, but that it was not sufficient b S _Total
to overcome completely any advantage in length which g large individual might Age group S RN P e PR R P ptee
hold at the end of the first year of life. FA B

A comparison of growth compensation in age groups with unimodal and bimodal = = s i 61 82 2 2 » - 5 347
length distributions at the end of the first year of life should yield information as to B 4 - «
the effect of the dispersion of the length frequency in early life upon the manner of

growth in later life. In the 1931 collection from Muskellunge Lake (table 58) the
distribution of the calculated lengths at the end of the first year is unimodal in the
IT group and bimodal in the III group. Both age groups are represented by large
samples (258 for the IT group and 347 for the IIT group). For these reasons they

St 718 ; 1 the
TaBLe 62.—Mushellunge Lake cisco, 1931—Frequency NN o T ﬁﬁ"’;‘;’jnz‘,’f
caleulated growth during the second year of life as based on the IT group

Length interval Total

number
. 3 Age group 70-74 | 75-79

were selected as the basis for a study of growth compensation. 20-24 | 2520 | 30-34 | 3530 | 40-44 | 45-40 | 50-54 | 55-50 | 60-64 | 65-69 | 70-

Table 58 shows the frequency distributions of the calculated lengths for both age B ——— s “ = I : 1= e - =
. 8roups at the end of the first year of life. The calculated length distributions of the —— A i 1 % 65 53 69 36 A 3

. . . 3 . R
% Forel (1892) pointed out that the development of high temperatures in the littoral region depends on days of great calm and
brilliant sunshine, and that this

rapidly. Forel observed that with a strong south wind the temperature of the littoral waters at the port of Geneva at times dropped
as much as 6° C. to 8° C. or more from one day to another.,
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Examination of the data shows that during the second year of life of the III-group

fish there occurred sufficient growth compensation to change the length distribution of
the group from the bimodal to the unimodal condition. The existence of intense com-
pensatory growth is indicated in the bimodal character of the curve for the second-year
growth increments of the III group.

A more adequate conception is given of the growth compensation in these two age
groups by the study of the correlations between the lengths attained at different timesg
in the individual life histories, and the amounts of growth made by the individuals
during different years of life. The correlation was computed for each age group for the
following combinations of characters: (1) Calculated length at the end of the first year
of life and calculated length at the end of the second year of life; (2) calculated growth
in length during the first year of life and calculated increment of growth in length dur-
ing the second year of life; (3) calculated length at the end of the first year of life and
actual length at the time of capture. The results of these computations are given in
table63. Here Ly is the calculated length at theend of the firstyear; L, is the calculated
length at the end of the second year; AL, is the calculated growth during the second
year; and Ly is the actual measured length at the time of capture.

TABLE 63.—Muskellunge Lake cisco, II and III groups of 1931—Correlations between calculaled
length at the end of the first year and calculated length at the end of the second year, between the

amount of growth during the first year and during the second year, and between the caloulated length
at the end of the first year and total length at the time of capture

Coefficient of correlation and

its probable error
Data upon which the correlation is based

II II1
Lpand L2.__________ 0. 5134+, 046 0. 708--. 027
Lyand AL —0. 311+, 056 —0. 826+ 017
L SR NS I i G R L . 404+ 052 - 399+, 045

Tables 64 to 67 show the data from which the correlations between L; and L,
and between L; and AL, were calculated. The examination of tables 64 and 65 shows
clearly that in both the II group and the IIT group the smaller fish at the end of the
first year of life tend to be the smaller fish at the end of the second year of life, and that
this tendency is the greater in the III group. Tables 66 and 67 show that in both age
groups the individuals that grew least in the first year of life tend to grow most in the

second, and that here again the tendency is more pronounced in the ITI group than in
the II group.

TABLE 64.—Relationship between calculated length in millimeters at the end of the

first and second years
of life in the Muskellunge Lake ctsco, I1 group of 1931

Calculated length at end of first year of life
Calculated length t;t.;fend of second year of
ife

Tota

85-89 95-99 | 100-104 | 105-109 | 110-114

90-94 115-119

140 to 144____

130 to 134__
125 to 129.__
120 to 124____
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; ills the first and second years
1 3 leulated length in millimeters at the end of
Fasen 65_-—Relat10nshg}7 llz)';éugtertbh(;aﬂc; uskellunge Lake cisco, I11 group of 1 .931

e ——

Calculated
lengthatend of |

of
seoond year ot | ;o 74

Calculated length at end of first year of life
Total

85-89 | 90-94 | 95-99 |100-104|105-109 | 110-114 | 115-119 | 120-124 | 125-129

B

160 t0 164 ----[--------|-=------
155 t0 159---
150 to 154 -

135 to 139
130 to 134
125 t0 129- - -----

Relationship between amount of growth in millimeters during the first year of life and the

TasLe 66. h during the second year of life in the Muskellunge Lake cisco, 11 group of 1931

amount of growt

Calculated growth during first year of life
Total

Calculated growth ]qfuring second year of
ife

85-89 | 90-94 | 95-99 |100-104 | 105-109 | 110-114 | 115-119

i
'

sRER

W OB ST RO

R

BRERE5IHSS
®

888888888¢8

X 3 3 11 % t year of life and amount
— hip between amount of growth in millimeters during firs
TABI&? SZI;wtiILB %Z%Z}s t;bge) sicond year of life in the Muskellunge Lake cisco, I1I group of 1931

Caleulated Calculated growth during first year of life
ate

Total

85-89 | 90-94 | 95-99 |100-104|105-109 | 110-114 | 115-119 | 120-124

RENBL8HSR3
88885888888 ¢%

On the basis of the data that have been presented it i§ 1_)os§ible tq draw the
following conclusions concerning growth compensation as it is indicated in the two
€ groups considered here: . . et i
¥ (1) IéI‘OWt-h compensation occurs in both the group with a ummoda:l dlstrl_butlori
of caleulated lengths at the end of the first year of life and the group with a bimoda

distribution of these lengths (negative correlation of L, and A.Ll)- ;

(2) Growth compensation is more intense in the group Wltb the greatgr d1sp'er-
sion of the calculated lengths at the end of the first year of life (higherinegative
correlation between I, and AL, in the III group). The tendency toward compen-
sation can lead to a bimodal distribution of the growth increments for the second




BULLETIN oF THE BUREAU OF FISHERIES

than the negative correlation between L; and AL,
dispersion and the bimodal distributio
the situation is reversed, that is, the

n of lengths at the end of the first year of lifg
re is a closer connection between the

of growth during the first year of life and the amount of growth during the second
year of life than there exists between the length at the end of the
length at the end of the second year. (In

to certain characteristics such as growth ra
view of the apparent high d mong certain of thege orders
of arrangement it ig considered advis;: ( '

» @8 will appear in the following discussion, an
relationships in precise terms of cauge

and effect meets with serious difficulty.

TaBLE 68.—Order of the 4 lakes with, respect to the concentration, of bound CO, and i},
orgt;bmc matier in the surface plankton, and also with respect to certain p
of the cisco

Clear l\ﬁlrslggl' Silver Trout
Growth in length_

Growth in weight_____ "~

Bound CO, in water____

Density of Dopulation_____ "

Length o growing season_____ 7"

Sex ratio (females per 100 m
¢ matter in plankton L.

lon (K)

Average length of life

|

P A et
A*HMWNWNM

B0 00 0 b9 o b0 b 0o
©9 00 1S I e bt e
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. . wth rate and

inc into the discussion of the relathnshlp l:]igwszncagﬁzd e

Before enterllllz%actors that may affect it, attention _Sh(l’ th is not the same as

the environmenmth four lakes with respect to growth in el:i Muskellunge Lake

that the order of the ect to growth in weight. Although eits rowth in weight

their order with r eSPWth in length than the Silver Lake cisco, A rg ol B e

B e that o tho Siver Lake TOpop: kg&i;:aiﬁce fish. Weight un-

is inferior to ndition of the Muskellur length,

?rder feiin the 'Vﬁry a? gzz‘tgf measure of increas.e in living IILatter ﬁ%iﬁtdf:ionﬁder

questionably furnis esf the present discussion it will probably be 3111 A ek L,
but for the  phisey 061 as intermediate between the extreme con

EOtlzhzo’f‘:ii?(}il:kI:gsci and the Clear Lake cisco.
¥

PHYSICAL-CHEMICAL FACTORS

: . he observed
t ay be ruled out immediately as inadequate for t
in factors m ions. :
diff (ifllf‘gg?n g ebwth satoerof t;he iiﬂl‘ Il))os;lizgu()ililﬁerences in growth rate. Since
er : t for the obs imatic conditions
ils to accoun : ther the climatic co
Temperature fa ihi hort distance of each o g 3 3 Taem
located within a s Differences in the size and fo
all four lakes are tially the same. during
f them are essen : e water temperature
that affect each o ] lead to differences in averag { b et
: IR agieicadyboyc hile the cisco finds its
o boons o hould be pointed out that wh : lakes
these two la
the summeI{),.tblzt,he’Iif!r;i: Lake and Clear Lake, the populations of
summer habitat in . f th
rowth rate. ) ; th rates of the
represent the exgﬁiﬁi gis% fail to explain the du‘ference;s 11; t’lll‘iog;t?{ake and Clear
Oxygen con ith temperature, .
. was the case w. of well oxy
" ol popu}a‘:)llonsécthﬁ;raSmost closely. Kach P0S§esse5f12}i‘§ecirsrzisses
i bound CO; and the closely re e to show any
i uindance of boun ical-chemical characteristics known .
ivi the only physical-chemi . d the abundance of boun
and conductivity are ‘rate in length an - )
ion wi I te. Growth rate It is hardly reasonable
correlation with growth = lationship to each other. 3
S, . erse relationship . that a SC&I‘Clty
Jihon dmf]lldi Staigu]icf;lngzvof bound CO, impedes gI('iowth d;r(é:(t)ly ;’; growth rate is
to assume that an . f the abundance o 2 > £
t. The effect o : - : cal nature o
¢ };:mbﬁd ng ::t? ealflx(?tf;elrative through its modification of the biologi
7 oci : indicative of
the cisco’s environment. i lake’s waters is rough_ly n
QR cho amount of .bound }(3221:11{: In view of this fact it would -harzi}iy
the biological productive capacity of that lake. uld occur in the lake with the
ted that the poorest growth of the‘.c v ol tly paradoxical situation is
bee::gzc concentration of bound CO, This apparen f}lf) o?md 00, AR bt chily
E;plained however, if it is assumed that an abunldanc: ];)es B ok dtebtir Rl
for a grea;;er production of food organisms, but also an ce of the ciscoes in turn de-
f the ciscoes themselves, and that the a"bun an G Siriart ‘af the Sbearved
ancmejno hei th rates. Such an assumption has the s fl the greatest amount
termines t er grow Gt st dense in Trout Lake wit g CO.. while
I (Lo cisco populat19n Cloat Lake with the least amount of bound CO,, CO
of bound CO, and B Llear Ll 6131 intermediate concentration of bound CO,
Muskellunge Lake and Sllver. Lake with 1n
have populations of intermediate densities.
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DENSITY OF POPULATION

The section on the relationship between density

inclined toward the opinion that differences in the se
related to differences in the densities of the various pop
for differences in the growth rates of the four cisco s
sented as the most logical, even in the face of the facts

of any competition for food in any one of the four pop

of population and growth rate
verity of competition for food
ulations are largely responsible
tocks. This opinion was pre-
, first that the actual existence

ensities of the four populations
it may be seen, as was mentioned previously, that the greatest density of the cisco
population occurs in the lake with the heaviest concentration of bound CO, (Trout

ke with the lightest concentration of

organic matter in surface samples of plankton taken during the summer and the den-
Although Clear Lake with the least amount of organic

Itis possible further that these differences in the densities of the cisco populations
may depend on yet other factors such as the availability of suitable spawning areas
or the destruction of eggs and young by predators.

Regardless of whether it is held

same order as their growth rates (in weight) and t
population.

These differences in the length of the growing season cannot be accounted for on
the basis of temperature and oxygen conditions for the same reasons that tempera-

ture and oxygen conditions fail to account for the differences in growth rate. (See
p. 287.)

289

AGE AND GROWTH OF THE CISCO

i i f the growing
i differences in the lengths o :
: i t an explanation of the . S
L po;Sﬁﬁ)eu;}(li&in the study of the plankton (.:ycles }nt ﬁhe fournla:l;zf1 2 tﬁz b
e i to the abundance at all times of the season, LA
attentior{sﬁogl_(tiegebii‘;‘;lz cisco, of the plankton forms most commonly taken by
actually inhabi

. i i i length of the cisco’s growing
o ible explanation of the differences in thfa . gty
A §econd P0§stl(ia1§;s is suggested by the fac.t that in fishes in g(znefrﬁls ;evelop_
e V{M‘lgn’s growth in adult fish is coincident w1tl-1 ths.s ons;s ‘ }(;e ey
i F ilfh:;:g:fis preliminary to spawning. (The dcelteirlrlun:t;g? ife]y sy e
. i i ulations was based almos on matur
. A i i f the spawning individuals
i 1 Since the average size (Welgllt) 0 P W
matuﬂfng mdwljl(lial,lgosz.l)s follows the same order as their growtil rz;t(zi :ngc(i) Itg(ei : eirlllg r 4
el it i ted that the development o
i i t 1s suggeste ' 1 -
e izzsigne,ai‘lier in the season than in large spawners, and that the slown
spawners may

0 = i \ i y d.
:I Wth Of a SIOW gI()Wing populabl()n ma, be bheleb accentuate
01 gr

PARASITIZATION

> b i the
inci d severity of parasitization in
ished data on the incidence an By
b 0111}" publ;STiout Muskellunge, Silver, and Clear Lakes are tho_se lggsie;gical
e POPUIa'tmnS; da in, the Bureau of Fisheries’ report on Progress in e
“ D'r: Chf;;f y(HI;ggiS]sz 1932). Juday summarized the data then ava
Inquiries )

- i : parasites, and cestodes were found in the
e from' zi)lverrajﬁieozv :;Z£X:$u§:df(zczithoeephala,.. In Muske_léungelia%ioi(z
e 'Of o tai pfzi cestodes and 20 percent were free of _wscera,l parasi es(;nt s T
percent of the ciscoes con a_lne 82 percent had cestodes in their intestines, and 10 perc htobor s
e nejgaltwe’f onf Clear Lake, on the other hand, were 96 percent fne%ai.n a,l mos_,t
oot o e dr ielded any parasites. These fish were found to be .:e infgstation,
e o 60'examtlin:hi: may be partly responsible for the very §ma11 11?.&1‘3.151 Sem nestation.
eXCIuSiI‘:ell{y ofsc}) I?ar.;h\l:i?;rzgft water, and the snail population, as a risuli;],1 :jlrela ively )
gllza ;an:e: zf parasite infestation from this source is correspondln% y s FEAE grOWth
Although the above data show that the Cleal.' Lakfa c;)sct(:” ngn AR L
te has the lightest parasite infestation, the relgtlon.shlp e e Ry
o gt in the remaining three populations is not clear. 18 sC Wn
andbirlw:iln?(;r‘:ﬁlrl:g the relationship between growth rfmte and Eara;;t:tlgfeisn dith
51112 cisco awaits the examination, within each population, of the e

parasitization on individual growth rate.
CONDITION

: T ngth and
In'the section that dealt with condition and the relatloiimgsbz?giintge iverage
weight it was pointed out that the order of the four lakes wit -r’\dslqkellunge, Trout,
conilition of their cisco populations, from poorest 1.30 best, 1S-d ;r 0} the lakes with
Silver, Clear. While this arrangement does descrlbfa phe or N et
respect to condition as based on the samples_ t_aken, it 18 OPellk nin yet other years
because of the variation of K with length, additional samples take P e e
and showing different length distributions of_the fish might posjaluz SR
change in the arrangement. The determination of an avt?l‘lalgle Lo e s
population depends, first, on the manner of change of K with leng J
the length distribution of the fish used.
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It is quite possible that the most significant

these four cisco populations dogy phase of the study of condition ;

for the di 1oes not lie in the determingi;
increa:ind;fiizlfn:hStO%‘ks‘ byt lies _rather in the study of 1‘,he1 Oclilsglfl a:evelf‘age V?Jh'ms Of-
respect to thegma.nnerhﬁ fh:sémcfiély Ay, e separatiogn (())f sﬁ:tﬁl{zz “:11
el e o with i :

1Sf ‘:Illth sospect to the average value of K inl{l}lcreased length is much sharper than j
of the changes of & with length will become The significan

he entire population.

OF

VALUE

200 25

) 300 350
LENGTH |y MILLIMETERS
1931) of the coefficient of congj

(in 1931) :
Trout Lake, - - —. tion (K) at differ
s + Muskellunge Lake, — | —; Silver efzégng(gehr%a?:;;:ulated fromcelquatiﬁns of B
» 7 - Clear Lake (fo-

FIGURE 10.—Theoreti,
type K=O><105Lc:} e
males), —

%‘th These equations for 1931 (the
Muskellunge Lake: our lakes) are: 3
Trout Lake: K=141.924 [-o.0032

. Vs =
Silver Lake (fema,les): 38.7640 7,-0-69245

Clear Lake (females): K=0.12322 0.

K=0.04555 L0640

8 For the pur
Lakes may be found in table 27,
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. tical values of the coefficient of condition (K) at different body lengths, calculated
Tasrn 69.—Theoreli from equations based on 1931 collections

e
Length in millimeters
Lake
130 | 140 | 150 | 160 | 170 | 180 | 190 | 200 | 210 | 220 | 230 | 250 | 270 | 200 | 310 | 330 | 350 | 370 | 390
L S L SRR e RR b T R T S T R e | S R
.332|1. 266(1. 207|1. 154|1. 1071. 064|1. 025(0. 989(0. 956(0. 926(0. 898|- - - - |-~ oo oo oo fommeo|oooo ||
e 1337 1. 302|1. 220|1. 147|1. 083|1. 026| . 975| .928| . 886 .848| .813| - __|-__|-o___| o _|o_ LTl il
). 1. 122|1. 160|1. 107|1- 232|1. 267|1. 300|1- 332| 1. 357|1. 804|1. 4|1 453 ___| T2 |ZTTZT)TTIT) T T TN T TN
%‘11::: ((ft:r’:llales) TN o77|1 1311, 182|1. 233|1. 283|1. 331| 1. 379| 1. 426(1. 471(1. 5171. 561|1. 648|1. 733|1. 815|1. 805|1. 974|2. 051|2. 126(2- 200

The remarks, made previously (p. 246), concerning the va.lidity of Elsing length-
weight equations for the calculation of unknown lengbhs or weights outside the range
of the empirical data apply likewise to the calculatlon. of unknowx_l values of K for
lengths outside the range of empirical data. Howevgr, it may be p011.1ted out further,
on purely mathematical grounds, that the K equations cannot possibly be used for
the calculation of K values in very small fish, since as length approaches zero the
values of K increase without limit in the equations with negative exponents and
approach zero in the equations with positive exponents. .

In the 1931 K equations it may be seen that the order of the four populations
with respect to the value of the exponent, m, which describes the rate of change of K
with change of length, is: Muskellunge Lake, Trout Lake, Silver Lake, Clear Lake.
The differences in these rates of change are reflected in the forms of the curves of
figure 10. Here it may be seen that the Muskellunge Lake cisco loses condition
rapidly with increase in length. The Trout Lake cisco also loses condition with
increase in length, but at a slower rate than does the Muskellunge Lake cisco. In
Silver Lake the condition of the cisco improves with increase in length, although this
improvement is not as rapid as it is in the Clear Lake cisco. The courses of the curves
indicate further that at a length of between 150 and 160 millimeters the conditions of
all four populations are closely similar.

If the above facts are examined in relation to the growth rates of the four popu-
lations it may be seen that, while the Clear Lake cisco with the most rapid growth
shows the most rapid progressive improvement in condition, the Trout Lake cisco
with the least rapid growth does not show the most rapid loss of condition. Although
the Muskellunge Lake cisco shows better growth than the Trout Lake cisco with
respect to both length and weight, the loss of condition with increase in length pro-
ceeds considerably more rapidly in the former population. This fact demonstrates
at least a partial independence between the factors that determine growth rate and
the factors that determine condition. Further, the fact that the factors which bring
about a rapid loss of condition in one population may fail to reduce the growth rate
of this population below that of a second stock with a less rapid loss of condition
may be construed as a strong argument for the operation of the ‘“space factor’ in

the determination of growth rate. :

The data of table 68 show that the arrangement of the four lakes with respect
to 8-V6.rage condition and the rate of change of condition follows the reverse order
?f their arrangement with respect to the average abundance of the organic matter
in the surface samples of plankton. (The greater number of these plankton sam-
ples were taken during the summer months.) Although the abundance of organic
matter in surface samples of plankton may not serve as a wholly reliable index of the

abundance of plankton forms most commonly taken by the ciscoes and in the strata of




water inhabited by that species, the data do show that the ¢

tion with increase In length and shows the Poorest average cop,
dition in the lake (Muskellunge) with the most eutrophic environment, while the
most rapid gain in condition and the best average condition are found in Clear Lakg
with the most oligotrophic environment, While it is hardly to be inferred that a
mere abundance of food causes loss of condition in the cisco or that g scarcity of
food makes for better condition, it ig quite probable that the cisco does not thrivg
in the physical and chemical conditions mogt conducive to g large production of
food organisms, The eutrophic environment of Muske]lunge Lake m

in Clear Lake favorable physical and chemical

the cisco to reach the best of condition on g gy
food.

gth-weight, relationship that held for the majn body of the

ation of the four lakes follow the same order with respect to
d the average relative abundance of males. In the section on

of the cisco to conform to

» O the basis of our present
concerning these relationships are scarcely safe. A satis-

dangers of making generalizations concerning the growth
offered by the examination of the relationship between

isco suffers the most,

condiPiOiI; the best condition in the most oligotr
cisco 18

ituation found in the
: A However, the situa . d
hic environment. ; . t be considere
condition in the IIi;)Sb(]‘.'31111(;}':ira(m)rll)a) shows that such a relationship canno
; s Lake
Indian Village
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general nc ; ect to temperature and oxyg
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(Scott, )
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i ke population of t
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; indicate that the
j of this study 1nd}ca
(K) and environmental factors. Thé:) S}?it:environment and in the poorest
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FISHES ASSOCIATED WITH THE CISC

o ich the four cisco
IR s mblanco.among the fish assocmoni Orfs vg]fmfndividuals of all
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d als OtheT species o, ﬁSh tak n n the net catc
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to be distributed B ietous the region OCOUP;e et:er The rock bass was
The five perch were taken at depths between 19.5 and 24. mnd p(;rch e s i e
captured at a depth of 15.5 meters. Since bo!:.h rock bas§ a, shia hypo Bty be
plsntiful in the shallow water of this lake their presence in
i less as accidental. . ) : are part prob-
0011311‘1:3 I:lil fillllzrliﬂzlt;,s the nature of the asso_ciatmns of .Whl(}}fl t:;rmscoes p
ably undergoes considerable change according to the time of y
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SELECTIVE ACTION OF GILL NETS

REVIEW OF PREVIOUS INVESTIGATIONS
Since the collections up
means of gill nets, it is of i

the nets used upon the various populations sampled.
presented observations on the selective action of gill nets, and some of these observa.
tions have been made with specific reference to the problem of securing samples for the
study of age, growth, and length distributions within g population.

i rial on the selective action of gill nets has been includeq.
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ized their results
‘o in drift nets of three sizes of mesh.** They summarize
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as follows:
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larities observed by Jirnefelt and otl.lers in grc;lwf i wb iy
from inaccurate methods of calculating growth fro

S mvestigation on the question of gill
of the literature * o the subject.
The problem presented by the selective aotj

estigations has been kn,
on the Sea and Inland Fisheries

Investigations, contained in the r
investigation of herring shoals m

own for several decades. The Report,

of Ireland for 1902 and 19033; Part, II—Scientifie

eport of the scientific adviser the statement that the

et a great difficulty in the selective action of the nets
used in the commercia] fishery. Tt was stated further, however, that the results of

fishing nets of different meshes together (these experiments were made in another con-
nection) indicated “that the selection is much Jess jn practice than it would seem to be
in theory, * #* w»

Delsman (1914) in his study of the age and
Zee herrings presented data to sh
ing samples can exert an import
the study of those samples. He
ent sizes of mesh. From his obse

growth of the North Ses and Zuider
ow that the selective action of the gear used in obtain-
ant effect on the nature of the results obtained from

compared samples of drift nets and of seines of differ-
rvations he concluded:

Fange an derselben Stelle mit Netzen verschiedener Maschenweite gemacht, werden verschieden
sein und die Zusa.mmensetzung des Fanges nach Grosse und Alter wird von der Maschenweite abhan-

gen. Fischt man dagegen mit demselben Netz an verschiedenen Stellen * *
auch die Finge verschieden sein, und die Verschiedenheit,

die Zusammensetzung der Heringsschwiirme im Meer be

Bjerkan (1917) disagreed with De
of gear in determining the nature of h

80 werden
en in ihrer Zusammensetzung werden durch
dingt werden.

lsman as to the great importance of selectivity

erring samples from drift nets. From the com-
parison of trawl and drift-net catches he concluded that selection through the failure
of drift nets to take smaller fish “cannot be very material.” He pointed out further
that ““drift caught samples may poi i

different ages.” As to the effect

ment).
3 The sizes were 3¢, 31, and 33 meshes to the yard (bar measure
3 The nets used ha,xd 35, 38, and 48 meshes to the yard (bar measurement).
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irregularities in growth curves resulting from the selective action of nets are on the
whole small.

Creaser (1926) in connection with his study of the growth of the sunfish (Eupo-
motis gibbosus) observed that gill nets are “particularly selective in their collecting ”
and advocated the use of a wide range of mesh size in gathering material for biologica]
investigation, but included no data on the selective action of gill nets.

Koelz (1926) pointed out that in the Lake Ontario chub (Leucichthys spp.) fishery
an increase of a quarter inch in the stretched measure of the mesh (from 2% to 2y
inches) reduced the number of fish taken by more than half.

Pritchard (1928) presented data on the selective action of six different sizeg
of mesh as that action affected the individual weight of Lake Ontario chubs (Leuci-
chthys spp.). (The mesh size of his gill nets ranged from 1% to 3 inches, stretched
measure.) On the basis of his observations he stated, ““The difference of one-quarter
of an inch in the size of mesh may mean to the fishermen either a profitable or g
‘starvation’ industry.” In a later paper (Pritchard, 1931) he presented the numbers
of chubs of all species taken in nets of 12 different sizes of mesh (1% to 5 inches),
Some data were included on the average lengths of the fish taken in different mesh
nets. The data of Pritchard’s 1931 paper agree with his earlier findings in indicating
that a very small increase in the size of mesh may produce a great decrease in the
number of fish taken.

Hart (1928) published detailed data on the length distribution of pike-perch
and saugers of Lake Nipigon and Lake Abitibi taken in 6 different sizes of mesh
ranging from 1% to 4% inches, stretched measure. Although Hart confined his
discussion to the question of the proper legal mesh size in the commercial fishery,
his data on the length distribution of the catches in different mesh size show clearly
that a single size of mesh can take these spiny-rayed fish over a considerable length

range. In a later paper (Hart, 1931) the same author pointed out that observed

differences in the growth rate of the whitefish (Coregonus clupeaformis) in different
parts of Lake Ontario could be explained in part by the tendency for the gill nets
used in collecting samples from some localities to take only the larger fish of the
younger age groups while pound-net samples were largely free from such selection.
A more detailed consideration of the selective action of gill nets on whitefish appeared
in Hart’s (1932) study of the population statistics of Shakespeare Island Lake,
(His experimental gear included 11 sizes of mesh, 1% to 5 inches.) Hart found a
correlation of 0.844-0.01 between size of mesh and size of fish in Shakespeare Island
Lake, while in Nipigon the correlation between the same variables was 0.514-0.02.
He pointed out further that “large fish may be taken in small meshed nets although
small fish are practically never taken in nets of coarse mesh.”

Lechler (1929), referring to the selectivity of gill nets used in the fishery for the
Reinanke (Coregonus fera) held that the selective action of the net is quite sharp.
He stated: “Die Zusammensetzung der Finge nach den Jahresklassen und damit
die Grosse der Fische ist eine Funktion des Umfangs und direkt von der Netzmas-
chenweite abhiingig.” Further experiences caused him to modify this view slightly,
for in a later publication (Lechler, 1930) he observed, “Die Fingigkeit der Netze
dndert sich je nach der Beschaffenheit eines Bestandes. ”

Wright (1929) eliminated the younger age groups from his growth data on the
rock bass (Ambloplites rupesiris) as the selective action of the nets caused these
early groups to have too high average values for length.
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in hi dy of the age and growth of several species of fish in the
Bodgsik?oglr?dz g'o)hﬁ T:tszgle};tion led %co inaccurate determinations of the average
Rt Oflsonggaé%e gli:‘;)l;s' 1930b, 1932, 1934) in his investigations of .the c(?regonids
e and o’ther no’rth alpine lakes mentioned repeatedly the distorting effect
» BOdeIisei' e action of the gill nets used in taking his samples for the s.tudy of age
- et ei i The effects of the selection were noticeable particularly in the high
ey grovit .ths determined for the younger, smaller age groups and in .the great
. e'ngthe relative abundance of the different year classes as determined from
vanathn + ill nets used. Wagler held that a close relationship exists between net
) V?Jnoulsldg maximum girth of the individual fish (cf. Lechler, 1929).. . Elstc?r §1934)
:lﬁzlzzu?iy of the Blaufelchen (Coregonus wartmanni) expressed opinions similar to
thosi;)f Vgiiz;- (1929b) in his discussion of the problems of the commercial f.is%zenfzs
of the aélreat Lakes pointed out the comple:g nature of the questiog of fszlegtlwtyt 111n
the gill nets of the commercial fishery and included a small amount o da afOIL bg
number and size of small trout (CSistg/v(.)me}: nam};zyc«zsh) and several species of chu
3 .) taken in 2%- and 2%-inch mesh nets. :
(Leug ’;t?ﬁejl;l;gei Van Oosien (1933) publisl}ed a preliminary report .ofl exper.lmintl-i
chub net investigations conducted by the United Si.:ates Bureau of Fis erll(:s in La ;
Michigan waters, 1930-32. The data presented included average 'caltCic gf&' nfil t,
expressed in pounds and number of fish, for the lake trout and the 9hub md ve : i‘re
sizes of mesh. The meshes used were all of c.om.mer_clal fishery size, an bvs%.rle t1'011;
2% to 3 inches, stretched measure. The variation in th.e catch of chu3s.1n 1:1(3 S 0h
different size mesh was striking. In lower_ Lake Mlchlgan nets of ZA-lflti1 mes
caught more than twice as many chubs as did nets of 2%-inch mesh, and eight times
nets of 3-inch mesh. _ ]
g m%llllzi::v o? the marked disagreement that the preceding review sht?ws to ex'lst among
some authors as to the nature and scope of the select.ive action of 'glll nets, it appears'
probable that each species and each locality offers its own special problem of gear
E}elec'tll‘;)lz.selective action of gear as size of mesh affects the amount of tota! catch (with
respect both to numbers and weight) is particularly noteworthy. The existence of an
intensive commercial fishery employing a more or less s_tanda,rd size mesh can, hov&_f-
ever, exaggerate the differences of catch between two dlfferen.t sizes of mesh. Ordi-
narily all the commercial gear of the same type used in a Tegion for the capture. of a
species or group of species of similar size will meet approximately the same specifica-
tions particularly with reference to the size of mesh. Consgquently tl.lere tends to be
& great reduction in numbers in that portion of the population mos.t'hable to captqre
by the standard commercial gear. 'The withdrawal of large quantities of conr'lmercxal
size fish produces an abnormal condition in size distribution.of the population as a
whole. The introduction of nets of other, noncommercial sizes of. mesh may th(?l’l
lead to comparisons that do not describe accurately the fishing action of the nets in
question. Data based on catches from s population una.l‘fgcted by commercial
fishing might be expected to show somewhat less sharp selectivity than those from a
Population subjected to heavy fishing. It will be seen that the data of the present
Investigation tend to support this view.
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SELECTIVE ACTION OF GILL NETS USED IN COLLECTING SAMPLES OF CISCOES FROM
TROUT, MUSKELLUNGE, SILVER, AND CLEAR LAKES

In this investigation, although other phases of selectivity will be considered
briefly, the study of the selective action of gill nets will be concerned primarily with
the effect of selection upon the determination of growth in the various populations.
The analysis will involve particularly the comparison of average lengths as deter-
mined for a single age group from samples taken in nets of different sizes of mesh.
The analyses will show the basis for the elimination of certain selected groups in the
computation of general growth curves (see footnote, p. 226) and will furnish a better
idea of the validity of the use of gill-net samples in the study of growth. Such analysis
is of especial importance here since different ranges of mesh sizes were employed in
taking the different years’ collections.

Attention should be called to certain criteria that are of general value in deter-
mining the reliability of gill-net samples for growth study. It may be pointed out
that in general a sparse representation in a sample of a young age group whose average
length is near the lower limit of effectiveness of the nets used, is a source of suspicion
as to the reliability of the sample of that particular group. If this same sparsely
represented group gives calculated growths that are in serious disagreement with
those of the older age groups it should be eliminated from the data used for the study
of growth in the population as a whole. A further check on the reliability of the
material that represents a particular age group lies in the comparison of the average
lengths for the group as determined from samples in different sizes of mesh and as
determined from the different combinations of such samples. The examination of
the length distributions of the catch of nets of different size mesh may also give an
idea as to the adequacy of the sampling with respect to particular age groups.

As was mentioned in the introduction the 1928 data do not include records of
gear for individual fish. For this reason the 1928 data cannot be used in the study
of gill-net selectivity. '

For purposes of convenience the gear used in 1928, 1930, and the early part of
the 1931 season will be designated throughout this section as ‘“‘old”,* and the gear
used during the latter part of the 1931 season and through the 1932 season will be
known as “new.” Descriptions of the two groups of nets were included in the
section on methods.

Tables 71, 72, 74, 75, 76, and 77 show the effect of size of mesh on the deter-
mination of average size of the different age groups in the populations of Trout,
Muskellunge, Silver, and Clear Lakes. Because of the generally small number of
specimens upon which the average of lengths of the various age groups depend,
attention must be given to the general trend of the differences that result from
differences in gear rather than to the actual amount of the difference in any specific
case. Since each population represents a distinct and separate problem in the study
of selectivity, the data for each lake will be discussed separately.

TROUT LAKE

With the exception of a single specimen all the ciscoes collected in Trout Lake
in 1930 were obtained from 1%-inch mesh nets, while the 1928 samples were probably
taken in nets of 1%-inch (trammel), 1%-inch, 1%-inch, and perhaps a few in 1%- and

3 Although the “old” gear as fished in 1930 and in the early part of 1931 included 5 different sizes of mesh, only the 114-inch

and 2-inch nets caught ciscoes. A1l collections from Clear Lake were made with the new gear. The date of change in gear was
July 22, 1931.
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2-inch mesh nets. In 1928 the average length of 182 ciscoes was 138 millimeters
and in 19?)0 the average length of 490 individuals was 150 millimeters. The smallel,'
average size of the fish of the 1928 collection may be accounted for by the use of
mesh sizes smaller than 1) inches and by the relatively greater abundance of young
fish in that year’s samples. The relative abundance of the different age groups as
well as the average lengths of these age groups in the samples of the 2 years may be
found in table 3.

TaBLE 71.—Effect of size of mesh of gill nets on the determination of the average len
ths of the a;
of the Trout Lake cisco, 1931 collection . 2 { i s

[The first 2 rows show the average lengths of 5 age groups as based on sam i i i
ples taken July 22 in 134- and 114-
gsi%lettl;(ird _rovir shows the average of the 2. The fourth row shows the average Iengthsy of the v};rious ag% f;?gﬁ;?sl E‘;)sélsgénolxlleg?f
aken in 1}¢-inch mesh gill nets in 1931. Sexes combined. Number of specimens in parentheses]

Age group
Size of mesh ‘}evgr? e
g
' I IIx v v
)L 04 S S R 124 (1) | 134 (22) | 1
L = A 39 (14) | 147 (18) | 155 (2 140 (61
LR T SRR e S RS S L 137 glﬁ) 143 (20) | 149 (15) | 158 543 145 gssg
Averages combined 124 (1) | 135 (38) | 14
. 1 (34 148 (33 167 o (B) fececcscas
Average of all 1931 1%¢-inch samples. ... __._._____._.__ _______ o| 132 (1) | 137 §39) 142 (153)) 148 %2425) 156 (§73 147 (522)

A single set of the “new” gear lifted July 22, 1931, provides the only data for
T.rout Lake for the comparison of growth as based on samples taken in nets with
different size mesh. These data appear in table 71. In thefirst row appear the aver-
age lengths for the various age groups as based on fish taken in the 1%-inch mesh net.
The .second row gives the same information for the sample from the 1%-inch mesh net.
It will be seen that while the average length of all ciscoes taken in the 1%-inch mesh
nfat was 5 millimeters greater than that of the ciscoes from the 1%-inch mesh net, the
differences between samples of the same age group varied from 2 to 4 millimeters and
ayeraged only about 3 millimeters. The third row shows the average lengths of the
dlﬁeren.t age groups as based on the combination of the July 22 samples taken in the 1%-
and 1}%-inch mesh nets while the bottom row shows for comparison the average lengths
of the Yarious age groups as based on all the ciscoes taken in Trout Lake in the 1931
season in 1%-inch mesh nets. It may be seen that with the exception of the I group
t_he averages based on the 1%-inch mesh net samples for the entire season differ but
httl.e from those based on the combined catches from 1%- and 1%-inch mesh nets.
Whlle' the necessity for the elimination of the I group from the Trout Lake growth
data. is at-once apparent, the problem presented by the II group requires further
consideration. In spite of the rather close agreement between the average length
of thel II-group fish as determined from samples from nets of 1%- and 1}%-inch mesh,
the sparse representation of this age group in both the 1930 and 1931 collections
(table 3) throws suspicion on the reliability of the samples. This suspicion is sup-
ported by the high calculated lengths at the end of the first and second years of life
as base.d on both the 1930 and 1931 II groups. Consequently both of the groups
were ehn.unated from the Trout Lake growth data. The II group of 1928, for which
year no individual net records are available, was, however, retained, first because of
its abundant representation in that year’s collection, second because of the good
agreement between its calculated growth and the corresponding calculated growth
both of older age groups of the same year’s collection and of samples of the same
(1926) year class taken in the later years, 1930 and 1931, and finally because of the
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different mesh size both in the average size of the fish and in the relative abundance

. : rt = : .
knowledge that smaller mesh sizes were used in 1928 than in 1930 and the early pa of the different age groups.s= Selectivity according to length appears to be greater in
owledge

f 1931 : i1 il Ppout Lake. ciseo the Muskellunge Ls.zke cisco, where the 1%—%nch mesh net ca,ugl‘lt fish 14 millimetersg
S ) lationship of net size to fish size (new nets, 1931) in the longer than the 1%-inch mesh sample, than in the Trout Lake cisco (table 71) where
] The i % o Tl the fish from the 1%-inch mesh net were only 5 millimeters longer than those from the
is shown in fig MUSKELLUNGE LAKE ) 1}-inch mesh net. It will be noticed further that nets of the same size mesh caught

The old gear was used in the collection of ciscoes from Muskellunge Lake in ‘ larger fish in Muskellunge Lake than in Trout Lake (fig. 11).

) ) . ; h V— Oh meSh ' . .
| / : // f f f f g ke cesco, 1932 COZZ@CtiOn 1

2-inch. The 2-inch mesh was probably not effective. Data on the %El’el‘:ge Ilinlgggs [Sexes combined. Number of specimens in parentheses]
-inch. % ; i i d in table 4. s '
of the various age groups in these years’ collections will be foun  @5 i
Size of mesh \ ‘}ev;gntlﬁe
350 - I I I v
- . \\
I /

o ——— e SNy QU AN 137 (12) | 152 (7) | 159 (1) | 168 @) |._________ )

150 (33
134 inches --| 160 (3) | 158 (12) | 162 (59) | 168 (59) | 172 (1) | 164 (150)
300 i R S e s 1 O e 166 (5) | 177 (12) |..___ 7. 174 (18)
/ ADURED. s i SALLL A B0 g sl 139 (15) | 156 (24) | 162 (75) | 170 (74)

4
N\

of " FASH

250 The question of the reliability of the 1930 and 1931 collections islargely a question

\ of the reliability of samples from 1%-inch mesh nets, for the collections of these 2
years were taken in nets of this size mesh. The 1928 samples may be considered as
reliable as the 1932 samples. The data of table 72 show that in spite of the selection
e that does occur the 1%-inch mesh net samples, with the exception of the I group,
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glve averages for the lengths of the different age groups that differ insigniﬁcantly
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the range of a very few millimeters.
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i TABLE 73.—Length JSrequencies of Muskellunge Lake ciscoes taken in 1932 in nets of different mesh size

[Sexes combined. The frequencies represent 18 lifts for the ]M-l']ll]ch ltzllesh net, 38 for the 134-inch mesh net, and 37 for the 134-inch
L mesh ne
50 AR
1%-inch | 1}4-inch 134-inch 1%-inch | 1%4-inch 134-inch
Length net I Total Length net Yok

' - 108 ne Total
- : | —_—— ot § <y |
_ 3
: 2 2% 145 to 149
! I‘l | % : 2 : | 140 to 144_
S1ZE oF ME SH s gggo}gg-
i s in i tandard length in F —
" s size of mesh of gill nets (stretched measure, m ﬁchesi :l;d ihe a'vir;a%el esm- oo :
FIGURE 11.——Relatxonsl_up betw]zen Trout Lake, - - —; Muskellunge Lake, — . —; Silver h . =
millimeters of the ciscoes taken. % h) f the - Sizes Of & lengthul
- (0)
11 the specimens were taken in three (1%-, 1%-, and 1%-inc
a’ i 1 - .
o i nly data for the study of the effect of mesh ‘ e
The 1932 material provides the o g for the comparison of the average lengths e e mmeamCh ion ol th longth Irequenci
| size on the average size of fish taken an les from nets of different sizes of mesh. season (table 73). 1In the length frequencies of the 1%-inch net samples there oo
o i s bﬁied ;0]11Sa ezimens of the 1932 collection, but ages at the 145 to 149 millimeter interva] a depression that marks the separation of the [
inati de for Sp 5
cold b setimatad o ol Ao i b oo i e deternunatlons % It was pointed out previously (p. 219), that because of slow growth in thelater years and the common oceurrence of aceessory
COllld be estimated for only 189 o . ble differences between the nets Of annuli the separation of the later age groups above the II group in the 1932 Muskellunge Lake samples was difficult. Agag conse-
. ot 20t Bomone, croge lengthslsted for the IIT-gr oup and the IV-group samples may be slightly in error.  Any error that exists should
LR s - . | T ushmtsonuly 3, not, however, impair greatly the general usefulness of the data for the purpose of studying the effect of net selection on the deter-
A i mes s ble, while that for the mination of the average kil o s
nt all the fish taken in the 134 inc ghredonnle o bl iy
29 ;;(’11‘ 131065 :ggtzzzl.)zsf%z The numerical repisentatlgsfazifo?z flt;;ieiﬁ-inch BB s o e ot T
b ot i high. This high represt
134-inch net is by comparison too

ich, but it had little effect on the grand average length for the IIT group.
age length for the IV group to be too high, but i
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i I-group fish must lie above this
ter age. Since the bulk of' the.I ' nus
i fI_‘Om.ﬁSh Ofgé‘e:e:; tiat their length distribution lies We-ll within the range 9f
dfeff) I:GSSIODO;ﬁtif:nl ¥-inch mesh net. The fish taken in tpe 1_%-1nch net a}xl'e so few in
ﬁu;:ﬁgsihat they would have little effect in the determination of growth.

SILVER LAKE

The “old” gear was used in the collection of all the 1928 and 1930 szmpl:las g;
i from Silver Lake and for the first sample taken in 1931 (Jl.ﬂy 17).' : }ia 1gake
:}115 co‘?lslew” nets was used in taking the only other sample of1 tl_us year in i ]ien’jn
k in 1930 and 1931 ciscoes were
1). In the sets of the old gear in : . &
gl}%ui.mzi‘?é Lglgh)mesh nets only; in 1928 they were probably taken in the 1%- and 13
L o

inch meshes also. In the new gear they occurred in the 1%-, 1%-, 1%-, and 2-inch
inc s

meShTI:;)tlz 74 shows the average length of fish taken in different mesh sizes and the

ivi inati f the average length of the various age
t selectivity on the deternunatlop o . \ ety
ef:ﬁ:);) f)? :he 1930 collection (5 lifts of l%—mc.h nets, 3 of 2-inch nets) while table 7
gives similar information for the 2 lifts made in 1931.

74— [) ze 0] m Sh 0, le ne ths 0’ the age g
ts on the deteT minalion Of the average le'ﬂg TOUPS
TABLE 4. Eﬁect fS’l e f & f fg

[Sexes combined. Number of specimens in parentheses]

ou

Shey %ver:z}gle

eng

Size of mesh o o i . L

66)

16) | 182 (34) | 190 (4) 198 (1) 186 (
e e CH Fo 173(7) igg ((93 188 (24) | 193 (20) | 196 (2) | 190 (64)
Wbz s tilh Sownd - ot et sk 173 (7) | 181 (25) | 183 (58) | 193 (25) | 197 () |--eeecom--

(oL e Sy o oo M S e e B il gD

inatl e groups
t of size of mesh of gill nets on the determination of the average lengths of the age group.
Cotllon al of the Silver Lake cisco, 1931 collection e bt
i ta in the lower part are ba:
lift of the “old”’ mets, July 17. The da 7 iAee] ona
o b e et ngn °f22t he’lﬁiglgr:l:dzﬁgagg fgr the year includes a number of preserved fish for which no net rec:
E\Irta‘i)lfa%g ulggesg:(g.{bigegd. ‘Number of specimens in parentheses]

e Alver% e
eng

SRR N 1 I I v v VI VII
—ee| 183 (18)

178 @) e oo oo d
e = (6)-_ -}Ei?...(?- gé 8; 127 E&; 192 (14) [ 198 (5) |oocmooo 191 (29)
0 TR SN P 1;(;"-(6) 168 (5) [ 182 (6) | 182 (8) | 192 (14) | 198 (5) |ecmmecmoo|ooomee
--------------------------------- 146 (60,
" - 141 (51) | 172 (3) | 1756 (3) | 172 (1) | 195 (g) e I 1;?. 2303
O - S 146 (6 176 (8 | 173 (8) |187 (D | il @
184 tnches | 178 (22) | 182 (25) | 186 (23) |19 | B

Binchens 174 (1) | 184 (12) [ 190 (18) | 192 (2)
e T 142 (57) | 171 (11) | 177 (30) | 181 (44) [ 188 (50) | 193 (6) | 201 (1) |-
?}ver;ge-;;:f;“l;al 142 (66) | 171 (19) | 177 (61) | 183 (102) | 188 (108) | 194 (21) | 201 (1) |-ocoooe___
rand average Ior 1vol - ________

The data in tables 74 and ?’5 show ratherﬁzie di}‘lfe:}el)zcg:hii ;]?sn&i?iiie;iifczf
i e diﬂ:el"en]t.;gs?)l(z)e:vgrfelﬁzily}.ti millirc;lﬁers longer than !:hose taken in
Itlllf};}z?;cf 11;};:, (:;ll(lie gle;; l_uslamples taken ﬁmh thfe ts]:;m; 9g_z;ge;zrc sﬁgz&;?gnaiglfﬁzei(;; o; 625
Iﬁ;igigft:\tz’rav;giizntg};i ?;mxfllill_lrirlllf:]tler:e;bosve (;he alx{reﬁaie ZOII'J :ﬁgs(;zai:ox(ria%izslﬁ-i:;g
I';;f.figﬁ(lx))?ﬁ):;i: (:;Eav:is}]llet:(gz;g: ;at]'fe ?E:::ggﬁmipgr %n the Silver Lake cisco than
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in either of the former populations. The difference in average length between fish
taken in 1}- and 1%-inch-mesh nets was for example 5 millimeters in Trout Lake, 14
millimeters in Muskellunge Lake, and 25 millimeters in Silver Lake. Further, the
difference in average length between fish taken in 1%- and 1%-inch-mesh nets in
Muskellunge Lake was 10 millimeters while in the Silver Lake cisco this difference
was 12 millimeters.

Tables 74 and 75 show also that the average length for a particular age group
varies considerably in samples taken by nets of different size mesh. Although cer-
tain irregularities occur (as might be expected from the small size of the samples)
there is a general tendency for the samples from larger mesh nets to show distinctly
higher average lengths for a given age group than do the samples from nets of smaller
mesh. Further examination shows, however, that this tendency does not in general
affect the validity of the averages of age groups based on the combination of the
samples of several nets.

In the analysis of the dats, of tables 74 and 75 to establish the validity of the
growth data for the Silver Lake cisco, it should be pointed out first that all ages above
the II group in the 1931 sample taken in the new nets must be considered to have
adequate representation throughout their entire length range. This is apparent from
the fact that these older age groups are relatively scarce in the 1%-inch-net catch,
while at the other extreme g 2¥-inch-mesh net that was fished in the string failed to
take any ciscoes at all. Since these average lengths of the older age groups from the
new net sample can be considered reliable they can be used as g basis for the estima-
tion of the reliability of the corresponding average lengths as determined from the
old net samples. The fact that the average lengths for corresponding age groups of
the 1930 and 1931 old net collections resemble each other on the whole more than
either of them resembles the average lengths based on the 1931 new net collection
suggests that the addition of the 1%- and 1%-inch nets may have increased the relis-
bility of the Silver Lake samples. The differences between the corresponding aver-
age lengths of the older age groups of the old and new net samples are not, however,
of sufficient magnitude to invalidate the use of the earlier materials collected by the
old gear.

The II-group samples present a more difficult problem. The genera] scarcity
of IT-group individuals in the collections of the old gear would indicate that its length
range may lie just below the range of efficiency of the 1%-inch net, even though this

that it is very unlikely that the Silver Lake IT group has suffered serious selection by
gear, as that selection affects average length, in any of the samples. The scarcity of
the IT-group fish in this sample taken in the new gear must be considered to show that
this group in 1931 actually was less abundant than the neighboring age groups, for
there is no reason to hold that the same nets that took 57 I-group and 30 ITI-group

Since there is no means of demonstrating the reliability of any of the I-group
samples they must be considered, at the best, questionable. They were accordingly
eliminated from the growth data,.

4
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CLEAR LAKE

i d 77
i d with the “new’ nets. Tables 76 an y
Lake specimens were collecte - 1
Atl}llci?sra;e lelfgths of the different age groups according to the gear byt :Zah;ed
i captured. Because of differences in growth rate th.e sexes aﬁ‘e i
i “‘/;2{; 'i)‘a,ble 78 and figure 11 present the length freque(xllcllgzzandt thtz) f&Ziscois
longth of f i i ize for the total 1931 an cate :
i to mesh size for
}enng(l)iaT i‘(;ak?hﬂa:lc‘lizr(gﬁair Lake data differ from thosis qf ‘oh};»i th:}fetpoléi‘li:;oxilz
e i i First, the relationship that in
j i d in two important respect.s;. ; ; !
JI'ISt cfonselglfri: correlated with an increase in the average size of the fish tak-entdhc;e; Vn;(;-
::zledofoIrnCIear Lake as it did in the other three lakes; wl}:lllei the dlﬂ’erfln;ejsliot bt
) in di at, the larger mesh do
i fish taken in different meshes are great, ik
&gli Sl:l? ofat‘hzr ?ish (table 78, fig. 11). Second, in Clear La.ke, fish were tak:l}G ;laﬁy
e i theg sizes of mesh used, and were most {Lbundant in nets ths%t We;S i
'Ser(;'I(:cgive in all the other three populations, that is, netﬁ \?éhf)sehme)s}: mietv}:e g%‘eatest
i i largest mes inches) too
i he circumstance that the larg nesh ( :
tha,nb2 m(f?lf:h i_nrfiicates that in making these collections -1t would have b(?en Lie:v{ziléie
Itl: I:11s:rs:)dditiona,l nets of mesh size greater than f3ﬂmch’¢uas. i Thhgxi':h1iérg;)r 44 1;
i lection resulting from failure to fis
S Sl T " f the larger fish in the sample. The
iefly the relative abundance o e larg A
{16135 &ﬂeptssizglﬁf }Irnesh from 2Y% to 3 inches had httlt? effect on the average leng(ta};tzr
mcr?&(sg 1'?1uals captured. If this trend were to continue, nets of a I.nesh f,lze %1;1 i
zllie H; i;hes would be expected to add to the number of large fish without pro
an;nimportant upward extension of the size range of the sample.
ize of mesh of gill nets on the determination of the average lengths of the age groups
Rampnadariliest of e & of the Clear Lake cisco, 1931-32 collections

[(Males) Number of specimens in parentheses]

e Average
length
Akt I II III v Vv VI VII VIII IX
i .| 212 (16)
18 s ol o o e e B T 15 )
o — i e ] S 5| i

4)| 326 (2)| 333 (5)| 347 (3)
Lz’gg % gié ggg ‘.??2_;__(_{ 328 (2)] 329 (1) gii g;
201 élS) 324 (4)| 338 (2)| 324 (3) 334 (6)

176 (38) 254 (48)| 289 (40)| 318 (15)| 323 (9)| 324 (8)] 334 (15)| 343 (10)
AVOrAge. oo reeanaee

) f
TABLE 77 -—Eﬁect O’ 812¢e 0’ 7”98}74 (7] g'l«ll nets on the determination Of the average leﬂgths 0, the age groups
0’ the %lea’ Lake ci8co, 1931-82 Colledlons

[(Females) Number of specimens in parentheses]

Age group

Average

length
Tl I I v v VI VII | VII X X XI

I
26 (2)
_________ 336 (D)]-coce-me 2

S8 Bl e @O 15 &
bl 1 8 I s Z| 336 (1)| 360 (3)| 376 (1)|-- 28 229)
13/ inches_ ... (7 263 (7)| 301 (1) sl w0 2
g;i/n frtllcelsléé:: %glli 8 250 (4)| 300 (9) ggg gg e %Z; EB B ) 0 O e g}g Ew
2%1111101165"" """""" 250 83 310 83 332 (8)| 347 (4)| 334 (4| 350 (11)| 358 (7)
ginches. ... _|-s.-=cues 2

Average. 181 (26)| 263 (40)( 307 (39)| 330 (17 341 (8)| 342 (9)| 352 (30)| 355 (22 360 (3)| 372 (2)| 378 (1)|-ccecmen
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TABLE 78.—Length frequencies of Clear Lake ciscoes taken in nets of different mesh size
[The 1931 and 1932 collections and the sexes are combined)
Length 124 inches|124 inches|134 inches| 2 inches |21 inches 21% inches| 3 inches Total
e g S PP
T ————— A T A A pg s 1
10080060, e s oo R (A N I 10
T 0T L e S G e . 30
180 to 189__ . el e 12 | ey 18
190 to 199_ S R R s sl BRI i Yoy 2
2000000 .o T e 3
1Y e ————— e s wwvesssas RN I I 1
to229_____ T e e R R b I 1
o ———— Ao LI ORI st e TR Y s 5
e et e e B S e e 11
250 to 259_ 4 32
s v PrUA et M 2 2%
e LRI F (S | LSS 3 9 17
o S ) N W i 2 4 16
o ——— S TN it e e T 8 1 22
e AR NSNS ss 2 6 22
310 to 319 __ . ey 3 12 13 33
320 to 329 ales o ool e SRR 2 6 11 2
330 to 339 __ = R U [ i 2 7 12 30
340 to 349~ o S 1 10 12 29
350 to 359_ _ k 2 6 10 2
360 to 369. | PR S T 1 5 13
370 t0 379 e I AR 2 1 6
880 to389_______TTTTTTC 1 1 2
S e i T e e 103 108 | 382
Averagelength.._._..________ ‘ 259 , 217 , 201 , 271 , 306 ’ 299 315 , ..........

The Clear Lake samples with the exception of the I groups do not show as close
dependence between the determination of the average length of individual age
groups and the size of mesh by which the sample was taken (tables 76 and 77) as
was observed in the other three populations. The proof of the reliability of the
Clear Lake growth data must be based, therefore, on a demonstration that the
population was adequately sampled throughout its length range rather than on a
comparison of the average lengths of age groups as determined from samples from
nets of different mesh size. It was pointed out in the preceding paragraph that the
sampling of the larger fish was probably adequate. The scarcity of fish in the
17-inch net can be taken to show that the younger age groups were also adequately
sampled. Accordingly, no age groups were eliminated from the Clear Lake samples.

RELATIVE ABUNDANCE OF AGE GROUPS IN GILL NET SAMPLES

The examination of tables 7 1,72, 74,75, 76, and 77 shows that on the whole the
selectivity of nets is much more sharp in its effect on the number of fish in a given age
group than in its effect on the determination of the average length of that age group.
The following examples will illustrate this point. In Muskellunge Lake (table 72)
the average lengths of the III-group fish in the 1%- and 1%-inch-mesh nets were 159
millimeters and 162 millimeters, respectively; however, the 1%-inch net took only 11
fish of this age group while the 1%-inch net took 59. In Silver Lake (table 7 5, data on
lift of new nets) the IIT-group sample of the 1%-inch mesh had an average length only
2 millimeters less than the ITT-group sample from the 1%-inch net, but was nevertheless
represented by only 4 fish as compared with the 22 fish from the 1 ¥%-inch-mesh net.
In the same day’s collection the V-group samples from the same two sizes of mesh had
practically identical average lengths, but were more than three times as numerous in
the 1%-inch-mesh net as in the 1}%-inch net. In Clear Lake (tables 76 and 77) the fish
of the older age groups were more abundant in the samples of the 2%- and 3-inch-mesh

nets, but the average lengths of these older age groups as determined from 2%- and
24535—86—17
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?piimge:séral paper while the smaller samples from Allequash an
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sl e sengaﬁgrdllzhzlz %1;11)1 Qosten’s (1929) demonstration of thfe val;(ilslgr ;i ;111:
alezr‘ngthvgflsii Leucichthys artedi can be considered to apply to the four
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lations of the present investigation. The consistent results obtained appear to justify
the assumption. |

3. The calculation of growth from scale measurements was based on the assump-
tion that body length and scale diameter show a constant ratio at all lengths beyond
that at which the first annulus is laid down. In the Silver Lake cisco alone were there

4. It was demonstrated that Lee’s phenomenon in the Silver Lake cisco does
not depend on changing body-scale relationships with increase in length and age,
but rather that the growth discrepancies are reflected in the actual scale measurements

among individuals with more rapid growth). ;

6. The four populations (Trout Lake, Muskellunge Lake, Silver Lake, and Clear
Lake ciscoes) show wide differences in the amount and rate of growth both in length
and weight. Their order with respect to growth rate in leng
maximum, is: Trout Lake, Silver Lake, Muskellunge Lake, Clear Lake ; the order
with respect to growth in weight is: Trout Lake, Muskellunge Lake, Silver Lake,
Clear Lake.

7. On the basis of data on the growth of the cisco in this and other publications
a “cisco-type” of growth was described.

8. On the whole the high degree of overlap of the length distributions of consecu-
tive age groups of the cisco makes length alone & poor index of age.

9. Because of individual variation in growth rate the largest fish within g popu-
lation is frequently not the oldest,

10. Condition was described in terms of the quantity K in the equation,
W=Kx10-5[3 (W=weight in grams ; L=length in millimeters). It was pointed
out that coefficients of condition calculated from the cube relationship describe
relative heaviness independently of the general length-weight relationship, and are
more satisfactory measures of condition than the quantity ¢ in the equation W=QL»
where the value of 7 is determined empirically.

11. The four cisco populations show wide differences with respect both to aver-
age condition and the manner of change of condition with change in length. The
Muskellunge Lake cisco and the Trout Lake cisco show a loss of condition with increase

greater in the Clear Lake cisco). The order of the four lakes with respect to the
average condition of the fish in the samples, from minimum to maximum, is: Muskel-
lunge Lake, Trout Lake, Silver Lake, Clear Lake,

12. In all four populations the relationship between length and weight may be
described over certain length intervals by equations of the type, W=CL", where
W=weight, L=length, and O=a constant, In some of the populations, at least,

these equations cannot be extended to lengths outside the range of the empirical
data.
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e date at which the season’s growth of the cisco is completed
Trout Lake, end of July; Muskellunge Lake, late August;

Silver Lake, early September; Clear Lake, late September or early October. Growth
probably begins in all four populations shortly after the disappearance of the ice at
about the 1st of May. The data show that the length of the cisco’s growing season
depends on the local conditions within each lake and not on the climatic conditions
that are approximately the same for all four lakes.

14. The bathymetric distribution of the cisco in middle and late summer is
highly sensitive to conditions of temperature and dissolved oxygen concentration.
A knowledge of the vertical distribution of the cisco is important in the comparison
of the densities of the populations of different lakes.

15. The order of the four lakes with respect to the density of their cisco popula-
tions, from the minimum to the maximum, is: Clear Lake, Silver Lake, Muskellunge

Lake, Trout Lake.
16. The large differences observed
classes show that the degree of success o

years is subject to a wide range of variation.
successful or unsuccessful hatches of the cisco are not the same in different lakes, it

must be concluded that the relative abundance of a particular year class depends
(as does the length of the growing season) on the local conditions within each individ-
ual lake, and not on general climatic conditions that would affect all lakes in the same
manner.

17. In the Clear Lake cisco sexual maturity appears to be general at the end of the
second year of life. In the other populations the cisco is known to be mature at the
end of the third year of life, while some, at least, mature in the second year.

18. Theorder of the four lakes withrespect to the sex ratio of the cisco populations
(expressed as the number of females per 100 males), from minimum to maximum, is:
Clear Lake, Silver Lake, Muskellunge Lake, Trout Lake. The differences among the
populations with respect to the sex ratio depend on differences in the differential rates
of mortality of the two sexes.

19. The available data indicate a close connection between certain phases of the
life history of the cisco and the nature of its animate and inanimate environment.

20. The order of the four lakes with respect to the rate of growth of their cisco

populations (in weight) is the same as their order with respect to the length of the
cisco’s growing season, and the reverse of their order with respect to the density of

their cisco populations.
21. The observed differences in th
lakes cannot account entirely for the observed differences in growth rate,

serve only to accentuate differences that already exist.

22. Suggested explanations of differences in the length of the cisco’s growing
season in different lakes were: (1) That they may depend on differences from lake to
lake in the nature of the plankton cycle, and (2) that the smaller spawners of slow-
growing populations may begin the development of the gonads, preliminary to autumn
spawning, earlier in the season than do the larger spawners of the rapidly growing
populations. (The four lakes follow the same order with respect to growth rate,
length of the growing season, and the average size of mature fish.)

23. The correlation between density of population and growth rate may depend
on differences in the severity of the competition for food, or upon the operation of a

13. The approximat
in each of the lakes is:

in the relative abundance of the various year
f the hatch of the cisco in different calendar
Since the years that saw relatively

e length of the cisco’s growing season in different
but probably

AGE AND GROWTH OF THE CISCO 309

‘“space-factor”’, whereby crowdi : .
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33. In each cisco population the amount of growth made by fish in the same year
of life but in different calendar years was found to vary considerably. There is no
apparent correlation between these variations in the amount of growth in different
calendar years and annual variations in the average air temperature during the
growing season. There is some indication that annual fluctuations in the density of
each individual population may affect the amount of growth made in different calendar
years, but with the possible exception of Clear Lake the data in support of such a rela-
tionship are not convincing.

34. The 1928 year class of Trout Lake and the 1926 and 1928 year classes of
Muskellunge Lake show a bimodal distribution of the calculated lengths at the end
of the first year of life. It was suggested that the reason for these bimodal distribu-
tions lies in exceptional weather conditions that bring about two hatchings in the
spring. However, the effectiveness of weather conditions in bringing about two
hatchings appears to depend on local conditions within each lake.

35. The 1928 year class in Muskellunge Lake which has a bimodal distribution
of the calculated lengths at the end of the first year of life, and the 1929 Muskellunge
Lake year class, which has an unimodal distribution of the calculated lengths at the
end of the first year of life, were used as the basis of a study of the effect of the dis-
tribution of lengths at an early stage in the life history on the phenomenon of growth
compensation in later years. It was found that growth compensation is much more
intense in the group with the greater dispersion of the length distribution at the end
of the first growing season. In both groups the larger fish at the end of the first year
of life tend to be the larger fish at the end of the second year of life and at the time of
capture in the third or fourth summer. Growth compensation in later years reduces
the advantage of the large first year fish but fails to eliminate it completely.

36. The fish associations of which the ciscoes are part vary from lake to lake. In
midsummer the cisco is taken in Trout Lake only with the typical deep water forms,
the whitefish, the lake trout, and the burbot; in Muskellunge Lake large numbers of
perch and other shallow-water fish are taken with the cisco; in Silver Lake the cisco
spends the summer in practical isolation; and in Clear Lake the pike-perch is relatively
abundant in the strata inhabited by the cisco.

37. Because of the scattered nature of the available published data, a review
was made of earlier investigations concerning the selective action of gill nets.

38. The examination of the size and age composition of the gill-net samples
showed that the action of a net or group of nets in taking samples of a cisco population
cannot be predicted on the basis of experiences with other populations of the same
species, but that each population presents its own problem of gill-net selectivity.
Although gill nets are very selective in their operation, the judicious elimination of
selected age groups can make gill-net samples highly reliable for the determination of
growth curves. Extreme caution must be employed, however, in the use of gill-
net samples for the study of age and year class composition.
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APPENDIX A. GROWTH OF THE CISCO IN ALLEQUASH AND TOMAHAWK
LAKES

Small collections of ciscoes were obtained from Allequash Lake in 1928 and in
1930 and from Tomahawk Lake in 1928. Since it is unlikely that any further collec-
tions of ciscoes will be made in either of these lakes in the near future, the available
growth data for each of the populations are being presented at this time.

Tables 1 and 2 show the average length, average weight, average value of K,
and the calculated length at the end of each year of life in each age group for each of
the three collections. The most noteworthy features of the growth in these two
populations are the slow growth during the first year of life in the Allequash fish, the
generally excellent growth of the Tomahawk Lake cisco, and the indication that in
the Allequash Lake cisco the year 1929 was one above the average in the amount of
growth. (It should be pointed out that 1929 was a good growth year in the Trout
Lake, Muskellunge Lake, and Silver Lake cisco populations.) The I group of the
1930 Allequash collection shows a particularly high growth for the 1929 season. It is,
of course, true that the selective action of gear would be expected to cause a too high
calculated growth for this group in any year but selection can hardly explain such a
great growth as that which is present here in 1929, for it may be seen that in 1929 the
calculated growth for the first year of life is 29 millimeters greater than that calcu-
lated for 1927 from the 1928 I group.

TaBLe 1.— Aliequash Lake cisco

[Length, weight, value of K, and calculated length at the end of each year of life. Division of data is according to year class and
year of capture. Sexes combined]

Year of life
Number i Length
Year class Yearof | Ags | of speci- hYV elg]l;lts K in millj-
capture mens & meters
1 2 3 4
1928, oot st iladiaa 1928 III 3 54 1.50 155 54
2 T R 1928 11 17 45 151 144 59
1930 v 1 140 167 203 49
e e e 1928 I 27 25 1.36 123 64
1930 III 12 108 1.56 190 58
IRt Tl e ) i 2 1930 I 11 71 154 167 54
29I et e e e 1930 I 42 42 1.43 143 93 |oocsesctnnaee -

TaBLE 2.—Tomahawk Lake cisco, 1928
[Length, weight, value of X, and calculated length at the end of each year of life for each age group. Sexes combined]

Year of life
Number : ) Length
Year class Age | of speci- igvgggs K in milli-
mens meters 1 2 3 4 5
\'s 23 156 1.53 217 81 138 172
v 16 146 1.59 209 78 141 174
III 39 125 1.58 199 76 140 oy s e h
IL A 11 99 161 183 81 165 [seeadtalne, fom =
I 1 35 1.42 135 (-5 3 SRR R

Because of the poor growth in the first year of life the general growth of the
Allequash Lake cisco differs from that of all four populations considered in the main
body of this study. The closest resemblance is probably with the Silver Lake cisco.
The growth of the Tomahawk Lake cisco although poorer than that of the Clear Lake
cisco is distinctly better than that found in Trout, Muskellunge, and Silver Lakes.
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In both Allequash and Tomahawk Lakes the high values of K indicate good
condition.

’Fhe exceptional conditions under which the Allequash cisco lives should be
mentioned. (See table 1 of general paper.) Formerly there existed a rather general
belief 'thfxt bl}e coregonids as a stenothermic form adapted to a cold-water habitat
were limited in their distribution to the larger, deeper, lakes. Willer (1924) showed
that such a generalization did not apply to the distribution of the kleine Marine
Oorego?ws albula, in the lakes of East Prussia. Scott (1931) called attention to th(;
exc.eptlons?l conditions under which the cisco lives in Indian Village Lake (Indiana)
This lake is small and shallow (6.4 meters) and in midsummer there is “only a trace ”
of oxygen below 4 meters. Allequash Lake is another example of a shallow-water
habitat for the cisco. The cisco here must not only adjust itself to a wide annual
range of temperature variation but also to unusual associates in the form of other

species of fish, .Along with the 70 ciscoes captured in 1930 were taken 1 blue gill
15 suckers, 22 pike-perch, 32 rock bass, and 182 perch. ,
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