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INTRODUCTION

The whitefish, Coregonus cluvezaformis (¥itchill),
is one of the important species of commercial prominence
in the Great Lakes region. Koelz (1929, 1931) presents
a general account of the natural history and distribution
of the coregonid fishes of this region and northeastern
America.

The outstanding catches of whitefish in Lake Huron
during 1948 (2,971,005 pounds), followed by the sudden
near coilapse of this fishery in 1949 (530,070 pounds)
and further reduction to 104,232 pounds in 1950 (Michigan
Biennial Reports, Fish Division), very strongly suggests
the need for further information of this species relative
to strength of year classes making up the commercial
catches, Especially, it is imperative to know something
of the nature of the influence of those strongly repre-
sented year classes that may dominate the catches for a
relatively short time in a certain localized area., Little
is knowvn, from the current sampling methods used, of the
existence or nature of local populations or stocks smong
vhitefish or their influence upon the fisheries of a
particular locality. 7Then a species of fish as the vhite-
fish, with distribution throughout Lake “ichigan, is ex-
ploited over a2 large vortion of this area, it is importent

to knov: vhether that svecies consists of several populations



each keeping to a limited area or vhether there is inter-
mingling betveen different ereszs,

The trend of this fishery in Leke lMichigen hes not
fluctuated so drastically ss that of Lake Huron, in general,
in the recent years. However, within the period 1945-1950,
the Lake Michigan catches have increased from 1,726,235
pounds in 1945 to & pezk of 4,262,678 pounds in 1948, and
declined to 2,095,202 pounds in 1950 (¥ichigan Riennisl
Reports, Fish Division).

Studies of age and growth of this svecies from many
of the larger lakes of northern and northeastern MNorth
America are available in the literature, but none have
been presented for Leke Michigan as fer as the vwriter
can ascerteain., Associated with this study of growth z&nd
age composition of the commercial cztches of vhitefish
from northern Lake Michigan, the method of analysis of
variance is anplied to severzl body porporticn measurements
of fish from séveral videly separated collecting areas
(Figure 1). The znalyses of measurements are based upon
the age group of the fish examined. Mottley (1941) applies
the method of covariance to head-length measurements of
trout to illustrate sisnificent difference betveen tvo
separate populations. His measurements are tzken of fish
making up a random sample end belongine to all cvailable
size groups. Hile (1935) uses the age of the fish (zge-

groups 2nd year class) as a basis for comparing several



morphometric measurements of lcke herring, Leucichthys

artedi (Le Sueur). However, the values of the means

are showvn vithout stztisticzl treatment.



MATERTIALS

The specimens of vhitefish for this stuly vere trken
directly from the commercisl fishery. Field collections
vere made durine 1948, 1249 end 1950 from the vaters of
northern Lake Wichigan (Figure 1). 2dditionzl informetion
perteining to detes of collection, locality of cetch, type
of gear, body of vater, and total number of fish meking
up the individucl samples is given in Teble 1,

A1l fish vere wveighed and measured immediately upon
collecting., This vas done either by working in the ccbin
of the tug during the 1lifting of the nets or by vorking
on the deck while returning to port. Teking of data veas
continued upon arrival at the fish house, in most instances,
until pccking of the catch for shipment was completed,
Length measurements vere made vith a conventional "measur-
ing" board by placing the fish on the board, the a2xis of
the body at right ancsles to, and the tin of the snout
Just touching a rzised end vniece. The total length end
standard length were read by means of z millimeter scale
set into the measurine board along the midline., All
measurements vere taken by the vriter.

In the 1949 and 1950 collections body pronortion
measurements (Figure 2) were tsken of the fish uvon zrrival
of the boats at the fish house in order to eliminate
possible error due to boat movement. Body proportion measure-
ments were taken only from those catches of live fish from

pound nets., Usually body proportion measurements vere begun
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Table 1.-Samples of Lake Michigan whitefish employed
for age-growth and morphometric studies

Date Locality Body of water Gear Fish
1948

July 3 Seul Choix Pt, Lake Michigen trap nets 102
Aug. 7 Pt. Detour Leke Michigen trap nets 159
Aug. 14 Pt, Detour Lake Michigan trap nets 156
1949

July 29 Gull Island Lake Michigan trap nets 19
Sept. 7 Pt. Aux Barques Lake Michigan  trap nets 41
Sept. 8 Round Island Big Bay de Noc pound nets 31
Sept.10 Round Island Big Bay de Noc pound nets 9
Sept.1l2 Round Island Big Bay de Noc pound nets 2
Sept.1l3 Round Island Big Becy de Noc pound nets 203
Sept.15 Fairpert Big Bay de Noc gill nets 29
Sept.16 Burnt Bluff Big Bay de Noc pound nets 26
Sept.16 Round Island Big Bay de Noc pound nets 68
Oct, 6 Round Island Big Bay de Noc pound nets 156
Oct. 10 Round Island Big Bay de Noc pound nets 107
Oct, 12 Round Island Big Bay de Noc¢ pound nets 65
Oct. 13 Round Island Big Bay de Noc pound nets 66
Oct. 14 Garden Bluff Big Bay de Noc pound nets 67
Oct, 15 1Isabella Big Bay de Noc gill nets 51
Oct, 28 Garden Island Leke Michigan  pound nets 25
Oct, 28 S, Fox Island Leke Michigan gill nets 86
1950

Aug, 12 ©St, Helena Id. Lake Michigan pound nets 45
Aug, 14 High Island Lake Michigen pound nets o7
Aug, 16 Burnt Bluff Big Bay de Noc pound nets 20
Aug. 17 Gull Island Lake Michigan pound nets 71
Aug. 22 Gull Islend Leke Michigan pound nets 93
Aug. 26 High Island Lzake Michigan pound nets 117
Aug. 26 Gull Island Lake Michigan pound nets 80
Aug, 31 Gull Islend Leke Michigan pound nets 34
Sept.1l2 Burnt Bluff Big Bay de Noc pound nets 117
Sept.13 Burnt Bluff Big Bay de Noc pound nets 44
Sept.1l5 Burnt Bluff Big Bay de Noec pound nets 383
Sept.16 Burnt Bluff Big Bcy de Noe pound nets 101



within two or three hours after the fish were tcken from
the nets and before being covered with ice for shipment.
Body proportion measurements were taken by the use of
needle point dividers or jaw type vernier cclipers which
were read to the nearest millimeter (except measurements

of H, CPL, and CPD which vere read to the nearest 0.1
millimeter), Figure 2 shows graphically the coded desig-
nation of some of the measurements that were taken, All
measurements were made in a straight line on the left side,
A description of body proportion measurements of the vhite-
fish, the actual points from which measurements vere made,
and the symbols by vhich the measurements are designated

in the tables and in Figure 2 are given below,

Total length (TL). Measured from the junction of the pre-
maxillaries to the tip of the caudal fin vith the lobes
squeczed together so as to give the maximum possible

measurement,

Stendard length (SL). Measured from the tip of the snout

(junction of the premaxillaries) to the end of the last

vertebra or structural base of the caudal rays,

Head length (H), Neasured from the junction of the pre-

maxillaries to the extreme bony margin of the operculum,

not including the opercular membrene,

Snout to dorsal (SD). Measured from the tip of the snout

(junction of the premaxillaries) to the base of the first






ray of the dorsal fin,

Snout to anal (SA). Measured from the tip of snout to

the base of the first ray of the anel fin,

Body depth (D), Greatest vertical depth of the body.

Dorszl-anzl distance (DA). Measured from the origin

(anterior end of the base) of the dorsal fin to the

origin of the anal fin,

Ventral-cnal distance (VA). Distance between origins of

the ventral and anal fins,

Depth of caudal peduncle (CPD). Measured least depth of

caudal peduncle,

Length of caudal peduncle (CPL). The oblique distance

between the posterior end of the anal base and the end

of the vertebral column (structural base of the middle

caudal rays).

Dorsal-pectoral distance (DP). Distance between origins

of dorsal and pectoral fins.

Pectoral-ventral distance (PV). Distance between origins

of pectoral and ventral fins,
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Scale samples wvere taken from the zrea imnedictely
anterior to the dorsal fin just above the lcteral line,
These samples sre preserved in small envelopes showing
the catalogue number assigned to the fish and information
relative to length, weight, sex, locality of catch, and
other data, The scales were clezned and mounted on slides
in a solution of glycerin and gelatin to which a few crystals
of phenol had been added for preservation, The scale read-
ing was done by projecting the image through a scale
projection apparatus similar to that used by Van Oosten,
et al (1934)., The positions of the essential scale features
vere marked on a strip of Manila tagboard, 1In order to
measure the radii of the znnuli, the strip was placed along
the anterior radius of the scale image (x28 approximately)
and the position of the focus of the scale vas marked.

Then, without moving the strip, the positions of the
various annull and the anterior margin of the scale were
also marked along the edge of the tagboard. The tagboard
wvas coded with the assigned catalogue number of the fish,
as designated on the glass slide, and used subseqguently
in computing the growth rates. Ages are expressed by
Roman numerals and indiczte the number of annuli found on
the scales, Figure 3 shows a scale that exhibits six
annuli and is thus from a fish that was in its seventh
year. The marginal increment surrounding the last annulus
indicates that the major portion of the seventh year of
growth had been completed at the time of capture in October.



[>]



Figure 3, Scale of a whitefish taken from southwest of
Round Island, BRig Bay de Noc, October, 1949,

Female, standard length 458 mm. (T.L. 21.9 inches)
weieght 3.63 pounds

(Six annuli are evident and the fish is assiened
to age-group VI)
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Growth computations are based on the assumption that,
after completion of the first annulus, the sceles grow at
a relatlively constant retio to fish growth, A direct
proportion nomograph, calibrated in metric units, as
described by Carlcnder and smith (1944) was utilized for
rapid calculations of yearly growth from the scale measure-
ments., The value of "c" (see Appendix I), length of fish
vhen the scales first appear, is placed at 35-40‘milli-
meters for the whitefish (Van Qosten 1929), For these
calculations the vcelue of WeW is arbitrarily set at 40
millimeters, It is not the purpose of this study to
determine the exact length of the whitefish at the
time the scales are formed, However, for purposes of
general comparison of growth rates, it seems that the
small variation in the vaiues obtained for the initial
years by using either 40 or 35 millimeters as the vslue
of "ecm does not produce an alarming distortion from
the general trends of the growth rates as may be seen in

the section on celculzted growth,
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AGE COMPOSITION AND LENGTH FREQUENCY DISTRIBUTION OF THE
SAMPLES

The length-frequency distribution of the whitefish
of northern Lake Michigan in the collections of 1950 are
given in Tables 2 to 12, All fish were taken in August
or September by pound nets and represent the total
commercial catch for the date indicated., The samples are
arranged according to age groups and standard length
intervals of 10 millimeters, The midpoints of the intervals
of standard length (millimeters) are converted to total
lengths (inches) in each sample by means of factors
determined for each sample area (Tables 30 and 31). The
midpoints of the class intervals for all samples were
designated as followss e.g., the midpoint of the class
interval of 340-349 used for purposes of calculating
total length in inches was arbitrarily taken as 345,

In the 1950 collections all samples were from the
same type of gear, set at a fixed point in each locality,
and were made within a period of five weeks, The samples
for each date are preserved in their original identity
rather than combining them on the basis of sample areas,
¥hile the large number of tables is objectionable, never-
theless, the individual sample identity 1is reteined to
facilitate statistical comparison of body provortion
measurements of individuals of several zge-groups which
make up samples taken from the same area on closely

related dates, Further results of the statistical analyses



Table 2._ Length-frequency distribution
of Lake Michigan whitefish

(St. Helena Island sample of August 12, 1950. The sexes are combined)

g%
Standard Age group
length Total III | Iv | v Jvi [vir | 111-viI
interval length*
(millimeters) | (inches) Year class
1947 | 1946] 1945 1944| 1043119471943 |
340-349 16.4 1 1
350-359 16.9 3 3
360-369 17.3 6 6
370-379 17.8 8 8
380-389 18.3 6 1l 7
390-399 18.8 1 1
400-409 19.2 1 1 2
410-419 19.7 4 4
420-429 20.2 3 3
430-439 20.6 1 1l
440-449 21.1 2 1 3
450-459 21.7 1 2 3
460-469 22.1
470-479 22.6
480-489 23.1
490-499 23.6
500-509 23.9
verage standard length (372 422 | 451 - 510
millimeters
Average total length 17.7 | 20.0| 21.4| - |24.2
(inches)
Total number of fish 26 12 4 0 1 43
Percentage of total 60.5 | 27.8| 9.3| O 2.3 100.0

#Equivalent to midpoints of intervals of standard length
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of several of these measurements mey permit consolidation
of some of the scmples,

St. Helena Island., One sample of August 12, 1950 is

available for this locality (Table 2). This small sample
represents the totzl catch of one pound net for that date,
Age-groups III and IV dominate the sample (88.4 percent).
tge-group V 1s represented by 9.2 percent and age-group VII
by 2.2 percent. The 1944 year class (VI group) is not
represented. The Big Bay de Noc samples of 1950 (Tebles

9 to 12) also show a complete absence of this year class,
In Table 2 the length-frequency distributions of the
individuals on the basis of a2ge groups and class intervals
of standard length are presented. As expected, the length
distributions and the averages of the age groups in the
sample show a progressive increase in length with each
increase in age, However, there is some overlapping of
the lengths of fish in the different age groups.

Gull Island, Four collections made in August, 1950,
are presented in Tables 3 to 6. The youngest fish taken
belong to age-group III and the oldest to age-group XI,
Percentage representation of these age groups are combined
in Table 19 and presented in the section pertaining to
strength of year classes., There is extensive overlapping of
the lengths of fish in the different age groups in the Gull
Island samples, Several of the 10-millimeter intervals of
standard length contain representatives of as many as four

age groups. In general, the standard lengths show a pro-



Table Ei...Length-frequency distribution
of Lake Michigan whitefish

(Gull Island sample of August 17, 1950. The sexes are combined)

Age group
Standard .
length fotay | XIT [ Iv ] v ] viJvir Jvini] ix | 1rr-mx
intgrval 1eng
(millimeters) | (inches) [ o T 006 T 1045 | 1944 | 1945 | 1942 | 1941 | 19471941
330-339 15.9 1 1
340-349 16.4 1 1
350-359 16.9 1l 1
360-369 17.4 1 1
370-379 17.8 1 1
380-389 18.3 1 1
390-399 18.8 1 2
400-409 19.3 1 1 2
410-419 19.7 1 3 1 5
420-429 20.2 ' 1 2 3
430-439 20.7 2 1 3
440-449 21.2 5 2 1 8
450-459 21.5 2 3 1 1 1l 8
460-469 22,0 2 2 1l 1 6
470-479 22.4 5 4 1 10
480-489 22.9 6 6
490-499 23.4 2 3 1 8
500-509 23.7 1 1
510-519 24.2 1l 1l
520-529 24.7 3 3
560-569 26.5 1 1l
Average standard length| 350 | 407 | 444 | 474 | 469 | 452 | 481
(millimeters) .
Average total length 16.6 | 19.5| 21.1 | 22.4 | 22.3 | 21.5 | 22.8
(inches)
Total number of fish 4 2 24 25 7 (] 3 71
‘Percentage of total 5.6|] 2.8| 33.8] 35.2| 9.9 | 8.5| 4.2 100.0

#Equivalent to midpoints of intervals of standard length



Teble 4. Length-frequency distridution
of Lake Michigan whitelish

(Gull Island sample of August 22, 1950, The sexes are cotbined)

Stardard

Age group
length Total 11 l v | v I n ]VII I VIl I x l X l x ] 111 - X1
interval length* Year class
(m1limeters) | (1uches) [19L7 (3046 [10h5 [ 104 | 1943 [ 1942 | 1941 ] 195011939 | 1947-1939
3 9 15 1 1
33(0;33 a 1 1 2
350-359 ? 2 1 (1 N
370-379 17.8 2 1 i
380-389 1.3 2 2
90-399 18.8 2 2
19.3 2 1 ]
L0119 19.7 1 z &
Wﬁ? o2 5 i 1 1 g
20.7
u50-L59 s 2 |3 3 : 13
21,
L460-169 22.3 2 3 1 7
470-479 22.4 5 2 1 1 9
L480-489 aa.z 1 3 1 5
490-499 23. 1 1 2
500-509 25.7 1 1
510-519 24,2 2 2
25.1
Bodhs | st
550-559 26.1
560-569 26,5 1 1
570=579 27.0
630-639 29.8 1 1
Average standard length |363 |383 |W2 (469 473 | 453 U436 | 536 | 630
(m)liceters)
Average total length 17.3 | 18.3 | 22.0 | 22.1 | 22.2 | 21.5| 20.7| 25.0( 29.5
(inches)
Total mumber of fish 10 |11 |28 |24 |12 5 1 1 1 93
Percentage of total 10.7 | 11.8 30.1 | 25.8( 12.9| Se%| 21| 1.1| 1.1 200.0

®Bquivalent to midpoints of intervals of standard length




Table 5 _ Length-frequency distribution
of Lake Michigan whitefish

(Gull Island sample of August 26, 1950. The sexes are combined)

Age group __>

s{::g:ﬁd Totax |III IV [ v [vi i vii [virr]| x |1n-mx
mixlxﬁrvzl (}ength* Year class
(millimeters) | (inches) | o T ose | 1045 | 1044 | 1945 | 1042 | 1041 | 1047-1041

350-359 16.9 2 2 4

360-369 17.4

370-379 17.8 1 2

380-389 18.3 2 2

390-399 18.8 1l 1 4

400-409 19.3 2 1 1l 4

410-419 19.7 2 1 1 5

420-429 20.2 2 1 2 5

430-439 20.7 3 2 1 6

440-449 21.2 2 2

450-459 21.5 ) 1 1 2 9

460-469 22.0 1 2 1l 1 5

470-479 22.4 3 1l 1 1 6

480-489 22.9 1 6 7

490-499 23.4

$00-509 23.7 2 2

510-519 24.2 2 1 1 4

520-529 24.7 1 1 2

530-539 25.1 :

540-549 25.6 1 1l
Average standard length| 369 | 380 | 433 | 468 | 432 | 464 | 512
(millimeters)

Average total length 17.5|18.0| 20.6| 22.2 | 20.5 | 21.9 | 24.2

(inches)

Total number of fish 4 4 23 19 8 8 4 70
Percentage of total 5.7 5.7| 32.9 | 27.2 (1 11.4 | 11.4| 5.7 100.04
=——U——

#Equivalent to midpoints of intervals of standard length



Table 6._ Length-frequency distribution
of Lake Michigan whitefish

(Gull Island sample of August 31, 1850

« The sexes are combined)

e group
Standard ‘5—|—"
length Total v [ v [ vi Tvix [virr] 1x J1v - 1x
interval length# Year class
(millineters) | (inches) |"1o:o T 1045 | 1044 | 1043 | 1042 | 1941 | 1046-1841
350-359 16.9 1l 1
360-369 17.4 1 1
370-379 17.8 1 l 2
380-389 18.3 1l 1
390-399 18.8 1l 1l 2
400-409 19.3 1l 1 2
410-419 18.7 4 1l 5
420-429 20.2 4 3 1 8
430-439 20.7 2 1l 3
440-449 21.2 1l 1 2
450-459 21,5 l 1l
480-469 22.0 1l 1
470-479 22.4
480-489 22,9
490-499 23.4 1l 1l
500-509 23.7 1 1
510-519 24,2 1l 1
520-529 24.7
530-539 25.1
540-549 25.6
550-559 26.1
560-569 26.5
570-579 27.0 2 2
Average standard length| 373 |412 | 429 |460 | 420 | 542
(millimeters)
Average total length 17.7 | 19.6 | 20.4 | 22.0 | 20.5 | 25.5
(inches) .
Total number of fish 4 11 10 2 3 4 34
Percentage of total 11.8 | 32.3 | 29.4 | 5.9| 8.8 |11.8 100.0

| —————

#Equivalent to midpoints of intervals of standard length




2
gressive increase with increase in age., However, several
poorly represented age groups show observed lengths below
those of age groups one and even two years younger, Further
consideration 1s given to this relationship in the section
on calculated growth. Age-groups V, VI, and VII meske up
the major portion of the samples., There 1s extreme paucity
of old individuals belonging to age groups above VIII,

The oldest fish in the samples belong to the 1939 year
class (XI group). However, in the High Island collections
(Tables 7 and 8) one individual exhibits 15 annuli. The
data of Tables 3 to 6 suggest that the commercial fishery
exercises considerable fishing pressure on the younger age
groups as they reach legal size and enter the fishery, The
wider range and the extensive overlapping of the lengths of
fish in some of the age groups are discussed further at
the end of this section,

High Island., Length-frequency distribution of two
collections from this sample area are presented in Tables
7 and 8, As in the Gull Island samples, there exists
extensive overlapping of the lengths in the different
ege groups, Statistical analyses of the standard lengths
and body proportion measurements are discussed in the
section on analysis of variances of these measurements.
The percentege composition of the semples 1s presented

in Table 21,



Table /. Length-frequency distribution of
.Lnke Michigan whitgtiah

(High Island sample of August 14, 1950. The sexes are combined)

p_— ay
Standard : Are group \
1€ngth Total mr v |- v [vr Jvirfvin [ ox [xv | qj11-xv |
" interval length# | - o Year class

(millimeters) | (inches) [To 7 Trose |1945 |1044 [1943 [1042 [1041 [1975 |1947-1038
340-349 16.5 1 1
350-359 16.9 1 1
360-369 17,3 1 1
270-379- 17.8 1 1
380-389 18.3 -
390-399 18.8 2 1 1 4
400-409 19.2 2 e 1 s
410-419 19.7 2 2 1 1 6
420-429 20.2 ‘ 3 3
430-439 20.7 1 3 2 6
440-449 21.1 1 e 4 8
450-459 21.5 2 2
460-469 22.0 1 2 1 4
470-479 22.4 1 e 1 4
480-489 22.9 2 1 3
490-499 23.4 1 1 2
500-509 23.8 3 1 4
510-519 24,2 1 1
630-639 29.9 . 1 1

Average standard length | 353 [412 [428 |464 446 (429 |460 |634

(millimeters) *

Average total length 16.8 |19.6 |20.2 |21.92 [21.1 |20.4 [21.8 [29.8

(inches)

Total number of fish 2 " 15 |21 | e 4 1 1 57

Percentage of total 3.5 [12.3 |26.3 [36.8 |10.5 | 7.0 | 1.8 | 1.8 | 100.0

*Equivalent to midpoints of intervals of standard length



Table 8... Lergth-frequency distritutioa
of lLake Michigan whitefish

(H1gh Islapd sample of Ausust 26, 1950. " The sexes re corbined) N

D—— - = - :
sl.ngthd Total IIIIIIIIJIVIVInlmlv:nlxxlxIx-;

ipterval length* Year class
(mi11meters) | (inches) ["1qholiche | 1947] 1ck6 1945 [10M [103 [ 19k [19%1 [19% | 19492080
190-199 9.3 1 1
200-209 9.8 2 2
20.219 ig.z 3 . 2
9 1.2 1 1
gg-gg 11.7 1 1
9 12.2 N 1 1
12,7 1 1
9 12,1
man | s || ;
Toges | Wi 3| 1
310-319 15.1 1 1 .
320-329 i .g g ! :
o3 16.5 3|y | 7
350-359 16,9 1|2 3
60-369 17.3 3 g
“370-379 17.8 1 1 2 :
380-369 18,3 1 3 1 3
99 18.8 1 2 3 &
m9 19,2 1 2 a ! §
k102119 19.7 2 2 l | s
Y20.129 2.2 1 1 1 1 ! :
N 9 0.7 1 2 2 1 :
9 2.1 2 % 2 1 ! g
9 2.5 3 1 2
160 22.0 1 2 ;
470479 2.4 1 3 2 1 l
Leo-Lgg 22, 2 1 1 . b
4o0lig9 23. 2 i 1 3
500-509 gz.s 2
510-519 24,2 . )
530-5 . N
;ﬁ& 9 . 2.7 1
Averege standard leasth| 210 | 27% | 344 | 380 | L2y [ 452 | %72 | 451 | M89 | 493
(md1limeters) . oW
Average total length 10.0| 13.1| 16.%| 18.1| 20.0( 22.5| 22.4| 2.4| 23. .
(1zches) - o
Total mumber of fish 6 |12 [2 [16 |19 |24 (11 7 1
100,0
| Bercentage of total 5.1 | 10.2 17.1)13.7]16.2] 20,5{ e | 6.0 | .9 | .9 =

*Iquivalernt to midpoints of intervals of standard lexgth
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Big Bay de Noe. Four collections were made in 1250

from this area, Data pertaining to the samples are presented
in Tables 9 to 12, Age groups II to XII ave represented,
Percentage representation of the year classes and age groups
are shovn in Table 18, There is less overlapping of the
lengths of fish in different age groups (Tables 10 and 12)
than in the Gull Island and High Island samples. The Big
Bay de Noc samples of September and October, 1949, (Tables
13 and 14) exhibit relztionships very similar to the
collections of 1950, Collections were made in September
and October, 1949, while the samples of 1950 were taken

in September (except the small sample on August 16, 1850,
containing 20 fish), The observed lengths for each well
represented age group show very little difference in the
samples for the two collecting years, Further analysis

of the Big Bay de Noc samples is presented in the section
relative to calculated growth,

Garden Island. One sample of October 28, 1949 is
available for this locality (Table 15). The total catch
is represented by 25 fish, Age groups III to VI are
represented. The III group is represented by 20 percent,
IV group by 40 percent, V group by 22 percent, znd VI
group by 8 percent. The observed lengths for the age
groups very closely approximate those of the Big Bay de

Noc samples,



Table 9._ Length-frequeney distribution
of Big Bay de Noc whitefish

(Burnt Bluff sample of August 16, 1950. The sexes are combined)

—_
Standard Total Age proup
andar otal .
length longth* IIr | v | v VI | VvII [VIII| III-VIII
interval Year class
(millimeters)| (inches) | 1947 1946 [ 1945 |1944 | 1943 | 1942 | 1947-1942
360-369 17.4 1l 1l
370-379 17.9 4 4
380-389 18.4
390-399 18.8 1 1
400-409 19.3 1 | 1
410-419 19.8
420-429 20.3 2 1 2
430-439 20.7 3 i 3
440-449 21.2 3 1 ‘ 4
450-459 21.5 i
460-469 22.0 1 l | 1
470-479 22,4
480-489 22,9 2 ! 2
490-499 23.4 1 1
Average stcndard length| 374 | 434 | 445 - 486 | 492
(millimeters)
. . | — o
Average total length 17.8| 20.5] 21.0| - 02,9 | 23.2
(inches)
Total number of fish 6 10 1 0 2 1 20
Percentage of total 30.0| 50.0| 5.0 O l0.C¢| 5.0 100.0

#Tquivalent to midpoints of intervals of standard leneth
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Table | |._ Length-frequency distribution
of Big Bay de Noc whitefish

(Burnt Bluff sample of September 13, 1950. The sexes are combined)

, Age group :
\sizandgd Total 1rr v | v | v [vix [1rr-vix
eng ota
interval length* Year class
(millimeters) | (inches) |1947 | 1946 | 1945| 1943 | 1942 | 1947-1942
350-359 16.9 3 3
360-369 17.4 11 11
370-379 17.9 6 6
380-389 18.4 6 6
390-399 18.8 1l 1
400-409 , 19.3 l 4
410-419 19.8
420-429 20.3 5.
430-439 20.7
440-449 21.2
450-459 21.5
460-469 22.0 1 1l
470-479 . 22.4
480-489 22.9 2 2
490-499 23.4 1l 1
500-509 23.8 2 2
510-519 24.3
520-529 24.7 1 1
530-539 25.2
540-549 25.7 1l 1
verage standard length
?millimeters) 372 417 - - 501
Average total length
(inches) 17.8| 19.9| - - 23.7
Total number of fish 28 8 0 0 8 44
Percentage of total 63.6] 18.2| O 0 18.2 100.0
——————— ———————— |

#Equivalent to midpoints of intervals of standard length



Table | 2._Length-frequency distribution
of Big Bay de Noc whitefish

(Burnt Bluff sample of September 16, 1850. The sexes are combined)

Standard roup
length Total 11 | 111 | IV v [vi [viz | virr] 1r-vii
interval length
(millimeters) | (inches) Year class
1948 | 1947 | 1946 | 1945| 1944 | 1943 | 1942 (1948-1942
300-309 - 14.8 1 1
310-319 15.3 1 1
320-329 15.8
330-339 16.2 1
340-349 16.7
350-359 16.9 4
360-369 17.4 6 (-]
370-379 17.9 24 24
380-389 18.4 19 4 23
390-399 18.8 8 1 )
400-409 19.3 4 8
410-419 19.8 3 3
420-429 20.3 1 1
430-439 20.7 3 3
440-449 21.2 2 1 3
450-459 21.5 1l 1 e
460-469 22.0 p 1
470-479 22.4
480-489 22.9 1 1
490-499 23.4 1l 3
500-509 23.8 1 1l
510-519 24.3 2 3
520-529 24.7 1l 1
530-539 25.2 1l 1
Averaimestandard length
millimeters) 309 376 | 411 | 447 - 501 | 508
Average total length
(inches) 14.2| 18.0/ 19.5| 21.0| - 23.7| 24.1
Total number of fish 2 63 22 2 0 7 4 100
Percentage of total 2.0| 63.0| 22.0| 2.0] O 7.0| 4.0 100.0

#Equivalent to midpoints of intervals of standard length
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Table 13 rl@gtb-troquw ddstridution of Big Bay de Noc whitefish
(The samples taken during October, 1949, are combined)

Standard Age group
length Total 11 I1 v v | 1 T Vil ['n'_f—r—fdx ped
interval length® Year class Total
(millimeters) | (inches) |[1947 [ 1946 [29%5 [ 19WM] 1943 [agk2 [1g41 2
_n_z_:-xruruzgzglnlﬂ_
280-289 13.8 1 1
290-259. 14,z
300-309 1,7 2 2
310-319 15.2 2 >
i I S O 3
.2 1 1
Y00 16.7 1 2
350-359 16.3 8 g
370-3719 17. 8 g
380-389 18. 2 2
390-a29 g.g 6 1f2 9
%) 1|2
410419 19.8 5 3 N H
420429 20,3 1 31 2 7
Y g 3.3 ; 3 ITREY 1
2, 5 3 n
450159 21.5 2 110 9 2
460169 22,0 1 20 1 32
470-479 222:5 S 15 FN
hgo-lieg 13 15 28
490-499 23. g8 6 1 15
500-509 g.s 34 7
510-519 o3 1 1 2
520-529 4.7
5 9 25.2 1 1
250259 2l
569 26.6 1 1
510-579 27.1
580-589 21.6 :
590-599 28.0 2 2
verage standard length
mllineters) N |32 ﬁnoo 423 | - 470 - - -
| - 1 |43 [us6 | 473 | 490 | 550 | 595
verage total length
’Jach..) M 15.1 7.7 20,2 - 22.% - - -
| = [19.1 | 0.4 | 22,5 | 22.4 [23.0 | 25.9 | 28.2
Total Scmple
tandard length 312 [372 | 425 |456 | Un1 490 | 550 | 595
tal length (inches) 15.1 | 17.2 | 20.2| 22.5 | 22.3 |23.0 | 25.9 28.2
tal mmber of fish g 37 | 28 1 pLSY 1 |2 2 220
ercentage of total 3.64 p6.22 [12.73| M5 4,09 | M5 | .91 |91 100,0

*Equivalent to midpoints of intervals of staniard length



Table |4._Lensth-frequengr distribvution of Big Bay de ioc whitefich
(The samples taken during Septecber, 1949, ure coubined)

Standard ___ Age group
length Totag |IIT | IV | V [ VI | VII[VIII] IX | x | XI1
interval length® ear cluss Total
(m1lineters) | (inches)|1946 | 1945 | 194k | 1943 1942 ] a9k | 19%0 [ 1939 2936
oo R B S O y
£ . b 16
360-369 17. 32 32
370-379 17. 7| 2 g
3&3;3 b 1% ; Y
foohies s | 2] 3 b3
410419 19.8 1|19 2 2
20429 20.3 17 3 0
m 20,8 z 13 20
2,2 23 29
50459 1 215 3 38 2 43
4601469 22.0 1 1 |32 31’;
o | 23 R 3
490-499 23, 1& 1 3
500-509 3.8 2| 1 7
510-519 o3 2 2
s | & o z
o Kt 2 2
32:559 ol 1 1 2
569 ° 1 b 8
570-579 2.1
580-539 27.
50-599 28.0
28.5
610-619 29,0 1 1
AV tandard length
(millineters) 3713 [vas |ws [usy [ues | 509 | 545 [ 559 | €15
Average total length
(1aches) 17.6] 19.9 | 21.1 | 21.9 | 23.0| 23.8 | 25.5| 25.9| 28.7
Total mmber of fish 100 | n | % |178 ] 9 3 5 1 1 312
Porconta,;o of total $.9 19.1 1.1 u7os 20“ 8 103 03 03 100,0

®Buivaleat to mdpoints of intervels of sbtandard length



Table 15,-Le th—freguency distribution
of Lake Michigan whitefish

(Garden Island sample of October 28, 1949. The sexes are combined)

Standard Age group
length Total
interval length# 111 v v i
Year class Total
(nillimeters) | (inches) [~ 1p46 1045 | 1944 | 1943
380-389 18.3 1 1l
390-399 18.8
400-409 18.3 2 2 4
410-419 19.7 2 2
420-429 20.2 2 2 1 5
430-439 20.7 2 2
440-449 21.2 2 2 4
450-459 21.4 1 1 2
460-469 21.8 1l 1
470-479 22.3 2 2
480-489 22.8
490-499 23.2 1 1
500-509 23.7
510-519 24.1 1l 1l
verage standard length -
millimeters) 408 429 448 500
verage total length
(inches) 19.4 20.3 21,2 23.7
otal number of fish 5 10 8 2 25
ercentage of total 20.0 40.0 32.0 8.0 100.0

#Equivalent to midpoints of intervals of standard length
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South Fox Island. Date of one collection made on

October 28, 1949 are presented in Table 16, This semple
comprised the totsl catch from commercial gill nets (4 1/2-
5 inch mesh, stretched)., Comparison of such a sample with
collections from pound nets must be undertzken with czution,
However, there exists wide ranges of lengths within the

same age group and extensive overlapping of the lengths

of fish belonging to several different age groups. A
similar relationship is exhibited in the Gull Islend and
High Island samples,

Pt._Aux Bargues. One trap net sample of September 7,

1949 1s available for this area, The total catch consisted
of only 39 fish (Table 17). Age groups III to VIII are
represented. Age group V (1944 year class) dominates the
sample (41.0 percent)., It is this same year class that

is so very poorly represented in the Big Bay de Noc collect-
ions of 1949 and 1950, Age group IV is represented by 20.5
percent, VI group by 18.C percent, and III group, the fourth

most abundant group, by 12.8 percent.



Table 16 .~Lernsth-frequercy distritution of lake Mchigan whitefish

(South Fox Islaud serwle of October 28, 19%9. The sexes are combined)

Age rroup
Shendard motey LY [ v |vx {vis Jvanaf ox | x [ ;@ |
1rtervel length® Year cless Total
(xd11ineters) | (inches) |19u5 | 29uh 1943 | 1942 | 1M1 |19%0 | 1939 | 1938
390-399 18.8 1 1
4oo-%og 19.3 1 | 2] e 5
410.419 19.2 10 3 3 1. 17
4204429 2.2 8 |13 4 25
430-139 2.7 1 1 3 15
Yhohilg 21,2 1 5 5 1 12
450-l59 2.6 2 2 "
460-1469 22.1 3 1 y
470-479 22,6 1 1
hgoligg 23.0
450159 23.5 1 1 2
Average standard lenzth
(rdllincters) 32 | us1 (k19 | 432 [L32 Y | 4o k91
Avercge total lencth
(izches) 20.7 | 214 | 20.C 26,5 | 20,6 | 19.T| 20.9 | 23.2
Toiel muuber of fish 1 5 2 |39 16 1 1 1 86
Percertare of %otel 1.2 | 5.2 |25.5 |45.3 |12.6] 1.2] - 1.2| 1.2 | 100.0

sDoulvolert to midicints of irtervals of stendnrd lergth




Table 17 .~Lezgth-frequercy distridution of Leike !4chi~an whitefish

(Pt. Aux Barques semple of Seotember 7, 1949,

The sexes are combired)

s Age group
length Total 111 I Iv l v l i I Vil I Vi1l
interval lergth® Yocr class Totol
(mllimeters) |(iaches) | 1946 | 295 | 10kk | 10k3 |20k 194
350=-359 16.8 1 1
360-369 17.3
370379 7.7 2 2
380-389 18.2 - 2 2
90-399 18.7
19.2
410-419 19.6 1 1
L2029 20.1 3 1 4
m 20,6 1 1
21.0 1 1 2
Usolisg 2.4 L L
hZo.Jb69 . 21.9 2 y 6
470479 22,3 1 1 2
Lzo.kg9 22.2 2 2 y
kgo.hog 23.3 2 1 2
500-509 3.6 1 1 1 3
510-519 ol 1 1
520-529 2.6 2 2
;a:s 9 25.0 1 1
9 25.5
55C-559 26,0 1 1
Average standard length
(xdllincters) 3715 | M35 | 469 500 | 505 | 546
Average total lensgth
(irches) 17.2| 20,5 | 22.0 | 23.3 | 23.9| 25.6
Total ruzber of fish 5 8 16 7 1 2 39
Percentaze of total 12,£2[20.51 | 41.03|17.95 |2.56 | 5.13 | 100.0

SIcuivalent to midpoints of intervals of ctanderd length
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In the South Fox Island, Gull Island, and High Island
samples of vhitefish there exists wide ranges in lengths
within a majority of age groups represented, This is
accompanied by extensive overlapping of the lengths of
fish in several different age groups., In contrast, the
collections of Big Bay de Noc show less fluctuations and
reduced overlapping of the lengths in different age groups.
Preliminary statistical analyses of the standard lengths
and other body proportion measurements (see section on
analysis of variance of morphometric measurements) indi-
cate significant (1 percent level) differences between
the same age groups from some of the different sample
creas, A feasible explznation of the factors responsible

for these conditions is beyond the rcnge of the present

paper.
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AGE COMPOSITION AND STRENGTH OF YEAR CLASSES

A study of the relative abundance of the various age
groups and, at the same time, the considecration of the
relative abundance of the different year classes should be
undertaken with special consideration, Such problems as
type of gear used, selective action of the gear, depth of
set, and season are immediately encountered., Hovever,
for purposes of these comparisons, only samples collected
in pound nets set in very nearly the same loczlity each
year are utilized. Comparisons sre made of those samples
taken during August, September, and October,

In view of existing limitations, however, the members
of a certain year class may apyear so conspicuous or so
scarce at all of the ages at which that year class appears
over several years of collecting that it may be feasible
to designate the year class as "good" or "poor,"

An analysis of the age composition of the collection of
the years 1948, 1949, and 1950 in this study suggests the
presence of certain year classes thzt can be termed
relatively poor and relatively good. In the Big Bay de
Noc area the year class of 1943 as the zge-group V of

1948 mede up over 80 percent of that year's collection,
and 2 years later as the VII group it was still relatively
abundant, comprising approximately £8 percent of the
combined collections in 1950 (Figure 5, Table 20). 1In
contrast, the year class of 1944 as the IV group of 1948

was represented by 6.5 percent, as the V group of 1949



o8
made up only 0.4 percent, and as the VI group in 1950 ves
not represented in the total catch samples (Figure 5).

Big Bay de Noc - Pt, Detour - Seul Choix Pt, areas. In the

Seul Choix Pt, collection (Tsble £0) age-groups III and IV
(year classes of 1945 and 1944 respectively) account for
approximately 85 percent of the sample while the V group
(1943) forms 12 percent. This szmple represents the total
catch of three trap nets for a period of 3 days end 2 nights.
Two samples were taken off Pt,., Detour August 7 and
August 14, 1948, Since they represent total catches for
four trap nets for the dates indicated and the percentage
composition of the original samples were very similar
(Table 20), the data are combined. The V group (1943)
dominates markedly, forming over 80 percent of the catch
in each sample., Age-group IV (1944) 1s represented by
6.5 percent, and III group and VI group by 2.3 percent
each, The other age groups represented are II, VII, and
VIII, with none contributing greatly to the sample,.
Samples taken in Big Bay de Noc during October, 1949,
are combined; however, only those collections considered
representative (those samples comprising the total catch)
are treated in such a manner. Preliminary inspection of
the data revealed that the aze composition of represent-
ative samples taken during September and October, 1949,
show a very similar composition, Larger samples are

available for October and for this reason those data are
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utilized. In the Big Bey de Noc collections of October,
1949, (Table 20) it is evident that the 1943 year class
(VI group) dominates the samples (64.2 percent of the total).
Age-group III is represented by 16.8 percent, and age-group
IV, the third most abundant group, by 12.7 percent of the
total. The study of the age composition of the Big Bay de
Noc - Pt, Detour collections indicates the presence of one
year class (1943) which may be considered very successful
and one year class (1944) which may be considered poor,
0f approximately 1,100 fish examined from Big Bay de Noc
during September and October, 1949, only 5 fish belonged
to the V group (1944). Further, in the Big Bay de Noc
collection of the following year (September, 1950) the
VI group (1944 year class) is not represented in the total
catches sampled. However, the 1943 year class (VII group)
continued to make up 27.8 percent of the total, A further
analysis of the Big Bay de Noc collections of September,
1950, (Table 18, Figure 4) indicates a definite trend in
the fishery toward a reduced representation by the 1943
year class within the period of one week., Table 18 exhibits
age composition of consecutive samples taken from the same
pound nets set off Burnt Bluff, In the collection of
September 12, 1950, the VII group (1943) is represented by
49,1 percent of the total. In the sample of September 13,
1950, the VII group 1s represented by 18,2 percent; however,
the catch of September 16, 1950, indicates that the VII
group made up only 7.0 percent of the total catch., All
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samples for this period comprise the total catch for the
date indicated. Although the sample of Sfeptember 13,1950,
may be considered small, the trenl is definitely exhibited.
Further, an analysis of ace composltion of a sample of 783
fish (not included in this study) taken September 15, 1950,
from the same nets off Burnt Bluff presents representation
of the year classes in percentage composition very nearly
that of the September 16, 1950, collection, Accompanying
this rapid decline in the representation by the 1943 year
class, there was a marked increase of the IV group and,
especially, the III group (1947 year class) (Table 18).
This situation was evident during the actual process of
lifting the nets, since considerable difficulty was en-
countered in separating those individuals estimated to be
of legal size (2 pounds) from those individursls of
slightly less weight. 1In addition, conversation vith
several commercial fishermen in the Big Bay de Noc area
further substantiated the fact that the catches in early
September, 1950, consisted of more than helf of !"jumbo"
wvhitefish, weighing 4 pounds or over, vhile that size of
fish were poorly represented in the catches of late Sevotember,
1950, At the same time there appeared in the nets a marked
increase in the number of individuals slightly less than 2
pounds in weight. This is in agreerent with data presented

in Table 18,
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From Figure 5, vhich exhibits graphically the
percentage representation of the different year classes,
the dominating influence of the very strong 1943 year
class may be seen, Also, the combined collections of
1950 show a bimodal relationship in that the III group
(1947) and the VII group (1943) are abundantly represented,
while the V group (1945) end the VI group (1944) are
very pcorly represented. The collections of October,
1949, also indicate a bimodal relationship; however,
the VI group (1943) dominates the catch, while the
IITI group and the IV group are represented in next order
of abundance. Again, the 1944 year class is very poorly

represented,

Gull Island-High Island-Big Bay de Noc colilections of 1950,

Percentage representation of the different year classes
in the 1950 collections are shown in Figure 4, The Gull
Island collections (Tatle 19) represent total catches
for the dates indicated. Since these samples show close
similarity and are from the same pound nets, they are
combined for comparison with the High Island and Big Bay
de Noc collections,

In the Gull Island samples age-groups III (1947) to
XI (1939) are represented. Age-group V (1945) is slightly
more numerous (32,1 percent of the total) than age-group
VI, which 1is represented by 29.1 percent, and age-group
VII, the third most abundant group, is represented by
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10,8 percent, Absence of the I and II groups mcy be con-
sidered largely due to the selectivity of the gear. However,
Hart (1920) suggests that, at certain times, the larger
forms of whitefish fregquent water of less depth than the
smeller forms., Groups I and II are represented in the High
Island collection of August 14, 1850, but are not represent-
ed from the same nets in the collection of August 26, 1950,
In the former collection, a special effort was made to
collect all small whitefish that were schooling in the "potm
of the pound net with the larger fish, Usually these csmall
fish, if brought out of the wzter during the process of
lifting the nets, are immediately separated from the com-
mercial catch because of their sublegal size znd returned
to the water, For thls reason, representation of I group
and II group in the High Islend collection is considered
atypical of a catch selected for commercial merkets, In
collectlions of this study, in most instances, the III
group represents the youngest fish in the catch. Usually
these individuals were retained in the catch because their
veights were estimated to be cpproximately 2 pounds,

High Island samples, As mentioned above, the occur-
rence of the I and II groups in gear designed to select
legal commercial catch is considered irregular, 1In final
analysls of the samples these two groups are not considered.
It may be seen from Table 21 and Figure 4 thet zge-groups

Iv, V, VI, and VII are well represented in the catch. In
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Figure 4, Percentage representation of the different
year classes in the 1950 whitefish collections
from the three principal sample areas.




PERCENTAGE

50

45

35

30

25

20

—BIG BAY DE NOC
~==-HIGH ISLAND
—..— GULL ISLAND

Vi Vil
AGE GROUP

Vil X




49



Figure 5. Percentage representation of the different
age groups taken in the Big Bay de Noc - Pt. Detour
collectlions for the years indicated.

Pt. Detour, (1948); Rig Bay de Noc, ———-—- (1949)

Big Bay de Noc, __ .. __ (1950).
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contrast to the Big Bay de Noc collections, year classes
1945 and 1944 (V group, VI group) make up slightly over

50 percent of the catch. Similar strengths of these same
year classes in the collections of Gull Island are evident,
In contrast, the Big Bay de Noc samples show almost a

complete absence of these year classes,

Pt., Aux Bargues, ‘Unfortunately, 1949 collections
are not available for the Pt. Detour area. However,
one sample taken off Pt. Aux Barques, which 1s very
near that area (Figure 1), on September 7, 1949, presents
age group composition guite unlike that indicated in
Big Bay de Noc samples for the 1949 collections (Table
20)., In the Pt. Aux Barques sample age-group V (1944
year class) 1is represented by 41.0 percent and age-group
IV (1945 year class) by £0.5 percent, In contrast, the
V group (1944) 1is very poorly represented (0.4 percent)
in the Big Bay de Noc collections of the same year,

Fluctuations in abundance of year classes of fish
have long attracted the attention of fisheries biologists.
Especially, studies of the populations of marine fishes
have occupied prominent positions in research programs,
Dymond (1948) reviews some European studies of populations,
Studies of the age composition of herring stocks have
produced evidence that different year clacsses vary markedly

in their contributions to the stock of fish supporting the
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fishery. At a meeting of the International Council for
the Exploration of the Sea (Rapp. Cons. Explor, Mer 65, 68)
the problems of fluctuations were given special emphasis,
In addition, Hjort (1914, 1926, 1930), Hodgson (1930, 1936),
Lea (1930), H. Thompson (1930), Sund (1936) and others have
conducted studies on fluctuations of such species as herring,
cod, plaice, pilchard, hake and others, Investigations for
an explanation of the causes of the wide differences in
the size of different year classes have shown that there
is no necessary connection between the number of eggs
produced in a particular spawning season and the number of
fry which survive, Poor spawning years have often been
good brood-years. Several suspected causes of fluctuztion
in abundance are discussed by Dymond (1948).

The recent investigations of Burkenroad (1948),
Huntsman (1938), W.F. Thompson (1937), Thompson and Bell
(1934), Ricker (1940) and Valford (1946) pertain, largely,
to studies of abundance of various marine fishery animels
of economic vclue to industries in the United States and
Canada,

In review, Figure 4 shows diverse representation of
the different year classes in samples from three principal
collecting localities. The 1944 year class is not represented
in the Big Bay de Noc samples, yet this year class is welli
represented in the High Island and Gull Island samples.

Also, the 1945 year class is very poorly represented in the
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Big Bay de Noc collections, In contrast, this year class
is well represented in the High Islend samples and dominates
the Gull Island samples., Further, Figure 5 cshows the
dominating influence of the very strong 1943 year class in
the Big Bay de Noc area through three fishing seasons, It
lies beyond the scope of this paper to indicate causes of
such fluctuations in abundance of different year classes of
wvhitefish in northern Lake Michigan. It is evident that
the strength of a certain year class may vary markedly
between locations that are not too widely separated, Van
Oosten and Hile (1947) fail to indicate a correlation
between meterological-limnological conditions and fluc-
tuations in the strength of the year classes of Lzke Frie
vhitefish, In order to detect and evaluate zny one of a
number of complex relationships, more extensive &nd
uniform methods of sampling and recording of data probably
will be devised,



CALCULATED GROWTH o4

The several samples of Lake Michigan whitefish used

in these comparisons of calculated growth rates were taken
primarily from the same type of gear (pound nets) during
approximately the same months of the collecting years.
The data on length at capture and the calculated length
at the end of each year of life are presented in Tables
22 to 29, The grand averages of lengths and increments
in length are given at the bottom of each table.

Collections of 1950. The principal semple areas of

the 1950 collections were located in Big Bay de Noc and

at Gull Islend and High Island. All data are from specimens
which made up the commercial catches from pound nets. A
comparison of the Gull Isleand (Table 23) and High Island
(Table 24) samples indicates very similar calculeted growth
rates, especially among the age groups that are well
represented., Age-groups I and II are represented in the
High Island collection due to special effort to collect
these small individuals by means of a hand net. They

were not restrained by the gear and the 18 individuals
represent only a partial success of capture of individuals
of this size that were actually schooling with the larger
fish. Calculated lengths of these age groups (I,II) ex-
hibit values higher than those of the first two years of
1ife calculated from the older fish in the samples. If

the I and II (Table 24) are removed from the sample,
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the annual increment in lengths for the first and second
year bepome very nearly the same as those calculated for
the Gull Island collections (Table 23). A comparison of
the values obtained for the calculated total lengths, based
on age-groups III through VIII, show close agreement of
High Islend and Gull Island collections. Growth of the
whitefish is rapid during the first year and the length
increment edded during the second year is more than half
that of the first year., The increment of length during
the third, fourth, and fifth years continues to decrease
but at a much slower rate. The higher age groups are
represented by fewer individuals and the calculated
lengths and observed lengths show considerable fluctuation.
The grand average calculated lengths at the end of each
year of life are plotted in Figure 6 for the High Island,
Gull Island, and Big Bsy de Noc samples of whitefish.

Data pertaining to the calculated lengths of the Big
Bay de Noc samples are presented in Table 25. The calculat-
ed lengths for each year of life through 8 years are slightly
higher than those of whitefish from Gull Island and clearly
higher than those from High Island. The age groups above
VIII can not be accurately compared.because of the smell
number of individuals representing the sample. The advantage
of the Big Bay de Noc whitefish over the Gull Island specimens
inereases from 0.7 inches at the end of the first year of

1ife to 1.3 inches at the end of the eighth. The advantage
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of the Big Bay de Noc whitefish over the High Island speci-
mens increased from 0.7 inches at the end of the first year
to 2.3 inches at the end of the eichth year. The inter-
mediate position of the Gull Island whitefish is also
reflected in the length-weight relationship (Figure 10).

Data pertaining to calculated lengths of St. Helena
Island whitefish are presented in Table 22. Age-group III
forms over 50 percent of the sample. In general, the
calculated total lengths exceed those of the Big Bay de Noc
fish. ¥With the exception of the first year, calculated
values of total length for each year of life of the III
group very closely avpproach the values determined for
the Big Bay de Noc whitefish, The close agreement of
these two age groups from such widely separated localities
(Figure 1) is discussed further in the section pertaining
to statistical analyses of measurements.

Collections of 1949. Big Bay de Noc samples of

October 6-14 are combined in Table 26. The calculeted
total lengths for the combined age groups very closely
approximates those of the 1950 collections of the same
locality (Figure 6). However, only general conclusions
can be made because of the pronounced differences in age
group composition of the samples of the two consecutive
years. The 1949 samples are heavily influenced by the
dominant year class of 1943, In the 1950 collections
the year classes of 1946 and 1947 dominate; a reduced

effect of the 1943 year class is maintained by the VIII
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group. Conditions favoring such a comparison of these two
collections are the similarity of gear and seasons of collect-
ing. Fish were taken in both years from the same type of
gear (pound nets), operated by the same commercial fishermen,
and set very nearly in the same locality. The collections
of the first year were made October 6-14 and those of the
second year were made September 12-16.

The Big Bay de Noc collections of 1949 (Table 26) permit
analysis of several age groups on the basis of calculated
lengths, observed lengths, and observed weights of the sexes.
Age-group III is made up largely of males, IV group shows
inecreased representation by females, and in the VI group
very favorable comparison of males end females (141 fish)
may be made. The best represented age groups (IV and VI)
indicate that the females are slightly longer than the
males of the seme age group (0.1 to 0.2 inches). The ob-
served weights of the females are distinctly higher than
those of the males., All VI group fish were sexually mature
and females of this age group averaged 0.45 pounds above
weights of the males. Since samples were taken in early
October, these fish showed increased development of the
gonads. Unfortunately, the scarcity of individuals belong-
ing to age-group V does not permit study of their sexual
maturity. Most of the males and females (percentage un-

determined) of IV group exhibited advance&»development'of

gonads but no collections are available immediately
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following the spawning to verify actual conditions of these
orgens. However, individuals of this age group (IV), for
all practical purposes, had completed their fifth year of
growth. Van Oosten (1939) states that in the Lake Huron
whitefish the males were sexually mature or reached sexual
maturity in the fifth year of life at a total length of 19.3
inches and a weight of 2.4 pounds. The length-weight values
of Big Bay de Noc fish agree very favorably with these values,
Age-group IV males (Table 26), nearing completion of their
fifth year of growth at this time, exhibit a total length
of 20.2 inches and a weight of 2.76 pounds. All VI group
fish (Table 26) were sexually mature. The females show
an advantage in total length of only 0.1l inch over males,
but are 0.45 pounds heavier. The calculated total lengths
at the end of each year of 1life are in close agreemert ;
however, the females exhibit values at each year slightly

above those determined for the meles,

The Pt. Aux Barques collection of September.7, 1949,
(Table 27) and the Garden Island sample of October 28, 1949,
(Table 28) are relatively small samples and permit only a
generalized comparison with the Big Bay de Noc samples
(Table 26). In general, both samples exhibit calculated
lengths and increments of growth very closely related to
the Big Bay de Noc fish; however, age group composition
varies widely between the samples and such conclusions

should be regarded with caution.,
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The South Fox Island collection (Table 29) is the only
gill net sample used in this study. Since it has been shown
by many fishery biolieists that gill nets are extremely
selective (see File, 1936, for review of literature), calcu-
lated values of total length end growth increments are
entered here only for purposes of general information
(Figure 6). The table of length-frequency distribution
arranced according to age (Table 16) exhibits extensive
overlapping of the lengths of fishes belonging to different

age groups.
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Figure 6. Calculated growth in length of the whitefish
in northern Lake Michigan based on total samples for
the areas and years indicated. The sexes are

combined.

Big Bay de Noc, (1950); Big Bay de Noc, ..... (1949);

High Island,  =———- (1950); Gull Island, __ .. __ (1950);

South Fox Island, eee. (1949),
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LENGTH-VEIGHT RELATIONSHIP

The data for this relationship are analyzed on
the basis of combined collections from three principel
sample areas: Big Bay de Noc, Gull Island, and High
Island, All fish were tzken from pound nets in August
and September, 1950, with the exception of the Big Bay
de Noc collections of September, 1949, Length-weight
relationships were obtained from 254 fish taken off
Gull Island, 174 fish taken off High Island, and 848
fish from Big Bay de Noc. The sexes are combined,

The individuals were placed in 10 millimeter length
groups and average lengths and weights obtained for
each group,

The length-weight data of the northern Lake Michigan
whitefish are fitted to the following formulae:

c (L)n

log W = logec + nlog L

W

The values of log ¢ and n are determined empirically.
Regression lines are calculated for the three sample
areas by methods presented by Snedecor (Sec. 6.10,

1946).
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Big Bay de Noe. The formula expressing the length-
weight relationship was calculated from the means of 18
size groups (each conteining 10 or more fish) between
340 and 519 millimeters in stsndard length., These mmeans
are based on measurements from 848 fish, The values for
these and the regression line calculated from them are
plotted in Figure 7. Open circles indicate those groups
represented by less than 10 individuals. The correspond-
ence of the better represented groups to a straight line
is very close. The length-weight relationship for the
Big Bay de Noc whitefish of the 1949 co}lections may be

exprcssed by the formulacs

log ¥ = -~ 8,4271 + 3.2544 (log L)
vhere ¥V = welght in kilograms
and L = standard length in millimeters,

Figures 8, 10, and 12 are presented for the principzl
sample areas to permit rapid conversion between the
metric and English systems of measurement, Factors

used for converting standard length in millimeters to
totzl lengths in inches are presented in Tables 30 and
31, The values obtained for the Big Bay de Noc whitefish
are slightly higher than those given for the Lake Huron
vhitefish (Van Oosten, 1939) and the Lake Erie vhitefish
(Van Oosten and Hile, 1947). Factors ?or the conversion
of total lengfhs in inches to stendard lengths in

millimeters and for conversions between total and stendard
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Figure 7. Length-weight relationship of Rig Ray de Noc
whitefish taken in September, 1949.

The regression line was calculated from the size groups

containing 10 or more fish (represented by black dots).

Size groups containing less than 10 fish are shown by
circles,
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Figure 8. Length-weight relationship of Big Bay de Noc
whitefish,
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length without change in the unit of measurement are
computed for severzl samples but are not included in this
paper. Hovever, preliminary results indicste that the
values agree very closely with those of the above authors,

Gull Island., The formula expressing the length-
weight relationship was calculated from the means of 17
size groups (each containing 5 or more fish) between 350
end 529 millimeters in standard length., The means are
based on measurements from 254 fish., The values of these
are plotted in Figure 9 along with the regression line
calculated from them,

The length weight relationship for the Gull Islsnd
whitefish of the 1950 collections may be expressed by

the formulacg

log W = — 7.7239 + 2.2886 (log L)

vhere W length in kilograms

and L

steandard length in millimeters,
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Figure 9. Length-weight relationship of Gull Island
whitefish, '
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Figure 10. Length-weight relationship of Gull Island
whitefish.
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High Island. The formula expressing the length-

weight relationship was calculated from the means of 14
size grouvs (each eontaining 5 or more fish, betveen
270 and 509 millimeters in standard length. These means
are based on measurements from 174 fish., The velues for
these and the regression line calculated from them are
plotted in Figure 11.

The length-weight relationship for the High Island
whitefish of the 1950 collections may be exprecssed by

the formula:

log W = - 7., 2567 + 2.8166 (log L)
vhere V" = welght in kilograms
and L = standard length in millimeters.
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An inspection of the formulae evpressing the
regression line for length-weight relationship of fish
from the three principal sample arees indicetes a distinct
advantage of the Big Bey de Noc vhitefish over fish from
Gull and High Islends, especially a2t the higher lengths.
The length-weight relationship of fish from Gull Island
show a very slight advantace over those taken off High
Island.

The weights of the northern Lake Michigan vhite-
fish increased to the following power of the lengths:
Big Bay de Noc, 5.2544; Gull Island, 2.2886; High
Island, 2.8166,

Comparative growth curves of fish from these three
sample areas, based on average calculated lengths a2t the
end of each year of life (Figure 6), exhibit a very

similar relationship.
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Figure 11, Length-weight relationship of High Island
whitefish.
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Figure 12, Length-weight relationship of High Island
rvhitefish.
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PARASITIZATION BY LAITPREY

The total collections of 1950 were examined for
evidence of scars suspected to be caused by lampreys

(especially the sea lamprey, Petromyzon marinus). For

purposes of this study deeply injured areas (Figure 13,
A,B) were regarded to be the result of very recent
parasitization by the sea lamprey. In some instances
the lempreys were observed attached to the fish during
the 1lifting of the nets and, on rare occasions, remained
attached after the fish were removed from the nets,
These observations were made of fish meking up the
actual commercial catch., It is beyond the scope of
this paper to estimate the population density of either
parasite or host, or to indicate degree of error in
recording incidence due to death end nonrecovery of
severely affected fish., Results of observations are
presented due to current interest in possible effect

of this form on the Great Lakes fishery.

Data relative to observations of scars shown by
individual fish making up catches of three principal
sample areas are presented in Tables 32 to 34. "New"
(fresh) scars were designated as deep bloody injuries,
piercing the skin and causing injury to the muscle
tissue (Figure 13, A). A further aid in identification
and classification of these damaged areas was the

common occurrence of "teeth" markings at the periphery
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of the scar (Figure 13,B) caused by the horny circum-
oral teeth of the lemprey as compared to an injury
ceused by mechanical means, "01d" (healed) scars

were designated as injured areas, devoid of sceles,
that indicated recovery from previous injury by growth
of scar tissue. Deformities or tears in the skin that
obviously were the results of mechanical injuries were
not recorded.

The total fish observed and the number of fish
exhibiting o0ld scers and new scars, by number and
percentace of total, are presented in Tables 32 to 34
for each collecting area. As a further interest the
injured fish were arranced on the basis of age groups.
The available data are considered insufficient to permit
a concise comparison of incidence of infection to relative
abundence of the age groups. Such inferences must be
approached with caution. However, age composition of
these samples on a percentage basis are presented in
Tables 18, 19, and 21. A comparison of the number of
individuals in each age group exhibiting new scars
follows very closely the rank order of the age groups
dominating the cetch, with the exception of the younger
erce groups (I, II, III). In addition, semples from
Big Bay de Noc for two successive years indicate that
scars recorded as healed scars in 1950 collections

(Table 34) exhibit their highest frequency in age-group
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VII (1943 year class) which had been the dominent year
class In that area for the two previous years.

The younger age groups (I,II, end III), forming
thelr respective part of the samples presented in Tables
32 to 34 and examined at the same time, consisted of a
total of 178 fish which did not exhibit scars of any
type. Of a total of 94 fish belonging to age-group IV
(1946), only 4 fish exhibited fresh scars and 2 fish showed
healed scars. These data suggest that comparative enumer-
ations of incidence of lamprey (?) damage upon fish from
different collecting localities may be biased by age
composition of the respective samples., Especially, this
may be true among those samples in which the age groups
IIT and IV dominate the commercial catches. Royce (1949)
shows that the larger lake trout in Seneca Lake, N. Y.,
suffered more attacks and were more vulnerable to attack
by lamprey. However, his data are not correlated with
age, but are correlated with length and weight of the
fish parasitized.

The points of occurrence of the damaged areas were
recorded in each case, Seventy-five percent of the
scars occurred very near the origin or insertion of the
ventral fins as shown in Figure 13,A. Infrequently scars
appeared on the side of the body or on the ventrgl surface.,
Only on rare occurrences were scars recorded from the

dorsal region.
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ANALYSES OF MORPHQMETRIC MEASUREMNENTS

Body proportion measurements, as designated in Figure
2, were taken of the 1950 collections. Surmaries of six
of these measurements, based on age groups of the fish
examined, are presented. Studies of the remaining measure-
ments by means of analysis of variance and regression are
to be presented in a separate paper.

Various methods have been suggested end devised as
a tool for distinguishing separate populestions or stocks
of fish, especially marine forms. Dymond (1948) presents
an excellent review of the literature pertaining to
European investigations of populations. Body proportion
measurements, counts of fin-rays, scale counts and other
characters such as the number of vertebrae have been used
to distinguish populations of fish. Godsil (1948) defines
the term "population" as a group of intermingling fish
inhabiting a restricted area and constituting a separate
and distinct unit, the fish of which may collectively be
distinguished and identified by minor morphological
characteristics. In his study of the Pacific tunas, an
assumption is made that distinct populations do not
normally intermingle, with the corollary that differences
existing between populations are constant.

Body proportion measurements have been used by many

early workers to study the differences between local
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populations. Results vere expressed largely as ratios
and general limits were set up without statistical
evaluation of these measurements. However, many of
the recent investigations exhibit refined use of verious
statistical methods as a tool for designating local
populations or stocks. Carp reesring technicues and the
means of defining local populations have been thoroughly
investigated by such workers as Eichler (1928), Kiihne
(1938), and Lechler (1938). Primarily, these authors
have used body proportion measurements and based their
conclusions upon means and standard deviations of these
measurements or ratios for the different populations.
Martin (1949) reviews the relative-growth method in the
interpretation of the environmental control of body form
in fishes. Relative-growth curves are given for some
twenty species.

Among the coregonid fish, ratios of various body
parts have been used to separate many of the species
and subspecies. Koelz (1929, 1931) reviews extensively
the coregonid fishes of northeastern America. Severel
body provortion measurements and ratios of these measure-

ments are set up for the whitefish, Coregonus clupeaformis,

by Koelz (1929), but none are treated statistically.
Hile (1935, 1937) casts doubt as to the validity of this
method for determining subspecies of the lzke herring,

Leucichthys artedi., His reports do not pertain to the

wvhitefish; however, he reviews some of the recent Furopean
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works relative to the genus Coregonus,

Recent Eurovean investigations concerning coreconid
variations have demonstrated conclusively that, under the
influence of changed environment, these fish may undergo
extensive morphological modifications. Svérdson (1948,
1949) presents results of ecological and speciation studies
of the whitefish, Corezonus, in Sweeden. Twenty-two body
proportion measurements are utilized. Transplantations
from one lake to another indicate that the morphological
characteristics of a single population are dependent largely
upon the nature of the local environment.

;t'is one of the purposes of thils paper to apply the
method of analysis of variance to several body measurements.
The fish are compared on the basis of ege groups as deter-
mined from the scales., Only fish belonging to the same

year class (year of hatching) are compared.
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AGE GROUP IV (1946 YZAR CLASS)

Summeries of six body proportion measurements of
vhitefish from several localities are given in Teble 35,
The values of the locality means and their stendard errors
and the extremes of individual measurements are listed,
Standard errors are computed on the basis of the p»oled
standard deviation as determined in the anelysis of voriance.

Body proportion measurements of age-group IV fish
are used to illustrate methods used in this study. Methods
of testing the significance of two or more means by the
analysis of variance as deseribed by Baten (1938) and
Snedecor (Chapter 10, 1948) are utilized. Summaries of dsta
pertaining to head lengths (H) of vhitefish from six samples
are presented in Table 36. Symbols are those used by
Snedecor (1946). Similar computztions were made for all
measurements tested. Although a few age groups in some
samples are represented by a relatively smazll number of
fish, these samples were analyzed separately rather than
combining all collections for a particular locality.

Table 37 gives the analysis of variance for the
head length (H) of age-group IV (1947 year class) vhite-
fish of northern Lake Michigan. To determine whether
the results are siegnificantly different ve obtain the

value of F:

F = EEEEEE-YEEEEEEE_-_ = _glégég___ = 13,89%*

Smaller variance 0.1789
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Table 37.-Analysis of variance of head length (H) of age-group
IV (1946 year class) northern Lake Michigan whitefish

Source of Degrees of Sum of Standard
veriation freedom squares Variance deviation
Total 98 29,065
Between
semples 5 12.426 2.gro%*
Within
samples 93 16.639 0.1789 0.4230

**Highly significent
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Referring to tables for distribution of F, we find the
F value for n, = 5 and n, = 93 (n2 = 80 used) degrecs of
freedom is approximately 2.25 at the 5 percent point and
3.25 at the 1 percent point. Since an F value of 13,89
is obtained, it may be concluded that the difference be-
tween at least two of the means of the samples is highly
significant, that is, that the chance of obtaining differ-
ences &s large or larger due to scmpling variation slone
is less than one in a hundred,

The standard deviation of differences of means and
value of "t" zre deterained by methods described by Baten
(p. 273, 1938), Results of "t" tests of these data are
presented in Teble 38, The conventional terms "significant®
and "nighly significant™ are used to designate differences
significant at the 5 percent level (denoted by single
asterisk) and the 1 percent level (denoted by double asterisk),
respectively, in this paper when stating the statistical
significance of differences between means. Any difference
beyond the 5 percent level is termed "not significent.m
For purposes of illustration of methods used, the following
example is given,

It may be seen from Table 36 that thie mean head-lengths
of the St. Helena Island and High Island fish are 8,349
and 7.811, respectively. The pooled standard deviation of
all age-group IV 1is 0.4230 (Table 37) for this measurement,
This quantity (s) is obtained by pooling the sums of the

squares of 1tems from their respective means., The following



105

method is that used by Baten (1938). The standard errors

of the means of the two samples are

s _ s
S.E. ‘i S emmm—— = 00122 cmo, S.E. X2 S ewemm—— = 0.088 Cm.

The standard error of the difference of the means is

2 2
S.E. Difference of means = ‘/(S.E.Xl) + (S.E.Xz)

= 0,150
The value of t is
) X, - % - 0 8.349 - 7.811
t = - = = 3.59**
S.E, Difference of means 0.150

If we consult a table for t-values (Snedecor p.65, 1946)

at 33 degrees of freedom (30 used), we find that the t-value
at the 5 percent point is 2,042, and at the 1 percent point
2.750., The value of t obtained is larger than the values
obtained from the table. This indicates that the differ-
ence between the means (X; - X = 0.538) differs
significantly from zero and that the probability that

the two samples were taken at random from the same popula-

tion 1is very small; from the t-table this probability
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Table 38.-H: values of "t" relating to paired comparisons between
samples of age-zroup IV (1946 year class) whitefish from Lake

Source of

sarple

Date (1950)

Mamber

St. Helena

Island

Gull
Island

High
Island

Big Bay
de Moc

Big Bay
de MNoc

Big Bay
de Noc

St, Helena

Island
August 12
12

Seliges
3.59%*
0.0%
0,06

0,09

% Highly significant

Michigan
Gull High Big Bay de Moc (Burnt Bluff)
Island Island

August August August 16 Sept.1l2 Sept, 16

12

2. Tuse
5, 66%%
6o Tlse

De35%*

23 10

3,840 o
4,76** 0,12

De03%* 1,32

20 22

1.77 -



\§
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is less then 0.01.

In addition, the graphical method of Dice end Leraas
(1938) has been used to shov relatinnship of the srmples
in the head-length measurements (Figure 14). Neans are
represented by crossbars. Rectangles shov tvice the
steandard error each side of the means. Vertlcasl lines
represent observed ranges of measurements. A similar
arrangement is folloved in Figures 15-18. Ffamples are
arranged in the same order, from left to rieht, as listed
in tables of summary of measurements. 1In general, vhere
rectangles do not overlap, the mesns differ significantly.
This relationship is discussed by Hubbs and Perlmutter
(1942). Figure 14 suggests that two semples (Gull Islend
and High Islend) sﬁould be tested further. Values of n"t"
tests for this age group are pnresented in Table 38, These
values indicate that, on basis of hesd length, the difference
between Gull Island end High Island fish ere highly
significant. Further, that each of these semples differs
from the Big Bay de Noc 2nd St. Helena Island fish a2t the
level of high significance. Among the RBigs Rey de Noc
samples there are no sicnificant differences in head length.
In addition, the differences betwveen the s=mple from St,
Helena Island and each of the Big Bay de MNoc ssmples are
not significeant,

Means e¢nd standard errors pertaining to additionel
body measurements are given in Table 25, Preliminary

graphic inspection of CPL, CPD, 2nd SL measurements
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indicated a very similar pattern &s presented by head
measurements, From the method of anelysis of verience,
the following F velues vere obtained:

CPL, 10.87#¢; CPD, 9,38%¥*; SL, 12,11%:*

Values of "t" for these measurements are presented in
Tables 29-41, It mey be seen that, with the exception
of Gull and Hig¢h Isl-nd szmples, the localities shor
the same relationship in levels of significence for
these measurements as displayed by the heed lengths,

On the basis of the mezsurements enzlyzed, the
age-group IV (1246 year class) vhitefish from Gull Islend
and Hizh Islend do not differ significantly (except in
head measurement) from each other, but exhibit differences
between St, Helena Island and Big Bay de Moc thet are
highly significant. Differences between Big Bsy de Noc
and St. Helena Island are not significant and differences
within Big Bay de Noc are not significant.

Analysis of the ratios SL/H and CPL/CPD exhibit
values that indicate differences between the samples

are not significant.
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Teble 39.-CPL: values of "t" relating to paired comparisons between
samples of age-group IV (1946 year class) whitefish from Lake

Michigan
Source of St. Helena Gull High Big Bay de Noc (Burnt Bluff)
semple Island Island Island

Date (1950) August 12  August August August 16 Sept.l2 Sept.l6

Number 12 12 o3 10 20 22
St. Helena

Island -

Gull

Island 3088“ -

High

Island 3.75™ 0.75 -

Big Bay

de Noc 1.44 559%*  5,.61% -

Big Bay ,

de Noc 0,61 373% 3 5E** 1.65 -

Blg Bay

de Noe 0.29 y,11%* hH,a7%™ 2,39* 0.29 .
*Significant

®Highly significent
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Table 40.=CPD: values of ™" relating to paired eomperisons between
samples of age-group IV (1946 year cless) whitefish from Lake
Michigan

Source of St.Helena Gull High Big Bay de No¢ (Burnt Bluff)
sample Island Island Island

Date (1950) August 12 August August August 16 Sept. 12 Sept. 16

Numbe r 12 12 23 10 20 22
St. Helena
Igland -
Gull
Island Y o5 -
_High
Island 3.66" 1l.27 -
Big Bay
de Nos 0.36 4ok 3 4o -
Big Bay
de Noes 002"’ uo”" )"'050“ 0.17 -
Big Bay
de Noe 0.98 3,867 304w 1.32 1h2 -

*pighly signifiecant



Table 4l.= SL: values of "t" relating to paired comparisons between
samples of age-group IV (1946 year class) whitefish from Lake

Michigan
Source of St. Helena Gull High Big Bay de Noc¢ (Burnt Bluff)
sample Islend Island Island

Date (1950) August 12 August Auvgust  August 16 Sept.l2 Sept.l6

Nurbe r 12 12 23 10 20 22
St . Helena

Island -

Gull
Island Y BT -
High :
Island 4 ,06%* 1.57 -

Big Bay

de Noec 1027 5091" 5020** -

Big Bay
de Koo 0.35 5 +09** h.s** 1.73 -

Big Bay

de Noe 1.38 Y ,16%* 3,13% 1,94 1.18 -

*ighly significant
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AGE GROUP III (1947 YEAR CLASS)

Morphometric measurements were taken of 115 fish
belonging to age-group III., A summary of these measure-
ments is presented in Table 42.

Avplying the method of analysis of variance to the
several body proportion measurements, in order to test
the statistical homogeneity of the 5 samples, the follow-
ing F values were obtained:

SL H SL/H CPL CFPD CPL/CFD
19,75%* 17,83** 1.69 11.69** 18.12** 1,97
The above F values are to be interpreted with degrees of
freedom 4 and 108 (or 110, see Table 42). The correspond-
ing 5 percent and 1 percent F values are about 2.46 and
3.51 respectively., With the exception of the two ratios,
SL/H and CPL/CPD, the differences are highly significant.

The differences between means were tested by use of
"t" tests. The values obtained for CPL and CPD measure-
ments are shown in Tables 43 and 44. Since a very similar
relationship between samples is shown for SL and H meas-
urement, t values are not presented.

Variations in mean length of head among the localities
follow much the same pattern as do the age-group IV fish
(Ficure 14 and 15). However, in contrast to the IV group,
the High Island sample exhibits larger head measurement
than Gull Island fish, their difference being only

significant as compared to highly significant in age IV,
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The mean head length in each of the two Big Bay de Noc
samples exceeds those of the remaining samples. The differ-
ence between samples from Big Bay de Noc and the island
samples, Gull and Eigh Island, is highly significant. In
general, the St. Helena Island sample agrees closely with
the Big Bay de Noc samples and differs significantly from
the island samples.,

Values of "t" for CPL and CPD measurements are given
in Table 43 and 44. Since SL values follow the same pattern,
they are omitted. Generally, the following pattern or
relationships are shown between the samples when each meas-
urement is considered separately. The Big Bay de Noc samples
are clearly larger than the Gull Island and Hish Island
samples and their differences from these two samples are
highly significant. The St. Helena Island sample closely
approaches those of Big Bay de Noc; however, in a few
instances (SL,'H) the difference between this sample and
the Big Bay de Noc sample of September 12, 1950, are
significant. Among Big Bay de Noc samples there are no
significant differences.

A comparison between Gull Island and High Island samples
show significant differences for SL, H, and CPD measurements.,
In CPL measurement the samples do not differ significantly.
The means of all measurements considered are lowest in the
dull Island end High Island fish. Differences between these

two samples and the other localities are, in general, above
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the level of high significance; however, in a few instances
the St. Eelena Island and Gull Island fish show differences

only at the significent level,
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Table 43.-CPL: values of "t" relating to paired comparisons
between samples of age III (1947 year class) whitefish
from lake Michigan

Source of St. Helena Gull High Big Bay Big Bay

sample Island Island Island de No¢ de Noc
Date (1950) Aug. 12 Aug. 22 Auge 26 Sept.l2 Sept.l6
Number 26 15 19 o7 28
St. Helena

Island -

Gull

Is:.and 2.76** -

High

Island Y ,67%* 1.50 -

Big Bay

de Noec 1.50 4,09%  6,09%* -

Big Bay

de Noe 0.13 2,49%F Y gEH* 1,40 -

** Highly significant



A\
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Table 44.,-CPD: values of "t" relating to paired comparisons
between samples of age-group III (1947 year class) white-

fish from Lake Michigan

Source of

sample Island

Date (1950) Aug. 12

Number 26
St. Helena

Island -
Gull

Island 2,92%*
High

Island 5 o8l #*
Big Bay

de Noc 1.85
Big Bay

de Noec 0.53

* gignificant
** Highly significant

3t. Helena

Gull High
Island Island
Aug.22 Ang.26

15 19
2.37* -
L53%*  7.59%*
3Uo% 6 luox*

Big Bay Big Bay
de Noc de Noe
o7 28

1.25 -
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A4AGE GROUP V (1945 YEAR CLASS)

Table 45 presents a summary of morphometric measure-
ments of 85 fish belonging to age-group V (1945 year class).
Due to paucity of V group individuals in the Big Bay de Noc
and St. Helena Island samples, only collections from Gull
Island and High Island are compared. From Table 45 it is
evident that the means of the measurementé agree very closely,
The analysis of variance was applied to the several body

proportion measurements and the following F values were

obtained:
SL H SL/H CPL CPD CPL/CPD
2.21 1.45 1.29 1.66 1.10 1.29

The above F values are to be interpreted with degrees of
freedom 3 and 78 (or 80, see Table 45). The corresponding
5 percent and 1 percent F values are about 2.72 and 4,04
respectively. In all measurements considered, the differ-
ences between Gull Island and High Island.samples of fish
belonging to age-group V (1945) are not significant.
In order to illustrate the close agreement between

separate collections from the same areas, head measurements

of the four samples are graphically presented in Figure 16,
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AGE GROUP VI (1944 YEAR CLASS)

Summaries of morphometric measurements of 89 fish
belonging to age-group VI (1944) are presented in Table
46, As in age-group V, the Big Bay de Noc collections
were poorly represented by this age fish and, consequently,
only Gull Island and High Island fish are compared. The
High Island fish show means slightly lower than those of
Gull Island. This same general pattern is shown emong
age-group V fish from the seme localities.

From the method of analysis of variance, the following

F values were obtained:

SL H SL/H CPL CPD CPL/CPD
2.30 1.33 1.45 1.51 1.30 1.49

The above values are to be interpreted with degrees of
freedom 3 and 87 (or 85, see Table 46). The corresponding
5 percent and 1 percent F values are eabout 2.72 and 4.04
respectively. In all measurements considered, the differ-
ences between Gull Island and High Island samples of fish
belonging to age-group VI (1944 year class) are not
significant.

In order to illustrate the close agreement between the
separate collections from the same areas, head-lengths of

the four samples are graphically presented in Figure 17,
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AGE GROUP VII (1943 YZAR CLASS)

Table 47 presents a summary of morphometric measure-
ments of 51 fish belonging to ase-group VII (1943). Due
to poor representation of this age group, the samples of
August are combined in the High Island and Gull Island
collections, The Big Bay de Noc sample was teken
September 12, 1950, The six measurements listed in
Table 47 were tested by the eanalysis of variance method
and, with the exception of the two ratios, SL/H and CPL/CPD,
all show F values above the level of high significance,
The t-values for the measurements zre presented in Tables
48—51.‘ Vithout exception, these four measurements follow
the same pattern, The Gull Island and High Island fish
are not significantly different from each other; yet,
the difference between each island coilection and the
Big Bay de Noc fish is highly significant,

Figure 18 shows graphically the variance of head-
length of age-group VII (1943) fish. An additional
sample of 33 Big Bay de Noc fish taken September 16,
1950, is shown, Since there is very close agreement
of this sample with the Big Bay de Noc sample of
September 12, 1950, data are not included in Table 47,
Analyses of the six measurements of these two samples
exhibit no significant difference among the Big Bay
de Noec fish,
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Table 48.-CPL: values of "t" relating to paired
comparisons between samples of age-group VIT
(1943 year class) whitefish from Lake Michigan

Source of Gull
sample Island

Date (1950) August

Numbe r 19
Gull

Island -
High

Island 0 009
Big Bay

de Noe Y 1Y ook

High Big Bay de
Island Noe
August September 12

17 15

)"'013** -

Table 49.-CFD: values of "t relating to paired
comparisons between samples of age-group VII
(1943 year class) whitefish from Lake Michigan

Source of Gull
sample Island

Date (1950) August

Number 19
Gull

Island -
High

Islanmd 0.01
Big Bay

de Noc 5 53k

*Highly significant

High Big Ray de
Island Noe
August September 12

17 . 15

5.30** -



Teble 50.=3L: values of "t" relating to paired
comparisons between samples of age-group VII
(1943 year class) whitefish from Lake Michigan

Source of Cull
sample Island
Date (1950) August
Number 19
Gull

Island -
High

Island 0.22
Big Bay

de Noec 2.77**

High
Island

August
17

2,91%**

Big Bay de
Noe

September 12

15

Table 5l.-H: values of "t" relating to paired
comparisons between samples of age-group VII
(1943 year class) whitefish from Leke Mi chipan

Source of Gull
sample Island
Date (1950) August
Number 19
Gull

Islamd -
High

Islend 0.33
Big Bay

de Noc 2,78%*

*™Highly significent

High
Island

August
17

3 Q2%

Big Bay de
Noe

September 12

15
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Fig.18 Variance of head length of whitefish (Core on
clupeaformis) from Lake ":lchigan. Age group VII,
year class,
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COMPLRISON OF SEXE

Since most of the body proportion measurements viecre
made of collections in which sex deta were unknown, or
the numbers of known individuals were so few that it
was necessary to combine the data, it becomes a matter
of special importance to test the relationship of the
sexes., |

Data relative to sex are available for the folloring
age groups: '

Age—group VI (1943 vear class). These fish were taken

from near Roﬁnd Island, Big Bay de Noc, on October 6, 1949,
Since this collection vas made at a time during which
enlargement of gonads is knowvn to take place, differences
between sexes relative to body form should be pronounced

at this particular season, Tests of significance of the
six measurements (SL, H, SL/H, CPL, CPD, CPL/CPD) were made
between 75 meles and 66 females, Differences between
males cnd females, for the measurements considcred, were
far below the level of significence,

Age-group VII (1943 year class), Data relative to

sex are avallable for 52 fish from the collection of
September 12, 1950, taken in Big Bcy de Noc off Burnt
Bluff, Comparison of 33 males and 19 females, with
respect to the measurements of SL, H, SL/H, CPL, CPD,
CPL/CPD, cshow that the difference between males and

females is not significant,
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SULIARY

1. Age composition, strength of year classes, grovth
in length and welght and measurements of several body
proportions of whitefish from northern Lake Michigaﬂ are
presented,

2. Collections were taken from three principal sample
areas: Big Bay de Noec, Gull Island, and High Island, Data
were taken directly from the commercial catches during
portions of the years 1948, 1949, and 1950,

3. Length-fregquency distributions arranged according
to age of fish are presented for the samples, Gull Island
and High Island samples show more overlapping of the
lengths of fish belonging to different age groups than do
the Big Bay de Noc samples,

4, In the 1950 collections year classes 1945 and
1944 (age-groups V and VI respectively) dominated the
catches from Gull Island and High Island, and made up
slightly over 50 percent of the total samples, Big Bay
de Noc collectlons of the same year exhibited an especially
poor representation by these year classes; the 1945 year
class was represented by only 3.1 percent and the 1944
year class was not recorded‘in any of the catches sampled.

5. In the Big Bay de Noc - Pt., Detour samples, the
especially high dominance of the 1943 year class is
evident, This year class as the V group of 1948 accounted
for over 80 percent of the total catch, as the VI group
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of 1949 made up 64 percent, and as the VII group of 1950
made up 27 percent of the collections,

6. Calculated lengths for each year of 1life through
8 years indicate values for the Big Bay de Noc fish exceed
those of Gull Islend and High Island samples. The advantage
of the Big Bay de Moec whitefish over Gull Island specimens
increased from 0.7 inches at the end of the first year of
life to 1.3 inches at the end of the eighth year, The
advantage of the Big Bay de Noc whitefish over the High
Island specimens increased from 0.7 inches at the end of
the first year to 2.3 inches at the end of the eighth year,
Calculated lengths for the St., Helena Island fish approach
closely the values determined for the Big Bay de Nbc vhite-
fish,

7. The length-weight relationship of the 1949 collec-
tions of Big Bay de Noc whitefish with standard lengths of
340 to 519 millimeters 1is expressed by the equation

log W = - 8,4271 + 3,2544 (log L)

8. The length-weight relationship of the 1950 collec-
tions of Gull Island whitefish with standard lengths of
350 to 529 millimeters is expressed by the equation

log W = — 7.7239 + 2,9886 (log L)

9., The length-weight relationship of the 1950 collec-
tions df High Island whitefish with standard lengths of
370 to 509 millimeters 1is expressed by the equation

log W = — 7.2567 + 2.8166 (log L)
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10, The 1950 collections were examined for scars

suspected to be caused by sea (lake) lamprey, Petromyzon

marinus, Tabulation of marked fish on basis of age
groups revealed no fish Belonging to age-groups I, II,
and III showing either fresh or healed scars, O0Of a
total of 94 fish examined belonging to age-group IV
(1946), only 4 fish showed fresh scars and 2 exhibited
healed scars, The 1950 collections from Gull Island
and High Island show slightly higher percentage of
fish bearing scars than the Big Bay de Noc samples,

11, The method of analysis of variance, based
upon the year classes, is applied to several body
proportion measurements of fish from different localities,

12, Four measurements (SL, H, CPL, CPD) taken of
fish from four localities and belonging to five differ-
ent year classes (age-group III to VII) are compared.
In general, differences between Gull Island end High
Island fish are not significant, except among the young
fish (III, IV), Fish from each of these localities
differs from the Big Bay de Noc fish at the level of
high significance. ©St. Helena Island fish closely
approach those of Big Bay de Noc; however, in a few
instances the differences for a few of the measure-
ments are significant., Among the Big Bay de Noc samples

there are no significant differences.
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13, The ratios SL/H and CPL/CPD were determined
for the several localities. Values of SL/H range from
4,927 to 5,187 and those of CPL/CPD from 1,558 to 1,.€86,
The method of analysis of variance applied to values
determined for the several samples reveal no significant
differences between fish from any of the localities,

14, Tests of significance of the six measurements
(sL, H, SL/H, CPL, CPD, CPL/CPD) show that the differ-
ences between males and females of Big Bay de Noc fish
taken in October, 1949, and September, 1950, are not

significant,
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APPENDIX

Calculated growth:

S
= n
L, = ¢ + =——=Z-- (L - ¢)
S
where
Ln = length of fish at any annulus
formation
L = 1length of fish at time of capture
c = length of fish when scales appeared
S = scale diameter (or radius) at time of
capture (outside scale measurement)
and S = scale diameter (or radius) at any

annulus,
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