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INTRODUCTION

The cisco project is concerned with the description and

identification of the ciscoos, _Leucichthys spp., of 1':estern Canada.

During ·the summer· of 1956 it was planned to investigate the mor

'phometry of various ... s.;mple.s of ciscoes previously collected and

measured.•.. The 'analysis would be similar to that made on the Lake

Manitoba ciscoes (Keleher, ..1956a). Statistical computations were

completed .but unfortunately interpretation of the results and

presentation in a manuscript was not possible. In order to have

a .somewhat detailed record of the work for later use and to place

the 1nfDrmation on file, this report has been prepared. The

,. 'various cisco popUlations (cf. Table 1) are treated under their

re spective locality headings.

RESULTS

CHURCHILL RIVER

The ciscoes from Churchill River were caught in 4

different sizes of gill nets, with the majority of fish collected

in nets of 3 inch stretched mesh (Table II). Some indication of

net selectivity is seen from an examination of this Table. Gill

net selection appears to affect particular ages -- 6, 7, and 8 in

the It inch mesh, 2 and 3 in the 3 inch mesh. The actual size of

fish selected by a particular mesh undoubtedly does not correspond

to the averages listed in the Table because all sizes of nets were

not fished during the same time period. Gill-net selection was

not allowed for in the morphometric analysis because the number of

fish from a known mesh was smalL If a correction factor was de-

veloped, it could not be applied to the remainder of the data.
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The sex condition of the ciscoes was as follows: 366

mature fish, 43 immature fish and 91 males of which there was

doubt whether to classify as immature or mature. Their gonad,

although of "mature" size, was of a reddish colour. It was sus

pected that they might be fish that would mature for the first

time in the fall. To establish if the sex condition'should be

taken into account in the morphometric analysis, the individual

variates for head length and the standard length were plotted with

the immature fish, undecided males, and mature fish in different

colours, Inspection of this regression suggested that the data

could be analyzed without reference to the sex condition.

Analysis of covariance tests were performed to deter ine

whether fish of different sexes and ages could be combined with

respect to the average size of their body parts. Table III gives

the results of these t ~1lts. Table IV lists the calculated mean

size of the body parts. Of the 16 measurements examined, the fe

males probe.bly differ from the males only in having a greater body

width, Four measurements differed between ages at the 1 per cent

level of significance, but 4 per cent was the greatest ,:ifferencc

of the means of the signi1~.cant tests (Table V).

The tests for diff'erences between slopes were not sig

nificant at the 1 per cent level with the exception of body depth

and body width.

Regression equations have been computed, and listed in

Table VI, The statistics used ',~o derive these equations and to

compare this population with others are also shown in the Table.

The averr.;;o <>1 ze of each part corTesponding to three different
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standard lengths is given in Table VII. Table VIII records the

fiducial 11mi ts at the three different standard lengths for the

average of the sample and for any individual fish.

Analysis of variance tests for 5 meristic counts were

made. Tests between ages of female fish were not significant and

in the tests between ages of males only the dorsal and ar-al rays

were significant at the 5 per cent leve~. Tests between males

and females regardless of age were not significant. Statistics

of the meristic counts are given in Table IX.

LAKE MICHIGAN

During the Board's sponsored visit to the Great Lakes

area in 1952, specimens collected from Lake Michigan and identi

fied by Walter Koelz as Leucichthys~ and b. !l1.lll:ipinnis,

were measured at the Museum of Zoology, University of Michigan,

Ann Arbor. Koelz' b. nigripinnis sample was 51 fish, of which 48

were measured. His b. artedii sample was 265 fish, of which 206

were measured. From these samples the following morphometric in

formation was obtained.

Variation between different size groups of b. artedii

was examined which is a substitute for variation between ages.

The data were divided into three arbitrary length groups irres

pective of sex: less than 204 mm., 204 to 224 mm., 225 mm. and

larger. For the average size fifteen measurements were not sig-

nificant but the -caudal- peduncle length was significant at the

5 per cent leveL Differences in slope were noted in dorsal

height and pectoral length (1 per cent level), maxillary and
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anal base (5 per cent level). The tests for anal height and pelvic

length would not "work" and no significant differences were found

in the remaining measurements. It was considered that these three

groups could be pooled without adversely affecting the value of

the regression equations. This finding removes a personal opinion

that some of the differences between Lake Michigan ,I.. artedii and

,I.. nigripinnis, as stated in Koelz' monograph (1929), were the re

sult of dissimilar sized fish.

Regression equations and other data for the pooled data

are given in Table X. Table XI records the mean size at 3 differ

ent standard lengths and Table XII lists the fiducial limits for

these values.

Merj stic counts of Koelz I Lake Michigan ,I.. artedii

sample were analysed. No significant differences were found be

tween sexes but between length groups the gill-raker count and the

branchioste:ga 1 count were significant at the 1 per cent level. The

means are as follows: ' 204 mm., G.R. = 46.5, Br. '" 8.2; 204 to 224

mm., G.R. = 48.3, Br -: 8.6; >225 mm., G.R. '" 47.9, Br = 8.7.

Statistics on the combined data are listed in Table XIII.

Due to a lack of an adequate number of specimens for

Koelz' Leucic;~ nigripinnis sample no attempt was made to in

vestigate differences in the measurements with respect to sex or

size. The data were combined to give regression equations

(Table XIV), average size at some standard lengths (Table XV) and

fiducial limits (Table XVI).

Tests between sexes for the meristic counts of the pre

ceding Sppf';:pr>ns were signif':'~ant for dorsal rays (l per cent

level) and anal rays (5 per cent level). The three remaining

meristic counts were not significant.



The mean values were ac follows: Males, D.R. = 10.5,

A.R. = 11.9; Females, D.R. = 10.0 and A.R. 11.3 Statistics on

the combined data are p;esented in Table XVII.

Koelz f Lake Michigan specimens of h arted11 and 1.

~ were compared (Table A'VIII). The samples differ sig

nificantly in the average size for 15 out ~f 16 measurements

Graphs were prepared in an attempt to ascertain possible

differences in measuring techniques between the writer and W. Koelz.

Koelz' actual measurements were cbtained by converting the ratios

in his monograph. Ten 1. nigripill!21& and 22 1. artedii were avail

able for a comparison with the writer's measurements. Unfortunately

the results have not as yet been interpreted.

Specimens of Leucichthys artedii from Lake Michigan were

secured by the U.S. Fish and Wildlife Service in 1952. These speci

mens came from Green Bay (cf. Kel;:'l")r, 1953). The total sample was

200 fish of which 8 specimens were 3 years old, 173 were 4 years

old, and 19 were 5 years old. Cc:' 'l9quently no tests were performed

between ages and only between sex:,s in the age-4 group. The re

sults of these tests and a compar~ '::In of the mean size of the body

parts are given in Table XIX. No :Jignificant differences were

noted in the tests for slope.

Despite the few instances of differences in the average

size of the measurements,the data ~.'3re grouped without respect to

sex or age, to yield the regression equations listed in Table XX.

Tables XXI "lnd XXII record the ca'''''llated mean size of body parts

and their fiducial limits.
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Meristic counts were analyzed for differences between

sexes at Age 4. No statistically significant results were obtained

so that the data on both males and females were combined and tested

between ages. All these tests were also not ·significant. Table

XXIII shows the combined data.

LAKE HURON

Specimens of Leucichthys~ from Lake Huron at South

Bay were also measured. Data on a random sample of 272 fish from

pound nets were analyzed. However, the preponderance of age 4 fish,

n = 188, precluded tests being performed between ages and limited

the tests between sexes to this one age group. Table XXIV reports

on these results. The tests for slope were in no cases statistic

ally different. The combined data were used to calculate the re

gression equations (Table XXV), calculated average size of body

parts (Table XXVI)and their fiducial limits (Table XXVII).

Analysis of variance tests for the meristic counts be

tween sexes of age 4 fish were not significant while between ages

of combined sexes the only test with a statistically significant

result was the gill-rakers. It, however, was at the 5 per cent

level. Data on the meristic counts for this collection is given

in Table XXVIII.

A comparison of the measurements of the F .R.B. 1.~

samoles from Lake Michigan and Lake Huron was made. The results

are listed in Table XXIX.

The meristic counts of the 4 samples of Great Lakes

ciscoes previously discussed were compared. Two counts, anal rays

and branchiostegals, were not significant while of the others,



7.

dorsal rays was significant at the 5' per cent level and gill-rakers

and scales were significant at the 1 per cent level.. A similar

test was performed between these four samples and the total data

from the 4 Manitoba samples. All the meristic counts were found

to be highly significant. The means of the counts involved in this

test are reported in Table XXX.

LAKE DAUPHIN

Because of the small number of specimens in each age

group, only age 5' fish were used in the tests for differences in

body parts between the sexes. With respect to average size, tvlO

measurements, snout and anal base, were significantly different at

the I per cent level. Three measurements, head depth, caudal

peduncle length, and pelvic length were significant at the 5' per

cent level. Only one measurement was significantly different for

slope -- snout at the I per cent level. However, the "anal base"

test did not "work" for either average size or slope.

Table XXXI records the regression equations and other

statistics while Table XXXII lists the calculated average size at

3 different standard lengths. Table XXXIII records the fiducial

1imits for body parts.

Meristic counts of the Lake Dauphin sample showed no

significant differences between the sexes of age 5' fish or, after

combining the sexes, between the ages 4 to 7. The combined data

are recorded in Table XXIV.

ROCKY LAKE

No examination of differences in body parts or counts
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between sexes or ages was made for this sample. Various aspects

of the combined data are listed in Tables XXXV to XXVIII.

LAKE WINNIPEG

Although a bimodality of gill-raker counts for the Lake

Winnipeg ciscoes appears indicated, the "trough" of the distribu

tion, when compared to that expected if each mode follows a normal

curve, is too high (Keleher, 1956b). This suggests that a third

group of ciscoes is present. To establish whether other "charac

ters" agreed with this hypothesis, the relationship between gill

raker groups and the body form of selected portions of the data

was examined statistically.

Wi thin the samples examined, ciscoes having a gill-raker

count of from 33 to 43 were classified as Group I, counts of 44 to •

53 were classified as Group II and counts of 55 to 67 were classi

fied as Group III. Group I fish correspond to the nominal spocies

1.~, Group 2 corresponds to one or two nominal species,

and Group 3 corresponds to nominal 1. nipigon.

Samples of the Lake Winnipeg data selected for analysis

were the 1954 Bull Head collection, the 1950 Doghead collection

and the 1947 Mukutawa River collection. The number of fish of

each gill-raker group, subdivided into various categories, is

listed in Table XXXIX. Of the ciscoes listed in the Table only

the following were used for the analysis:

Bull Head - Spawning females

Doghead - Spawning males and females

Mukutawa R. - mature males and females

Analysis of covariance tests were performed to establish
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if, wi thin each sex, the various age groups could be combined. A

listing of those body parts, which were significant for either mean

size or slope is given for the Bull Head sample in Table XL, for

the Doghead sample in Table XLI, and for the Mukutawa River sample

in Table XLII. Because the majority of the tests were not signifi

cant, the data were combined for the purpose of considering differ-

ences between the sexes.

The resulT.s of these tests, Table XLIII, showed that th3

sexes could be combined in the two samples considered.

Regression equations and other statistics for each gill

raker group for the 3 samples are given in Tables XLIV to LII.

The calculated average size of the body parts at various

standard lengths were computed. Table LIII records the Bull Head

ciscoes while Tables LIV and LV record the Doghead and Mukutawa

River ciscoes.

Analysis of covariance tests were used to discover if the

average size and the slope of the data for each gill-raker group

within anyone sample were significantly different. The results

are recorded in Table LVI.

This Table reveals that 71 per cent of the tests were

significantly different for average size and 27 per cent were sig

nificantly different for slope. Regression graphs (not presented)

for this portion of the data were prepared from the data shown

preViously in Tables LIII to LV. Half of the graphs displayed the

relationship of the greatest average size of measurement associated

with group III fish. Group I fish had the smallest average measur"

ments and group II had intermediate sized measurements. The other

50 per cent of the graphs revealed a variety of situations.
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The results of the statistical analysis suggest that the

heterogenei ty displayed by the gill-raker covnts is matched by

many other measurements which strengthens the reported taxonomic

discreteness of the ciscoes. However, the variation of the measure

ments with locality further decreases tneir utility for identifica

tion purposes.

Because of the dependence of the size of the body parts

upon the growth rate of the fish, the average size at each age for

groups I, II and III from the three localities in Lake1innipcr, is

listed in Table LVII.

Although contemplated, no analysis of the difference's iYl

meristic counts between gill-raker groups is at present availr.blc:.

Table LVIII records the means for the data when combinect with

pect to age and sex.

LAKE MANITOBA

Fiducial limits for the Lake Hani toba ciscoes (Ke: lchn,

195'6a) are recorded in Table LIT.

ALL SAMPIES

Fiducial limits for the slopes for the combined data

from each locality have been calculated. Table IX lists them for

the Great Lakes data and Table IXI for the Hanitoba data.
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LIST OF TABlES

Subject

Cisco collections.

12.

II - IX Churchill River.

x _ XIII Koelz' Lake Michigan Leucichthys artedii.

XIV _ XVII Koelz I Lake Michigan Leucichthys nigripinnis.

XVIII Comparison between Koelz' Lake Michigan
of Leucichthys artedii and Leucich~

.ll.1n!:!ll.
XIX - XXIII F .R.B. Lake Michigan Leucichthys artedii.

XXIV - XXVIII F .R.B. Lake Huron Leucichthys artedl1.

XXIX Comparison between F.R.B. samples of Leucichthvs
artedii from Lakes Michigan and Huron.

XXX Average count of meristic characters for cisco
samples.

XXXI - XXXIV Lake Dauphin.

XXXV - XXXVIII Rocky Lake.

XXXIX - LVIII Lake Winnipeg.

LIX Lake Manitoba.

LXI

Fiducial limits for slope for Great Lakes samples.

Fiducial 11mi ts for slope for Manitoba ciscoes.



Body parts

HL - bead length

ill - head depth

EE - eye

ST - snout

Abbreviations used in the tables

BD - body depth

BW - body width

DH - dorsal fin height

DB - dorsal fin base

TC - maxi llary

IB - interorbital

CL - caudal peduncle length

CD - caudal peduncle depth

Meristic counts

GR - gill-rakers

DR - dorsal rays

AR - anal rays

Others

C - count

f - frequency

n or N - number of fish

St. L. - standard length

AH - anal fin height

AB - anal fin base

PT - pectoral fin length

PC - pelvic fin length

Sc - lateral line scales

Br - branchiostegals

M - males or mean (arithmetic
average)

F - females

S - sigma (sum of)

1 asterisk (:0:) denotes that the test exceeded the 5 per cent

2 asterisks (U) denotes that the test exceeded the 1 per cent

N.S. _ denotes that the test ill llirt exceed the 5 per cent level.
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Table r. Cisco collections for which morphometric data are presented in this
report.

Year
Collected SAmple

Koe1z Lake Michigan
&. nigriFinnis

Koelz Lake Michigan
&. artedii

F.R.B. Lake Michigan
&.~

F.R.B. Lake Huron
1·~

Lake Dauphin

Rocky Lake

Lake Winnipeg
Mukutawa River

Doghead

I.B.M.
No Tag Nos.

5622-5921c

1350-1772d

e-QmittagNos. 2892, 2939.
b - ~ It " 2356.
c-" 5711-5715,5726.
d-" 1368,1430,1481,1507,1582,1670,1671,1677,1704.
e-" 3842,3987,4061,4062,4066,-4070,4072,4073,4093.



~ 33~
:X2 S6,~~.S 27,556

4,179 2,097 6,819 5,216
101,761877,209 491,017 1,792,479 1,434,760

274.5

1,330 15,706 15,243 2,168
354,336 4,332,994- 4,569,693 672,684-

16,745 4,150
210,834-4,694,981 1,236,366

1,260
276,5'0

18,978

4t757'~::.5

49,427

12,880'~~.4

9,476
1,969,342



Body Part

Results of analysis of covariance tests for mean size of body
partsofChurchillRiverciscoes.

BetweenAges2to8

AgeS Age 6

16.
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Table IV. Calculated mean size in mm. of body parts of Churchill River ciscoes,
at 268 mm. standard length except where noted.

~eensex~b

H F M F
Total

Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8Sampleb

aSexes combined except for BD and AB (males only) and BW and PI' (females only).
bMean size at 282 mm. standard length.
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Differences in calculated mean size of body parts of Churchill R.
ciscaes. For calculated mean size see Table IV.

GREA'IEST ACTUAL DIFF. (mm.) GREATESTPERCENTAG3:DIFF.

____--::;.;se;.;:.xa__~Ag~e ~______""'Ag_e__.

aGreatestactualdiff.ofeitherage50r6.



Regression equations and other statistics for Churchill River
ciscoes. X.logstandardlengthandY:logpart.

HL : 0.91S X - 0.4S01

BD:0.992X-0.6431a
It

It :1.106X-0.9169b _

BW • 1.242 X - 1.4974b SOO

1442.8776,

AB.0.889X-0.686S8 It

aMales only

bFemales only

19.



Table VII. Calculated average sizs in DIID. of body parts for Churchill River
ciscoss. a

standard Length

BD (males only)

BD(femalesonly)

BW (fsmales only)

AB (males only)

aMales and females combined sxcspt where noted.

20.
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TableVIII. Lower and upper fiducial limits for bo4yparts of Churchill River
ciscoes.

200 llIJI. 250 mm. 300 mm.
Mean Part Ind. Part Mean Part Ind. Part Mean Part Ind. Part

BD(Il)

" (F)

BW (F)

AB (V)



Table IX. statistics of meristic counts forChurchil1Riverciscoss.

GR DR AR Br
f f f f

39 4 2
40 15 64 1
41 33 65 1 1 1
42 72 66 5 6 1
43 94 67 10 7 3
44 95 68 15 8 1 116
45 101 69 28 9 4 302
46 43 70 41 10 121 20 77
47 27 71 36 11 282 167 1
48 14 72 57 12 89 247
49 1 73 64 13 3 62
50 1 74 50 14 2

'15 50
76 34
77 35
\"8 34
79 17
80 12
81 3
82 4
83 0
84 1

500 498 499 499 500
Msan 43.8 73.5 10.9 11.7 8.9
SX 21,918 36,622 5,455 5,843 4,454
SX2 962,604 2,698,916 59,869 68,709 39,890

22.



Log
Body
Psrt

Regreesion equatione and other statistics for some of Koelz' Lake
Michigan Leucichthys artedii specimens.

23.
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Table XI. Calculated average size in mm. of body parts for Koelz' Lake !.~ichie;an

Leucichthys~specimene.

standard Length



25.

Table XII. Lower and upper fiducial limits for body parts of Koelz' Lake
MichiganLeucichthys~ciscoes.

st. L. 200 mm. 250 mm. 300 mm.
Mean Part Ind. Part Mean Part Ind. Part Mean Part Ind. Part

28.5;-36.4
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Table XIII. statistics of meristic counts for Koelz' Laks Michigan Leucichthys
artediispscimsns.

DR AR Br
f f f

40 2 8
41 2 63 1
42 6 64 0
43 10 65 5
44 19 66 3 2 1
45 14 67 3 6 3
46 21 68 4 7 12
47 29 69 3 8 5 87
48 24 70 8 9 38 2 88
49 26 71 8 10 103 26 15
50 19 72 12 11 54 76
51 19 73 16 12 5 83
52 8 74 12 13 1 17
53 3 75 15
54 2 76 19
55 1 77 21

f8 11
79 16
80 15
81 7
82 3
83 7
84 2
85 4
86 2
87 1

206 198 206 204 205
Msan 47.2 75.7 10.1 11.4 8.5
sx 9,722 14,983 2,079 2,331 1,740
SX2 462,824 1,138,223 21,121 26,783 14,892



Log
Body
Part

27.

Regression equations and other statistics for SOOB of Y.oelz' Lake
Michigan Leucichthys nigripinnis specimens.



28.

Calculatedaveragesizeinllllll.ofbodypartsforKoelz'Lake lichig!l'l
Leucichthysnigrip1nnisspecimens.



29.

Table XVI. Lower and upper fiducial limits for body parts of Koelz' Lake
Michigan Leucichthys nigripinnis ciscoes.

200 rom. 250 rom. 300 rom.
Mean Part Ind. Part Mean Part Ind. Part Mean Part Ind. Part
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TablelCVII. statistics for meristic counts for Koelz' Lake Michigan Leucichthys
nigripinn1s specimens.

GR I:R AR Br
f f f f

42 1 58
43 3 69
44 3 70 7 3
45 4 71 8 16
46 5 72 9 5 29
47 10 73 10 30 2
48 7 74 11 11 21
49 4 75 12 2 22
50 7 76 13 2
51 2 77 14 1
52 2 78

79
80
81
82

48 48 48 48 48
Mean 47.3 75.1 10.2 11.6 8.5
SX 2,271 3,607 490 555 410
SX2 107,731 271,627 5,024 6,443 3,520



Reeultsofanalysisofcovariance tests for body parts when
comparingKoelz'LakeMichiganLeucicht!:!'y"s.~and

Leucichthysnigripinnisspecimens.

31.

Body Part Slope



32.

Compari6onbetweensexesofage4F.R.B.LakeMichigBn!&!!£~

artediici6coes.

Results of
Covariance

Tests

aAt 219 rom. standard length.

Mean Sizea

35·9

Greatest
Actual
Diff. rom.

Greatest
Percentage
Diff. rom.



33.

RegressionequationsandotherstatisticsforF.R.B.LakeMichigan
Laucichthys~Bpecimens.

Log
Body
Part

HD:O.692X-O.1436 "

lIX : 0.575 X - 0.0914 "

IB:O.840X-O.8858 "



Table XXI. Calculated average eize in mm. of body parts of F.R.B. Lake Michigan
Leucichthys~specimens.
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Table XXII. Lower and upper fiducial limits for body parts of F.R.B. Lake
MichiganLeucichthys~ciscoes.

200 1lII7'. 250 mm. 300 mm.
Mean Part Ind. "art Hean Part Ind. Part ,:ean Pert Ind. Port
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Table XXIII. Statistics for meristic counts for F.R.B. Lake Michigan Leucic~ thy"
~specimens.

GR DR AR Br
f f f f

41 1 67 2
42 4 68 1
43 14 69 5
44 23 70 2
45 27 71 1
46 31 72 17 1 1
47 44 73 16 7 7
48 27 74 13 8 105
49 18 75 26 9 21 83
50 5 76 27 10 115 9 4
51 4 77 22 11 63 86
52 2 78 15 12 1 94

79 20 13 10
80 6
81 15
82 8
83 1
84 0
85 1
86 1
87 1

200 200 200 199 199
Mean 46.3 76.2 10.2 11.5 8.4
SX 9,268 15,250 2,044 2,294 1,676
SX2 430,356 1,165,234 20,968 26,532 14,186
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Comparisonbetweensexesofage4ofF.R.B. LakeHuron~cichthys

artediiciscoes.

Results of Mean Size" Greatest Groatest
Body Covariance Actual Percentege
.."Pa"-=rt'--_---'T'-"'lS=ts"--_---'''--_-"'-__=Di=ff..:...=mm......._--""Di~ff~

a At 208 mm. standard length.



Log
Body
Part

Regression equations and othsr statistics forF.R.B. LaksHuron
Leucichthys~specimens.

1,463.42311,069.0995

1,003.9080

1,447.9522

1,463.4231

1,457.9942

1,463.4231
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Table XXVI. Calculated average size in !lID. of body parts of F.R.B. Lake Huron
Leuc1chthys~specimens.



1;·0.

Table XXVII. Lawer and upper fiducial limits for body perts of F.R.B. Lake
Huron Laucichthys artedii ciscoss.

200 /DID. 250 /DID. 300 'mm-.-_...
Msa~ Part Ind. Part lIean Part Ind. Part Mean Part ....~.:_-!~!)..r_
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Tab1sXX\!III. statistics formsristiccounts forF.R.B. Lake Huron Leucichthys
~specimens.

GR DR AR Br
f f f f

1 69 1
41 3 70 3
4J 1 71 10
43 4 72 18
44 10 73 14 1 1
45 26 74 13 6
46 41 75 18 7 15
47 46 76 25 8 132
48 47 77 18 9 33 110
49 40 78 18 10 133 15 14
50 34 79 22 11 98 124 1
51 12 80 36 12 7 113
52 7 81 20 13 19

82 18
83 11
84 12
85 4
86 7
87 2
88 1
89 1
90 ..

271 272 271 271 272
)lean 47.6 78.1 10.3 11.5 8.5
SX 12,887 21,237 2,789 3,117 2,302
SX2 614,051 1,662,741 28,839 35,987 19,614



Results of analysis of covariance tests for body parts when
comparingF.R.B.samplesofLeucichthys~fromLakes

Michigan and Huron.

42.

Body Part Slope



Average count of meristic characters for samples of ciscoes.

I.B.Il.
No. Ss!Cple

Koelz Lake Michigan
!!.pigripinnis

Koelz Lake Michigan
!!.artedii

F.R.B. Leke Michigan
!!.artedii

F.R.B.LakeHuron
!!.!'rtedii

Lake Dauphin

Rocky Lake



Log
Body
Pert

Regreesionequations andotheretatietics for Lake Deuphin
ciscoes.

Sy2

44.

IlL. 0.762 X - 0.0252 98

EE =0.365 X + 0.3297

ST.0.753X-0.6078a
II

n :0.880X-0.91nb

aMales only.
bFemalesonly.



Calculated average size inllllD. of body parts of Lake Dauphin
ciscoes.

5T (Male)

" (Female)

45'.



4{,.

Table XXXIII. Lower and upper fiducial limita for bodyparta of Lake Dauphin
cisco6a.

200 mm. 250 JIIll. 300 JIIll.

Mean Part Ind. Part Mean Part Ind. Part Mean Part Ind. Part

ST(M)

ST(F)

60.9-78,8



Table XXXIV. Statistics for merietic counts for Lake Dauphin ciscoee.

~.

~

54.0
5,297

2B6,B97

"62.6
6,071

~~B~

00
f

96
11.3

1,08B
12,362

AA
f

~

12.1
m

10,OB5

&
f

96
B.2
~

6,547



48.

TablaYJ:X!l. Regre8sionaquationsandotherstatisticsforRockyLakeciscoes.

Log
Body
Part

HD:l.019X-O.8119

CL.O.848X-O.6962

CD.l.065X-l.1618



Calculated average size in DIll. of body parts of Rocky Lake
eisco8s.



50.

Table XXXVII. Lower and upper fiducial limits for body parts of Rocky Lake
ciscoes.

200 1IIIl. 250 mm. 300 mm.
Mean Part Ind. Part Mean Part Ind. Part !Jean Part Ind. Part



Table XXXVIII. Statistics for meristic counts for Rocky Lake ciscoes.

51.

Mean
SX
SX2

59
45.3

2;674
121.394

36
68.9

2.480
171,500

DR
f

58
11.3

65'3
7,440

AR
f

56
12.6

708
8,992

Br
f

58
8.4

489
4,149



52.

Number of chcoee of various gill-raker groups for 3 samples from
Lake Winnipeg.

GR Sex
Malee

GR Sex
Females

Group Condition Age Group Condition Age

Que8~ionab1e 4 Ripe 1
1 spa~ning 2

39 2
39 1

5 9
Ripe 1 65

3 41
2 3

Spaw~ing 9 Spe~t 2
4 3

Ques~ionable 2 Ixmnature 1
2S spa~ning 2
15 12

2 10
Immature 2 1
Ripe 1 spe~t 2

1
Spawning 1

spa~ning 1
4

32
22

ill lli.



53.

Table XXXIX continued.

GR Sex GR Sex

Group Condition Age Group Condition Age

Mature 1 Mature 3

1 1 1

2 15
4

3 39
26

4 11
17

Spa~ning 4 6 2

5 20 Spent 1

6 7
7 1 Mature 1

8pa~ning 2

Mature 3
15

12
7

3
1

1

spa~ning 3 sp~ning 6

11
52

11
59

1
5
1

1

spa~ning 3
41
18

2

ill ~



Tab1eXXXIXcontinued. 54.
3. MUKUTAWA RIVER

GR Sex GR Sex
Group Condition Age Group Condition Aga

IlIIDatura 5 Que~tionab1e 1
13 1
19 3

3 1
1 1

Mature 3 Innnature 1
8 1
7 Mature 2

23 7
26 7
21 18
3 35
2 25

7
Irmnature 1 Sma~l eggs 1

2 3 1
2 4 4
1 5 17
1 6 9

Mature 1 7 8
8 8 1

14
5 Questionable 2
9 Immature 5
1 Mature 4

5
Immature 3 6

4 7
3 8
1 9
1 10

4 1 11
5 7 Small eggs 4
6 13 5
7 9 6
8 1 7
9 1 8

Questionable 1
Mature 1

12
20
16

Small eggs 4
3
2
5
1

~ 3M.



Table XL. Statistically significant results for body parts of tests between
ages for spawning female ciscoes from Bull Read.

GRGroup Body Part Slope

EE NS Ii
BD Ii NS

CD lit NS
DR Ii Ii
PC Ii NS

Statistically significant results for body parts of tests between
agesforspawningDogheadciscoes.

GRGroup Body Part SI2.EL

HL ~ NS
DH Ii NS
PT NS li
PC Ii NS

HL Ii NS
EE Ii Ii
ST lili NS
CD NS Ii
AH it NS
PC itli NS



56.

Statistieallyaignifieantresulta for body parts oftestsbetween
ages for Mukutawa River eiseoes.

GRGroup Body Part

EE"
BD
PT

**t
NS

Slope

NS
NS

**

HL NS
EE NS
MX NS
All NS

HL " NS
HD iiil NS
IB ii NS
BD ** NS
BW ii NS
AH tii NS
PT ** NS
PC ii* NS



57.

Results of analysis of covariance tests between sexes for body
parts of Lake innipegciscoee.

Sample

GRGroup

Body liean Mean Mean Mean Mean Mean
Pert Size SlopeSi7.e Slope Size Slope Size Slope Size Slope Size Slope_



Regreasionsquations and other statistics for spawning female.
ciscoee of gill-raker group I from Bull Head.

Log
Body
Part

BD:l.02lX-O.6l25

PT.O.957X-O.6007



Log
Body
Part

Regression equations and other statistics for spawning female
ciscoes of gill-raker group II from Bull Head.

SX2

EE : 0.272 X + 0.5503

BD = 0.395 X + 0.8697

AH.0.460X+0.4564

AB.l.035X-l.0074



Regression equations and other statistics for spawning female
CiSCOBS of gill-raker group III from Bull Head.

Log
Body
Part

HL: 0.663 X + 0.2321 59

lID. 0.546 X + 0.3243

BD • 0.673 X + 0.2164

BW. 1.073 X - 1.0100

60.



61.

Regression equations and other statistics for spawningciscoe s
of gill-raker group I from Doghead.



62.

Regreesionequationsendotherstetisticsforspawningciscoes
of gill-raker group II from Dogheed.

Log
Body
Pert

IB .1.115 X -1.5384

CL.O.923X-O.8181



63.

Regressionequationsandotherstatisticsforspawningciscoesof
gill-raker group III from Doghead.

Log
Body
Part

Sy2

1,074.1786

ST:O.861X-O.8217

IB:O.991X-1.1467

1,062.6584

1,074.1786



Regreesionequatione and otheretatietice for mature ciscoee of
gill-raker group I from Mukutawa River.

Log
Body
Pert

MX : 0.708 X - 0.3497

IB ,,1.008 X-1.268l

64.



Regression equations and other statistics for mature ciscoes of
gill-raker group II from Ilukutawa River.

Log
Body
Part

BW:l.300X-l.5542

65.



Log
Body
Part

Regression equations and other statistics for mature ciscoes of
gill-raker group III from Mukutawa River.

Sy2

66.

PC = 0.565 X + 0.3040



GRGroup

67.

Calculated average si%e innmo of body parts for three gill-raker
groups of Bull Head ciscoes.

_ J



GRGroup

68.

Calculated average size in mm. of body parts for three gill-raker
groups of Doghead ciscoes.

35.7



GROroup

69.

Calculated averaga size in mm. of body perts for three gill-raker
groups of Vukuta...a River ciscoes.



Results of analysis of covariance tests between 3 gill-raker groups
of ciscoes for body parts of Lake Winnipeg samples.

BULL HEAD DOGHEAD MUKUTAWA R.

:..o::~~:..::~~__-,,~=~:,,-:__8=1=op,,-e__M=8~=::__-"-8=10=pe__~=~a",,,-z:~



Table LVII. Average size in mm. of Lake Winnipeg ciscoes.

BULL HEAD LOGHEAD MUKUTAWA RIVER
I II III I II III I II III

AgeFFF MF MF MF MF MF MF

71,



72.

Average count of meristic characters for Lake Winnipeg ciscoes.

GRGroup
BULLHEAD

I II III
DOGHEAD

II
MUKUTAWA R.

I II III



73.

Table LIX. Lower and upper fiducial limits for body parts of Lake Manitoba
ciscoes.

200 1lIlll. 250 om. 300 mm.
lIean Part Ind. Part Mean Part Ind. Part Mean Part Ind. Part



Table LX. Fiducial limite for elope for Great Lakes samples.

Koelz' Koelz' F.R.B. F.R.B.
Lake Vi.~higan Lake Ilichigan Lake lIichigan Lake Huron
!!.~ ~.nigripinnis ~.srtedii ~.artedii

74.



Table LXI. FiduciallimitsforslopeforManitobaciscoes.

75.

Lake
Ilanitvba

Lake
Dauphin

-o.317-1.823(M)

-o.096-1.856(F)

Churchill
River

0.911-1.073(M)

1.086-1.126(F)

1.200-1.284(F)

0.792-0.986(M)
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