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TITRONCTION

Giacoes (Leucichthys spp.) serve as an interaediste host for the tape=

worn, Trisenoshorus crassus. They e

180 oycle. The verious specios of ciscoss are

the main second intermediate host for the

porpotuation of the parasit
#ifforentially infooted which suggeste means of incroasing the markstability of

ciscoos and lake whitefish, Coragomus clupeaformis. Soms diffioulty

in this rogion and a search for better

countered in identifying the spsei
matic classification

eriteria for distinguishing them was initisted, As the sys

s has boen Justified, the validity of cortain

within the gomus Lausishthys not alw
nominal texa was to bo considersd. Asids from its valus to systomatics, a verifi-
cation of the classification would stabilizo tho studios on tho scology of the

parastte.

Knowlodge of morphomstric variation oxhibited by populations 'n mature
1s u basic roquirement of any taxonomis investigstion. Not omly mist tho total
variution bo revslod but 1t mst be partitionsd as to its causes. Stuciss on
ciscoos have shown (Kelshor, 1954) that the googrephic loction, age, cox end
rowth rate of the fish have an appreciable influsnce upon their morpi-iry,

unavatleblo, A propos crelua

Quantitative ostinates of the offects howevar e
4ion of the curront taronomy mist aweit soparation end quantitative oui tion of

tho compononts of the ontire varistion.

The present study considers the ciscoos of Lako Namitoba whick -oprosent

8 “inglo spoctos, Tho main objoct ie a dosoription of this populstion co that
comparisons boteoon 1t and nominsl specios end othor populations can bo mado. Tho
extont o which geographic location, sox end ag9 of tho spacimens is responsiblo
for morphomtric variation in 21 charsctors is prosontad. The semple of ciscoss

£rom Lake Menitoba is stmiler in morphometry %o specimens of Lecichthys tullibes

2rom the typo locality. Accordingly the Lake Menitobe ciscoss ars idontified as

iehthve tullibos.




MATERIALS AND METHODS

During Docosbor, 1951 704 fieh wero obtained from commercisl gill nets

from fich doslors. The locelitiss, from

st five difforont locslitiss by purche
end Msadow Portozs. The

South to North, wero: Dolte, Langruth, Wapas, Guynsms
ostimstod air distanco from Delte to Nesdow Portago is 115 milos. Approxizately
oxemined for Trisonophorus crassus (Koleher, 1052);

the remainder wore used for the morphomotric study. A dio was thrown to docido

halt of the specimons

the purpose of each fish. Bach was sot asido in turn and if the dio rollod "odd"
the f1sh was oxsmined for tho perasite. Teble I indisatos the dato end location
of the f1sh used for the marphomstric study.

ALL tho fish wore purchased in tho frozon stat. Thoy wors thavod in

<014 water ond fmmdistoly sftorvards wore oithor masured or oxamined for the
porssito. This wae domo botwoon Doconbor 18, 1951 and Jamiery 24, 1952, The
dnta are from non-proservad specimens and woro taken within two months of the
f1sh'e ospturo.

Monsurozonta and counts (of. appondix) wero mad by the writer and were

rocordod nitinlly by  socond porson on largs misoun sheots. Thoy loter wore

“tranaforrod to individusl spocinon cards end tho mensuroments woro convortod to
two-placo logs, boing checkod at a subssquont date. ALl the data wero ontored

onto T.B.M. punch cards %o derive cortain quantitios (Kolohor, 1953). Somo gros:

orrors wers dotostod through the T.BM. snalyais.’ The mousuromonts for each part
wors srrangod dn vorticsl colums and listed sscording to incroasing stenderd
Zongth of the fish. Suspoctod valuos wore chacked against the fish which vero
proservod and rotained.

Tho analysis of the messuremonts was undortaken by the mothod of rela=

tive growth. Nertin (1949) has capebly discusscd the subject perticulerly as it



Tabla I, Clscoss colloctod from Leko Manitoda in 1951 for morphometric study,

Dete Loeatton Loc, tou Tag Wambors Yo of Fiah
Dolta 1 s199-5240 2
9 Langruth 2 sm1-5253 1
sae5-528 1
s205-5306 12
1 pan s saso-s462 =
n Moadow Portage s s307-59878 ™
1 Doita 1 s204-5204 n
53005429 P
1 Longruth 2 s10-5157 1
u Guyramor n s150-5208 3
o n
545

PBxaopt Nos, 5310, £320
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applios to fish, There 1s & simple lincar relationship in many anizals botwoen

the size of the part (¥) and the size of the body (X) whon tho varistos are

tranaforned into comon logarithas, This relationship appears graphicelly

streight Lino and tskos the form of the powor function or rogrossions
Lo Y mlog b+ Klog X

The value K" in the oquation dotormines the slopo of the lino and tho valuo of

"log " detoraines te position. The valus of the slope is of spacie) interost

Lope 18 1, the "rate of chango” of the

in a relotive growth anslysis. If th

5120 of the part 1s a constant proportion to the "rate of change" of the body

a wholo. Tho body form doos mot changs and consequontly proportionsts parts or

ratios givo o sutisfactory exprossion of morphometry. Ususlly the slopo has a

of chango"

valuo other then 1 (Nartin, 1949). Tho parta thon have a "ra

difforont from thet of the body and the roletive growth method is bottor suited

than proportions or ratios to desoribo the morphomtry. Varr (1955) has di

oussed the morits of the two methods for taxonomte studio
of the body can bo com-

uronont at oy o

Tho averago size of  m
putod from the oquation, Tho ovirago mixo at this wbitrery standard longth i
a enloulated ndjustod valua bocauso 1t is dordvod from the oquation and tho slops

of the 1ino has boon discounted. Tho length of tho fish whose mossursmonts are

40 b anloulated should bo within th siso ramgo of the samplo %0 as to avold

tho dangors of oxtrapolation,
It 10 now possible by mans of the snalysls of covariance to utilis

the theory of probability in the relative growth emalysis of meacursmonts. This

statistical mathod is dotailed in many statistionl toxts, Tho outlino by

Konnody (1953) has boon followsd in this study. Judgment as to tho valldity

of 41fforonces botweon ragrossions aro wot subjootive but have boor ads agatnet

the standard of chance.



Tho reristic counts have boon prosonted by froquoncy distridutions
ang moans. Cosparisons botwoon groups wero made by tho smalysis of varience,

Both the measurements and counts havo boon oxamined for veristion
sttributablo to goographic locstion, sox ond age. The posaible offoct of ‘
sach factor was examined soparatoly. Only s cno-vey classification for the
statistical tost sppeered possiblo boosuse tho mumbor of fish was not constent

nor proportionate for

ch of the sub-divisions (Teble IT). Not all the ‘
Posstble measurement data woro used for osch factor, but that vhich were

onployed have been indicated.

Mo sorious departure from indspendonce in the sex of the fish assign=
ablo to any of the catogordes was found, The 345 fish consisted of 157 males
and 168 fomales which is within the stetistical lmite for s 1il ratio (X° =
2.79, PoS = 3.84). Tests of significance of oach sox comperod to locstion and

ago 414 ot givo stgnificant valuss of P,
TS

Tnitially the requiremsnt of a linear rolstionship botwesn the

veriatos was oxaninod by graphs. Eeoh point ropresonted the avorage mensuro-

mants for fish of a particular location, age and sox, Those 80 graphs showed

*hat this requirezont was satisfiod, and the spocimens consequently wero ell in

th sams growth stenza (Mortin, 1949).

The intra-lake factors wero oxamined in tho following ssquoncer loo

tion, sox, and age. Tosts for location end sox difforances wero rostricted to

only the age 5 fish. Thoy roprosentod 45 por cont of the ago composition of
tho samplo. To include amother 25 por cont, 1.0, the ago & fish, would have
doubled tho work. Exemination af tho differences botweon tho soxos involvod

fish from a1l Tocations thet di-| ot ~hou sienificant difforcnces. Ags comm




Tablo II. Namker of lake Nanitoba ciscoss according to location, age end sexs
For nemas of locations seo Tablo I.

LooaTion
sex and Ao 1 3 s Total
Spont Tomalos
s R B 10
. 1 nsE L e 5
s 0 m w3 o» o
¢ TR 50
v PR ok o TR 2
omuL @ © 7 1w w® 109
alos
2 R - PO 1
s IR . e 0
. 0 TR W) 0
s WAERE 4 el Ty &
s 3 N s
i o P e Ao s
romuL n e ¢ 3 m 157
T wuaers Tro s T ToTloving mamber of Fi7s Tomaloa:
154
)
ity

* tnoludos 1 fish of unknown ago




partsons woro linitod to 3 age groups because thoy comprizod at loast 90 par cent

of the Fioh fre

4ifforont Locetions snd both soxss wors used whors p

iblo. Table III lists the tosts that wore porformed for oach factor.
INTRA-LASE FACTORS

Miustod mon siser Tho rosults of tho analysis of coverimnco for

odjustod moen 51

are givon in Tablo IIT. A statisticelly significant rosult

was obtatned 1n 26 of the 71 comperisons, However 2 to

s woro o duplication
of provious onos with a lergor samplo. Then tho saxas wars combined tho caudel
podunelo longth 54111 romained statistically significant botwoon locations, but
tho avorags sizo of the smout was not significant botweon locations.

Tho steb: 11ty of the difforent measursmonts Ls indisated by the nusber

of factors which produce signifi

nt difforoncos. Only ono mensuremont, dorsal

b

not affoctod by any of the fastors. Fivo messuroments variod for two
factors; 9 voriod for a singlo factor. Ono measuroment, body dopth variod for

811 threo foctors

Tho ago factor was rasponsiblo for tho lorgest nusbor of mossuromonts
(11) showing changos in avorage size. Difforoncos botwoon tho soxes woro ros-
Poneible for veristion in T monsuromonts whilo location difforences woro found

4n 4 mossurorcnta,

Tho hoad parts woro affocted by the lonst nusber of fastors. ALl of
thom variod only with sgo. Tho trunk messuresents woro influoncod by a1l factors

whilo the fin ponouromonts wore altored by sox and ago but not location

Som woasurononts aro affect

by cortain intre-lako fostors. Its
oxtont 1s soon by oxamining tho mean siz0 of o body pert at 225 mm. stendard longth
(Tablo TV). This standard longth was choson becauso it roprosonts tho avoragy

Lomgth of A1) zpecimene naod in the morphomotrie

;. Mtorntion in now directod
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1o TX. Bagulte of analyets of covarianse taste for memn siso of body parts of

o Nanitoba
@ Fatven Losation Botueon Sexs 5 T
s 5 455 5 fish from

Body Part Fomales all looations  Melos Femalos
HL w® w - - a2
m » N - - it
= 5 ¥ - - &
st . s - - n
o w s - - "
m * s - - &
oL w » - - 15e
3 u n s - -
£ @ w n o =
w ™ o s - -
D » & " N =
B ® w - - »®
] » @ s % -
a8 s o " »® d
T s w - - +
" * @ w ™ 5

-- a
B0 o Tooetics 1

b - doontan's analen s

& - sdlusted some'aiftor at 3¢ Lol of stanifiouncs
& - adjus t 1%

significance

Tblo IV, Oaloulatod moan size in mm. of body parts of clacoes nt 225 m. otandard
longth.

Ago 5 Tomlos from Looation Ago 5 ‘Ago Oroups®

O T T T T ] v (W T ]
L ] - 57,0 581
- - - - S - - 30,6 39,3
- - - - o - B4 1.7 160
[T o - 1810 .3 L
e - e 184 188
R . - Sl . - W7 9 1850
oL Gz S 5 EeC T
00 2 2.3 ms B 2T 22.5 - -
B) 651 645 - 408 62,0 . 6k s6.8
B 3.7 30.4 - 28,9 30,0 3Ls - -
T - TR o se4 529 s
B - @ e - - S
R 36.7 .-
T S e S W4 24 B 3
S R s & Sl
BOd = - i = - 46,2 45,1 461 6T

“Soxes combined oxaept for ED and 4B (maloi

only) and DA and 70 (fomalos only)




1o the differencos betwesn the meuns of a givon category. s usually several
moans can bo compared, the greatest eifforonce has beon listed in Table V. The
loft saction of the Table records the sbaolute difference; tho right sestion,
torned the groatest percentags differonce, is tho absolute difforsnce divided

b7 & hundredth of tho smallost mesn. Tho differenc

ars not rogarded as largos

Thoy havo boon fourd to be "significant boca

of tho large samplo size from
hich thoy woro dorived.

Tho largest d1fforances wero found botmoen locations. They rangod
£r0m 1.2 %o 4.3 mm. vhich Lo o percontage difforence of 5 to 9. Tho éifferonce:

oncountored Totwon soxes and betvesn sg:

ro smallor. The rengs was from 0.3
to 2.5 m.

or from 1 4o 6 por cont. It fa ot valid o conpare tho ovor-all
#ifforonces found 1n ono facter with those found in another bocsuse divorse
monsuroments are involved. In a fow instances tho offoct of cach factor on a
spocific part can bo disoussod. Tho throo locatinn difforoncos (caudsl poduncle
d2pth, body dopth and ¥idth) aro grester than thess differancos botvaen the
sexos. Stmilarly the difforonses in tho sge factor aro as largs or lurgor then

those 1n the

x factor. The factars rank in tho ordor of locntion, ago, and
8ox according to their docroasing nflusnco on tho size of the body parts,

These factors are not mecsssarily dirsctly rasponsiblo for tho vards

tion in the parts. They merely say bo the exprossion of soms othor cwiio. A

suspocted influsnce would bo th growth rate. Nartin (1949) statoss

t appoars that <wo processes, rate of dovelopment
hndy p.m B aaor, b oy
in 1 o havo spposing ro-
)-MomMpl u m, oS Eincsiras e Rty Cody rocer
d ith eithor rotardsd devolopeont or =1th

subsoquen
Tho growth rates for orch factor may bo compared by an oxsmination of
averago longths listod in Teblo VI Tho fomales m

goncrall: #n. larzor in the
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Teblo Vo Diffuromes in culoutated mun alse of body purts of sissens et 225 mm.
standard longth. For caloulsted noan sizo sso Teblo

Trontost Aotusl DIFF. (m) Groatost Porcentags DIFE,

Location  Sex  ge Location  Sox kg
n - L - - 3
L] - - oa - - 2
= - - o - - +
st - - 08 - - s
3 - - o - - .
™ - - e - - 2
oL - - - & 5 -
2] 12 w0 - 5 4 -
m 43 5 28 " . 4
" 2.8 LT L 9 6 =
o - 01 2.9 - 'y 6
™ - - - - - -
" - - - 4 4
» - oI - 2 4
T z = E = o &
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Teble VI. Avarage standerd length of Leke Nanitoba ciscoss,

Targor
A Location lee. o Malos  Sized
Yo.
s Dolta 1 210 22 u
Langruth 2 195 208 w
Wapaa. 3 P 2 ¥
Guynemor + 26 EY u
Neadow Portag 5 22 22 -
AL 20 E
5 Delta 1 =1 219 it
Langruth 2 221 28 4
Wapaa 3 223 20 I
Gayromor . = =2 u
Voadow Portage 5 2 1 e
A 21 22
6 Delta 1 27 = ™
Langruth 2 228 226 T
Wapes 3 22 - -
Guynomer 4 1 20 £
Neadow Portage 5 26 %1 ™
AL 29 20

5 valus sxooeds the 5 por cent lovel .f P
7 valus oxcosds the 1 por cent lovel of P
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statistically significant comparisons. They are assused to have the faster growth
rate. Table IV (pags 8) shows the messurements which varied betwesn the sexes.
o fomales,in all cases, have u smaller averago body part. This agreos with
Nartin's statenent regarding growth rate and eizo of body parts. Ferales diffor
from malos in some mssuremonts not bocause of their sox but as & consequonce of

a dtsstnilar growth rate

Fish collected from Meadow Portage have the fastest growth rate bacau

20 at oach ago than the fish from the other

they attained a larger avarag
locations. Conversely the Langruth sample has the slowest growth rate. Tho

males do not show any real differonces botween locations in the size of their

body parts (Table III, p.8). The morphometry of the femsles is compsred by loc

‘tions in Table IV (p.8), The means of the Meadow Portage sampls are not the

smallest and the Langruth samle is not the largost. Changos in body form as

ciated with locations do not ppear %o be corrolated with the growth rate.
The maen siz0 of tho parts variss betwoen age groups. The vluos of 7
parts are smallest in the ago 4 fish, intermodiate in tho ago 5 fish and largest

Tho dopth of tho hoad and body and longth of tho anal baso

1n tho ago & fio)
4o not follow this trond. Tho incrosse in standard longth with ago doos mot ex-
Platn the changes in morphomotry Locauss allowences havo beon made for this dis-
simtlerity, Tho slopos of the lines roprosenting oach ags group wers not shown
4o b difforent (sco below). Diverso growth ratos of tho year-classos rethor than
& airost dopondamoo upon ago might mocount for the varistion in morphomtry. To
conform to the mogative corrolation botwoon growth rate and body form, the 1945
6 £1sh) should have a elower grovth roto than the 1946

(tho prosent

your-ol

or the 1947 yoar-ol The sizo of the fish at provious ages was not reckonsd

20 this hypothosis could not be examined.
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Slopa: Tosts for differences in slops Were mado on the same fish which
wor examined for variations in avorago size (Table ITT, pags 8). The slopes

wers statistically significant in only two instances, and both timos the F valuo

tho tost botueon tho sexss for body

oxcosded the ons per cont lovel of P. Ono we

width, Tho slope for the malos was 0.76 whilo for the fomlos it was 0.98. Tho
socond significent result was obtainod in tho test of tho poctoral longth botwaon

0 5 and ago 6 fsh

ag> groups. Mo slopo for tho ago 4 fish was 1.0, for the
14 wao 0,61 nnd 0,69 rospoctivaly. The indicntod hatorogonaity of slopas for the
Poctoral longth i ascrided to the high valuo for the oge 4 f1an. In viow of tho
many comparisons that suggostod o rosl differoncos botwoon tho slopas, the pro-

coding oxcoptions oro disrogardod. Tt can bo inforred from Martin's study (1949)

thet the size ut inflection in the mechoniem rosponeiblo for producing diforenc

4n morphometry ensociated with the intra-lake factors.

GRVERAL TESCRIPTION
A summary of tho data for tho moasuromonts 1o given n Tablo VIL. The

oquation describos tho rogrosaion of tho part on tho standard longthe Tho othor

roquired for statistioal

quantitios wore used to dorive the equition, and

Various statistics concorning the body

tosts botwoon this population and othe:
parts oan be obtained from thoso date, For fish of o given standard longth, the

xpoctod rangs of o aingle monsuromsnt

averago size and its fiducial lmits or the
can bo calculsted. Tho data in Table VII sppear %o be the best mothod for pre=
sonting the original masurosents. It is not foasible to 1ist spproxizatoly 3,400

indtvidus) ftoms and grouping them by size or age would concoal the individusl

variation. Proportiznats parts or ration may b securad by solving for the sctusl
movsurononts and convorting.
Tho oquations provido a goreral desoription of tho Lake Manitoba oisooos,

They have boon dorivod by rouping all the fieh Lrrospoctive I thed= loratlon,
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T VI, Beiarien aquetion ent other statiskins for Lake Manttl ofseoss:
X = log standard length and ¥

Tog

Body I S s sxe B
part.

HL & 0.783 X - 0.0815 345 811,03 606,91 1907.1557 1427.1828 1068.0821
HD = 0.802X-0.2983 % "  sans2 v 12075792 869,4092
BT s 0.486X+0.0502 " * 44T " 967.5686 491,051
ST = O.707TX-080 % 3976 ® 9354665 459.%944
EX = 0.657X-0.287 " 4me8 " 1024,5809  550.6414
D = 0,888 X - 0.9146 344 80873 403,55 1901.8657 949.2397 4740909
OL ® 0.886 X - 0.7805 345 B11.03 49,29 1907.1557 10567076 586,4175
D * 0.943X-0.58 " aeees " 1022262 637.1418
B s 0746 X40.007 M % gL v 24673502 1129,2547
B s 108 X-0886 " % s v 12130867 772,0502
DH ® 0,708 X 40,0723 269 632,70 467.43 1488.6300 10097490 12,6523
DB & 0.786 X - 0,3596 345 811,03 51340 1007.1567 1207.3602 754,653
M ® 0.792 X -0.2000 256 60217 400,36 1416,6839 942.0889  £26.6152
AB % 0,843 X - 0.5328 344 808.69 498,42 1001.6332 11721790 722.8606
PT = 0,819 X - 0,222 282 663.58 466.7L 15619320 1098.5021 772.8893
T % 0.791 X -0.1953 335 787.65 S57.61 1852.4607 1311.4856 928,655
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intra-lako factors are responsible for varistions in the measures

h

and age.
Ho altarnstive hae

Bonta heterogoneous matorial, in effoct, have baon combin
boun found to ovorsoms this difficulty. This problem and it implications sre
considerad ix the disoussion.

Tho slope for ssch measurcmont of tho Laks Nanitoba ciscoos s the valus
of "N in the oqustions in Table VI It is 0,783 for tho head longth. Although
the fiductal limita of theso slopes havo not boon dotormined, nous, oxspt the
body width, appoer o havo & valus of 1.0 indicating that thors is not a constant
body form.

Tho avorago size of osch part corrosponding to throo difforent standard
Zongths o prosentod in Table VIIL Tho messuroants of the Lok enitoba ciscoes
£ay o comperad directly with other populstions. ks the uppor lomgth 1irit of
our deta o ut 290 m., tho caleulation of tho ports st 300 mm. standard longth
roprosonts on oxtrapolation. This was dons dn ordor 4o compars tho rorphometry

of thoso ciscoss with Loueichthys tullibos from Pino Toland Laks

MERTSTIC CONTS

Gounts woro mede of the musmbor of gill-rakors, doran) end encl rays,
branchiostognls and latoral lino scalos. The mothod of counting is prosontod in
(o appondix. Froquoney dlstributions and othor statistics of counts ars pro-
sonted 1n Tablos X and X, Tho ssmpls sisb of the gill-rakor sount is highor
4han the othora boceuso data from tho eiacoos oxominod for the paresito have baon
sneludod.

Tho dsta woro partitionod g0 *hat variation sssociatod with sox, 2ge
218 Tosation could be oxamined by tho analysis of varfanse. No significent
#tfferancos in tho dorsel roy, anal ray, branchiostogal snd latoral lino soalo

counts woro found, Tt was concluded thet tho intre-leks foctors did mot ine



Table VIII. Caloulsted sversge sizs in m.

of body parts for La

Standard Length 200 = 250 em.
M s2.5 s 72.1
w .2
= 1.7 1.9
s 131
ux 1.0 1.7 2.2
® 1.4 164 1.3
oL 8.1 2.1 2.0
o 2.5 .3
® .8 7.9
" 4.9
e 50.3 7.0
m .1 -7
m .4 9.8 6.0
" s 50,8 3.9
»r 0.5 4.2
® 2.1 503
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Tablo IX. Froquorey distributions of meristic counta of Lake Manitoba ciscoss.

FTT-rakors Foales Torsal B, Knal K.
Count Yo, Count lo. ount N o, X
w0 1 - 6 - - 5 =
ALy ® 1 - - B z
- 50 - - . 5 o
apiig n - 7 - - 20
i 535 3 8 - - 209
PR 53 1 9 2 - 108
46 3 6 7 0 e 1 6
8 %7 noo20 106 -
9 56 7 12 e s =

4 18 571 1 3 a 3
50 125 5 4 - H a
s er 5 33 - - 5 5
& e o 31 - - = =
53 53 a s 5 = 5 o
s¢ a1 6 a2 - - 5 ot
B u 6 3 - - 3 e
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Tablo X. Moristis counts of Loke Nandtobn ciscoss
et

o Toland Luks
Vo, Rango Hoan X 512

rr——

Lako Vanitoba 704 057 35,106 1,754,510

Pino Io. Luke 6 185 304 15,435

Lako Nanitoba 339 49-10 613 20,800 1,202,688

Pine To, Lako 6 6576 70,3 a2 2,
Dorand Rays

Lake Manitobs 341 9-13 .0 3,75 41,6
Anal Raye

Lako Manitoh: 339 10413 1.7 3,975 16,677
Branchlostogals

Lako Manitoba 341 7-10 8.3 2,826 23,52

“Data fron Dysond (1928)



fluonco thos counts.

Tho gillorakers showod difforoncos botwoon agos, botweon locations but

not otwaon the sox

The tests for agas woro significant st tho 5 por cont
16v01 tn the Uoadow Portago ssmrls and st tho 1 por cont lovel in tho Dolta and
Longruth samplos. Te tasts for locations woro significant at tha § por cont

for only tho ago 5 fiah. The statistics for these tasts are listed in T-blo XI.

Tt appocrs, from an oxamination of tho mee

, that thoro 19 o gonoral inoro

in tho numbor of gill-rakers from ages 4 to 7. Tho incrosse is of en ordor of

2 gill-rakors. Tho a

6 fish, however, have approximatoly the semo aversge

count as the age 5 fish, Tho difforonce in counts found botween loostions s

boltevod to bo

sociatod with disstmiler ago compositions,

TENTIFICATION

The Lake enitoba oscor

4dontitiod by compartng thetr morphometry
With that of noninel spect
oro lLoustohthye fulliteo, Leveichthye artedi and Leuelehthvs pirizimis. At
nt tmo the comparison 1o iaited to L fullibes. While dota are availe
n Lo artadid and L pieripinnts, they hove not
sary for an analysts by the rolutive grovth

. The nomtnal species most slmiler to these ciscoes

the pro;

1o 1o offoot compardaons bots

Yot boon arranged in the form nec

rathod,
Vo bolieve an identification of the Lake Manitobn cissoos sould assdst

in dootding tho taxonomic status of Lo tullibes. This spocion s bused upon @

doscription of ciscoes from Pine Telmnd Lake, Seskntchowan by John Richsrdson,
18 are no longor extant and ro specimens could be obtained in 1946

The description published in 1936 s insdequate now to characterdze

Fortunately 6 spacimenc were collected from the +ype locality in the
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Table XI. Statistics of gill-reker counts for Lako Manitoba ciscoss.
Tocation to
e 1 3 . s Total
3
N 2 20 2 2 56
sx 583 o 9 1,088 2,756
sx2 8,367 47,465 4,901 52,070 155,728
¥ 8.6 8.6 49.5 9.8 9.2
s
] 2 3 2 1n 131
s 1,9 1,77 sez 528 2, 5,42
SIZ 64,605 88,851 28,280 25,376 108,859 a1s,0m
¥ .8 9.6 8.5 8.0 49, 9.1
5
N 8 2 32 217
SX 4,35 3,119 1,50 3,232 1649
SK2 220,518 157,147 79,226 158,586 693,893
¥ 50.6 50.3 9.7 9.0
6
N 61 15 2 25 190
sx 3,08 2,260 350 1,257 9,530
SX2 152,282 115,845 69,116 63,359 479,216
X 9.0 50.2 50.5 50,
7
N 15 10 - 10 7 42
8x 765 516 - 503 359 1143
S12 39,095 26,69 S s, s,e7 109,575
u 51.0 516 - 50,3 513 s
Total
N 20; 72 9 166
sx 10,1 7 90 4401 8,205 35,108
SX2 SO7,733 436,211 179,538 224,607 406,421 1,754,520
H s 9.9 9.4 0.9
Toctades — & = 1350 8, gr 50-
b-luwet g 47
o =3 8 gir. 45, 50, 501 1 agn 9 gur. S0
R B ce % o
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oription of thea has beon publishod (Dyzond, 1928)s
14 and L. nigripionis b
artedts by Kools

winter of 1926-27 and a d

not boon

e rolationship of L. tullibos o L. ar

ofinitaly

t410d. Tt was roduced %o a subspocies of L.
(2931). Mors recontly Dymond (1943) implied thet 1t was more closoly related
%o L» nigriptants,

A aiffioulty in compartng the Lake Menttoba ciscos

tion of Leuoichthye tulliboe from the typs locality is that the dats sro mot

strictly comparsblo. Our mossurements aro dorived from unprosorved matorisl

whilo Dymond's wers medo from prosorvod fish. His messuroments woro tskon after

the 1sh wors in 65 por cont alechol for to wecks, proviously boing "tsmporarily”
in a5 por cont solution of formaldohydo,

e svorage sizo of tho sposimens diffor. Tho Lako Manttobs fish avor-
age 225 mm.; the Plns Toland Lako fish avorage 326 m, This difficully in ftsolf
can bo handled by tho snalysis of covariance but thore is no ovorlsp in size. Our
comparison thorofors assunss that tho fish are in o similar growth stansa and that
oach group can be comparod at a size which 1s not found in oithor.

Dymond prosentod tho proportionsl perts of L. fullibo. Thoy have boon
rosrronged to obtain powsr rogrossions (Table XIT). The average mosuromonts of
a fioh at 300 m. standard longth heve boon computed (Tablo XIIT). The sscond

and third columns of this Tablo comparo tho Pino Tsland Leko and Lako anitoba

fish. Only twelvo mensuromonts aro prasentod becauso tho fins of Ly tillites
wore dseagod in handling, Anslysis of covarisnco showod that 7 4ifforoncos

roached tho 5 or 1 por cont lovels of ‘significance. The porcemtegc diffarence
in aversge sizo botwoon thoso two populstions was groater for cach measuromont
oxc0pt body width than the porcentags diffsrances found batwoon tho rtra-lake

factors of tho Lako Manitoba ciscces (Tablo V, pags 10).



-21-

Teble XIT.  Begression oqution and other statistisn for lejohtivs tuliihes fron

o Tsland Lako. Original ds Dymond,
e
jy
Body Noos s sx? sx av?
Port
HL 8 0.657 X -0.2684 6 15.06 1.3z 37.8062 23.4180 213622
W = 1,0%X-08704 6 " 1038 " 26,0596 17,9644
EZ = 057LX-0169 6 % T8 * 10,0280  9.5802
ST = 1a7X-1688 6 % T4 v 1340 9.0962
WX = 093X -0821 6 " Bsl v 23651 12,0747
m s 00X-009828 6 % 808 v 20,2860 10,8972
L = omax-o030% 6 " g3 v 22.4183 133079
oD = o2 x-05%07 6 * 938 v 20080 14,0512
BD - 153 X-1.8808 6 " 18 v .52 23,4199
B o l3mx-l7ml 6+ 1091 ¢ 258859 17,7280
o SRR = 2 3 5
DB = 1.000X - 0867 6 15,06 9.59 37.8062 24,8285 16,3128
- 1 247 159 6009 3.9273 2.5
A = 0714 X -0.738 6 15,06 9.71 37.8062 243761  15.7203
] 2 502 353 12,6038 8.8630 6,235
o 3 55 180  6.5025 45900 3.2400
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Toble XIIL. Gosparison of svorage siss of body parts of Lousiohts fullite
fron P Toland Lako vith Lake Nanitobo clacoss ot o s

Longth
Body Part Avorage Size Differonce Porcontage
m, (PLls = Ll Difforens

H 72.2 01 s
m 9.6 0.8 -
= s 0.3 -
st e ot 3
"3 .5 2,30 10
] 20,7 Lok "
oL 2.2 3.2 =
) a8 18 =
) 84.0 [Bt s
£ a0 s.ote i
™ - 5 3
o a2 258 6
" - E o
- 39,3 3.t 9
”r - 5 H
L3 - E e

& adjustod moans diffor st 5 por cont lovol of significance.
% adjustod moana diffor at 1 por cont lovel of significanco.




Tosts for differences in slope batween tho two groups woro mado. Only

tho slopas for body dopth wore statistically significant which affirms that it is

fish ovon though thoy are not the same size.

propor to compars thes
Only tvo of the meristic counts wer compared (Tablo X, pags 17). The

differences botveon the gill-raker count (0.8) and the scalo count (9.0) wero

significant. The ¥ valuo for gill-rskers oxcosdod tho 5 por cont lovol of P and

the ¥ value for scales oxcesdod the 1 por cont lovel.

4 comparison botweon the Lako Manitoba ciscoes and L. tullitos from

the type locality d1d not show real difforences in 5 measuromonts. In 7 momsure-

monts and 2 counts the Pino Teland Lake fish could bo considored differsnt from

tho Lako Nanitoba clscoss, In all thoso casos the Pino Tsland Lako fish had tho

higher valus, Thoso difforonces botweon the two groups are gronter thun diffor-
oncon found within tho Lako Manitoba clscoos. In viow of tho oxtrons varisbility
in the morpomotry of the samp species in difforont lakes tho Loks Nanitoba ciscoos
aro idontifiod ne Laueichthys tullibog. This conclusion agross with the idontis
fioation rado by Bajiov (1932).

DISCUSSION

Tho formilation of a gonoral dossription of tho Lako lanitebs clssoes
prosents cortain prodlons. Thoy cocur bosauso thorn ars varioue subgroups within
the samplo which have tholr ovn distinet body form. Bch of 3 ags groups had @
o bo dordved that will apply

41¢foront hond longth rogronsion. How can u rogros
4o w11 Tho probloss of oxprassing the morshomotry of tho population by  hotoro:
gonoous aumple ore coneddoreds

Tho firet diffioulty concorns sumpling. If subgroups are hotorogonsous

thoy should Mo selocted in mumeries’ sroportion to their roprosentation in the




have been conbined therefors implying that the age §

population, ALl our da
#ish aro the most mumsrous sgo group in the lake. This s cortainly incorract
according to bislagloal theory. Tho morphometry of the ciscoss can mever be

doscribed 4f each age group 1s to sontribute its rolstive proportion to tho dos-

cription. 7o ceanct doeide upon the corroct porcontags of sach age group in the

@ lot alono collect the specimens in this proportion. This point may sppesr

theorstical bt 1t doss point out s roal obstacle, If semplos taken st ons time

2T not roprosontative of the population, most likoly two sopsrate samplos from

gni ticant difforoncos. The 1951 sample was

th semo populstion will show

composed of 45 por cont age 5 fish. A samplo collocted  yesr lator might con-

on of the morphonotry would probably

tatn 30 por cont ags 5 fish. A compe:
show d1ffaronces btween tho 1951 and tho 1952 samplos.
The obrious solution to tho disposttion of hoterogensous mibgroups 1s

not the foastble ono, This is the sacond problom. Each distinctive subgroup

could bo kept apart and a soparate doscription provided. In tho Lako Vanitoba

study this wowld nocossitato at loast  separate oquution for head Longth for

ch age group. This makos gameralization impossiblo and oliminstos tho only

moans of comprohonding and comparing oxtonelvo data, If w use soperoto oqua-

toms for osch distinetive subgroup, which squetio should havo pricsiyl Mo
singlo ags crozp should bo used to reprvsent he Laks Nanttobs clscoss. Viady-
Kov (1954) has statod tho problom eptly, “In offe-t, a dovoloping ~cz o
Sposkled trut has the samo risht as on adult %o bo sonsiderod us 5. fontinslle™.
12 thore aro &1¢forencos within the ssmple, %o 800 mo altornativo to
combintng a1l data,
In view of thesn onsitorations, o statistical tast of significenco

cide if two zazylan Melong fo the same “inlogicel popu-

eppoars

lation. This is also the conclusion of othor investigators.
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Wilder (1952) found significant differences in ths messurements of

cortain populations of spockled trout. Ho reforrsd them to tha same taxon because

groator differences could be obtained by resring rout under dissiniler tempe
ture conditions. A statistical test of significance doos not measure the diver=
89nco of the groups according to Ginsburg (1940). They may be considersd dis-
400t But the test cannot decide the dogroe of taxonomie differsncs. Ginsburg
used the degres of intorgradation of the characters in judging the taxonomic
status of the smmples.

Godeil (1948) and Schasfor (1952) had o decids if a sample of

i1en Islands vas tazonomically the same as hetero-

yollowtin tuna fron the Ha
enoous ssoples from the sastern Pacific. Godsil's decision was based on dis-
tinguishing botween statistical and biological difforences. Schasfer analysed
the date differontly but stated thet no mothod currontly was availabls o ovalu-
ato the situation with any procision.

Do these considerations invalidato statisticsl analysis of data i
taxononte stuties? o camnot agree with this view. Statistical tests only in-

ro duo to chence. This i

dicate tho probubility that the observed diffarences
e

worth-vhile bocause it lossons tho subjoctive judgoment of differonc

statistios sssist in the docision of idontity. Onoo idomtity is rajected, the

Proper taxonomie category is chosen by ovalusting tho degras of difference with

the 814 of blological theory and exporisnce.

smauRy

1. An invostigation of the morphomotry of the Lake Manitoba ciscoos was basod on
345 spocizons collscted from 5 differont locations in 1951,

2 Tho body form was studied by means of 16 measuromonts and § meristic counts

and was oxamined for varistion sssocistod with tho factors of sex and ags of



s

Station for porforming numorous tashs nocos

the

solvod aomo 41774
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the fish and location of the samplos.
Tho monsuromnts wors troated by tho mothod of rolative growth. Tho svorage

8120 of all the morsuromonts excopt dorsal b

s affoctod by ono or more
of theso factors. & differontial srovth rato botwon the soxes provably ac-
counts for fomalos having mallor body parts thun malos. It could not bo
ontablishod that tho growih rate vas responsiblo for difforances in body
parts prosont in fish from cortain sge groups or locations.

Tho only count that was influsncod by the factors

s the gill-

kors. Thoy

shovod an averago incroase ovor 3 gos of sbout two. They difforod betwsen
Locations.
Sox, ago or loostion do not influonce the slope of tho rolative growth

no. Tho slopo for each monsurcmont rovouls that a constant form for e

part 1o not found.
A doscription of the Leks Vankiobs ciscoos is provided by moans of rogrossion
oquations. Tron thom, the svorsge sizo of a body part at an arbitrery longth
of £ish can bo obtainod. Rogroasion aquations ars providod also for a dos:
ertption of Lousiohthys tullihos from tho type looality.

ho Lako Nonitoba oiscoss aro idontifiad us Lousichthys tullibos. Thoy woro
found to 44ffor from L. tullibos from tho typo looality in 7 monurcments

ané two courta.

A dlscusston of problems rolating o tho doscription of tho merphomtry of

this population La prosontod.

AROTELGENTS

My approciation 1s oxtonded to sany of tho staff of tho Winnipog Biological

ry for this roport. Mr. R. Rotd ok
T.B.M. phaso of tho work. Dr. J. . Wnito of the Univoraity of Manitoba ro

iltios in statists




-21-

LITERATURE OITED

Bajkov, A 1932, The genus Leusichthys (ciscoss or tullibess) in Memitoben wators,

Contr. Cansdtan Bol. and Fish., Vol. VII, Nou 26 (Sor. A, Genoral, Nos 23)s

321-333,
Dymond, J.R. 1928, A doscription of Lousichthyg tullibeo (Richeréson) based on
six spocimens from tho type locality. Univ. Tor. Studs, Biol. Ser. 3L; Publ.

Ont. Fish. Ros. Lab. 311 3-

1943, The coregonine fishes of Northwestorn Censds. Trans. Foy.
Camodtan Tnst., 2 Part 2 171231

Ginsburg, T 1940, Divergonce and probsbility in taxonomy. Zoologics, Yol. XIV
(part 1)s 15-31.

Godsil, H.C. 1943, A proliminary population study of tho yollowfin turs snd the
albacors. Celifornia Dive Pish and Gems, Fish. Bull. Yo. 70, %0 pp.

Keloher, J.J. 1952, Interim report on oiscoss, Leusichthys, collected Iron Lakes

Manitoba, Dauphin snd Winnipegosis. S Rop. No, 92, Oent. Fish. Res. Sta.,
1 pp.
1053 A doscription of tha I.B.M. punch card syston as used in cisco

taxonomic studtos. App. 21, Ann. Rop, Contral Fish. Res. Sta. for 1953,

1954, Soms difficulties sssacdatod with the taxonomy of ciscoo

Leusishthys. ¥ fop. Biol. Ste., W 581, 8 pp.

Fomnody, WA, 1953, Some cxamples of 1o application of cortein statistical
analysis tochniques to taxonomic st dios. 1S, 25 ppe

Koolz, W 1831 Tho corsgontd fishes o Northoustorn America. Paps. Mich. Acads
Sci., Arte and Letters, Vol. XITI, 1930 303-432.

Marr, J.C. 1955, Tho uss of morphomot i~ data in systematic, racial and rolative

growth studios in fishes. Copots, Nou 11 23-31.




-
lartin, W.R, 1989, Tho mechanics of onvirommontal contral of body form in fishoss
Univ. Tor. Stud., Blol. Ser. 58; Publ. Ont. Fish. Ros. Lab. 70, 72 pps
Schaofor, K.B. 1952, Comparison of yollowtin tums of Heveiian vators and of the
fmorican ast Cosst. U.5. Fish and Wildlife Serv., Fish. Bull. Yo. 72, Yol. 521
383-373.
Viadykov, V.D. 1954, Taxonomtc charsctors of ths Bastorn North Amorice chers

(salvolinus and Oristivomer). J. Fish. Res. Bd. Canada, 11(6): 304-932.

Tilder, D.0. 1952, A comperative study of ansdromous and froshvator populotions

of brook trout (Salvelinus fontinalis (Mitchil?) ). Ivid., 9(4): 169-203.

ApENDIX

Zis RIS

Most of tho measurements wore takon with calipers and sro moasured in

millinetors, Valuos over 20 aro roundod to tha mearsst whols musbor, but valuos

undor 20 are mossurod in half millimetors,

Standard Longtht The straight-line distance from tho lower middlo odgs of the pro-
Baxillary (horceftor trmed snout tip) to the upturning of tho sbdominal
vertobrao as indicated by probing.

Hasd Longth: Tho caliper distance from the snout +ip to the most postorior portion
of the suboperclo. The floshy flap oxtonding from tho suboparcls is disrogardod.

Hond Dopths Tho calipor distance from the oociput to tho vontral Junction of the
subopercls and intoropercle

Eyer The horizontal dismotor of the aycball.

Snouts Tho oaliper distance from the snout t1p %o tho antorior rim of tho cys sackste

Uaxillarys The calipor distance from tho smout +ip to tho ond of the maxillary.

ths latoral edgos of tho supraorbitals.

Interorbitals Tho loast distance bot



-
Caudal Poduncle Longths The distance along the lsteral line from the vortical at
the postorior ingortion of tho anal fin to the upturning of the bdominal
vortebras (torminal of standard longth). :

t caliper distanco seasurad vortically of the caudal

Caudal Podunclo Dopths The lo
podunclo,
't dopth of the body messured just anteriorly to tho dorssl

Body Dopths The gron
£1n as mossured with calipors.

Dorsel end Anal Fin Heights T straight-line dlstanco from the antorior insortion
of the first rustmentary ray to tho end of tho longost principsl ray.

Dorsal end Anal Fin Base: The caliper distanco from the sntorior instortion of the
first rudtoontary ray %o the tnsertion of the last principal rey.

Poctoral and Polvic Fin Longth: The straight-lino distanco from tho insortion of

the first ray to the tip of tho longost rey.

AERISTIO couTs

Dorssl and Ansl in Says Tho numbor of branched rays.

Branchiostogals The nusber of bramchiostogals on the loft sido.

Latoral Line Scoloss Tho numbor of latoral lino soalas from thoir boginning at tho
shouldor rogion o tho seale at tho tormination of the standsrd lonth.

Gill-rakors The numbor of visible gill-rakers on the first loft gill arch
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