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: A prelhninary study of the genus Prosopium .
- with special reference to Prosopium Williamsoni (Girard)

5

INTRODUGTION

The suborder Salmonoidea, or the family Salmonidae in its broader senee,
: is a group of fishee characterized by the presenee of an adipoee fine
This character is also found 1n eeveral other groups, but these have
little 1ikeliheod of being confused with the salmon and their alliee,
since their affinity to this family is at the'best very remoteo The- ‘
Salmonidae are found only in the north temperate zone and in the Aretie
‘regions, but within this range are. abundant wherever conditione are
suitable to their existencea Most ef the species ars. fresh ‘water forms;
living either in lakee or in rivers9 or at timee moving from one envir-j
1’onment to the other as the occaeion warrants.~ Some are anadromoue,/ 4
‘spending a part of their life in fresh water and a. part in the sea, the
~migratione taking place at quite definite periodse The stream dwellers
may enter the sea or 1akes oceaeionally, but not as a general habit
,while the lake forms generally spend the greater part of their 1ife in

| the deeper,waters, epproaching the;shere“or running up streams at the -

_spawning seasom. . o e P

| Ag originally described, the femily Salmonidae was made up of two sub-
families, the Goregoninae and the Salmoninae. However, it has been c
. suggested that the differences ‘are great enough to guetify the form=

ation of separate familiee, the basis of separation being the relation

between the- parietal and supraoecipital bones of the heads - Thus the



family éoregbnidae includes those forms in which the'pariétals are
- united, and the family Salmonidae embraces those in which the parletala
are separated by the supraoccipital (Kbelz 1027)e Thig,follows current“

Amerlcan usages

:NIn thelr recognltlon of the various speciés of the family coregonldae
the Europeans and Americans also differ. In ‘the European sense of the
word, Goreggnue 1ncludes a11 the known specles of whitefish and 1ake
herrings. The Americans have d1v1ded these forms 1nto various groups,
glving them generic or subgeneric de31gnations in various’ ways, but in .
the present paper the class;ficatlon of Koelz will be follewede‘ Kbelz

(1927} regards Leuciehthys, Goregonus, and Prosopium as distinct genera -

7rand does not recogniae the subgenera of Jordan and Evermann (1911),



. DISTRIBUDION

'The European genus Ooregonus, which is approximately the same as thef
ﬁmer1ean family Goregonidae, 13 dlstributed almost completely around
the world 1n the northern latitudes. Nowhere in Amerioa does its
e'southern llmit exceed the fortieth parallel, while 1n Europe this

; southern l1m1t approximatee the fiftieth degree of 1atitude., This

N

“ distribution may also be applied with a fair degree of aeouraoy to,

the genus Proeopium@ since it 13 represented by one or another of

its speoies in practically all waters where Ooregonus is found. , ':s

,\,



VARIABILITY

’It has been demonstrated by Kbelz (1929 and 1931) that the coregonids :
are an extremely variable groups At the same time, many of the
"species are separated by comparatively small differences, 80 that
the range of variation within a species may be greater than the diffu
erence between two apparently distinct forms. This last statement o
appliee particularly to the genus‘ eucichtgzs, but it may be referred |

to Prosopium with almost equal emphasis.

‘; The original concept of ‘a species was much more definitely limited
than is our present day view.% 1t is now recognized that a species
may be comnosed of a heterogeneous group9 the extreme variants at
~‘either end of which may be very different in appearance. Although
a group may. have a Wide distributien, the individuals of the group -
"Vand their progeny are generally restrieted to a comparatively 1ime .
’pited 1ooality. Thus environment is given the opportunity to work

| its effect, and variants heving characteristics which fi% them bestt
for survival in any particular region w111 eventually become the
dominant forms there. In a 1arge lak:e9 therefore, severai veri-
eties of a single species may be found. Since in such a case the
‘range of the species in the lake is probably more or. less continp |

: uous, intergrading forms will be found to- exist, and this is ideal-'
~,’1y the criterion of a subspecies. on the other hand, it‘isylikely

'to heppen that a species may berfOund“scattered in more or less

=
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isolated lakes or‘streame, or separated by natural barriers 80 that
no intermingling is possible. In such a. case, Where the effecte of
latitude are at a minimum, it is quite possible to find two bodies
;‘of water Which are closely situated geographically, differing great—o
ly in physical oharacteristics such as depth chemical compositien
,of the water, temperature, and the 1ike. In the same way, widely
Wseparated lakee or rivere -may be almest exactly s1miler in physical
pcharacters.‘ Since in a species tha same mutation tends to recur
with a. fairly definite frequency,‘it will eventuelly supersede its
‘perent if conditions are such that it is more adaptable to its ’
’surroundings. Thus, it is more likely to find varieties of a fish
species distributed according to habitat than according to geographp '
eical 1ocation. : S ﬁ T ;. .
'A definite tendency 1s evident in’the\work which has been done on |
the eystematics ef ‘the Prosopi group to give names to types which
have originated as .a direct consequence of environment. It is quite
evident to anyone who has any acquaintance with systematic work
'kthat a limit must be drawn somewhere in giving names to annmale of
any kind. In,many cases this dividing line between Species must be
arbitrary ir the species are not to be needlessly multiplied, other-
; Wise in the extreme case we Would have -each individual a separate |

species.‘



The 1n£19enoe of environmeet‘on body formiin ;ish has been demoré,
‘strated oy several wOrkers. Dymond and Hart (1927) refer to the work" o
'of thbs on the 1nf1uenee of temperature in determlnlng the number of
'_vertebrae, f1n rays and scales. It is found that these charaeters .
',fhave a higher average count in fish which have develoPed at lower ‘
temperatures. Other factors, sueh as muscular development, may mat="
:erlally affeect various body proportlons, produeing an apparently dis='

tinet race. .

iebelieﬁe‘eleo that GOnfusioh_may;heve,ar;sen‘in some cases as a re-
eult‘of-the praetiee followed by;eomeiinveetigatore'Of picking a single
1ndiv1dua1 as the type speclmen, and of drawing their descrlption of

the speeies from this one fiShe An example of thie procedure may be

‘k found in the werk of Jordan and Snyder (1909) in their description

' of Ggregonusf reggnius.f The,desoription is»given from~the type §pe="
‘cimen, which is described as the largest specimen known. The authore
. also 1nc1ude a table showing proportional measurements of five other
' atively muoh shorter in the smeller flsh. It 1s a characteristic of -

Prosopi williemsoni that 1n the breeding season the snout and

f coneequently the head beeomes much elongated in many cases, and it o
is quite likely that such is the ease With Jordan and Snyder'
'epecies.. This will be discuesed further under the descriptions of

the various specieso



If 1t is neceésary that a type 9pe¢ﬁmen“be,selected for‘depositionf>
‘1n a museum, then it seems more reasonable that a eonsiderable series
s should be examined and an indlvidual chosen which approximatee most

' closely the average values of each of the characters studied.



SYSTEMATIC DISCUSSION

~ The seCOgnitiOn of~Eiosogium as a distincojgenus‘is aﬁtributed to
k;Kbelz (1927)‘by HubbS'(Letts:);Qbut this firsfeappearediin pfint“in«
1Hubbsi‘cheek 1;st~of~the?fishesuof the Gseef lalkes (i926)fﬁfThe chief‘
'aifference'between Prosopium‘aﬁdothe‘other\twos6peoies of Corsgonidae

"'iis‘the presenceeef~a~sihgle‘flap‘between thesneStrils§ eS‘opposed to
two flaps in Leueichthxs and. Goreggnus. Anothef'importent‘featﬁre

'whioh was not emphasized by Koelz, but which is stressed by Dr. Hubbs

“is the presence in the young of Prosogi of parr markings suoh ag

are developed in the young of the Paoific salmon. These are never
,“present in the other two genera. Other dietlnguishing features of

’, Prosopi are the - small mouth the ‘absence of. teeth and the presenee

vf'of a eomparatively small nnmber of short9 thick gill rakerso .

;

g The oldest species name given to th1s group is Salme y 1ndraoeus

f?allas, 1784. In a recent paper9 Berg (1956} refers this species
‘o;to the genus Proso i um, and, finding the American species Proeogi J
: guadrilaterale to be only slightly different from the European speciee,‘
: regards it as a subspecies of the letter. Although considerable work
i has yet to be dene before the relatlonships between the various
~~species 0f- this group are olear, it seems reasonable at present to
: divide them into three main groupso These»groups arse characterized: ’

\”byatheir general;resemblance,to~the thres definite‘speoies of‘

Prosopium, namely cylindraceus, williamsoni, and goulteri. The



_three «grauﬁs, with 'the: synonymy of their includéd spee‘iés‘, and. the reasons

 for so érouping them, are as fello’ws below. ..

PIRST GROU?

Prosopi cglindraceus (Pallas)

Salmo cxlindraceus Pallas, in Pennant, Arctic Zoology, i, 1784- GIII .
T (in part: Lena, Indigirka, Kolyma). , ;

Salmo microstomus Pallas, Zoographia Rosso-asiatica, 5 1811- 405
{in parto Lena, Indlgirks, Kolyma).

core@n mongolicus Varpak‘novskil, AnneMus.Acad.lmp.St.-Petersb.g 5, :

© . 1900s 424, pl.l3, fig.2 (basin of upper Yenisei river).

,Goreggnus czlindraceus ‘Berg, Polssons des eaux douces de 1*URSS, 19
1932: 219 {Xolyma, Lend, m'xatanga, Taimyr, Piassina, right tribus

 ‘taries of Yenisei), figs. 166a=c on p. 208 {Kolyma r.); ib}d., 2,

1933y 846, - Awerinzew, Intern.Rev.ges.Hydrobound Hydrogr., .32—‘

i ©1935: 60 and 73 (lower course of Lena To)e

,;Ggreggnus 1avaretus gidschian natlo moggglleus Berg, ibid., 1, 1933. :

: 257 fig. 204. o P

Scalea 8-11 89-106, 7-=9 average in lateral line 9'7. ‘Gill'rakez‘s
usually 18 to 20. From the rlght tributames of the Yenisei to Kolyma.

Synonymy a.nd description from Berg (1956)

rosoplum cflindraceus quadrilatera_}d’ (Richardson)
1

‘Salmo cylindraceus Pallas, in Pennant, Aretm ZQOIOgy, 1, 1784- GXJ{VII '

(m part: "Kamchatka").
,Salmo ‘microstomus Pallas, Zoographia Rossoaasiatlca, 3y 1811 405

T {in part: Angdyr, Oldhota, Kukhtui, "Kamchatka'}. ;
Goreggnus uadrilateralis Richard.son, in Franklin, Narrative of a joure-
e ‘ney to the polar sea, 1823: 714, pl.25, figcz (small rivers about
. Fort Enterprise and in the Arctic: sea)e R :
Corsgonus novae-angliae Prescott, Amer.Joum Sci.Arts, XI, 1851 542 ‘
- (lake Wimniplseoges, NeHo}o o -
‘.Prosopium quadrilaterale Koelz,- Bull.U.S.Bur.Fisho, 45 (2), 1927 (1929) s

544 (Great lakes ‘except Bries; lake Nipigon), £ige.30. (1ake Huron})e - -

oreg_qnus cxlindraceus Kaganowsl;y, Fishes of the Anadyr river, in press’
(#nadyr and southward to the Vivenskaya river at 60 W,Lat., near
Korf bay; Penshina river at Penshino). Berg, Poissons des eaux
~douces t;.e 1°UBSS}; 1, 1932- 219 (in apar‘to d.rainage of the’ ]Pacific
in &sia P :
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Basing his statements on Koelz (1927), Berg finds that this ‘species

: differs slightly from cgllndraceus in having fewer lateral line sealesk
and fewer gill rakers. In numerous specimens from the Great lakes and
,1ake Nipigon the latersl 1ine soales ‘Were (74) 84«95 (100), and the
kunnmber of gill rakers usually 16 to 18. Synonwmy frem Berg (1956)

‘and Evermann and Smith (1804).

Prgsopi oxlindraceue ta exi (Kbndalll

, Coregonus stanl g; Kendall Bull.U.S Flsh comm., XX11,° 1902 (1904),
o 366 (thoroughfare between Mud and Cross lakes, Maing).
Prosopium guadrilaterale minor Kbelz, Pap.Mich.Acad«Scl.Arts and -

T Letters, XIII 1950 382 ( in part"oross lake theroughfare, Me.).

fKendall states that hls speoies has the general appearanee of Goregonus
fguadrilateralis, but differs in the less slender body, shape of head

' less curved profile, less compressed snout and larger mouthor It has

'also possibly somewhat fewer 1aterd1 1ine scales, the number 1n eight
speoimens ranglng from 82 to 90 with an average of 85.r These dlfferenoes
seem hardly sufficient for specifio rank and thls is eenflrmed by a

‘ 1etter from Dr. Hnbbs (1937) in whioh he states that Bergﬁs arrange- _

| ment would throw the form sta ezi as a subspecies of gylindraceus.

Koelz refers the. Gross 1ake thoroughfare whitefish to his subspecies

fi7
minor of g_edrilaterale. and it is presumed that he means the fonn

stanle i, although he does not def;nltely mention this specias. If
,these two are to be ineluded under the same subspacifie heading, the
name stanlexi should stand, and minor should be included in the synon-

Yy
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Prosopi cglindraoeue minor (Koelz)

Prosogi guadrilaterale minor Koelz, Pap.Mich.Acad.Soi.Arts and
‘ Letters, XIII, 1950 (1951), 582 (1ake 6hazy, NeW‘York).a

Thle specles 1s described by Kbelz as. differing from gyadrilaterale

.1n having fewer 1atera1 line scales, fewer gillrakers on the firet

ﬂ branehial arch, ‘and & relat1vely larger head and paired fine. The
‘lateral 1ine scales vary from 79 to 90 in twenty specimens, with an
laverage of 83. The gill rakers on the first arch range from 14 to 18
with an average~o£ 16., Kbelz statss that probably none of the 1n1and
lake forms of Proeopi will be found to be exactly like those wh;ch
occur in the Great lakes. Be finde that the Gross thoroughfare and

e the. Ohazy 1eke specimens difrer in somewhat the eame way from the

'typical quadrilaterale of 1ake Miehigan, although there are also slight

“dlfferences between these varieties. If the two are considered as \‘
‘ identical, then sta egi has the priority, and the form minor should

o not be recognizede { _ ‘,d'

E SECOID Gaoﬂr?

- Presofium w1111ameoni (Girard)

rcgreggnus williamsoni Girard, Proc.Acad.Nat Sci.Philae, 1856, 136
(Des Cnutes river, Oregon)e =
Gereggnus couesii Milner, Rep.U.S. Fish. Gemm.for 1872-73 (1874),‘88
(Chief mountain leke, Montana). St ‘ ERR

_This species has ‘a wide distribution. According to Jordan and Evermann-

(1009) it inhablts the rivers of the Sierra Nevada and the west slope
Cof the Rockies, from the Fraser and the Columbia to the Truckee and

other streams of the Lahontan basin of Nevada, belng especially abun-
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danﬁ 1n theklakee of northern Ideho, western Montana, and Washlngton.
', Evermann (1891) also reports it from Wyoming, and Bagkov (1927) from
'the,Athabasca river, Jordan (1905) mentions Vanoouver island as the
weetern 1limit of the species, but as far as is known, there is no. re=-
| cord 1n the literature of its capture in this localzty. According to
ﬁDr. Hubbs it is a very real problem whether the type williamsoni 1e
~i not of the regg s, sort. Judging from the type 1ocality, thls may

‘well be 0. If sueh is ﬁhe case, the. ‘name williameoni should replace

regonius, -and a new name should be resurreoted from the eynongmy for“

the foim. which we new. know as williamsoni.

Prosopi williamsoni clsmontanus (Jordan}

Coregonus Williemeoni eismontanue Jordan, BulleU.S.FiehOCOmme, IX,
1889, 49, pl.9, figs.8,9 (Horeethief Sprlnge oreek, a tributary
of the Madison rlver, Montana)o - A .

¢

'It ie doubtful as to the real existence of thie variety, 1n view of

the great varlabllity of the whole groupe It dlffers from williamsoni

~proper by the more slender body and ehorter fine.‘ Body depth is a

’poor oharacter on Which to base speclflc differences, and fin lengths

: 'are har&ly more. suitable unlees very eignificantly different from the B

otypee Evermann and Smlth (1894) and Elgenmann (1894) say that the
differencee from willlamsonl are very elight. Dre Sthltz tells me

it ie at best only a eubepeciee or raoee‘

Proeopi williamseni couesi (Milner)

«NCoregonus couesii Milner, RepsUsSe Fieh.Comm. for 1872-75 (1874), 88
(Chief Mountain lake,“wontana}.

\',;This~specleskor'variety is 1ncluded~by:Evermann and Smith'(1894)=in
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- the synonymy of Prosogi williemsoni.; Thererseems to‘be‘considerable
edifference among the various authors as to the status of this :t‘orm9
lhowever, Jordan~and Snyder (1909)»sey it is doubtless,the gsame as
cismeetanus,eand that the two’repfeSent'atfthemeSt a,sﬁﬁspeciee df o
iwiiliamsoﬁi,_,en:the other hand, Jordan asd'Evermannﬁ(1909) refer'to
eoueei as "a strongly marked species, allied te oregenius, and imprepa
' erly eonfounded with Coregonus Williamsoni" . Dre. Schul tz cLetter 1937)
| says it is probably a subspeeiee or race of williaesoﬁi,rwhile Dr.
,Dymond (Letter 1957) states that he examined the tyﬁe 1n Washington,k
‘and that if it is a typical repreeentative of the pepulation, it is
distinct from williamsoni. It is found in the headwaters of the Sask@

atchewan river.

Proeoplum oregg (Jordan and Snyder}

o Goregonue william sgni Girard, in Jordan and Evermann, Eﬁshee of nerth :
- and. middle America (in part}. Smithsonolnstog UoSoN&toMUﬁo, Bull. L

47, 1896s - , '

, Coreggnus regonius Jerdan and. Snyder, PrecoU.S Nat.iuso, XXXVI, 1909,‘

' 425 (Mackenzie river, Oregon}. ‘

~Irlllion oreggni Jerdan, Proc.Aoad.Nat.Sci.Phila., 1918 (1919) 542.

‘fIn the original descriptien the authors refer to oreg us as a well

Vmerked species agreeing with G. eouesi in the 1ong sneut, and further

distinguished by a high adiposeo Jordan (1918) erected a new genus

evIrillion for thie species, but there seems to be no justifieatien for

~ this aetion. Myers (1952) says the species is closely relate& to

,williameoni and that aceording to Hnbbs it should be known as Prosopi

voregoni Later, in a: letter (1937) Myers states that Schultz thinke

oregoni is a synonym of williamsoni,e This statementeis probably
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)‘hardlyrcorrect~ because Dra'Schultz (Letter 1937) apparently etill be- ,
kllieves there is some distinction between the two, although he says that
,he and his 3331stants had great difficulty in distingulshing one from
the other. Dr. Dymond (Letter) says he examined the type in Washington,k

'and that if a typical example of the race, it is definitely distinct

~ from wllliamsonio It has a very large head, with long snout and max-
illary, and long fine; particularly the adipose, which is nearly twlce  v
~4as 1arge as-the typical williemsgnie He admits the possibility, howa
ever, that the epeoimen is abnormal. In connection with this it ie
neceesary“to~refer back'to:page f of the introduction, ‘and the state—'
meht that the’type'epecimen selected‘in thlsfeaee‘hardly seemS'tO‘be
lrepresentative of the group describedo The long enout and maxillary
:can be attributed to the characteristic 1engthening*of these features .

whlch takes place in the older fish especially at the breeding 5648800,

S It is true that the adipoee 1n these specimens of o reggni is larger

than 1n Willlamsoni but in view of Sch.ultzﬁ preliminary work on the

i,two species in the Oolumbia river, it ie possible that a etudy of a

&

'gradingwforms ex1ste Dre thbs (Letter 1937) thinke that the cne ie

considerable series of epeclmena from this river would show that inter-

only 2 subspecies of the other, with the further reeervatlon that it
, may be neceesary to 1nterchange the namee, as discussed under williamw .

- soni, Crawford (1925) givee ‘the distribution of this form as the

Golumbia waterehed although he says it may occur rarely in other placese
‘According to Sechultz (Letter 1957) 1t occus only in the Columbia, being

found in the main stream and the largsr tributaries,;While;williamsoni‘
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occurs 1;1 *th’e smaller tributaries and in the lakes.

THIRD GROUP

‘ Prosomum coulteri (Eigenmann and Eigenmann)

Coregon eoulterii Figenmann and Elgenmann, AmereNat., Nev. 1892
981 (Kicking Horse river, Field B.C. ) e

'There is:not much doubt that cOulteri 1s a distinct epeciee. Aecordlng
- to EVermannwsndfsmithf(18944 1t is mest closely related to williamsoni,
o but‘thefdiffereneesfare»humerous.f In 1ts smaller size and generally

‘more slender appearanee 1t is distlnet, and added to these differences

| 4in appearance are differences in discrete eharacters such as scale number
. and gill rakers. The seales in the lateral line vary from 60 te 64 1n

v,erseven specimens with an average of 61, and the gill rekere ere also 1ess

1n number. The authors alse mentlon the 1aek of parr marks in the 'V’
'speeimens ‘examined by them9 saying that. in specimene of williamsoni the!
same size these markings are distincte However, the~exampleS‘of
"coulteri are elder than thoee of willismseni of equal sizs, and it is poy
tpessible that they have lost thelr Juvenile charaeterso This species
‘wag deseribed from the Kicking Horse river at Field9 British 001umbia,
and has since been reported from- Diamond lske, Wsshington, and frmm -

: southwestern Alaska, Ghignik river and 1ake Aleknagik. Dr. sehultz
\i(Letter 1957) is conv1nced that this is a good speciesa ‘He hae taken‘

1t in lake ﬂcDonald, 1n Gldeier National Park, Montana. Dr.»Dymond

\(Letter&1987) examined the type in the British Museum, and found it

distinct from willismsoni. gnadrilaterale, or oregonium. ¥

5
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Prosoplum snvderi Myers

\1,(

UProsopi gzderi Ayers, 00peia, 1932 2, 62 (Orescent lak.e9 Washington)e'
The chief fault With this speeies is that it is based on a single spec-
'1men. This differs from coulter1 in hev1ug a longer head, higher dorsal
and anal fine, longer pectorals and pelvics, large adipose, more compre-‘
esed body, and lower scale count. pr. Schultz (Letter 1957) conveye the
impression that there is some doubt as to the validity of the specieee‘
"The distinguishing characters, such as . the longer head, 1arger eye,
'longer fin-, and §0 on, may possibly be the features of a younger fishg
‘;and since Myere makes 1o mention of age in hls desoription, this” pose=

ibility must be entertained.

"As well as the speeies whieh f1t in these three groups, two other species

‘of weetern whltefishes exist which W111 ‘require further study before

'their relationships are - clear.; These ware- described by Snyder (1917}

- from Bear lake, in Idaho end Utah a part of the drainage system of :‘
kGreat Salt lake. Although both of these flsh were -described ae epeciee

/ of Goregonus, the 1ocality in Whlch they were taken and their general

appearanee as illustrated suggest that they belong to the genus

Prosopi

Proeopi pilonotus (Snyder}

. oregonus spilonotus Snyder, Bull.U.S.Bur.Fish., XXXVI, 1917-18 (1921),
B, (Bear lake, Tdaho and Utah)o

i

Differing from williamsoni in having smaller and more nunerous pigment

spote, larger scales, 1onger heads, and deeper and heavier bodies. The
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rlateral‘iiie SQales range from 74 to 81 andvavefage 78 for twenty-two

specimens.

Prosogi abxssicola (Snyder)

oregonus abyssicola Snyder, Bull,.U.S. Bur.Fish., XXXVT 1917-18 (1921),
-8 (Bear 1ake, Idaho and Utah)@

femhe’seeller specimens differ frem the young of the preV1ous species in
having no pigment SpotSo The older specimens of spllonotue lose the

| characteristic marklngs but develop a longer maxillary and snout and
deeper body, so that at this stage the structura of the head serves to
dlstinguish the two. The males of abxssieola develop pearl organs on
the scales in the breeding seaeen., These oceur on- the females occasions‘”
 al1y, but are never so prominent or numerous. | =

5 Anether species Which has been sometimes referrad to Prosogi ie
‘coregon kennieotti Milnere Dr. Dymend has also examined the’ type of
. this’ specles,kand.eoncludes (Letter 1957) that it properly belonge to
ete'thé genus Qegegenusel Dr. Hubbs (Letter 1957) also agrees with thig

viewe
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- ECONOMIC IMPORTANGE

‘anéeef theespeciesEof:the genﬁs»Pxosoéiemeis ef eny‘pérticﬁle?k#alue
ae‘e’commereial foodefieh. This is prob£b1y'dﬁe in'the’main‘to theii
fsmall size,:and teyfhe fact'that’they neverﬁeoeﬁr in!partieﬁleily large
; numbers 1n lakes, where thelr capture by means of gill nets would be-
possible. In various parts of Alberta and British Golumbia williamsoni
‘is caught in con31derable numbers by angllng 1n lakes, mouths of streams,
and up the atreamse In British Golumbia at: least thls occurs in the |
cold weather, evidently ‘on the syawning migratione in the vicinlty of‘
Michel the residents figh for thls species through the iee, using hooksV‘ 
ebaited with hellgrammites, a 1arval form.of the Dobson fly, cf the . |
Neuropteran family Gerdalinae. In the Vedder river, in the violnity of |
;‘,_the Cultus 1ake outlet, the hook is baited with a single salmon egges

' Gonsiderable numbers are. oaught in this way, and are o$ten peddled frmn

door to door at this time of yearo

s In quality of flwsh this flsh has been eompared favourably to the comm=-
i ercial Goregonlds of the Great lakese The flegh is falrly rlch 1n 011
and for thls reason is suitable for frying.; Opinlon is not unanimous‘

1n thls respect, however, and some consider the flesh to be coarseé.

Prosogi may be of some value as an article in the diet of other =

' :>f1shes@ Dr, Rawson found two specimens in the~stomach of a six pound

" lake trout from Waterton lake in 1937. Sueh a/speeiee might prove to

~ be of great importance as & food for trout and other game fishes.
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ﬂccordingyto theepjesent,view, however, the ehief economic importance'
ef‘the genus is a negative‘one,~and eenderns the predatory hebits'ef ,
7tneeenfish with respecf to‘the Pacific salmane Snyder (1918) reports
that willlamsonl eeeme to be particularly fond of the eggs of spawning
fishes, evean to the extent of devourlng the egés of its own kund.
Foerster (1925) finds that the speciee destroys the egge of spawnlng
sockeye ealmon.; He says' "Bocky mountain whltefish (C.ywilliamsoni)
are shown to have subelsted during spawning time on sockeye egge, and
1n a rlver system where they aras abundant thelr activ1tles mlght prove
rveryfdlsastrous tO'the eontlnuaneepofva satisfactory soekeye:y;eld."
; He.rankeifhe»whitefiehntogether With the tronﬁ and suckens~asjbeing'
’prpbablyfthe most eerionsfmeranderseat'the”spawningebeds of the‘sockeje’q

k“‘eelmen~(0neorbynchus nerka) That this whitefish extends iss destructive‘

habits to a 1ater phase 1n the llfe hlstory of the sockeye is shown
| further on in the present paper by the presence of seversl newly emerged ,

sockeye~fry in thefetomach of,an individualefrom QultuS'lakea‘,‘
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0 JATERIAL EXAINED

‘lThe specimens actually examined in the’course of this work form a fairly
egeneral collection from various localities in western Oanada and the

: northwestern United States,‘ The first 1ot were collected by Drn‘Rawson

ein the summer of 1956 from certain lakes of the Bow rlver drainage sye- |
tem 1n western Alberta, ”hese were examined for stomaoh contents and

rate of growth, and were measured in detail for body proportions and .

- meristic characters suoh as SCales9 fin rays, and eo ofis - In 1937 Dr.kf

‘1Bawson made collections in Waterton lukes park in southwestern Alberta,
,and this material wasg treated in the sama way.. The Gultus lake whitefieh
' were collected over . a perlod of several years 1neidenta1 to the study of
| the 1life hietory of the sockeye salmon being made by the Biological
iﬁBoard o,;Canada. These were examined for food, growth and body propor~
tions. The, Elk rlver specimens were collected near dichel Be C. in
"1958;' Thls sample was examined for systematic oharacters and rate of
fgéeeth. nhe remainder of the material wae obtained from the colleetlone
lof the United States Nationel Museum. This was eubgected to detailed
,measurements and counte” and the rate of growth wasg deuermined for each |

1ake.
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 YARIATION IN PROSOPIUM WILLIAMSONI

Y

lntroduotion,

To. 111ustrate the amount of variation between the various races of a
"single species of Prosopi L, and aleo to show the range of variation
,within & race or~population, detailedymeaeurements and oeuntsewere made
‘,of all’oharaotefsewhioh might'be’eipected to show sigﬁificant aiffer-
ences. A total of 250 indiViduals from 13 loealities were examined in
this Waye Measurements of the various body proportions were made to the
: nearest millimetre, and ‘were then calculated as percentages of the stan-
dard 1engthe The resulte are tabulated in detail as percentages in

tables I to XI°

APProXimatelj 30 different oharaotereewewe reeorded for each fieﬁ exa@insde,
’lOf these, some showed a cons1derable degree of variation within the pop-
’ulation, and exhibited 31gniflcant differencee between poPulations, while
others varied Withln a smaller range, and were not of value in distin=
guishing rao1al characters., Those which proved useful for, the reoognitm
. don of populatlons 1ncloded the dimensions of the head the proportions
of the varioue fins9 the number of" eoales in the lateral 11ne, and para
ticularly the rate of growtho In most cases, In” faot differences in

: body proportions from the typical williamsoni can be oorrelated to a

ooneiderable degree with the growth rate.

A problem which' caused some difficulty in7the;oomparison of -the wvarious

~ populations examined is the lack of data deseriptive of the typical
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chilliaﬁsoﬁi.;~Since ‘specimens from the type locality are not avail-
_able, it is necessary to accept the next best alternatlve, and there»
,fore for purposes of comparison ‘the Waterton lake speclmens are

iselected as representative of .ths normal forme

#

' Rate of growth
~,‘. ’|~{ " R

Scales were examined from 4l9lspecimene and the standard‘lengthe at

Lo the end of each year of life were calculated by a method s1milar to

f~,jthat used by Van OOSten (1923) The results of these calculations
are given in tables XII to m., : |

i Althdugh*thelgrowth rate varies someWhat from l“ake,toy‘lak:eg the

f‘materlal can be divided 1nto four main groupse The flret whlch f

contains those populatlons hav1ng a rate of growth simllar to that

l;of the typlcal williamsoni, 1ncludes the samplee from lake Minnewanke ;

: fWaterton 1akee park, Bowman 1ake, Logging lake and lake McDonald in
«i;Glecier‘National_park, Montana, and poseibly the'N00ksack andrTolt C
r;griVers,in~Washingt6no The second division is represented by the
rcultus 1ake fish, wh;ch have a considerably faster growth in their
lfirst three or four years, although they do not appear to attain a
‘;ymgreater:slzefat maturityc The third group'is distinguiShed by a

very slow growth the rate being only about half as great as in the

'f_ :Waterton 1°ke flsh, Fourthly, the Elk river fish.must be placed by

':themselves because of their very small growth 1n the flrst year.,,s"
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f'The,Caeeade river population may also,fall in this group. Table XX
\vpresents the average ealeuldted standard length at the end of eaoh.year

,'of life for each of the- populations studded.

"eRorim“ 1

'Waterton lake

tés shown in the table, these fish attaln a greater age than those from

| any of the other localltiee,~ 1t will be notieed however, that they do

"1‘not exceed the others in size to any great extenta It is a recognized

4 fact that in a population of fish a limit ex1sts in regard to the maximumi,
2 size attainable, and therefore the more raprdly groW1ng individuals
' mature earlier and die younger. Thus, if other faotors do not influence,f
the result, the slower growing races should reach a greater age, as is

twell 111ustrated in this casee

,Bowman lake, Logging lake,_and 1ake JoDonald

In thle case, conditione in the three lakes are evidently very smilarw

: ‘;,if the growth rate is to ‘be oon51dered as an 1ndicatlone Thls might’be

xfexpeeted from -the fact that all three are cloeely sltuated and drain
1nto the ~same river eystem. The slight differenoes 1n rate of growth,

if significant ‘can probably be explained by the effect of altitudeu

‘ Lake Minnewanka

";Although this 1ake is at a hlgher altitude than any other in the group,

,,the growth rate 1s relatively rapld, and the maximum age attained is

: probably not muoh greated than ten yearsof The growth in the early years
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£y

yf”lls ‘mach the same’ as for the Waterton lake flsh and for thls reason the

7.wh1tefish population is placed in the same group.-
ﬂhird lake
leThe growth of these flSh very clossly parallels that of the previous lot,

- and there is 1ittle doubt that both belong in the same categorye

MaSkinonge”lake

fTwa 1nd1viduale in their second year made up theﬂsample from thle lake°
- The average size at the end of the flrst year cannot therefore be cons1d—
| ered signiflcant. However the cloee connection between Waterton and
“’Masklnonge lakee leavee little doubt as to the relation between the two

~~samplee.

‘Toltiah& Nooksaekerivere‘

~5Here again the small size of the sanples causes the flgures to be of
l‘little significanoeg In view of the locallty, 1t seems ‘more likely that  ‘
| these races should be simllar to the Cultus lake fisho_ The~f1gures '

; obtained agree more closely with the average values: for the flret group,

E however, and for thiq reason- the two samples are:. included provisionally

- ’i,Wlth the Waterton lake type.

GBOUP z
eycultus 1ake

v,'jAtA ﬁrst;slght,? the r‘ea‘sopafo’: separating ‘theae;u,tus lake race may appear




. =25 =

£y

;debScﬁre} In size attained and maximum age the snnllarlty to the hinne-

”vwenka and third lake fleh is marked. It ‘will be observed,however9 that

the growth rate in the first three years is eon31derably greater than in
any other case. Thls might be explalned in part by the low altltude of
‘the 1ake. &8 will be seen 1n a later section9 $he separation of the Cultus

lake fieh 1s further gustlfled by dif‘erences 1n body proportions.

~ Bow ieke |

; The greater altitude and rather unusual phy31ea1 characterlstlee ef Bow
'1ake are reflected to a marked degree in the rate of growth of the white~
fish population. Thls is partlcularly notlceable in the first three or -

tdfour yeare, when the rate is only about half as great as in the Waterton o
elake group, and. only one-third as much as in Gultus lakee 'rhe greatest |

;rage attalnable seems te be closely comparable to the other greups, but

:’the max1mum s1ze is oonS1derab1y less. Thls ‘is. caused probably to a
‘great extent by the comblned aetion of 1ewer temperatures and the pres—

~ence of silt in the water, Whlch must have a great effeot on. the avail«

,eable food supply and the penetratlon of liehte

LakedeuIse
7‘The growth rate apnears %0 be somewhat greater 1n the early years,
. although the max1mum size and age are probably much the same. Condit~

;ions in Bow lake and lake Loulse are simllar, and the effects of the

"‘.‘phy31ca1 characterlstlcs produce perallel veriatlons in the whltefish

. 4{Popu1atlon3of;f;;ﬁf;;f;:’
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. cROUR 4

'Elk rlver '

~The type here;shOWS a oomblnatlon of the oharacters of groups three and
’ 7one. ~In the flrst year the growth is poor, being comparable to the first
’~”year's growth in lake Loulse. After the first Wlnter9 however,;the rate |
'oof growth becomes as rapid as in the Waterton lake group. The small

‘ugrowth of the flrst year may be an effect of a later soawnlng, producing

;;fry whieh dornot developtsoales until;relatively‘late in the~sdmmer¢

Oaéoadeﬁriver :o

1:The sample consists of a‘single specimen 1n its eeoond swAnaY. Unleee,
the speolmen is abnormal the effect produoed here is greatly simllar to o
i‘that occurring in the Elk r1ver.~ The first year s growﬁh is small but
;'the growth in the seoond swmer is considerable, even though tne seoond
-osummer 's development 1s not complete., Tentat1vely,wthls speoiman is plaoed'

fwith the Elk river fish.:,

.Vr'

BODY PROPORTIONS

In considerlng the proportlons of fhe various body oharacters; it must
v,be kept 1n mlnd that whlle some vary dlrectly as the length, others do‘
,1not.. In other words, all parts of the fieh do not grow at the same
':~rate.' The head for instanoe as a general rule grows 1ess rapldly than
| the body, 80 tbat in the younger fish the ‘heads are proportlonately
::longer. The snout and maxillary correspond very closely in growth rate

\:7With the head.~ The body itself grows relatively desper and wider as
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,ﬁthe‘fiSh-increases in age.
It is neceesary,'therefere, that the dataﬁbe‘divided intofgroups Whieh‘

: ,Willfbekeomparable Withieaeh ether. This may be: done either according

%o the size or the age of the fieh. In view of the greet ariation in

| rate ‘of growth of the different races of fish it can be seen that a. group= -

ing‘aecording'to'31ze is nnsatisfactory; and the eeleetion of age in

years as a unit on which to base the separation seems more reasonable.

Taking the growth of the head. as an example, 1t will be observed that
the rate changes in- relation to the growth of the. body as the fieh growsk
older, and past a eertain point the two increase in eize proportionately.

ThlS point at which the two ratee approximately coineide comes somewhere

towards the end of the second year,. and 1t therefore seems reasonable te |

‘ eonclude that in fish two yeare of age or older thie character ie coma
parable. This conclu51on ie fairly well supported by the data presented

in thls papera

In the other charactera studied there is less evidence of - a difference

between younger and older fish but in erder to ensure that ‘the effect of~?”

any difference Will not be allowed to influence the reeults, the yearllngp'

fieh and the fry ars not 1ncluded in draW1ng averages for 2 population.

, Length of heed :

The percentage head 1engthe of the various rages. are presented in table
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; XXlI;“To ‘render more intelligible the meaning of ‘the average values,
the individual head lengths ars listed in the form of frequency distrib-

. utioneo This helpe to give a pictorial idea of the deV1ation from the

average value, and the significence of any average differences whioh

. may oceurs

"An examination of the first secticn of table XXIT will ehow that in-

ispite of the elimination of: the younger fieh.from the calculatione,

‘there: is etill a definite correlation between eize and proportional

‘~head length° Thus the differences in average values for this character ;
in fieh from different localitiee can be explained With reference to
env1ronmenta1 factorso For this reason it must he emph881zed that rela
ative head length should not be allowed much Weight as a systematic characs

ter in thie genue.,

‘_,Cultus lake ; " :
This race hae the shortest head of any population examined. In Leucicha o
_lQLJ ehert-headednese is in general a eouthern trait (Koelz 1931) and
. must therefore be aseociated with higher temperatures or other factore“
k characteristic of southern 1ocatione. It is likely that the same nay -
be true~of Proeogi 7 In this case we are dealing with differencee in
n elevation, rather than latitude, but if- temperature or 8some related
factor which is a direct coneequence of low altitude is the governing

_one, the Cultus lake fieh should certainly have shorter heade than any

of the others here studied.
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‘ Lake Minnewanka

i

'That these fish sheuld have heads as short as the Gultus lake p0pu1at10n :
is rather difficult to explain in terms of altitude. COnditions of |
temperature in lake Minnewanka are quite moderate, however, ana the

phy51ca1 characters of the two 1akes are evidently not as diverse as the

great: spread in altitude would 1ead one to. believe.

fTolt river

The locality of capture of this simgle specimen Would suggest that 1t

"tishould resemble the Cultus 1ake flSho Insofar as head length ie concerne

- ed, 1t is likely thet there is a cloee relation between the two formeg‘

‘although the data can hardly be considered significant.,‘i

Waterton lake

i In head length the Waterton lake specimens vary ever a eomparatively widef
range, but the average value approximatee cloeely that of the typical |
: Williamsoni. An interesting feature which appeare here in a more markedvi
\degree than in any of the other samples is the inerease in growth rate

of the head W1th 1ncrea51ng age. This is undoubtedly due to the lengthw

'-_ening of the snout or rostyum which so eften occurs in this species W1th

approaching maturity.

Third lake

ﬁS'might be ‘expacted from its prox1mity and similarity $0 Waterton lake,
'the Third lake p0pu1ation appears %0 be very ‘similar as regards average

‘head 1ength. This is true even though “the fish in the sample average |

i»considerably greater in standard 1ength.
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';Loggigg"iggg;'

‘This race also agrees closely in headvleﬁgth with the £ish from Waterton‘

“laie’ : U L ,
‘éow lake 

" The -Bow lake popalation shows a signlfloant lncrease in average 1ength d
of head over the precedlng samples. That the cause is largely duae to
the effects of env1ronment is not to be doubted although the effect
’seems to be somewhat out of proportlon to the average length of the flSh

. when compared to the Logglng lake sample forflnstance. The yearling fish ‘

Lalso have heads whieh are exceptlonally large for thelr age,

731k~rivefJ'r‘ ‘ w |

The long heads of. the Elk river fish eannot be explained 80 well on the
basie of the average length of the samplee It would be expected that the
l,proportion of head to: body would be leee, if the rate of growth is the :
lkchlef factor oontrolllng head lengthe This seems,therefore,to,atreugthen

 the theory that the Ek river fish belong to a distinct race,

~Bowman'lake o

The sample in thls case consisted wholly of young fieh and this has

- almost’ certainly exaggerated the relative size of the heado For the
kpurpose of determining the relationships of the Bowman 1ake populatlon9
a;the head 1engthe of the yearling fish are undoubtedly more comparable,

‘eas reference to the second seetlon of table XIII will show,

;~$ookeaek7fivera‘if
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Nooksack river

. Here,also the data; although of 'small significance, supports the idea
that 1ocality should determine the relations of the population. The
‘head lengths of the yearllng fish in the Nooksack are closely allied

7w1th those of the Cultus lake race.

eNOUT LENGTH

As a general rule, snout 1ength and head 1ength are closely correlated,
;'although there is considerably less varlatlon in the former charactere

Thie correlation gcan be judged from table XXIII, in Whieh the long-headed

.+ races appear to. have somewhat ‘longer snhouts. This lengthening of the

' snout is usually accompanied by the pecullar modification of this feature :
lwhich reaches its greatest development in: oregoni and alters the .
lappearance of the head con31derably. The Cultus lake fish show llttle

" evidence of thls phenomenon, except in the mature flSho On the other

hand the Waterton lake speclmens are nearly all modlfled in thls Way

. to some extent. The Elk river race 1s distinet. in having the longest
’snout of any, and yet there is no external evidence of the bulglng roetrum

‘ characteristic of the Waterton fleh.

WILLEY

The~relation of enout~to maxillary varies‘considerablyyin the different ‘
”raoes; In most cases the maxillary is ezceeded in length by the snout,

,[but this fe not the rule in Bow lake or in Bowman lake, where the maxill«

S5
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ary sliéhély exceeds the snout. A comparison of the data for the year-
ling fish in tables XXIII and XXIV will prov1de a ‘reasonable explanation.
In the younger fish, snout ‘and maxillary compare very closely in size, as
shown by the tablee, but with inoreasing size the snout grows more rap-

| idly, so that in the largest fish the differenoe batween these two char-
’aoters is greatest. The Bow and Bowman lake fish are slow growing races;
and 1t is reasonable to suppose that the older fish in theee easeg will

be mors likely to retain the oharacteristlcs of younger fish.

; No great correlation exists between snout and maxillary in any of the
populations examined with the exception of the Flk river serieso Here
the maxillary agrees with the snout in being relatively longer than in
any other races |
An examination of tables I to XI will ShOW’that the eye grows less rapidly
than the 1ndiV1dua1 and continues to do so throughout the 1life of the
ffish. The rate of decrease in relative aye diameter ie oorrelated more
closely With size than with age, but 1n fish of equal slize there is little

variation in “the average size of this organ.. For this reaeon, eye diam-

'keter is of little value as a systematic oharacter in this groupa

~ Table XXV.gives the distribution of relative eye dlameters for several
localities. It w1ll be noticed that the races ‘having the largest eye,

'3 for example ‘the Bowman and Bow lake populations, are those With the




slowest g%owth rate,,‘This‘is in accord with the previous observations.

DEPTH OF HEAD

is mighi be'expected,,the 1engaheadedsfohns also have the deepest heads,
and vice versa. In comparing tables XXIT ‘ana mrx "it'-v‘v"ill be noticed
that this correlation is not absolute, but this is probably due to unp
k av01dab1e errors in sampling rather than to any departure from the gen=
eral rule. Any dlfferences noted W1th regard to this point are not sigu
nificant. ’The figures contained in table XXVI agaln show that up to a

certain p01nt the head grows 1ess rapldly than the body.

DISTANCE FROM SNOUT TIP TO OCCIPUT

"Here;the same correlation with the,other head dimensions is demonstrated.,
Table XXVII gives the dlstributlon and avarage values of this character
for the various 1akes and rlvers. The conclu310ns to be drawn from‘these

data are 31milar to those discussed in the previous sectlon,

LENGTH OF DORSAL FIN BASE

,,Therdifferences'between’thefefefage~ve1ﬁeekar tﬁie\ehéracter are not
marked., asg sh0wn by(téble XXVIII. ’DifferenCes which de'appear are prob-‘
ably not highly significant, but it is 1nterest1ng to note that the long
~headed forms are at the two extremes with regard to dorsal fin basee The )
Bow 1ake fish and the other longaheaded races with the exceptlon of the

Elk river populatlon, have the shortest bases on this fin. The latter

i
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group (ﬁlﬁ river), ‘however, have a relatively 1ong base to the dorsal,

; and agree closely with the Cultus 1ake type in thls respect. This relatlon

does not show 80 well in comparing the yearllng flsh but the discrepanoy'

.can be traced toeinsuff1olent samplés.

LENGTH QF ANAL FIN BASE

. The results for this characteroas presented in tablefXXIX confirm the

‘OOnoluSions drawn for the baee of'the dorsal‘fin. Mlnor differences will :

‘be noted 1f the two tables ars oompared, but these are not signiflcant9

and do: not‘detract from the-value~of the,general~statements nade.

HEIGHT OF DORSAL FIN

' The dorsal ‘£in varies in height over a fairly Wide range,‘as will ‘be
observed from table XXX . In general the sloeer growing races seem to

, have higher dorsal fins, as 111uetrated by the data from Bow snd Bovman.

3 1akes‘ The 13‘11: river flsh are oharacterlzed by 8 relatlvely hlgh dorsal

~ and are equalled in this respect only by the Bownan 1ake populationg,e

HELGHT OF ANAL FIN

- The’reletions betWeen‘the‘verioue;lekes with‘respeet ﬁo thie'eharacfer
ere’almoet exactly theoeame as for the dorsal heiéhte The’Elk'river |

{‘,popplatioﬁnis an exception for the reaeon that the anal is relatively

 ‘much higher ﬁhan in any of the'otherse fThis‘is due to the peculiar

f 1struoturél modificetion,of'this fin in whidh the anterior portion is
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produced ventrally into a distinet lobe. In the older fish this is
accompanied by a eimllar enlargement of the. ventral lobs of the caudal

fin. Table XXXI givee the data concerning thie character.

LENGTH PECTORAL FIN

In the older fish, this character seems t0 be correlated inversely w1th
size, and thus inverssly with the growth rate. It is doubtful whether
this is a result of the effect of juvenlle characters produced by the

k low rate of growth 51nce an examination of the second part of table
XXXII Will show that no 81gnificant differences ex1st between the pect—
oral fin lengthe of the yearllng flsh. The Cultus lake fish and the other
',fast growing forms have the shortest pectoralsg while the Bow 1ake specu
imens have distinctly the longest. The Elk river race is 1ntermed1ate

o with respect to thiSefeature.

k t‘'I;_raef(,‘,.sr.*e : Pm}vm FIN

| Pable XXXIIT shewe that the slow growing fish.from Bow lake and the Elk ‘

‘iriver pOSSes the 1ongest pelv1c flns.‘ The Cultus and Waterton 1ake
fonns agree in being intermediate w1th respect to thie character, hile

- the remainder of the rdces examined are relatively ehort-finned. The

pelvice in the yearling fish do not differ 31gn1ficantlye

ADIPOSE FIN

; Kbelz’(1927}‘in his'study:of Great iakes Coregonidae,ffound that the
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adipose‘ﬁés extremely variable and had littls value as a systematic

. character. 'In Prosogi um, however, the size of thls fin has been used to

separate one of the'western forms frmm the rest of the specles found in

the same general locality. Pratt (1923) in his manual of ‘the Vertebrates

of the Unlted States separates the western species as follows»
Adlpese‘fin~with a much shorter Dase than ﬁhe~ana1 |
’ | C. coulteri
6. will imseﬁi |
'Adipose'fin\with as leng'a bass a5 the anal | |

Ce oregonus

| In thls study of a number of races of P. Williamsonl, however, it has :

been found. that the adipose, as ‘stated by Kbelz, is highly variable, and

no such definite relation as the .one on which the abovs key 1s based

seems to existe

Length adlpose B

>

In table XXXIV the values for this character are listed. The range‘Of

-~ varistion within gach race 1s relatively great, '§0 that no 51gn1flcant

\dlfferences between populatlons are shown, except in the case’ of the

“Cultus lake fish, and undoubtedly also 1n those from the Nooksack and

" ;Tolt rivers in the state of Washington, This 1no1denta11y constitutes

further evidence for the placlng of the Nooksack and Tolt fish in a

group with the Cultus lake populatlon. ~ , L St

’Base adipose

. The same holds trueeih{a general way'for this character. Distinctive :
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7‘featuresfo% table XXXV are the relatively short base for the adipose of
, - b s , , , :

the Elk river fish,~and‘the long base on this fin in the Cultus lake race. =

, Height'adipose

This charecter varies to some extent,.but7in no cage could the adipOse
be described as "bannerallke", Whioh is the description applled to the

 adipose of oregonium

Ratio of adipose bage to~anal base

-Thie ratio was calculated for comparlson w1th Pratt's key. *The'differ-
‘ences between races are of doubtful significance, but the umportant fea-‘;
ture of table XXXVI is the fact that the adzpose not only equealsa the’
anal, but even exceads 1t in some cases. It must be,admltted, of course,"
~:that the average'value for any populatiOn showe tne anel base to~exeeed
the adipose. The Elk river population has the shortest adipose base,

.and the Cultus 1ake fish have the 1ongest in relation to the base of the
anal. Whe relation of the adipose length to the: anal base was also cal-
culated for each gronp, but 1o new conclusions can be drawn fron this

;ratio.

PECTORAL PIN :RAYS:

Table XXXVII gives the variatlon in number of rays 1n the pectoral fin.
This variatlon is so great in comparison to any differences observed, |
that thls feature is of little use systematloallye The difference in the

s Cultus lake fish is worthy of note, however.‘ ,
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SCALES IN THE LATERAL LINE

Again no significant differences are 1o be observed. It may prove, how-
ever, that the Cultus lake and Elk river fish have sllghtly more scales in

the lateral line than the other races. The averages and dispersions ars

1llustratad in table YXXVIIIe
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Table I - Systematic characters of Prosopi un from lake‘Miﬁnewankao |
Body proportions in percentages of standard length. )

Age : 7+ 6+ & Br Be 4 B B o - -
Standard 1ength 335 315 310 285 260 230 225 210 185 175 155
‘Length head 2043 19.9 2044 20,4 19,1 19,7 19,7 20.7 21L.3 21.5 22,0
‘Depth head 13.5 13,7 14.1 13.2 12.7 12.4 12, 7 126 13,0 13,5 13.2

' Greatest depth body 21,3 24.2°20.2 21.8 20,0 19,6 20,5 19,7 2065 18,4 -
rWidth ‘body 15é6‘15;5 12,3 13.2 1246 12.6 11°5,1255 12.5 12.1 -
Least depth = ,
'x”caudal peduncle 6
Snout 3 5]

; Maxillary , 4
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Tablé{lf,-~8ystematio characters oszrOSOEium,frqm Bow lake.

Age o : o 9 B B T T T+ 6r  6r B B B
Standard langth 220 215177 207 190 189 161 158 154 144 133
Lengﬁh head - ' 21’6‘21‘7 Zlcﬁ 22.5 2206 21.4 23.1 2300 2261 22,7 2248
‘Depth head 15.5'14‘3 15.2 14,9 14,9 14.9 1563 15.5'14.5 14,9 .15.0
Greatest depth body #19.4;19.9 20.9 22,0 21.0 19.6 21.5 23+2 206 20.2 21.1
,Width.body 13,0 12 o412 9 12,9 11.9 12.2 13.4 13.5 12.4 11.2 11,2
Least depth ’ ' B ‘ : T
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Table II - Bow lake (Concluded)

Age SR N FON

Standard length 98 75
" Length head 2347 24,0

Depth head . 14.6
_Smout ., 5.l

Maxillary o

.Snout tip to occiput 18
- snout. tip to dorsal 4

‘Snout tip to pelvie 5
Length dorsal

fin base

Lengthfanal fin base
. Height dorsal fin
Height anal fin
“Length péctoral
Length pelvic
Base adipose -
‘Length adipose
' adipose

'3§t;9,anal base o
Bétio adipgse base 0.96

anal base

.~
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‘ Scales in 1ateral " 29' >

1+ ‘
no
25,3

Table III - Systematic characters

of Prosopium from lake Louise.

1+ 1+ I T 1e I+ 1+
71 68 0 67 67 66 - 66 62
24,9 25 .5 26 9 25 4 25,5 25 9 26.5

14,7
1906 1945 2008 2043 206 20,5 18,9
4860 45,2 4557 44,7 46.3 44,7 44,9
55201 51.9 BR:3 51.9 51,8 51@8 52.3
13,5
Qe
"906
1.0

87
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Tablé.l%;; Systematie characters of Prosogium~from‘waterton lake.

Age . - 14 - 12+ 9+ 7+ e 4+ 3 2 2 1+ L1+
Standard length 378 325 355 290 255 235 230 175 165 140 135
ILength head 281 23.7 22.0 20.5 21.4 20,7 20.4 19.1 20.2 22.1 22,4
Depth head 15,2 15,9 13.8 13.3 14.1 14,3 13.0 12.7 13.2 14.7 14.6
o G.reatest d_epth body 204 9 25.2 21.3 21@0 2291 2006 2105 1904 19.5 20012055
Width body 12,0 1246 11,8 13,2 12,1 11,9 123 11,9 15,3 11.7 13.9
‘Least depth ' L ' ‘
- caudal peduncle 7,0
Snout 7.1

7.0 6.7 646 6.6 6.7 645

7e6 67

‘Mexillary 65 kz;g,uselj 5.8
2

76l 66 666
6.7 6‘0‘1 "6.}0 ,507' b7 Hed
5¢3
4

602
‘ BB Bol 6.2
- 59 504 : 408 5.1 597 509
,Diameter eye . 4:.3 L 4@2 74.0‘ 4}} 4:04 ;40.4: 4.7 59{0 ) 50'3 563
"Intaroroital width = B8e7 722 6e4 Do9 606 640 60 5sb5 Be8 6.1 5.7
Snout tip to occiput 1607 1804: 1596 15e 160 160 15091595 15,4
‘Snout tip to dorsal 46.8 46,8 4495_44.5’46. 42,9 41,6 41.5 42,4
* Bnout tip to Pelvic '5493 5503;52{4,52.1‘5202 5059f5098 49,2 49,3
iLength dorsal ‘ / : :
vy < £in base
Lengﬁh anal fin-base
‘Height dorsal fin
“Height anal fin
- Length pectoral
~Length pelv1c
,Height adipose
‘Base ‘adipose
, 'Length adipose ;
- ~adipose
rRatio ‘anal base

B adipose base 88 0.80 0. 3 0 )% 0.80 0.81
: Rat1° "ZEET"‘EE?E" ’o 74 o 73 o 74ko.ea.ofeo 0.82 0.73 0,69 0.73 o.sp Q.Blk

1648 17,4
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Table IV = Waterton lake (Concluded) Table V - Third lake.,

Ags B B 5 o2 m 1 B TR R
Standard length 218 198 215 188 162 125 = 355 340 245
Léngth head 21 1 20,7 2046 21,4 21.6 22,6  21.0 20,5 21,5
Depth head 1364 13.5 13,1 13.5 13,7 14.1 14¢3 14,7 14,3
Greatest depth body i S 2860 22,0.19.8
Width body S e e e 14.3 14,2 11.8
Least depth : : E ' ' ‘
- caudal 'peduncle 6e9 6.6 6.6 649 6.2

- Snout ; 84l Bu7 B.5 6ol 6.2

Maxillary _ B:8 B4 Be2 Beb 5.9
Diameter eye 444 4.3 4.4 4.8 5,2
Interorbital width 664 6:3 8.1 Bsh 5,0
‘Snout tip to ocelput 18.2 18,0 15.4 16.6 17.1
Snout tip to dorsal 44,3 43.6 43,5 45,0 44,6
Snout tip to pelvie 49,6 50.3 48,9
Length dorsal ~ AR :
S £in bage
‘Langth anal fin base
Height dorsal fin.
Height anal fin
Length pectoral

" Length pelvic
Height adipose
Base: adipose

Length adipose

(6eB 6.6 640
866 - 5.9 640
567 4¢5 5.2
BT 4,9
648 '675 6.7
158 15.1 16.5
45,1 43,5 44,1
53,0 53,8 52,3
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 Fatio ggigfggigfig,, 0.76 0.67 0,73 0.79 0468 0.84 0.79 0,61

fpgrsal rays 13 12 12 12 13 12 13 13 12
Anal’ rays- = 11 12 12 11 11 11 11 11 11
 Pectoral rays 17 17 16 18 187 16 17 18 16
Pglvic rays .o n 112 11011 11 11 411 11 10
 Scales in lateral - 83 83 82 85 92 80 ‘84 81 77
Lateral to ‘dorsal 9 10 10 16 9 10 - 9 9 g
. Lateral to pGIV1c” 8 9 "9 8§ 8§ g§° '8 8 '8
. Gill rakers ; T ' e LT '
' _ -shortam . 9 9 9 9 9 30 7 g g
. oo='lomgamm . 313 34 13 12 12 13 13 135 13
Branchiostegals . 9 9 g 3; g - g '8 8 7
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Table VI - Systematic

Age :

Standard length- - 298
Length head : 19.5
Depth head 13.4

" Greatest depth body 21l.4

Width body
Least depth

caudal. peduncle 6o
Snout’ 5,
Maxillary 5.
"Diamster eye 3
Interorbital width De

 Snout tip to occiput 1l4.
Snout tip to dorsal 42,
Snout tip to pelvie - 52

: Length dorsal

: f£in base 115

Length anal fin base 9.3
Height dorsal fin 13.5
‘Height anal fin 11.8

- Length pectoral 15.0
Length pelvie 13,8
Height adipose B

. Base adipose 7.0
;Length adipose 100

~ ,adigose &

: Ratip anal base 1?°8

adipose basg g
Ratio oenl Tace 0.25

‘;Dorsal rays 13
inal rays 12
Pectoral rays 17
Pelvdc rays 11
\Scales in lateral 85

( La@eral to dorsal 10

- Lateral torpelvic 8
G111 rakers

- short arm. 9

o = long arm 13
‘Branchiostegals 9
aSex -
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characters of Prosopium from Cultus lake.

A

259

20 02
13.4
20.6
12.6

e & @

L d
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HFRooe oo o
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1444
12,3
18,1
14,7

o 4e2

97

1l.2.

1.03

5 0.89

13

17
11

82

OB

3
283

12.6
19.1

12.5

6.2
69‘4

643
400’

5.8

4 15.1
42,8 44
53,7

10,1 1
14,5

13,0
16.9

7.4

9.9
0498 1

0.73

13
13
15
11

85

B2 2 2 % 2% 2%
252 248 241 231 230 228

20s1
13.9
22.7

6e6
862
5.8
3.9
5s9
5.3

204

12.3

19.6-

13,1

605

b9
5.7

4.1
5.5

15,3
0 40,8
. 51 02

) 12,5

1040

7 15,0

12:.5

16.‘5V

1402

2’0‘97

8.5

{ ) 1001
1,01

2 0,85

13
11

16

11
83

20 0'5

14.8

21,1

14.7

15.6
423
510

13.2
10.9

14,4
12.9

1646
14,4
Be2
8.6

10.8
0,99

0.79

13

12

16
11
81

10

19.7
13.5
21.2
14.9

‘,6’04 ;
568

b7
4,1
546

14,8

4l.1

51,8 |

13,3
10.7

/14 0‘2 !
12,3 1
1646
14,0 :

Sed
8¢2
10,3

0,96 1

14

12
- 16

11

84

1950
1364
19.4
12.0

20.6

13:8
21.4

640
Beb
4.6
5o7
15,9

: 4208
5040 ¢

13.7

100,
14,5

11,7

1545
14,1
362

8.8
11.0
l'o 1
0.88

1
15

11

85
10

210
19,3
130‘6

1493’ ‘



Tabie VI -~ Cultus lake

 Age ;

‘Standard lengtn

‘ Length head -

Depth head

Greatest depth body

:Wldth body . S

Least depth ,
‘caudal peduncle

Snout P :

Mexillary.

Diameter eye

Interorbital width

Snout tip to oceiput

Snout tip to dorsal

Snout tip to pelviec &

Length dorsal
0 fin base

g Length anal fin base

Height "dorsal fin -
Height anal fin
- Length pectoral
~Length pelvie
‘Height adipose
‘Base -gdipose
, 1Length adipose
Sl adipose
‘ Ratlo -anal base

] adipose base
;39t1°:“ana1-.base

Dorsal rays

Anal rays-

Pectoral rays

Pelvic rays

‘Scales in lateral .

Lateral to dorsal '

Lateral to pelvic

" Gill rakers ,

- short arm

= long arm

Branchiostegals

o ot 43 2
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{Continued)
% 2 %2 2 e 1+ s 1
205 202 200 193 187 135 134 132 128 124
21,1 1909 20.7 21.1 20.5 19.9 21.5 22,0 21.5 21.6
14,3 13,7 13,9 1404 13,3 12,9 14.5 12,9 13,7 13.9
i : 19.6 18.2 c B ‘
L 15.2 14.2
6s7 Be3 6s5 6o Bed 6.8 6.l 6.4 6.3
660 5e6 508 5,0 5,0 5eB3 660 6.1 5o 604
Ba5 5.3 B0 4o 4s9 563 5.2 Bs1 5e9 640
AL 4.2 4.3 406 4eB 448 5.1 5.3 5.4 5.9
59 5.6 >5o'9{ ' 604‘ 5.9 ‘ ‘_ 605‘ 60,8 606 Ts1
1642 15,2 1506 1509 1504 15,8 1646 17,1 16,8 17.1
45508 420744024192 420:9‘ 41‘08 410,45 4302 45:0 4501
52,3 5063 52,0 49.2 50,8 51,0 51.5 51.1 50.8 50,8
12.2 12,8 13,1 12.4 12.6 15,3 12,7 12.0 12,5 12,7
9.8 1009 1000 10.6 1005 909 10.8 907 10.6 1005
602 1448 15,6 1563 13:6 1448 14,9 15.1 16.4 14,5
365 18.2 12,6 12,5 12,3 12,4 12,3 12.1 13.9 11.7
723 15.6 1642 17,2 15,8 15.5 15,2 14.5 15.8 15,7
445 13.3 13,8 14:5 12,9 12,3 1255'12.1 12,5
Bel 3ol 3.1 3.2 3.4 o
Te8. 7.5 843 944 9.6 8.9 9.0 7.6 8.2 9
9.8 9.5.10.1 11.4 11.2 10+4 10.4 10.2 10.5 10.
1.0 0.87 1.01 1,07 1,07 1.05 0.96 1,05 1.0 1.0
0480 0,89 0,83 0,89 0,91 0.90 0.83 0,78 0,78 0,89
13 14 13 14 14
11 12 12 12 12
16 18 15 16 15
11 11 11 11 e
85 87 8L 8l 84 B4 8588 78 83
9 10 10 10 9 e o '
8 '8 8 8 8
99 9 10 1¢
12 12 13 13 15 ,
8 8 8 8 8 : L
@ ¢ 4 ¢ 9@ 9 g 9 g



Table VI - Cultus lake

ge

- ‘Standard. length
Length head

Dgpth head.

_Greatest depth body
Width body :

Least depth

- caudal peduncle
Snout o ‘
;Maxillary

‘Dismeter eye
Interorbital width

'anut,tip to oceiput
Snout tip to dorsal

“Snout tip to pelvic

'Length dorsal

.. fin base

»Length anal fin base

1Height dorsal fin

‘Height anal fin

‘Length pectoral

- Length pelvie
‘Base: adlpose ‘

‘;Length adipcse

adipose

' ,Ratio ‘anal base ‘

'Ratio adipose base

angl  base
 Sosles in lateral

‘Sex
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1+ 1+ 1s
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Table-VI - Cultus lake (Contimued) -

ags Rt L L LSRR F e © U SR P T IS
Standard length 113 113 111 111 111 110 108 106 105 105
Length head 22,1 2144 22,1 22,5 21.2 21.6 21,0 23,1 21.9 22.4
. -Depth head 134 13.4 13,5 13,5 12,6 13,2 13.4 14,1 13.4 13,8
- Least depth S |
S ‘candal speduncle
~ Bmout
Maxillary
Diameter eyé §
Interorbital width
“Snout . tip to occiput
Snout tip to dorsal
Snout +tip to pelwic
Langth dorsal S
: ~fin base
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592 662
"Be7 B5s9
L Be7
17,1
43.6

®

6ok
Be7
563
649
16.6
42,8
49,5

®
®
L
@
®
&

O O =12

®
.
®
K)
e

ST 00T OO 1Oy
[}
1610y OF 08 R
o
.

q
lDN\'lOiS}'KU!O!O)

®
&
s
®.
e

@
[ 2 3 @ %

~3

s

PO
®
®
s
=
3 O
o e
(2]

o & @ &
®

0 <30y Ot g 2o

<osg~:o»c1d>010:
e e e .6
R B B 38 Rt R o

@

‘@

L4

°

s

oy

@

&

50.3

B 20 1 O O 1 O

S i
e

]

e S e W R B s W
N ® 9
[0 ol e E \\ Bl S T B Lo 25

il b

L@
®
o
®

@ >
TG RO~ @O

.
LOpRe
=~
o
e .
s

ey
S
> o

L.e

S
O

S
o
(W]
St
e
w,
e

° °

1=

o N
c ,

R

® 0 &1 1o
G109 1o @O G

e

e

b

L4

®

: ) 12.4
,Length anal fin base 10.2 °
Héight dorsal fin 15.5 15.7 14,4
‘Height’anal fin 13,1-13.1 12.6
15.5
12.4
8.7

9
o,
)

®

'.DMU’ISJO)!DN
1S OB DO

P
s
(]

L] e

L6,

13,2
7 16.0
13,7
). Bob

. 1.05 1.

®
L)
@

(3
.,,

Length pectoral - 16.31 15,3
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~ Table VI.~ Cultus lake (Concluded}
Lge [ N | R N
,Standard 1ength 104 103 103 102
«Length head 2261 21.9 22,3 22. 1
Dapth head - 14,9.14:7 13.4 1347
Least depth ) e e
" caudal peduncle S B3 5.9
: Snou‘b B ' 602 ' 508 Bed . Ba4
o MaXillaI'y : o 1640 5.8 6‘61 ) 5.9
~_Diameter eye ' 5.9 5.8 5.8 5.9
Interorbital width 848 Bed
Snott .tip to oceiput  17.8 17.1 17.3 17.4
Snout tip to dorsal = 41l.4 41.3 42,5 422
Shout tip to pelvic = 5l.1 Bl.3 50,0 49.2
‘ Length.dorsal fin base 12.9 11.6 12.6 14.2
Length anal fin base 10,1 9.9 10.2 11.0
Height dorsal fin . 15,1 16.6 15:5 1647
*Height anal fin 13,5 13:1.12.1 13,5
Length pectoral 1641 17.0 16.0 16.7
Length pelvic 125 13,2 12,6'13.2
Base ‘adipose 749 7.5 9.2 8.3
Length adipose 9.7 9.8'10.4 79.8
Ratio -2dimose_ .96 0,99 1.02 0.89
= - anal base R e T o
Ratio 241DOSe base o vg 0,76 0.90 0.75
‘ : nal base , = R f
ﬂScales 1n 1atera1 868 83 83 79
sex 92 3 g @

1+

.99
217

13.6

6ol

5.1
546

556

17.7

42,4
47,0
2:13.6

9.6
71664 1446
12.6.

15.9

13,1

7.9
"9e8

1.0

; 0&82

1+
96 -
21.9
13.6

6+2
Be2
Dok

- Bad

7ol
17.5
43,8
51,0
12.0

9.6

12.0
15.1
12.0

7.8
9.9

1003

0.81

1+
95

21.9

6 13¢5

663
'50
"beb
‘,50 '

665

17.7

43,2

48,5
11.8

1065

15.8
129 6

15,8
11.8

842

10,3

0.98

0.78
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Table VII - Systematic characters
i . o N 1 k ) . -

igs

‘jSex L

of PrbsoEium from Logging lake.

B B B B B
Standard 1ength 1907 184 178 178 174
Length head 21.0 20.4 20.8 21.0 21.2
,Depth.head : 13,7 13.6 14.3 14.0 14.4
Greatest depth body Lo o
Width body :
Least depth - S E
 caudal peduncle 603 645 6.7 6.7 6.
‘Snout . 5.3 5.4 B.6 5.6 B.
 Maxillary 5.3 5.2 5.3 5.6 bo
' ‘Diameter eye 4.7 4,9 4.5 5.1 4
Interorbital width 6.8 6.5 6.2 . 6.2 6.
Snout tip to occiput 15.2 15,2 1643 15,2 14,
‘Snout tip ‘to dorsal 416 42,8 43,2 42.1 44,
‘Snout tip to pelvic 50,0 50,5 52,5 5l.1 49,7
Length dorsal fin base 1l.6 12.2 11.5 1l.2 11.2
Length anal fin base = 10.0 9.8 9¢3 93 7.8
_ Height”dorsal fin 13,7 15:2 14,0 140 14.1
Height anal fin ,'11058712.0 11.2 10.7 11.3
Length Pectoral 01663 1505 l5e4 15.7 1502 ‘
Length-pelvic . 1304 13,0 12,9 12.4 12.9
‘Helght adipose 256 2.7 2.8 2,6 2.6
' Base adipose 748 842 7.3 7.9 8.0
fLength adipose 92 )9 b 93 9.3 9.2
Ratio- —adiposs 0492 0,97 1.0 1.0 1.18
anal  base O A B g '
,,Ratlo ‘adipose base - 0476 0.84 0.79 0.85 1,02
anal base PR R S
Doréal ra&s \ 13 12 13 12 12
_4nal rays. 1201111 11 11
“Pectoral rays 17- 18 18 17 17
Pelvic.rays ; 11 11 11 11 11
fScales’ln lateral 78 .. 83 79 85 77
~Lateral to dorsal : 910 99 9
 Lateral to pelvie 8. 8 8 8 8
}G111 rakers $ B .
= short amm 8.9 9 9 10
0= long arm 14 013 13 0 13 14
,Branohiostegals R AR 8
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Tablé VII .~ Logging lake

Age '

Standard length
Length head
Depth head -

2% % %
162.

143

21,5
14&7

Greatest depth body L

- Width body

Least depth

“caudal peduncle
Snout

Maxillary
Dismeter eye :
Interorbital width
Snout tip to occiput
Snout tip to dorsal
Snout tip to pelvie
Length dorsal -

fin base

vLength ‘anal- fin bage
He;ght aorsdl fin - .
‘Height anal fin
- Length psctoral
Length pelvic
‘Height adipose
" Base adiposs
Length adipose -

, Batio adigose

‘anal base

Ratlo adipoae base
nal base

DorSal rays
~ Jnal rays
‘Pectoral rays
Pelvic rays
Scales 'in lateral
Lateral toudorsal
: Lateral'td'pelvic
G111, rakers

= short arm

"= long arm

‘Branchiostegals
“Sex
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mablé~ViI ~ Logging lake (Continued)

Age : ' , : 2k 2 2 22 2v 2 2% 2% 2+
Standard length 155 150 149 148 145 145 144 144 141 137
Length head 19.7 20,7 20,8 22.6 22,1 22,1 21.5 22.2 22.0 21.5
Depth head o ‘13.5~14.5 14,1u14.9~14,§,14;1-13,7 14.6 14.2 ‘
Least depth ' B i ' S s

d
Y
L]

o

8
®
9
o
®

. .‘caudal peduncle 7 1 6.7
Snout : 4.8 4o3
Mexillary : 4B 4.3
‘ 4.5
64

o
®.

[ 3
S 000 TN O

F gl S

)
@
‘@

&
L 4
N3

 Diameter eye ; AT
Interorbital width . 1Y 4

~ Snout tip to oceiput 15.5 15.7
. Snout tip to dorsal = 438 42,0 43:5 43.4 45
snOut tip to pelVic ‘ . 4:707 5005 509 5006 5100
Lengthdorsal £in base ,1106 12.0 1107 1202 1204
. Length anal fin base 9.471060 9,7 10,1 1040
~ Height dorsal fin - 14,2 13,0 15,4 14,2 15.2 14.6 15,9 14.2
‘Height anal fin = 11.0 1040 1167 12,5 11,7 12,7 12,2 12,8 11.7
‘Length ‘pectoral 1668 15,3 16.4 1669 15.8 16.5 1640 17.3 15.7
‘Length pelvie 1345 12,3 12,7 13.5 12.4 18.4 12,5 189 13.1
“Height adipose Ty 2.9~‘2;7r 2.3 B.4 2.4 S 248
‘Bage adipose . 7.7 7BG0 8,1 8.0 7.9 8,1 82 Ted .,
Length adipose 9,0 1o,o 9.4 9.1 9.7 9.51 904 940 8.5
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Ratio adipose base .8 . o ’
iy anal base 1“‘ ’O 2 0 80 0 84 0 79 0 79 0 65 0. 85 0.79 0065

'Dbrsalhrays A : ?'}12, }12 132 12 12 12 S 12
Anal rays - oo 120412 12 1r 1211 11
‘Pestoral rays 18 16 19 18 17 17 oo
~ Pelvic.rays 12 11 11 12 11 11 - 11
“Scales in lateral 76 .79 80 80 84 B85 75 74 80 TV
‘Lateral to dorsal -9 9 .9 Q9T e e T e g e
Lateral to pelvic 8. 8 8 8 8 } ‘ 8 S
e ang rakers Ll o . Lo o R ‘ e
S - long arm ., 13 13 15 14 12 13 . 13. -
:Branchiostegals | 8 -8 8 8 8 8 8
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+Table VII - Logging lake (Continued)
| Age f “ B TR PARRE. PR PR PO PR, PAUN PR P VAR A
Standard length 7180 127 124 124 123 121 120 119 118 117 115
Length head 23,1 22.4 22,2 23,0 21.5 23,1 22,1 21.4 21.2 21.4 22.6
Depth head 14,4 14.2 13.5 14.5 14,2 14,9 14,2 13,4 13,5 13.5 13,0

KVLeast depth

Gaudal pedunele 600 6.9 640 669: 601 . 604-’ . 607 6.5 - 604' Bol 60/1‘
Shout Bs2 5o7  5eb  Bed 53 Bel 5.6 5.3 5.3 5.6 5.4
Maxillary Béd 59 5.6 6.0 BB Bad B9 5.5 5.6 5.6 5.6
Diameter eye Bed 5.5 B2 5.6 5.3 B8 BB 5.5 5.3 5.6 5.6
Intarorbital width Mol 6.8 Beh 604 6.5 608 602 603 o2 o4 6.1
- Snout tip to ccciput 16.5 17.3 16.5 18.1 16.7 17.8 17.5:1654;16.9 16s7 16.5
- Snout tip to dorsal 44,6 44.8 43.9 44,3 44,3 4553 44,2 42.8 44,0 44,8 44,3
snout tip to pelvic  50.3 50.3 50,0 49.6 50.3 49,6 49.2 50.3 50,0 50,0 52.2
Length dorsal ; S ‘ : i L . B ‘
- fin base 11,5 13,0 10.9 11.7 11.4 11.4 11,2 12.2 11.4 11.4 10.2
Length anal fin base 9.2 10.4 10.1 10.1 8.9 9.3 9.2 8,8 8.5 8.5 10.4
‘'Helght dorsal fin 14,6 1665 15.3 15.7 13.8 15,3 14,2 14,3 13.1 13,7
Height amal fin = 12,3 13,4 13.3 13.7 11.4 13,2 10.8 10.9 10.6 10.7 11.7
Length pectoral 1504 173 1601 17+7 15,0 16.5 1667 14.3 15.0 15.4 14.8
Length pelvic. 12,7 1304 13,53 14.1 11.8 13.2 14.6'12.6 12.3 12.0 12,2
Height adipose o Bal. ; o 242 2.3
 Base adipose . 7.7 . 8.3 7.3 TeB Tl 9.1 7.5 8e4 6.1 T3 8.3
; Length édipose 902 9.4 :Bol 8ol ,;_8“99 909 902 9’042‘ 76 7}07; 9.1
Ratio EEEEE%SEE' 1,01_0.99 ofso‘o.eo 1.0 1.06 1.0 1.04 Q989~0,9l 0.87 o
Ratio}§5%5§§§3§§§§ k,_053450479»o,7zvpf72quso 0598 0.62 0,95 0,72 0486 0,80
'Dorsal rays , iz i . 12 12 S |
inal rays . - B - RN 11 s % |
Pectoral rays . 17 R &
Pelvic rays R i 5 : ' 11 ; o
Scales in lateral 81 78 82 86 83 76 83 79 82 84 79
Leteral to dorsal =~ . 9 ' AT e B h
Lateral to pelvie 8 . SRR R - S
‘Gill rakers - ' o . : T
- short amm - 9 - . 9
L "~ long amm : 14 R 13-
Branchiostegals o 8 ’ ‘ '
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2298 229‘34' 2295 22,05 2202 2205 25@7 23072109 2503244,3

- 53 -
(Concluded)
+ . 1+ 1+ Sl s

1+

1+
14,7 14.9 l4e1 14,0 13,7 13.7 13.9 13,9 14,3 14.6 17.2

-, Table VII'¢ Logging lake

Standard length

Length head

Age

~ Depth head
- Least depth
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Table VIII = 'Sy'stemé‘tic characters of Piro's_pgiﬁm from lake%McDbnaldQ

‘Age ‘
'"Standard length
Length head
Depth head

‘Snout
'fMaxillary
‘Diameter eye '
Snout tip to oooiput
Snout tip to dorsal.
Bnout tip to pelvie :
Length.dorsal fin base
Length anal fin base
. Height dorsal f£in
- Height anal fin
Length pectoral
Length pelvie
Base adipose
Length-adipose
Ratio —8dipose
-anal base

: Ratlo adipose base

anal Dbase

Scalés in lateral line

48,9 49,6 50,7
3

767

14,5 14,9 14.6
11,9 11,2 10.5
4,3

7

12.6 12.4 11,
7@1 702 868 70‘1 :

- 54 -* 

C 1% '14" 1# 1&/”
124 123 114 112
- 2266 2248 22¢l’22b8
1403 1444 1406 15,
. Least depth caudal pedunele‘~' ' ’

61
‘508'_5q2 Ded Beb

5,3 5.2 5sd 5.5
5%93 562  Dsk HebH

1668 17,1 17:3 17.8
420»'44e6 4504 45 0

11.8 12.4 11.3
9,0 8.9

1642 1564 14

809 892%;9{8” 8.9

0,99 0.92 1.27 0.98

0479 0.81 1.14 0.78

81 85 81 86

0.95

0681

83

s
111
2242 %
2 14,

0,98

0,90

79

ol
97 :
)y 24,2
15.2°
: 605
o2

663
'601

o4 1966'

45,9
: 51Q6
12.0.

Q68

16.9

13,7

1464

"7a2'
‘905'

‘0097

0.75

86
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(Concluded)

" Table VIII - Lake McDonald

W50747
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~Snout tip to pelwic
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‘Tabié[IX«- Systematic characters of Progopium from Bowman lake.

Age BT - AR WL N AN WY

- Standard length 133 123 123‘,111 110-- 108 101 100 96 94
. Length head 21,3 2217 21.9 22,7 28,1 23.5 23.8 22.1 22.9 24,5
fDGpth hegd e 1364 14.2 13:6 1402 1402 14.0 13,9 14.3 14,6 14.9

_"Least depth ‘ L ST 7 R R

caudal peduncle BsB  Be7. 663 6.5 663 6.4 602 647

Srout | BeB 5.8, Be7 5.4 Bob 5.8 5.8 5.7 5.9
Maxillary 507 . 508 ,507’ k 509 g 509 508 600, E 508 691
5.9 569 b4

Diameter eye 2 ‘\4»7’;595 5s5  Bs7 Be6 5.8
~Interorbital W1dth v T '
- ‘Snout tip to occiput 1865 171 1667 178 17.7 L€ 18:3 ~

Snout tip to dorsal 43,0 4457'44;6’45.8 44,3 44,5 44,0 44,0 45,2 £
Snout tip to pelvio 48.8 5047 49.0 49,7 49,9 1.3 :
.Length dorsal : ‘ :

@

3R
e
fAL R0 G =Y

; fin base 11,4 11,5 11.4 12,6 10.7 12,1 11.6 11.7 12,2 12,3
. Lengthanal fin base ‘9043 907 905 8'04-" 9.1 905 97 9'o2 901 ‘966
- Height dorsal fin 15.6 15.8 16.1 17.4 15,7 1646 16,0 17.2 17,5 17.2
- Helght anal fin 11.8 12,4 12.8 12.3 12,4 13.0 12.9 12,7 12.7 13.0
- Length pectoral 1605 1646 17.3 17.7 1644 17.6 17,8 17,9 17.5 17.8
- Length pelvic 12,9 13,0 13.5 12,7 13.3 12.6 13.9 13,2 13,1 15.1
Helight adipose o . O
‘Bage adipose 8.3 ‘7,3“6¢8; 762 Teb TeB 79 T4 7.7 7.2
Length adipose 9.6 9.0 8.8 8.7 95 9.5 9.6 9.0 9.2 8.
Ratio —2LiROSS 1.02 0.93 1.01 0.91

“Zmal base 10477 0469 0.89 0.99 0,99 0.98

eo.e. Bdipose base R ST T ' ; S
Ratlo Tnal base 088 075 0.72 0.86 0.82 0.81 0.61 0.80 085 0.75 ;

‘Scales in lateral 83 75 86 82 79 81 ”84"'827‘ 81 81 -

; Sex : 8 2 g ;8 g g o9 3 4




‘Table IX - Bowman lake

Age '

Standard length
~Length head

Depth head

Least depth

) caudal peduncle
Snout :
‘,Maxillary
.- Diameter eye

Snout tip to occiput
Snout tip to dorsal
- Snout tip to pelvie
. Length dorsal fin base

- Length anal fin base

Height dorsal fin-
"Height anal fin
Length pectoral
Length pelvic
‘Base adiposs
_ Leﬁgth adipose -
; .adipose
Ratip anal base

&dipose base
‘Ratio anal ‘base

~Scales 1n lateral

O

g e

RN
104

2L
182

e 8 @ ® &. 6 @ o ©. 9 6 & 0 &

L3

(=2
.
o
o

O
6
-

oo
10

NODRDOIDOEENTO OO
: fﬁfﬂwaYC5C10103ﬂ>(QEU‘O(O(D‘b(h

57 -

(COncluded)~

1+ 

89
23.5
14,2

6.4

5.6

6s1

6.3 k
1801‘“
45,0

507
9.2
15.7
1240
15.5
11.8
7s1
7.9

‘Q§86

0477

82

1

- 86

2363

14.0

44,6
50.0
11.9

9.3

156.5

12586
17.1

13.6
7.8

9.1

0.98

0.84

‘30

18;1

1 et et

1+

B8

23.0
14.3

BT

® .© & ¢ 0 & 8 @

L4

O O OO O 1T D

B gt

1+

s
2369
14.1

L0 9 e e

- oo
NO}(DNH’G!LOQQ Or-o

® L & &

e
3 €1 0
® @

9
DOTOR P NO M OOt

. 1+

14,0

1950

44,7
5048
12,0
10.8
16.1
13,0

16.4
13.0

81
24,6

1
80
24.6
13.4

8.5

6.5
6.4
19.0

44,5
55
12:1

9.8

16.3
-12.8
16.6
13.4

8.1

0.84

0.69

81

1+
80
24,6

23:8

14:5

19.4
44,1
50.8
12.5

9.0

16,0
12,5
1643

12.8
69
8.9

0.99

0.77

86

I+
80"

14.1

17.4

45 oyl :

50,0
11.2
901 :
15.4
13.5
17.0
12.5
8.9

10.0 - -

1.10

0698

82




Table X - Systematic characters of Prosogl - from uaskinonge 1ak.e9

Nooksack river, and Tolt rlver. ~

- Age L
Standard length

Length head

Depth head

Least depth caudal peduncle

‘Snout

. Max;llaﬁy

Diameter eye
Interorbital width

~Snout tip to oceciput

- Snout tip to dorsal
Snout tip to pelvie

\Length dorsal fin base
Length ansl fin base

Height dorsal fin
Height anal fin
Length pectoral
Length pelvic
Height adipose
Base adipose
Lengthiadipose
Ratio ~8dipose

‘ ‘anal -base

Ratld adipose base   

al “pase

,Dorsal rays

Anal rays
Pectoral rays

- Pelvic rays -
Soales in lateral
Lateral to dorsal:

Lateral  to pelvic -

~@i1l. rakers

‘ = ghort arm
5 = long arm
,:Branchiostegals

110 104

L 2B.3 24,0
15.2 15,7
5.7 5.9
56 5.9

59 6.4

17.4 18,3
43,8 44,1

52,5 5340

1209 12,7

97 946

15.8. 15,9
12,8 12.7
16.2 16,7 .
13.0 12.6

Te4 7.5
9.1 Bl.7

0694 0991

' 0076 0078

82 84

fl#
115
20.9

13,9

6aT7
546
5.6

ksusk
646

17.2
42,3
508
13‘96
10.5

17,0
1440
17,7
: 15@8‘
2.9

11.3
1,08

l+

114

22,3
14.6
649

5e
5.
5

6
18

13.8

10.6

16 ® 5

15.8
1’607'

l 4.8

Be3
10.9
1.03

13

12
15
11

76

T
18

8

6

2 A
4

el

51l.1.

Masklnonga 1ake Nboksack river - Tolt
river

3

200
20,6

14.2

5.8

6s0
4.8
.58

15.9

42,2

6.3




Y

:Taﬁléfﬁl - Systematic characters of Brosopium}frcm the Elk river,‘

“Standard length -
Length head

Depth head

~Least depth caudal

Snout
Maxillary
Diameter eye
Interorbital width
~Snout. tip to oceiput
‘ Sneut tip to doysal
 Snout tip to pelvie
,Length dorsal i
- -fin base
Length anal £in base
Height dorsal fin
Height anal fin
Length pectoral
- Length pélvic
Height adipose
Base adipose
- Length adipose
fRatio _adipose .
o .anals base

R t adipose ‘base
a 10 1 base‘

: Dorsal .rays
Anal rays -

- Pectoral rays - -
"Pelvic rays
Scales ‘in lateral

Lateral to dorsal

~Liateral to pelvic
Gill rakers
: - ghort amm
o= long arm
,Branchiostegals
Sex s

15.5 14.3

peduncle -

70.87,0.91 490

=~ 59 -

4+ B

254 231 210"
22,0,22,2 22.4
15.9

7ol 7.2

L2

6;5 6.

s L s
e SR RO IR RS SRS

44§5,45d8
5294 52?5

9 . ®

0 -
=

e =

.
@

9
P

15.7
13.8

mchcaoag>m~q«otw
ﬁ!«f@ib&c‘Otb;onP*‘,

1
1

@
®

®

R

®
I

@ O &Y O 3.1 OO 09
E R o e ;.
TGO G 0. s D ©

@

&
©

@

0,66 0,72 0.71

1211 12
11 11 11
17 17 16

11 1111

87 84 87
9 9 9

7 8 8

10 10 11
14 13 15
9 8 8
Q2 9 9

6'8 6 7

4.5 4.5
6e2 857
17.0 18.6

12,6 1
10.0

ok

Tel
5.0
3.9
7ol
9.0

206

22,3
14,7

@ @

&

8 @

&
LR NO O Doy

‘mmﬂmywmi
,g;pna'
38

BN A

6

0.63 C

1200
22,2
1459

m—qouf>ow0yg
'owmcﬂ$>ciui0eq

SRS

D@

L

22,0
15.1

7.2
6s2
62
4e6

6.4,
~1702
43,0

il

75296A

13?9

\10?3

17.4

1539‘
s“1§;5
15,9

3.1

;7b2}

9.1

0.88
0070

12

11

17

11
78
e

Bl'*

10
13
8 .

g

170 17.4 1
43,8 42,3 4

3 3+ 3 2+ S 2
195

201 184 183

22,5 23,1 224
1502 15.% 14,2

7(0 791 7
6:5 665 B
81 6.8 8,
4e2 48 4,
6e
6.
B

1
6
3
o 53
6e2 64 663
9
1
o1

52»1 53.3 52

11.9 13¢1 13.7
10:3 9.8 9.3
1609 16.3 1640

1444 14.1 13,8
169 16.7 17.7
14,5 14.7 15.3

Bu6 Buh  B.g
,7;3' 603 705“

9.5 8.7 9.6

0.92 0,89 1,03

0.71 0,64 0.81

15 12 15
1 1 o1

16 17 16

10 - 11 11
89 ‘84 8L

9 9 9

8 - 8 8

10010 9

15 15 13 -

2. 9 9
e 9 g




. Tgble’XI - Elk river

Age
 Standard length
"Length head

Depth head:

Least depth

.caudal peduncle

Snout -
Maxillary

Diameter eye.
Interorbital width
Snout. tip to oociput .
~-Snout tip to dorsal

Snout tip to pslvic

Length dorsal fin base

Length anal f£in base:
~Helght dorsal f£in
‘Height anal fin
- Length pectoral
‘Length pelvic -
Height adipose
Base adipose
~Length adipose
e adipose
Ratlo Tnal bass
adipose base -
,Batio anal base o

-Dorsal rays
Angl rays
Pectoral rays
_ Pelvic rays =~
Scales in lateral
Lateral o dorsal
Lateral to pelvie
Gill rakers
i = ghort arm
. = long arm
Branchlostegals
Sex ' :

87

R

jlzﬂf

1
17
12

9
7

10
14

g

T
N N

O Do

L B0 -

e & &

@ -8

O.Pﬁng%$>csorm
OBLO GO OH O

L]

°
O

 15.6

18.2
17.0

15,3
8.l
d 662

8.7
0,94

 0.74 0.67

16
10
86

@

130

©

1z,
;11 .

{Continued)

181 180

22,5 22,3

14.5?14.0

[
L]

9.
L]

L] 8
OV OT W0 B =3

oo s

u>nok4cn-qo»f>g>a>dy
N ¢ L]
OGS D0 Y

[

e

médoxfxmi»-q

L2

o
[

vele

@

@

" 9.6

1701 1601 1
14.1 15.8

1802 17Q6

15.5 14.5

3.3 B4
“GQO 6‘8

8.8 8.9

0,93 0,92 0

0.63 0;70,

‘12 12

11 1

18 17

11 11

79 88

9 9
8 8

109
15 14

8T B
° d

By

S 2 2 2
180 178 178 178 178
24,3 23,0 22,6 22,2 21.9
15.6 15 0 14.5~15.4~14,2
669 7.5 760 6.8 7.3
629 7.0 6.5 5.9 5.9
669 ek 6@5' 662‘~509
'5g3 '409 ;498' 406 4e6
'691 ’7017 602 665 602
17.8 17,7 17.1 18.7 1640
43,7 45.0 44.0 44,0 43,2
11.2 12.8'12,9 13,0 13.1
964 9.8 10,1 9.8 9.6
172 174 17+4 16.9 16,3
14.4 14,9 15.3 14.4 14,3
~1S§311767~1?05~17s7‘1850
1601 156.3 15.3 15.2 15.2
 534' 3;5‘T269 505‘ 305;
el 647 6.3 648 6o4
9;2 9.0.;7b9 93 Bod
0.98 0,92 0,78 0.95 0,88
,0.76,0é68~0,52‘o.69 0,67
iz 12 13 12 12
11 011 o1on; oo
l6 17 16 18 15
11 011 11 1110
84 81 87 80 90
9.9 9 9 9
8 .7 8 .7 8
1010 9 9 10
13 13 14 13 14
8.9 . .8 9-
4 3 3 3




- 6L~
 Table XI - Blk river (Concluded)

sge A T U VI U W 4

Standard lemgth 178 177 175 172 170 ‘167 127 126
Tength head 25,0 22,9 23.7 22,4 23,2 23,4 22,6 22,5
Depth head -~ 15.3 14,9 15,1 14.1 15.4 15.6 14.5 14,0

Least depth -
668 -

~10 WO h‘cg(n'ctcn4p N R

‘caudal peduncle 67 7.1 6.9 6.9 6.7 701 6o
Snout ‘ i . 740 60;2‘ 667 60'5 8¢5 606 6s3 B
lﬂaXi.llary s 605  6.8 6.9 ‘6‘04/ ,607 665 651 6.
Diameter aye 496 B 5.1 ; 406 4.6 ’5@2" 500 505 5o
“Interorbital width 602 6+2 6.3 b5eb 6.1 6.5 6.5 6.

’ Snout tip to occiput L7662 L1 177 ;7.4‘17.1317;7 17.6 17,
~ Snout tip to dorsal 445 43,5 445 43,6 44,0 44,3 43,53 43,
Snout tip to pelvie - 52,6 51.1 50.8 52,0 53,3 54,1 50.8 50.
Length dorsal £in base 13,5 12.2 12,5 12,7 12.1 12.2 11.8 11.
* Length anal fin base 1040 9,9 8.6 948 9.7 9.6 9.4 8,
~Height dorsal fin - 1643 16,7 1646 15.1 16,0 17.2 15.7 14.
Height anal fin S 13.4 14.1 15.4 13.7 12,6 13.9 13,3 13,
,Length peotoral ' 1743 175 187 17:6 16.6 18.0°1649 16. :
‘Length pelv1c o 1543 14,7 15.4 1444 14,7 15.6 14.4 14,3
Height adipose T 2,9 8.5 3uB B0 3.3 3.0 o
. Base adipose BT TeB 7B 845 Tel 6.5 666 6.9
‘Length adipose 940 9.7 943 8.7 9.3 8.7 8.7 8.4
Ratlo -AOIBOSS. .90 0.98 1.08 0.89 0.96 0.91 0.92 0.94
-anal base SRE : : : : ‘ S
“Ratio 2dipose base ' g7 0,75 0,85 0.66 0.75 0,68 0.70 0.77
‘ _vanal’ base = SR B L : '
Dorsal rays \ 13 12011 12 11 12 12 11
Anal rays 11 12 10 10 11 10 11 11
Pactoral rays 8 17 17 17 16 16 17 16
Pelvig rays . 1112 11 1110 11 11 1
Seales in lateral 82 83 84 94 87 .84 B9 . 87
‘Lateral todorsal - . 9 g 9 9 9 9 9 ¢
Lateral to pelvic IR SR : -] 8 7 .8 8 7
 Gill rakers R
‘ = ghort arm ' 10 9 9 10 .9 10 8 10
- long am 15 13 13 14 12 14 12 14
Branchiostegals 8 8 .8 9 9 '8 8 8

‘Sex .8 2 2 @ g g ¢ g



_ A .

Table XII - Standard length attained by the Bowman lake whitefish at
' the end of each year of life.

Standard length at end of year: Scals rings:

No. 1 2 3 4 i 2 a3 1
‘2 28

1 30 -

3 32

5 41 63 9 4

4 47 63 16 B

7 46 66 1 4

6 B N i

12 B2 7 18 B

1l B 7% i2 5

9 54 74 14 =

8 B8 76 11 B

14 50 77 1w &

13 58 78 16 &

10 B9 78 15 B

16 61 80 6 &

24 64 80 7

32 88 80 17 =

31 59 81 18 4

33 61 80 1 4

15 62 82 18 4

18 64 82 iE

19 64 83 18 4

25 656 84 18 5

21 65 84 15 4

22 89 84 18 B

20 62 85 % &

17 g0 8¢ 15 §

34 72 86 iE 7

30 83 87 v

28 67 89 ir 4

23 89 92 is 4

27 60 104 16 9

26 44 82 95 14 1s 4
37 42 8 97 12 12 5
36 44 94 100 3 18 i
35 A 91 100 iz 13 ¢
29 4 91 Jue 12 182 &
38 42 88 111 1E 1 2
39 43 89 112 e 12 &
40 60 95 123 17 18 =&
4 45 100 124 19 18 &
42 53 115 134 18 ‘98 4



= B3 -

Teble XIII - Standard length attained by the Lake McDonald
- whitefish at the end of each year of life.

Standard length at end of ysar: Scale rings:
No. 1 2 3 1 2 3
328 34
327 36
326 38
325 46
309 50
311 50
324 50
313 51
320 51
312 B2
322 52
321 53
316 56
323 55
319 58
315 60
317 60
318 - 61
310 62
314 63
208 69 11
306 64 98 14 7
307 , 41 109 13 16
305 44 112 12 16
303 BY 112 14 10
304 B7 115 13 13
301 73 124 17 11

302 74 124 21 13
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Table XV - Standard length attained by the Logging lake whitefish
at the end of each ysar of life.

Individuals in their first year

Standard length  Frequensy Standard length  Frequency
27 1 54 5
30. 1 55 7
36 1 56 4
38 1 b7 B
41 2 58 4
43 1 89 3
44 3 80 3
45 7 61 3
46 8 62 2
47 2 63 2
48 2 64 1
49 10 65 1
50 13 68 2
51 8 69 2
52 7 70 1
53 8 75 1
Staendard length at end of year: Scale rings:

No. 1 2 3 4 5 1 2 3 4

145 59 88 13 7

144 64 ¢8 19 )

143 85 99 ¢ 15 10

141 58 100 . 10 11

142 59 102 18 13

114 52 103 17 18

140 B5 103 i5. 15

138 53 106 15 17

137 65 108 ls 10

128 47 109 17 19

136 57 112 15 14

139 62 112 16 14

134 75 113 ' 16 8

126 54 114 ~ 15 16

113 56 114 : 14 11

131 64 115 18 12

132 69 11B is 10

133 73 117 18 11

127 54 118 7 17

112 69 118 24 17

135 56 120 20 18

278 79 120 18 11
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Table XV - (Concluded } - Logging lake whitefish.

Standard length at end of year: Scale rings:

No, 1 2 3 4 5 1 2 3
124 74 123 20 14

125 63 124 17 14

130 65 125 18 15

111 B8 . 128 ; 17 21

129 55 111 131 12 18 7
277 4] 98 137 16 24 15
120 76 122 141 ’ 19 16 5
123 B 95 142 19 165 13
122 48 93 144 18 18 14
110 72 116 145 22 12 6
121 69 120 148 19 15 8
107 49 101 148 14 14 12
109 87 112 150 19 20 14
276 45 . 99 1851 13 17 18
108 68 116 154 a8« 22 1B
274 89. 117 1567 20 15 12
276 72 132 157 22 20 11
119 71 118: 158 8 12 9
108 59 118 159 24 24 13
116 63 117 159 24 22 15
117 65 112 159 26 18 11
118 57 109 162 20 18 15
273 58 114 162 21 21 13
105 69 127 182 - 24 22 12
115 47 116 163 ~ 19 28 @ 20
103 63 130 169 2l 24 12
101 62 130 173 24 25 16
287 656 121 174 24 20" 18
269 61 134 177 19 24 13
272 80 119 154 171 25 15 12
104 356 101 153 175 16 28 18
271 67 111 155 1756 25 17 18
270 58 105 158 178 i6 17 19

102 58 127 1e7 185 19 20 11

4

O =W O>;m
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Table XVI - Standard length attained by Prosopium williamsoni
at the end of each year of life.

Lake Nimnewanka

Calculated standard length attained at end of year:
No. 1 2 3 4 5 6 7 8 9

14 81 124 155
15 78 125 165
16 66 129 179
17 71 133 1858
18 54 124 182 210
19 54 141 196 225

6 66 153 220 275
20 60 112 158 202 230
22 53 118 167 209 240
23 48 136 199 243 275

8 75 166 208 251 280

3 49 99 156 207 232 240
4 50 109 152 189 233 2Bb
5 68 138 193 235 261 276
7 63 11 187 231 262 276
9 61 113 179 228 264 280
10 62 129 185 235 267 285
24 b4 138 220 254 286 305

11 55 115° 182 222 2568 279 295

12 69 136 201 241 272 298 315

2l 68 125 187 222 269 298 3l0

25 58 136 197 240 274 298 310

1 69 141 188 239 265 296 322 335

13 65 1850 201 236 279 306 328 345

2 69 154 228 283 308 338 3566 368 375
Third lake

27 82 133 181 207

28 90 184 220 237

29 64 122 166 222 245

30 57 136 203 241 273 296 316 325

& 72 153 205 262 288 312 328 340

32 73 143 203 237 263 290 321 340 3Bb

Cascade river

55 43 106
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Table XVII - Standard length attained by Prosopium williamsoni
at the end of each ysear of life.

Standard length at end of year: Scale rings:
No. 1 2 3 4 1 2 3 4

Maskinonge lake

D 86 110
E 82 103

Nooksack river

451 76 118 21 9
452 80 116 2l 9

Tolt river

461 74 129 181 200 20 14 13 5
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Table XVIII - Standard length attained by ths Cultus lake whitefish
at the end of each year of life.

Length at end of ysar: Scale rings:
No. 1 2 3 1 2 3
59 76 94 14 3
67 84 96 18 2
60 91 ¢°8 17 0
920 88 99 17 1
89 92 100 15 1
87 92 101 . 18 1
88 91 101 17 1
586 102 102 22 0
926 98 102 19 0
58 87 103 17 2
85 69 103 17 6
o5 104 104 . 20 0
56 97 108 23 2
57 97 105 19 1
79 98 105 20 1
51 92 106 18 2
81 87 106 22 3
86 88 106 20 2
b4 94 107 20 2
84 - 78 107 18 8
68 81 108 21 7
75 108 108 25 0
83 80 108 18 5
b3 96 110 21 2
78 86 110 , 18 3
80 100 110 18 1
46 89 111 24 4
49 104 111 ‘ 18 1
52 91113 20 3
48 83 112 17 6
82 98 112 22 3
50 95 113 24 3
76 104 113 23 1
77 84 113 18 6
66 86 114 18 6
94 106 114 : 18 1
44 85 1156 19 6
72 87 115 18 6
74 101 118 24 2
65 87 116 17 6
42 97 118 20 3
45 e 118 19 8
47 101 118 22 B
5

71 91 118 20
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Table XVIII - (Concluded) - Cultus lake whitefish.

No.

92
23
43
69
73
64
70
83
61
o1
62
37
41
40
108
110
107
109
39
98
105
99
103
102
35
100
101
23
106
104
32
38
17

14
13
iz
20
15
10
11

Length at end of year:

1

87
119
103

95
104

86

97
107
115

87

132

110
71
74
82
80
69

100
70
85
91
95
84

110
74
93
81
95
88

113

101
98
85
63
79
80

95

105
74
79
98

2

118
119
120
124
124
1256
127
129
134
135
138
217
180
160
186
179
193
201
2085
174
179
175
185
199
155
167
152
159
166
192
162
ls4
187
138
212
158
159
180
141
148
2086

3

187
193
201
202
205
212
223
228
230
231
241
248
2lé6
228
243
206
212
233
206
220
230
208
260
2lz
232
214
184
217
241

4 2

249
252
283
237
241
271
246
254
269
256
299
249
274
261
212
263
274

5

249
289
287
279
283
304
283
321
_79
302
294
256
292
299

6

298
300
305
315
320
337
306
329
328
277
322
331

7 8

334
347
334 343
364 360
346 366

o

Scale rings:
& 4 b 8 7T 8 9

1

7
24
2l
20
2l
18
18
a7
23
18
29
29
14
19
2l
19

27
17
18
19
25
25
28
13
24
20
22
20
25
24
24
21
15
22
20
22
20

298 325 347 19
352 365 376 <22
350 368 376 24

2

WK
NP IOPNODPBIMOo M, 0O o

22
29
25
21
22
32
26
16
20
20
16
22
23
19
17
2l
18
36
24
12
14
18
19
28

1 O

15
14
18
19
16
12 8
17 8
29 10
13 8
11 8
15 11
11 14
15 11
11 11
20 13
13 12
18 12
2l 12
16 13
12 11
21 11
8 10

@@ o B W

fe )

(o]
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Table .XIX - Standard length attained by Prosopium williamsoni
at the end of each year of life.

Bow lake
Calculated standard length attained at end of year:
No. 1 2 3 4 5 6 7 8 9 10
54 28
53 28
52 36
51 35
50 35
49 ' 31 61
47 4 71
48 40 75
46 35 65 @ 87
45 34 66 -, 98
69 8% 91 121
72 29 bs 83 100
71 35 60 88 110
70 34 63 91 113
68 29 65 929 124
67 38 63 99 138
66 25 B3 85 107 131 144
65 26 47 79 102 129 150 1861
64 23 42 70 90 113 138 154
63 27 62 83 109 137 1bH2 158
61 31 Bl 72 96 119 146 175 190
60 33 B7 86 122 146 168 181 189
59 32 60 89 119 141 182 187 194
62 24 49 80 0 99 122 141 157 170 177
68 26.: b5 B0 1103 127 152 1%79 197 203
56 31 63 87 105 130 163 18s 204 215
57 22 ° 45 65 95 124 1Bl 178 199 214 220

Lake Louise

44 32
43 32
42 36
41 37
40 42 67
39 41 62
37 45 87
36 42 a7
35 42 65
34 40 66
33 43 66
38 40 - 72

26 47 77 113 146 165 180 190 197 200
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Table XX - Standard 1ength attained by the Elk river whitefish
: : at the end of each year of lifea

‘Standard length at end of year: | ‘Scale rings: \ .
Noe 1 2 3 4 5 6 1 2 3 4 5 g

26 B4 126 o 14 1y

25 55 127 . : 12 15

24 35 102 167 o ~10 21 18

23 b4 126 170 13 20 12

19 59 128 1¥2.. . . . 13 18 15 .

12 40 115 175 .10 21 1B

18 60 126 177 14 21 15

22 87 109 178 10 21 19

15 42 116 178 , 12 21 17

10 42 111 178 13 21 18

9 48 116 178 R .14 20 19

7 45 120 178 .. 1% =23 17

17 46 126 180 - 15 24 18

16 5% 122 180 ' ‘ - 18 21 17

14 52 115 181 Bt - - 1319 17

21 56 119 182 1518 18

20, b9 ‘129 182 - . 17 2% 16

13, 3% 116 183 9 2% 18

11 52 182 184 - . 12 24 16

~ 64 135 201 o S 16 19 18
40 110 175 196 10 21 20 7

B9 112 161 200 - . - 17 16 17 12

.39 107 171 »205~i:, 12 19 18 9

47 ‘108 169 210 - - ‘16 20 20 14
42 111 169 209 231 11 22 19 14 8

B0 oo B
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FOOD
: Stomach contents,were examined from a tctal of 120 epecimens of gggggglgg

[ williamsoni and 11 of Ooregonue clupeaformis. The‘results of this work

are given in tables XXXIX to LVIII.‘ In connection With theee‘tables it
'must be noted that the figures represent percentages of the: total s tomach
i contente, while the symbol X ie used to denote ‘the presence of an organ-
ism in small quantities. Ia many of the specimens examined, the etomache
Were found to be empty,‘and.in such cases .an attempt Was mads to analyee
the contehts’of the‘inteetineo Where this was done,,the relative amounts
of the varioue organisms present were not estimated it being thought

‘more suitable to merely indicate'the,foodoin a qualitative way.

The results of the food studies show that the larvae and pupae of aquatic "

insecte form the principal food of Proeopium williameonia Thie is true

erarticularly of the older flSho Other organisms are taken quite frequentlyi
k however, and their eelection is‘undoubtedly mainly a matter of relative
availabllity.‘ It will be seen that the propertional amounts of these

’ seeondary food organisms vary considerably in the different lakeee Those'
found to be of importance are the Gastropods and Pelecypods, Oetracoda, jA

Amphipoda, and emall fish, f. »

Lake‘Minnewanka

All the individuale examined were mature fish° Thess wers captured
during the months of July and August and at that seaeon were feeding
almost entirely on insectee The only other items of importance wore the.

jAmphipod Gammarus and a small unidentified Gastropod.' Table XXXIX
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presents’tne detailed analyeie of the stomache9 and the data are summar-

ized in table XLIVs

Bow /lake

’In Bow lake during August the various aquatic insects ware found to form -
the bulk of the food. This was true of the very young fish9 as Well as
t‘the older individuals, as demonstrated by tables XLVII, XLIX, and Lo |
However, it will be noted that the 1mportanoe of Cladocera is consider»
able, and several of the stomache contained large quantities of these |

| organismse, The detail of the 1ndividua1 stomachs is given in table XL

and the proportions of  the various constituents in table XLVIIo

iake Lodise ‘ .
tThe fish in this sample were all: immature specimene. These Were taken

‘at approximately the same time of year as the Bow lake fish but it is

: intereeting to note that here the ohief food evidently consisted of -
Entomostraoa, and the ineect forms ware only of seoonﬂary importance.

| The oomparison can readily be made by reference to- tables XLVIII and XLIXo
It would be unwise to ‘make any general statements on the strength of |
'~,these data, sinoe it is quite probable that the food taken varies aceords-
ing to the tﬁme of day, as well ag from season to season. It'is suffice

ient here to remark that differenoes do exist, Tables XLI and XLV ére ine-

oluded for individual and average distribution of the food organismse

'Thirdilake
Since only three specimene were. available from this 1ake for stomach anal-'

yses, the averages obtained are not of great eignificanoeo HoweVer,wit
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" is worthy of mote that the only evidence cfibdttcm feeding was the pres-
encefof‘traces of Gastropoda“in,the digestive tract of;bne‘individualq
Plankton Cledocera had beenreeten by*tWO,/and the third had devoured

small fish. Ses tables'XLII‘and ZLVI for~cetaileq analysis. . .

Cascade river

‘,A,single gpecimen in its second summer was feeding exclu31vely on mayfly

nymphs at the thne of captureo,

Waterton 1ake

"The specimens obtained from this locality wereg shipped to the writer

labelled as Prosoplum williamsonie On examination9 however, the sample

proved to consist of two species = P. williamsoni and Goregonus clupea- i

formisg .~ This in itself offered no difficulty, but 1ed to confusion ag
S to the identity of 52 specimens whose stomache were removed in the fleld.'
'fFor thls reason, the analysis of the deubtful mater1a1 has been kept sep-
’arate from that in Whlch the species was definitely known, and is presenp
’ ted in table LI.: The details of the 1nd1v1dual stomachs of Prosopl
‘are given in table LIII, and a summary of- the data appears in table LVI.
. For comparison,,the food of Goregonue is llsted in a’ 51m11ar way in tablei~

LVII.

In Watertcnilake the\food offPfosopiv eis shown to be chiefly”inéect

meterials The only other item of 1mportance is the snail Physa0 00regonue
', also feeds exteneively on 1nsects, but the addition of: plankton forms in

con51derable quantities is probably a differentiating feature.
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Enights 1ake :
It is not known deflnitely that Prosopi is to be found in this lake,
»although stomachs wers received Whioh.were 1abelled as thls specleee
The actual specimens received all proved to beloug to the genus coregonus,
' hence “the reason for not acceptlng the identification of the others asg
,rellable.; The food organlsms of the indetennlnate species are listed in

‘table L1, and the analysis of the Coregonue stomache is given in table

LVII,

~_'Maskinonge'lake'

lTwo specxmens in their second summer had been feedlng prlnclpally on

pmayfly nymphse For detalls, reference may be mads . to tables LIv and LVIe‘

;Pass creekv
One indivmdual in its flfth year, captured in July9 was feeding mainly

on 1nsecteq The analysis of this stomach is presented in table LV

"Cultus-leke
A con31derable percentage of the stomachs of theee fish were fcund to be
empty of food. The older specimens were found to have subelsted to a
great extent on various aquatic 1neects@ and in three casee enails wera
; found to have been saten. Of great importance in,thieﬂpartioular lake
was the,discovery ofttwelve newlysemerged eockeerfry‘in one stomach.
'“The younger fish probably fead on plankton to some extent, although in=
‘ sufflcient stomachs have been examined: for an accurate report of the

food of these formss In table LVIII, specimene 42, 45,aand 91 are year.
oling fisha The remeinder’ere in their thirqtyear;or older. In table LIX

the deta'for‘these‘older fish are;ateraged;,
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Table XLIV = f'Food .organisms ‘of whitefish ‘(Prosopium williamsoni) .

A= Number of stomaohs containing the orgamsm
"B -~ Greatest percentage in any one ‘stomach
C = Average percentage 111 all stomachs

Lake Minnewanka = 14 individuals

, A "B c
aEu__r;zcercus sp. 1 £515) X
Ostracoda 1 X X
Gammarug spe 2 70 8
Qalella Spe . 1 X - X
Pontoporeia sp. 1 X -X
‘Unidentified Amphipoda 2 10 X
Caddis larvae = B 99 21
- Caddis pupae 4 80 17
Chironomid larvae -8 . 100 20
Ohironomld pupae 7 100 17
“ﬂayﬂy nymphs 1 50 4
~ Pormicidae 1 - 25 2
Gastropoda ‘1 100 7.
Sphasriidae - 2. 5 X
- Plant materisgl .1 1B X
Unidentified 3. 30 . 2
Organic debris 2 O X X

Table XLV Food orgamsms of 12 white:t‘ish (Prosobium williamsoni) "
from lake Loulse, : il co - \

S 100 35

Alona rectangu.la, 8
Scapholeberis mucronata 3 50 11
Cyclops viridis 8 70 . 18
Chironomid ‘larva,e 7 . 98 26
Chiromomid. pupae .3 20 2
Unidenti@ied Diptera 1 15 X
Mayfly nymphs 1 15+ X
Stonefly nymphs 2, 4 B
Coleoptera -1 15 b4
a0 x X

- Gastropoda

Table XLVI - Food orgamsms of 3- whlteflsh {Progopium will:lémsoni)
from Third lake. SR R

~ Daphnia loggisgina 100 33

1
Daphnia sp. 1 100 33
Bfastropoda 1 X X
1 100 38

Gas terosteus 5Pe (Stlcklebacks )
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Table XLVII - Food organisms of 27 Whiteflsh (Pros_plum w:.lllamsoni)
from Bow 1ake,

A B C

Alona rectangula 3 100 8
~Daphnia pulex 2 .90 ]
Unidentified Amphipoda 1 X X

_ Unidentified Ostracoda 2 X X
Hydrachnidae - - 7 20 - X
‘Spidsr 1 25 X

- Chironomid larvae 20 100 33
Chironomid pupae 10 90 -9
Ceratopogonid larvaa 5 10. X
Leptidae ? 1 X X
~Unidentified Dlptera 3 - Bo 4
Gaddis larvae 1 X X
‘Mayfly rnymphs ‘ 8 100 20
Stonefly nymphs 8 75 10
Lygaeidas , 1 < 70 X
- Saldidas e 1 ~10 X
',j'l‘errestrlal Ooleoptera : 2 30 X
Pormicidae o 1 20 X
Pormieinae 1 30 B <
Myrmicinae 1 25 X
_ Unidentified Hymenoptera 1 15. -+ X
- Psocidae 1 30 X
 Unidentified Insecta' 1 10 X
Gastropoda : 2 X X
Gastropod oges - 1 X X
Sphaeriidae 5 10 X
~Seeds. : 1 X X
Organic debris ' 2 X X
Stones and gravel 3 Xo. X
4 15 X%

Unldentifled organic material
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Pable XLVIII - Food of Prosopium williamsoni in the first year.

Bow lake - Lake Louise

Alona sp. . 2 " 5
-Secapholeberis sp. 325
Cyelops sps. 12,56
Hydrachnidae ‘ ; X ;
‘Chironomid larvae : 50 \ 40
Chironomid pupae 18 X
Unidentified Diptera 10 ,

Stonsefly nymphs 14 10

“Pgocidae ‘ 6

Table XLIX - Food of Prosopium willizmsoni in the second year.

Bow lake Lake Louise

Alona sp. - . 13 50.5
Cyelops sp. 20
Chironomid larvae 13 18.5
Chironomid pupae 2.5
Ceratopogonid larvas 3.
Unidentified Diptera 2
Plecoptera nymphs 3 2
Mayfly nymphs - "~ 55 .2
Unidentified Coleoptera 10 2

X

~ Gas tropoda X
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Table Lﬁn Food-of Prosoplum williamsoni from the thlrd year
inclusive.

‘Bowblake Lake ﬁinnewanka ‘Third lake

‘Alona §po. . B ‘ ; ,

Dapnnia longispina = AR 33

~Daphnia pulex L TR (R o ,

~ Daphnia ‘spe. : ‘ : e LR 33

Eurycereus sp. : , o X -

Gammarus sp. R o SRR '

"ggalella 8D v N ' X

Pontoporsia spe 7 . R X

Unidentified Amphlpoda' : X

Hydrachnidae

Spider -

CGhironomid larvae

Chironomid pupae =~

Ceratopogonld larvae

;‘Leptidae o

Unidentified~Diptera .

‘Caddis larvae 21

Caddis pupae L v 7

Mayfly nymphs. ' - :

.. S8tonefly nymphs -

- Lygaeidas - '

" Saldidas L

Terrestrlal Coleoptera

Formicidae

Formicinae

Myrmicinae L :

Unidentlfied Hymenoptera ‘

 Unidentified Insecta -

" ‘Gastropoda ,

Gastropod eggs.

Sphaeriidae

" Unidentified. Ostracoda
Gasterosteus 8ps :

" Seaeds *

" Unidentified plant remains
Organic. debris '

‘Stones and gravel :

Unidentifled organlc mater:.alo

4 N}#;&cﬁ%@raktm
)
: o
’—l
=¥

o .
- o

e
D O W

bRt
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Mol

P
e

e S R B R R R e e
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Lable LI - Stomach contents of 32 whitef;sh (Species doubtful }
from Waterton lake.

\Average percentage
in all stomachs,

Leeches
‘Daphnia sps
L Alona 8P
JGandona BDs
Czclops sps
Gammarus spe
. Unidentified Amphipoda
- Mysis relicta
Hydrachnidae T
- * Chironomid larvae and pupae
Caddis larvae and pupae
Mayfly nymphs '
. Grasshopper
- Carcopidas
“Asilidae ‘
Goccinellidae
- Neuroptera
 Pormicidae
'v,Unldentified Insecta
- Sphaerium sp. o :
Unidentified Pelecypoda
“Unidentified Gastropoda
Feathers .
Bottom ooze
Conifer needles
“ Chickweed
 Stones : '
Bits of ‘wood
Unidentifled

et
Cadlel]

S e
€1 b4 24 54 B bd 34

o

oD MM O

2

D424 B 54 B4 2424 b4 B4 o e

Table LI;r- Stoumach oontents of 3 whltefish.(Species doubtful}
from Kn1ghts lakes L e N

~Chironom1d 1arvae and .pupas E ', 7
Sphaerlum 8Ds [ RTINS - o B
‘Unidentified Gastropoda S X

Candond sp, T . B



- 104 -

001

202

b:¢
X

102

°dg STqIOUBTLE
sydwlu L1zfe

O

*oxeT oSuourisen woxy (THOPESTTTIA WATAOSORZ) USTIO4TUA Z JO SUSYUOO UOBWOIS = AT OTASE

¥
gl
6z | 0z
)
Sz 96 0z 06
g
G2 |
X ¢ ¥ g
gz ¥
| "

0T

02

09
0z
X

sz

G2

14
g3

poom 30 s3tg
68318 SNOBUBTIPOSIN
sSmoaRid

BpodoI 589 PETFT3USDTUN

§3

ST g41 ﬁmH_ 87T L¥T #%T 2%T 29T 19T

*BYBT UOII01BH WOXF (TUOSWETILIA UNIGOSOAG) USTJO4TUM § JO S4UBJUOD

°ds BERUL

sutewe sasjdouewly
®BPIOTWI O
88pTO08I
BBPTOSTIAC

eednd stppRD
6BAXBT STDDED
eednd prIndig
esAre] PITNAIE
eednd prwoOUOITUD
BBAIBT PTWOUOCITYYD
eBRPTUUOBIPAH

*ds Shieumey

°ON

Uoewolg ~ IIIT eTdBl



= 105 =

Table LV - Stomaeh contents of 1 whitefish (Prosoplum williamgoni)
from Pass creeke. :

Organism Parcentage
Caddis larvae 40
Meyfly nymuphs 20
Stonsefly nymphs <10
Unidentified Cladocera 10
Chironomid larvae 10
Unidentified insect remains 10
Beetle elytron b8

Caddis pupa X
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Table LVI = Food orgamsms of ?rosopi from Waterton and Maskinonge
' lakes. :

A Nmnber of stomachs contalnmg the organism
B -~ Greatest percentage in any one stomach’
¢ = Average percentagé in all the stomachs

Waterton lake - 9 individuals ,

A ‘B~ ¢
Gamarus spe - 1 10 . |
Hydrachnidae ; 3 X X
" Chironomid larvae and pupae 9 95 43
Tipulid larvae and pypae 2. .25 3
Caddis larvae and pupae . w7 9h 31
Dytiscidae - ~ 1 B X -
Psocidae 1 2 - 3
-Formicidae 2 . 25 5.
Hymenoptera remams ks 25 3
Ehysa sps i 75 9
Unidentified Gastropoda‘ 1 X X
- Diatoms - 1 X X
 Miscellaneous algae 1 10 X
B Bits of wood | 1 X X
Maslnnonge laka - 2 individuals
Mayfly n;ymphs : 2 100 99
1 X X

Pl‘,‘anorbis 8P
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Table LVIL = Food organlsms of Goregonus from Watsrton and Knlghts
' 1&k3$e

w E
Q

“Waterton lake - 7 individuals A
Dap hnia spo 4. 100 38.5
Unidentified Ostracoda 1 X X
Epischura spe - 1 2b BB
Unidentified Gopepoda o1 30 4
Pontoporeia sp. : 10X X
- Chironomid laTvae and pupae R -) 75 -89
- Ceratopogonid larvas 2 X X
_Phalacrocera spe, (pupas} 1 80 11.5
Heptagenia sp. % 1 1o ° 1.5
Sphaerium sp. 2 40 7
Planorbis 8ps. ¢ o 10 1.5
Mogggotia or Zygnem & Spe 1 X X
Gonifer needles B 1 X X
Knights 1ake - 4 i‘ndividu‘als,
Candona &pe ? G 4 5 1
Unidentified Ostracoda 1 X X
Cyclops sps 1 X X
o Hydrachnid,ae, ; 1 - X X
. Chironomid larvas 4 95 75
Tipulid larvae 1 - X X
Caddis larvae . 1 5 1
Mayfly nymphs 1 X X
©- .Bphaerium sp. 2 40 20
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Table LIX = Food organismg of Prosopium williamsonl from Cultus :
S laka. (15 specnnens) ‘ :

Wumber of stomnachs containlng the organism -

A;m
‘B = Greatest percentage in any one stomach
G~ Average percentage in all ‘the stomaehs
e : A B ¢
"GhirOnOmid larvas 1 X R
Limnephilid larvas 2 100 12
Mystacldes larvae ‘ 2 10 - 22
Unidentified Caddis larvae 2 . 100 22
Burrowing meyfly nymph 1T 1w 1
~Unidentified Insecta : 4 o \
-Gyraulus sp. 2 10 -2
~Planorbis SPe 1 100 11
Sockeye sglmon 1 o0 o 11
Nostoe colonies ‘ 1 9 10
 Miscellaneous plant material 1 80 9
- S 2. X - X

chunkS'of,weod
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SULLARY

O £ may‘be said thatleachlof‘the pcpulatlonsketudied’exhibits individualﬁ
differences which are characteristic’of the locality. or rather the par-
' tlcular oody of water from whlch it comee., Some of thess differencés
are small and can hardly be said to have any real 31gn1ficance, while
‘others appear to be abrupt and cause the part1cular race to etand out '

from the others.

‘In general it can be shown for anyrone character that intermedlate

etages exist which seem to brldge the gap between the two extreme valueea‘
Ay the same tims, the material ‘examined seems to fall naturally into . u
four broad groupss These are correlated with environment to a consid—
erable extent, and thus they are actually ecolcglcal divieicns, for it ‘

seems that similar habitats produce simllar variants, as might be expected.

For each of these four groupe, 8 eingle population has been selected

'l which seems to be characteristlc of that group. Representative of the

’first is the Waterton lake sample, which has been more or less arbit-
k rarily ‘chosen as being close to the typical willlamsoni. These races
are all lake fish and llve at an altltude of somewhere between four and
efive thousand feeta The second group, typlfled by -the cultus lake fish,
;hae a more rapid growth rate, particularly in the first few years, and -
is apparently more typlcally a rlver-dwelling race fcund at an altitude
’“‘ not much above seéa 1eve1, Cultue lake itself has an altitude of lees

 than five hundred feet. Group three has for its type race the Bow lake
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“p0puiation. This is distinct because of its slow growth rate and small

| ‘8ize at maturity. Bow lake and lake Louise are both very cold and

: heavily silted, being fad by extensive glaciers which lie close to their
marginsa The elevations are 6500 and 5680 feet respectivelye The hab-
itat of thls group, then, 1s qulte distinct, The fourth and 1ast group
;»is characterized by the Elk river fish. These probably spend thelr
,'whole 1ife in the stream and never enter a lake. The chief distinction

in the rate of growth in this case is the small growth of the first

year.‘

‘jWaterton 1ake,'_

This race appears to be intermediate for every eharacter studied, and is

 fthus a: good choice for the typs of the speclese No outstanding features

'are preeent to bas werthy of comments Waterton lake lies at an altltude
of 4195 feet and dralns by means of the Waterton rlver and 01dman river

into the South Saekatchewane

’,Bowman 1ake~"

. The Bowman lake fish are intennediate in a good percentage of their -
haracters, but in others they approadh or reach-one extreme. ~This may

’ be dus to the age eomp031tion of the" sample, for. they. are all young fish,«
the average lenoth for the speclmens examined being the least of any |
- Trace. The features ‘which do appear extreme are the ones which are ehar= '
acteristic of smaller fish such as head length 1arge aye, high dorsal
fin and fairly high anal. The most 1mportant features of this populatlon‘

are therefore the long. pectoral fing and.the ehort pelvice. Bowman lake
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is 51tuated at an elevation of approximately 4100 feet and drains through

the Flathead river 1nto the Golumbla.yz

‘ Lake McDonald

No older fish were available for examination, and the charaeteristlcs of
‘the race must therefore be inferred from the data ooncernlng the year-
:lings. Comparing thess with- the yearling fish from other lakes, it is

: found that in most respects this population is 1ntenmediate, thus agree-

',, ing with the Waterton 1ake fish. Points of dlfferenoe are the fairly

‘deep head, short pe1V1c fins, and the relatively small anal. Lake
‘McDonald is similar in altitude to Bowman 1ake;and also drains into the

© Flathead,

Logging lake

' The Bovman lake, lake Iﬁebonald and'Logging lake fish are similar in

‘most respeote, and agree quite closely with the Waterton lake populatlon.
Minor dlfferences do oecur, however, and the Logglng lake race is no
t:exceptionyln this,particular. These fish are,characterized by‘a S0M@=
what shoiterusnout~aﬁd shoffnpectoral fins,'and’agree with the last race - -
deSCribed in having short pelvics. Logging lake lies a short dlstance"

| from Bowman lake and dralns into the same river system.

Lake Minnewanka -

These fish exhiblt a number of oharaoterlstlce peouliar to the populatlon,
and the race may be said to be more dlstlnct from the type than any other‘
‘in thiS~group. Dlstinguiehing features are the small head and relatively

“small fins.' The small size of the head is reflected in all its dimensions,
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in 1éngth, depth, distance from snout tip to occiput, length of smout
and maxillary, and diameter of sye. OFf the fins the dorsal is short,
thé anal is short and has a short base, the pelvicskare fairly short,
and the adipose’is smaller than in any other population. The elevation
of lake Minnewanka is 4769 feet. It drains into the Bow‘river9 which

in turn empties into the South Saskatchewan.

This race resambles‘the Minnewanka fish to some extant. Ths head is
intermediate in length, but has & small eyég The fins are all small
With_the exception of the adipose, Whiqh‘attains:a considerable size,
although its base is small in compariséne 4 distinctive féatura found
only in th;s sample 1s the small size of the maxillary in relation to |
the snout. Third lake is not far from lake Mimmewanka and sﬁpfies into

the Bow river. It has an elevation of 4500 feet. .

Maskinonge lake

Again only yearling fish were avallable, and the sample was small in
size, The fish examined Were distlngulshed by & large aye and deep head,f
and by a large growth in the first year. By wvirtue of localltyfthls race
is placed in the first group. Maskinonge lake draing into the Waterton
‘river just below Watefton lake at an elevation of approﬁimately 4185

faet.

Cultus lake
This population is the type of group two. Besides the rapld growth, to

which reference has already been made, this race posgesees a relatively



smali head and eye, long bases on dorsal and anal fins, fairly short
pectorals, and a large adipose fin. The adipose base is not only large
in relation to that of the other récss, but also with respect to the base
'of the'analg s0 that the rafio of adiposé base to anal base is compare
atively high. Added to these features are a difference of ome in the
éveragé count of pectoral fin rays and possibly a slightly higher scale
count. Cultus lake empties into the Vedder river, which flows into the

Fraser. Its elevation is not greatly above sea level.

Tolt river

The single apecimen from this locality agrees very closely with the
average characters of the Cultus lake population. In particular the
large adipose may be noted. The Tolt river is in the state of Wash-

ington and flows into Puget sound.

Nooksack rivsr

A sample comnsisting of two yearling fish was-examinedg lt may be of
significance that the Tolt and Nooksack specimens have deeperrheads
than the Cultus lake fish., Added to this in the Nooksack are the large
doréal aund anal fins, long ﬁectorals and pelvicé¢ and large adiposse.
A11 these fins‘are larger in these fish than in any other sample of

yearlings. The Nooksack also runs into Puget sound.

Bow lake
The type of the third group was at once considered distinet becauss of
its slow rate of growth. This has produced a large-headed race, which

rather surprisingly has a relatively short smout. In contrast with the
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Thiréflake fish,the’snoﬁt in thie‘caseeaverages slightly shorter than
the maxillary. The dorsal fin has a short base hut‘ie;comparatively

| high;~and‘fheref0re the ratio of dorsal height to dorsal base is great.
~:The pectorals are very long, the pe1v1cs fairly so, and the adlpose ig
relatlvely small. Bow lake is rather hlgh in the mountalns, being at
an elevation of 6500 feet,, As mentioned prev:.ously9 the water is very
cold and heav1lyf311ted. rThe laks drains by means of the Bow river

into the South Saskatchewan.

Lake Louise r i

;All but one of the epeclmens in this sample were yearllng flsh. The figm
"uree for rate of growth in table XXE therefore Were obtained from thie
eingle sampleg except for the flrst,year s'growth. ‘This may account foru

" the apparent dlfference 1n growth between Bow 1ake and lake Loulse. The
'characters of the young flsh appear to be simllar to those of the. Bow

lake populatlon, as would be expected 1f phys1ca1 similarlty of environment
‘is to bepaccepted,esyaxcrlterlon. 'The elevation.of lahe,LouiSe is 5680

feat,

Elk river‘

Environment hae produced a fairly lerge-headed race, ae the type of the
fourth group. Even taking the 1arge head into consideratlon, the snout =
~and max1llary are found to be extremely 1ong, and thls is not aGGOmpann<
‘kied by the oharecterlstie bulging rostrum of the Waterton lake flsh.

The median and paired fins are ell large with the exception of the

adipose, which is very-small. The ratlo;of adipose base to anal base is
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the least of any population studied. The average scale count is also
even slightly higher than for the Cultus lake fish. One specimen had
§4 scales in the lateral line, whiéh is high for this species. The Elk
river is in southeastern British Columbia, and flows into the Kootenay
river, which is a tributary of the Columbia. The town of Michel, close
to which these specimens wers éaptu:ed, is approximately 3800 feet

above sea level.
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CONCLUSIONS -

‘Qhe’material‘pfesented in the preceding pages repreSGnte the foundation
of a reviSion of‘the genus éfosopi o, All the prellmlnary "spade work"
'necessary to a problem of this kind hae been oompletedo The llterature‘
‘yon the subgect has been gone over as. thoroughly ag: p0331ble, and to en~
sure that no important detalls have been missed; varlous authorities in

‘ the systematic fleld have been consultede

1t has been stated on various occasions that the genus ITosopl is an
eytremely variable groups. Opinion is unanimous in this respect, but up
'  to the present time no measure of the extent of this variatlon has. been
\‘ forthcoming, Therefis~eome.disagreement,among ichthyologist8~as t0 the.
statu9'0f~the[various epeoies, but;it‘seemsethat\fhis must be due to a-:
lack of~euffioieﬁt{knOWIedgekconcerhing the characéeristics‘Ofkthese
speciee;father'than to ahy“definite convictions supported by facts.‘plt
is the view of this wrlter that speciflo names have been applied to
‘several forms in this genus which are only of euhspecifio rank, and that

pin all likelihood only about four or five definite specles existe

'fSpecimens of Prosopl williamsoni have been studied from a representative
,,series of 1ooa11ties oovering to a great oxtent the known range of the .
speoies. These samples came from lakes and rivers tributary to three of
our great river systems, namely the Fraser, the Saekatchewan, and the

Columbia, It is regrettable that it was not possible also to examine
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:sPecigege from the Athabasca rivér,'bﬁt;unfoitunately an aftempt to
"secure a series from this locality waefuneuccessful.' The fish examined
show a relatively wide range of variatlon in most of the thlrtyaodd |
' charaeters which were subgected %o measurement,,‘lt was found poseibles
ito correlate most of these variations quite deflnitely Wlth the type of
,,habitat, and in this way four main races were found to exist, each charu )
‘acterized by a speclal type ef environment which apparently showed 1ts'
effect on growth rate‘ana body proportionse Indivadual differences in
food were also found to oecur9 and theee also are undoubtedly caused by
a differenee in the relative availabillty of the variocus organlsms prese

-ent 1n -8 body of water.‘

a Ityis hpjedfthet'the Work»will not eease h.efe9 and ﬁhet SO@eudey afcema
k plete revision of the)ﬁhole group will be possibleg At the present time
thle is out of the question@ for it is probable that a great amount of |
wideepread and rather difficult field work must be carried out. to bridge

the wide gane in present collectionss
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