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J':lltroduotion 

A growth-rate atudJ" ot tlle Montana graylilag wu ialtlated 1n 

the a11111118r ot 1936 and oontimaed through the tollowiDg apring while 

the writer waa aa■ociated with the Zoology Departaent et Montana 

State College. Thi• investigation wu part of a general atuq abled 

at the coaael"fttion of the Montena grayling. Reports on the feeding 

and breediDg habit• have already been published (Brawn 1938 a, , 1918 b) • 

The upenaee hlvolved 1n me.Jdng collections were largely defrayed 

from a grant made by the Katioaal Research Cotmoil • 

tlle data collected. in Montana and in Yell•atone Bational Fart 

have been aubatantially supplemented by studies of Jlontana grayling 

of known age planted in Michigan during the put 5 years. 



The writer ia iadebtecl to Prof. JI. B. Spaulding of Jloatazaa State 

College• to llr • BlMr G • Phillipa, Superintendent ot Fiaber:1e■, 

Man.tan& State Piah and Gw Comniasion., who uaiated. in Mk1ng the 

Maatana oollecttou. and to Dr. A. s. Banard who aade the ocm.timlation 

ot thi■ atudy poaalble in Jliohigaa and who along 'Id. th other J.utitute 

atatt mabera helped with the Jliohigan oolleotiou. I alao wiah to 

acJmowlAdge the uai■tanM ot L. 1. Peny and r. B. Look• 1D agiag the 

tiab ad tabulating growth rate Wonaation ad of Dr. Ralph Hile who 

has given helpful auggesticmB in the iaterpretation ot data. 

Material.a aad Method.a 

A total et 460 gra7l1Jlg nre uaed tor the growth-rate atud;y. The 

JU.chigan oollectiona included 115 specimens fJ'om tbe different 

loo&U.tl•• while thoae from llontaa contaiaed 114 apeoimn.a from five 

dittereat plaa••• In addition 31 1peoimena cue tr-. Tellowatone 

•tional Parle. A aummar;y of the various looalitiea and oolleotiona 

1a giwn in Table 1. 

Inaert Table 1 

Grtyl1ng 1Nl'e collected by •ana of net■ and angling at all 

aeuna. Bawner, aoat of the oolleeticm.s wre taken duriag the spring 

uad tall. Specimens were weigud and measured while 1n a fresh ooadi• 

tiCII.. TIie Jlontana collectiou were tor the moat part IIMftNcl to the 

nearest l/8 inch, atand.ard ad total length, ucl weighed to the nearest 

ounce while the Jilchigan specimen.a were ••sured to the nearest millimeter, 

e'bandard and total length. and wighed to the nearest gram. The acalea 



Table 1 

COLU!:C!IOJ LOCALITD8 AID IUlfBER OP GB.lYLIJG 

iii'Ler Gt 
Plao• Ccnm.ty State p;azl!5 

lfolt Lab State :rhh Ratolae.-y Vu,. Bva lflohigan 11 
Porcl X.U Obego It 211 
0 1Br1ea Lake Aleou • 21 
ButftahLab Jlalrtaoremy • 2 
suttouPOJMl • • 2 
Bmda Batehery. v. s. fish 

an4 Wildllt• lel"'fioe JIMliaoa ....... 6 
Roger• Lake Flatuad. • " ....... lab Jladlaon " 89 
Agne• Lake Beawrheacl " 10 
Georgno,m Lake Peer Lodge • 11 
Grebe Lake Yellowato• 

latioDAl Park Wyf.lli1lg 11 



f•r this study were collected troa the lett side of the tiahea' body 

betweea t!w lateral line am the dorsal tin. 

Ordinarily tin t,Pioal scales frClll eaeh apeoimn were cleaned 

and then IIOWlted 1n a glyceriae-gelatine •diua. The aoalea 1rere 

examined and M&aured 'by means of a microprojection 1Rt1.oh1:ae at a 

agnifieation X "•S • The anrage •aaureaenta of all the acalea of 

each sample wen used 1n later eoaputation.a • 

Ammli were detel'Jl.iMcl by the presence o~ inOOllplete cirouli 

tonned at the cloae o:f ffch growing eeaaon toll.owed by t!w toration 

ot complete oirculi at the beginning of tu next growing ••••on and 

by other cbilracteristic marks aueh as erosion, croaacrver, etc., 

tad.liar to all workers on the nbJ•ct • Thar• was eroa ion on the 
• 

aoalea or many tiah dving the arrested period, ao that so• of the 

oircu.11 of the preceding growtng aeaaon were obliterated. Thia eroaion, 

however, was aupert1c1al Nld not peripheral aad therefore dicl not atteot 

the aceuracy of growth calculations. 

Thaae criteria tor detendn:lng annuli were verified by tha atu4y 

of fish of mown age. Accessory year •rlcs or "false annuli" were 

ec1111oa in ·•-- collections. In the tiah ot mown age these cheek• were 

identltied by studying oo lle ctiOBB made throughout the growing period. 

Tbl anterior acale radius was uaed tor all caloulatlcma ot body 

length. Th11 •uurment was ohoaen because the annuli oould be aor• 

easily distinguiebld 1D. the anterior region than i1l other portion1 of 

the aoalea. It was not possible to locate annuli on the poaterlor portion 

ot aoae acalea. 



The relationahip between the standard length ot the tiah and 'the 

anterior radiu■ ot the acalea waa treated u linear. A line titted to 

tbt data on tiah of lmMm age aatia:fied thig uaumption reasonably 

•• u. Similarly tlae Nlaticmahip l>etw•en bod7 length am tlw total 

41...-ter of the scale waa found to be linear. S-vetov1doT ( 1916) • 1n a 

atudy of the grayling of Lake B&ikal, reported that the annual inor--.ta 

of bo9-7 length a4 ot the ao&lea are not atrongl7 proportional, but. 

rather that the nlat1omsh1p bewea. body length and aoale length wu 

found to be parabollo (4eaoribed by an equation of the type, L = es!.). - -
The relaticmahip between the anterior aoale radius and the ■tendard 

1811.gth ot Montan.a gra7U.ng may be expreaaecl bJ' the equation L • &1.5 + 2.oas, - -
where L • ataudard length or fish in ailliJlletera alUi S a •aaure•ut. in - -
••• were •rked on paper stripe. Aa the tlrat atep in the coaputatioa 

ot the growth h1atory, "uncorrected" calculated lengths were detendaed 

(bJ' •ana ot a. noagraph) on the asaumption that the body-scale ratio ia 

eoaata:nt at all lengths 0£ tis h atter the formation of the first ammlua. 

!he awragea of theee direot•proportion calculated lengths then were 

corrected by •aa• of the f'ollowillg formula, 
t n I,:. • 61.5 

~ • - I.! + 61.6 
ft ~ 

where ~ • standard length at cd ot !:. th year• 
t !f : atanaard length at time of' capture• 

and '£,!.: length CG1111.puted by direct proportion at the and or nth year. 

Thia method is a lll0d1fication ot the one propoaed by Fraser (1916). 
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Lagth. of Fiah at Tble ot Scale Formation 

An malna-t:ion wu :aade ot young gray11Jlg fingerling• t&bn tr• 

Grebe amt Roger• Lakea 111 order to detendne whe aoalea are tonaed. 

The aalleat ftah ri:\ib aoale■ bad a total leagth ot I& llillilletere 

(Table 2). .l gnatly enlarged aoale with 2 oirculi 1a ahoa. in Figure 

Iuert Table 2 

1. !Jae in.Ht at th8 right ot thie figure la tae ,w acale •g•'li tie« 

to the •- degree aa tboH in Figure a 2-1, • inoluai.,... As baa already 

been obaer'ffd tor eertd.D othltr t1•••• aoales tirn appe•ed in tJae 

reglon aloag the lateral liA•• In •lightly older apeoimna the la\eral­

liM aaalea aa4 thoae iaed.iat.17 a'bow. ad below llacl a larger muuber 

ot oirouli than thoae Dt&r the dorsal and vntn.l reg1o• • 

!la Nl4 Factor• of .Anmllue Fonaatla 

There 1• little d011bt tbat annulue tenaatioa oa grayl1llg aeal .. 

is related to• it not directly the result ot 'temperature and food 

ecmclltiona. However• OU' preeem lmOlrledge does Mt permit ua to 

U811118 tba't these are the Ollly intluencin.g tanors. Al.moat any lmfaTOr• 

able o1:rctaanall0e d.Viag any :regular growillg per1o4 oould oaue the 

oeaaatioa ot growtll. Uld leave ita mark on the aoale1. The location and. 

imeult7 ot the•• mvb naturally would depend upon the tiM and atent ot 

tlHt intlueaoi.Dg .tactore. Individual tieh aiglrt be variously atteoted. It 

1a ocmoein.bl• that ao• extr ... or wmaual oondi'tion ot f'oo4 or~• 
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Table 2 

DE SIZE OF GIU.YLDG FROM GREBE LilE MD ROGERS LAD DUllIITG 

TIE PERIOD OF SCALE FORMA!UO:I AID EARLY GROIITH 

Soalea abeen-E 
Standard lengtba Total length8 or 

milliartera ld.llillnen l'mlber ot oiroull 
20.0 11.0 uaeat 
20.0 21.a " 
20.1 u.o • 
20.1 M.O • 
11.0 11.0 • 
26.6 12.0 • 
29.0 86.6 l? 
10.1 a,.o 2-1 
11.0 IT.O 2-1 
12.0 ss.o 1-2 
u.& ae.s 2-1 
11.1 40.0 a 
IS.I '°·' I 
u.o ,1.0 2-1 
11.0 ,1.0 I-ft 
11.0 ,1.6 2-1 
ae.o ,2.& 2-S .,.1 '4.0 S-6 
1,.1 ,1.0 1-1 



-
alailar w tbat proclueiag the true ammlua • might exln during the 

regular growing 1euaa •d att .. t the whole t1•h pop-.ilatioa 1a" lue 

or atreaa ao that tu ■oale■ of all ar• aarke4. It 1a mch 110r• 

probable• howenr, that cm.ly part ot the tiah poPQlatloa would be 

atteo't•ct-perhapa one ■peciea or .,,_ a ••11 percentage ot oae apee1•• 

d,pendbtg 11pcm. the nature ad exte.nt ot the factor illTOl wd. Por 

aaapl•• 111111A&ll7 war.a ttap.rature ill a lab coata1n1ng both 0014• 

8114 W'8l"ll4'&ter ■peciea of ti■h llight well 'be the onee ot a a-...r 

arlc on the 1calea ot tlw oold-water fl.ah withowt atfeoting the llOl"Ml 

growth of the others• ad ooaveraely • 11111eaaonabl7 low t-.perature 

111.ght atteot the 118.JS..,...ter specie■ without greatly inf'l.uaoillg the 

oold-water apeo1••• 

It the tnae ammlu ot f'iah aoal•• 1a the reault of arreated or 

retarded grewth the the •inteu:aoe et ua:ltoraly faTOrable oenclitioaa 

tor growth 11l ay apeei•• would el:laiaate the•• •cal• obaraetera. 

Busard ( 1912) noted the abaenee of annuli on oertam brook troat ■ealea 

ad ntrilnlted 'thi• c0Jld!t1on to i;he more or 1••• uaitona t..,.rature 

ocmditlone under which these fbh lived. other worker• haw reported 

111dlar findings tor other specie■ of tiah. Grayli'llg kept under •r• 

or 1••• uniton. temperature and food. oonc11tloaa 1>7 lf:r. Cu.rlee Fuqua 

at the Bnnl• station ot the U. S. rs.ah aad WildU.te Semo• lacked amm.11 

on their aoalea. 

these tiah wwe artiticiall7 hatohed 8Dd held 1n a sprmg-tecl pad, 

the temperature of which reamed more or 1••• constant the ,-.r aroanct. 

Suppleaental feeding wu aderate and regular throughout the periocl 1a 

which these tiah were coaf'iae4. Scale ■ample a troa eh: l-19ar-olcl t11h 

ehond no recognisable annuli (Fig. 2). 



Cheeks Ol' falae ammU wre not lUIOOJllaOn on Halee ef the grayU,ng 

■tud.ied. Thase aco•••Ol7 year •rb were S.dentitied po■itbeq on 

.tiah of mown age and with oonalderable contidenoe O'll ■Oll8 wi14 epeomna 

one talae ann.11lu• waa found on the ■cal.ea ot all the grqling o.t 

Jmcml age trca J'ol'd. IAlke 1n lliohigc • Thia check was tonaed 1n the 

■eccmd •-r et life, poaaibly bi late Augu■t or n.rly Sept.i>er. It 

ha• all of the charaoteristioe of a tl'IM ammlua (Pigs. 9-1,) and 111.ght 

well have bffll Smerpreted u ■uoh in other than known-age fish. •o 

other outatud.lag irregularities were obaernd except on .maltormed aoalea 

ot a w17 t• iaclirldual fish. 

Jaaert gJ'Ollpa of tigvea, Figa. 1-S, Figs. 7•12, Fig1. 11•14, Figa. 15•19 

Bd!:tor pleue aot.e, It ia deairable to keep these figures all togethar ao 
that oaapariacma ONL be aade 1a size md character ot •••le•. Eaoh sheet 
a7 be redlloed to page ■ise l:ntt ■hod.d aot be red11eed f'IIJ"ther. A ea.par­
able re4uctioa oa Fig•• 1-14: 1■ d.eairable. 

We oaa cmly conjecture as to the oaue ot tl!e ta.lae annulus appearhlg 

1a the aeeolld •-r (Allgut or September, 1911) ■bee no lilmologioal 

nudiea wn ad.• on Ford Lake daring thia period. .In exemnation ot 

air-temperature data. hown'er, taken at the Pigeon River J'oreat bea4quarter 

about a mle awa.7. giwa ni.d.e.oe that the month, .AD.gallt 15 • September lS, 

•• vnusuall7 wani. The air temperature and ve17 probably water 1.-.apenture• 

were oonelderabl7 higher charing thia period than tor the ..., tme 1n a:a.y 

other year wldle gnyl.ing were preeent in the lake. Since Ford Lab bu 

tbemal atratifioe:tion with the uaual aooomptanyillg deficiency ot ozn• 1a 

late ■WIiier, it ia probable that the grayling were forced into WU'II water 



Deaor:lptio.n ot rlguN■ 

ftg. 1. Gn.7liag aoal•• Noa lt"~•r tol'll&ti• ahorillg twe oil'oiau .• 

talca fNll a dx WNb olcl (19 a.a. -total laph} thh 

tna Roger• Laa. Juen a-t right. aw aoale of .,,..,..._ble 

•is• to Hgv• 1-1,. 

r1g. 2. Grayli»g aoale ahew:t.Dg no unu11 takea :t"Na a two i-ar old 

apee1mu trOJA tJut Bmd• Ba,oller,r poacla. 

Fig. I. Gra7li:ag aeale ahelriag t1Te RNPlll trea a 1peolaa takea la 

GNlHt Lake (108 a.a. atud.ard length• 119 a.a. 1iotal ~h. 

111 grlll8 Wic")• 

ftge '• Gra7Ung •oale 1'1'• ft.lb o:t Jmcnm age (28 IIIRblaa) e&pwred 

b. o•Jriea Lake (lk .... s.L •• 162 .... !.L •• 111 CS"- wt.). 

:ng. I. Gra7ltag aeu fltca fl.ah •t boWII age (26 aa•ha) .. pt\U'e4 

1a But Piah LaJre (IOI a.a. 8.L • ., hi••• !.L., 102 gNIUI 

wt.), F : h.1•• annulus. 

:rtg. 8. GJta7Uag soe.le fNa tbh ot 1mowa age (2? IIO:dha) oapture4 

la Sltt\aa PoJld. (158 ••• S.L •• 191 m.a. !.L •• 40 gr ... wt.). 





ftg. 7. Gn.7liag ••ale fr• tuh ot kDollll age (11 aaatha) taba 

b'8ll tJae lrolt I.Ake l'atoheey (111 a.a. 1.L.. 181 a.a. 

t.L.). 

Hg. I. Gl'&JlJag ■oale tN1a tlah ot kQa age (ll Mnha) --­

tra POl'd 1alOI (89 a.a. S.L •• 107 ••• t.L.). 

Pig.,. 6n7lbg ••ale tr-. ftah of .... age (18 --'•) aan 

ha J'ol'4 Like (111 a.a. s.L •• 111 .... t.L •• Mer-

-'•)• 
Hg. 10. 8".7lillg aoale t,- tlah ot bOlla aa- (II__...) --- -

b'fllll , .... Lake (lfl .... s.L •• lit ••• f.L •• II .... 

wt.). 

,tg. u. GJ"a,-ltac aoale troa ft.ah ot DOWD age (M -....) ukn. 

tr• 1orcl lake (ll8 -... 8.L •• NI••• t.L.). 

Plg. 11. &HJliag aoale frca tlah ot Jmowa age (II .atha) flb.11 

fr• hl'll Lab (250 ••• IJ.., 290 a.a. t.L •• 171 graaa 

wt.). 
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ft&• 11. 8n7li11c N&1e ttaa ftah d Jrana age (H .... ) 

,.,_ Perd. lta1II (280 .... I.L.. 1M a.a. t.L •• 111 

..,._ n.). 

l'lg. l•• ara,ltag a..i. hla tlell et.__ ac• (tf _..) 

b'III hN i.b· (IN a.a. 8.L., Ml a.a. t.i... 

Al--••>• 





De1oriptloll et Figure• 

Fig. l.i. Gra7l1Dg aoal• 1hcnr1Dg four amm.11 taken traa a f1•h 

oolleeted 1n Rogers Lue (126 a.a. S .L • ., SVI a.a. T .L. • 

"66 graa wt.). Pala• ammli 1n41oated bJ imLer 

legeal Uae. 

Pig. 18. Grayling aoale aho'riJag tour annuli taJcea troa a tiah. 

oollened la .. .._ lAlce (380 •••• S.L • ., 381 a.m. !.L •• 

'" gJ"UII wt.). 

Fig. 1"1. Gra7ling ••le ahoriag fov ammli taken troa a ti■h 

eollea\iecl ia Jgne• I,e,a (128 .... s.L • ., I'll .... t.L •• 

Ml v- n.). 
Pig. 18. Graylag •oal• •llowlag ,_.. ... 11 ta1ml fra a tlah 

oolleo-tea la .,....,. Lake (IOI -... S,L., NS ••• t.L • ., 

181 ~ .... ). 

Pig, 19, On.711ag aea1e •uwlll& tov um.ull taka troa a tlah 

collected ta a...--. Lake (U.9 .... S .L • ., $8' a.a. T .L • ., 

f6& ~ ..... ). 
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llhieh although not fatal oauaecl a oea■atioa of teecUng and growth, 

aa4 t!ma brought about the toraation ot a fala• 11DDUlu. 

Water temperature• unsuitabl7 wars tor oold ... ter ti.ah are kAOlm 

tom.at in late .,_r both 1n Rogers and Meadow Lake•• llrmtaaa. Ia 

tbaae lake■ alao a large •jority of tu gra.7lblg oolleoted. ■bowed 

•rta laterpreted u h.lae m.muli (Pigs. 16 and 16-tla.e inner legend 

line). Ezoept poaaibly tor the tlrat ,ear OIII' Roger■ Lab •terial 

ab.owed the mre or leaa regular toration ot a check aark eaoh , ... r. 

lfo evidence of theH f'alae aumli waa fCRU&d in the oolcler lake•• nch 

u Grebe• Agnes, ad. Georgetown.. which reaia oold by virtue of tbeil" 

rather high •lnationa • 

That en'drouient.al tactora largely de'termiae the obaraoteriatioa 

of aoale •rJr:iDge ia abolm cm the aoalea ot gra7l1Jag troa East ftah 

Lake ud Suttou Pond.a 11ontmonne7 COUD.ty,. UJd. O'Brien Lan,, .Alcona 

County, tiehigan. TheH lakes were atooked at approximately the , ... 

tiae (.April, 19'0) troa the •-· batoh of tilh tbat ha4 bee r9'a:ble4 

1n the hatohery- over their t1rat winter. Thoae grayliag nachiag laat 

Fish Lake 414 ao :mre or lese by acoident ha"YiBg migrated up tu outlet 

into the lab. Colleotiou trom theae lakes were aad.e 111 19'1 u fellows, 

Ea.et Pleb Lab• .Allgut 26J Suttoa PoDCl• Sept•ber 12J 8114 O'Brien Lake, 

October n. In each lake the tiah had ocapleted -,st of two groriag 

eeucma. The ai&e d1£terenoe ot the tiah aad ocmaequen:t.17 of 'the aoall■ 

was considerable. Growth wu the gnateat in East Fiah Late (Fig. 6), 

intel'lll8diate 1n O'Brien Lake (Fig. -i) 8Jld least 1n Suttou Pon4 (Fig. 6). 

!To ecmaiatent irregularit1ea were t01U1G on the 1calea C?f grayliag troa 
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Sutton• Pond or 0.1 Bl"1a !Ake tut both apeobHu talmn from East Fillh 

Lake showed a di&titlot talae anuuhss which was £oned soaetiae during 

the eecaud auaner. the lack of baf'ormation on the waters 1Jl whieh. 

these fish liwd, llake• it impoaaible to explain thia irregularitJ'• 

In a nuq- ot tale European grayling, Batton (1923) elaJaecl to 

ha:ve touad ttsplPflling marlca" oa _,.rtain grayliag seal.ea bat was aoawbat 

abptioal of Id.a taterpntatioa. It is not likely that such urta 

cOllld be distinguished nu it they d:bl occur since th8 epmming period 

ad tiae ot annulus tonatio». are practically eoacUTm. 

The true amm~u tonta on grayling aealea ia earl7 aprtng, An 

enm:inatioa of the Ford La.ke fish of bawn age ahoNd no trace ot a 

zmrly formed annulus in •• February or Jlarch eollectione • By April 21, 

however• at lee.at one oirculWJ ot new growth waa preaent on the scales 

of two fiah. Collect1-, during the tirn halt of Jla.7 ahowed the umulua 

to be ooapleted in all bat oae or two apecim.ena. u ~ u three 

oirculi beyoad the annulu nre present by this tbw. By July 1 the 

mmber o:t oireuli beyond the ammlu averaged a.boat 10. Oar oolleot1ou 

1Dd1oat. that the ammlua is generally formed aoaetiae between April 15 

and M.ay 16 1a the Ford Lake and O'Brien Lake gra;yliag. 

A etudy of the western apecilaeas rev•als that the tiae of annulus 

formation in the ditterat waters 18 approximately as tollowa: 

lleadow Lake April 20 • Ma7 20 

Rogers Lab May 20 - Jue 20 

Grebe Lake 

Agnes Lake 

The variation existing among these lakes is quite probably the 

result ot temperature differences. 
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Growth Rate of Graylirag of ban Age 

All of the )[onaaa grayling 1ntroduced. into 111ch1gan dving the 

pa.at fift J'8&r• were ot Tellcnratone atook. The egga were taken from 

■pawniDg tiah 1n the ■-all ialet te Grebe Lake aoaetillle be'twHD llaJ' 16 

and June 20 (Brcnm. 19S8b) • depending on the aeuon. and were held at 

the IIJlllll batelwry located on thia late tor oon41t1oaing. IJ'ed egga 

fr01l thia aovce nre shipped to the Wolf Lake Hatchery in Jlichigau 

where hatahillg and nb■equent dewlopaent took place. Very nstr1ow4 

experimlutal planting• have been .-.de in Michigan water■ 1d. th fingerling 

aad 79arl:lng gray ling hazldlecl in tide nanner. 

!he moat extemiive daa on the growth or graylhlg in )(iohigan waters 

were obtained troa the Ford Lake experuient. Apprmdmately 1.000 grayling 

were ilrtrocluoed ilRo Ford Lake, O\aego County• oa Ootober 22. 1917, after 

all otur tiah had bea nmw4 by poieoa. TbeH graylht.g were hatehed 

on J\me 2' encl at the tble of plautil'lg ranged between 2j- aad S inche1 

(63•76 milliaeters) 1n total length. The t1ra-t- collection waa made the 

following Jlay, and nbaequen.t oolleotiona were taken a.t mtenals ('table 

8) thereafter until gra7l1Dg could no longer be found. 

:tuert Table I 

The suitability ot Ford Lake u a gray ling water was 4emonatrs eel 

by the taot that at least ■OM fiah ot this planting 1umwd there tor 

S tull years (to an age ot nearly t 19ara) • lo additional pl.a.ting• 

were made and we are certain. that there waa no natural propagation. 

Ford Lake baa a nrtace area of 11.T acres and a maxhlm depth ot 

13 teet • Water temperatures are suitable for oold..a.ter fish the year 



rui. a 
COLLBCTIOI DA!ES AID .AGE OP GlilLIIG !ADI ft())( FORD LlU 

IBPIBSD'lATM PBOTOGIW'BB OF SCALES MAY BB rotJllD D 

TB lIGVRU (RIGBr COJJJD) 

...Ser •t .... 
Date •2!•-- iaoat•2 Fie!• 

May 18. 191f " 11 • Oetober u-ao. 1~17 12 u 9 
h'bnU,- If• ltll 1 10 -.April 11. 1918 9 II -
...,. •• 1118 u II 10 
JIily e, 1111 .. a, 11 
October I~--. 1918 1, 21 11 
llaroh 11, 1919 I 11 -J1a7 10, 1119 1 II • 
.. "· 1919 I II -
Jae et. ltlt 1 .. 11 
Jfa7 1,. 19'0 I '' 1' 



arouad, at J.•ut in the ther:moolble Del 1-41atel7 be:Low. although, 1a 

unusually hot ■UIIIMJ!i,Ca:ulitiona in th1• region ay beeae near the 

upper limit of toleJ"ation for cold"""9.ter epeoi•• with re■pect to both 

teapen.ture and oaoentration of d1aaolved oxygen. 

Sballoar water 1• relati wly aoaroe • end beoauee of thi• Ud the 

soft nature of the bottoa. aquatic plants an limited both as to kind 

ad quut11:y. . Ezeept; poaeibly tor ple.kton the abun.danoe of tlah toocl 

wae decidedly below the &Terage ot ••11 Michigan lake• bl1t poaaibly 

equal to or ■ lightly better than that ot the ■-.11. oold. de•J>-baain 

lakes of the region. There are no Weta or outleta and obYioualy no 

place vb.ere grayliag could •pawn auooeeatully. '?his condition.. although 

it prevent• tlae pel'DIID8nt eatabliabmtnt of' the ■peci•• • 1a a boon to 

any etuq of fieh of Jcaown age. 

It eaoh year of lit• is aaaumed to eD4 tn :H&7 • the grayltag fr• 

Ford Lake showed the following aTerage length.a tor taoh 19a.rs 

First - 86 Jl1111Mters stu.dard length, 4.1 inohea total length; 

Seoou. - 199 It tt It 9.Z ti " " 
Thir4 • 267 • " " 12.1 " • " 
J'om'th - 288 " • " lS.6 " It " 

A curve baaed upon this series of collections ie shown in Figure 20. 

There semna to be acae evidence of growth throughout the winter although 

our collections were inadequate to pro"l'e this point. 

Insert Figure 20 

The average lengthl and weights at capture and the average caloulated 

standard lengths are shown 1D, Table •• Represen;tative scale■ from theae 

collections are shown in Figures 8•14, inclusive. 'l'he average calculated 
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etandard lengths or all grayling oollectione from Ford 1-ke were aa 

follow111 tint year - '16 milliJHtersJ ••ocmd year - 186 millimeter•; 

third year - 268 mi llbleters J fovth year - 28' llilliaeter•. 

Insert Table• 

Creaser end Oreaaer (1935} :lD a study of 18 Jliohigan grayling. 

J110atly tram the otter River, gave calculated standard length& tor the 

various ,ear• of life as follona first year - 86 m.llimtere; eeoond 

yaar - 1'18 ld.11:laflteraJ third year -232 llilliaeteraa fourth year (one 

epecimen frCllll th• Au Sable R1 ver) - 242 milliMtera. Bo eignU•ioant 
I 

caparison oan be made between theee figures because the methoda employed 

iJl aldng caloulationa were probably not com.pa.rable. At aav- rate CNaaer 

and Creaeer gaft no adequate description of the aethod they ued NMl their 

eollectiou were arel1ably amall. The dU'terence at the cd et the· 

first year_ might be d\ae, at le ast in part, to t~ tact that the Ford Lale• 

apeoiaens apent their tirn aU1Dr of lite under hatohe27 oond1t1ona 

not altogether favorable for good growth. 

A study of the scale■ ot 21 Jlontana .grayling taken trcm O'Brien 

Lake in llontmorency County, Michigan showed the average calculated. 

standard length to be only 43 millblete:r1 at the tble the first annulus 

was formed and 111 millimeter, at the end ot their second 7ear. Here 

again all of their first year was apent under hatclwry eonditiou. A 

coape.rieon between the size of l-7ear-old Montana grayling kept 1n the 

Wolf Lake hatchery and wl. ld stock of the aame age from Montana ahowed 

that the former grew only about one-third aa tut u th• la'tter. A 
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Table 4 

DB AVERAGB LUG'tBB• llEIGBrl AID CAWULATBD S'l'AIDARD LUCTBS OP fOID LAD GRATLIIQ 

caloulated 1taiaard iengih 
ill .S.lUaner• a, ad ot 

lit.oll'JI Sta:D.4ari Total ,.... •t lit• 
Daw Buaber ag• 'WeiglS lugtk lagtk 

(•p•iual) {aontlla} <e:-a> {alllbllnere) <~•-•> l 2 I ' I 1/18/17 " 11 - .. ..1 '" - - -lo/18-20/$7 11 18 61 lM ., .. , . - - -2/27/18 1 20 100 1N 8.9 86 - - -
t/_2~18 • 22 72 190 ••• 11 - - -i/a II II II 91 199 , .. 79 119 ... -
"i/1/11 IO M - 11, 10.G 'II 1?9 • -10/29-1O/N 17 21 - Ml ,11.1 .,. 111 • -1/1-x•· a 12 208 210 11.s ,. 180 - -
i/10 19 1 II - 170 12.1 fl 188 - -1/2.;1, 2 II 219 UI 12.1 'II 118 119 -•f!.41.•• 1 16 au 180 11.1 T6 181 219 -i/11/.0 I ,, IH 188 11.1 81· 181 2,1 1M 

Awrage •• • • • • • • • • • • • • • • • • • • • • • • ,. 181 218 2M 
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ditt'erence in growth under hatchery and lake conditiou oan be eHn 

by com.paring the scales of gra.yling kept at the Wolf Lake hatcheey 

(Fig. T) until October ot their aecond 79ar w1 th thoae of' t1ah planted 

1n Ford Lake in October of their first year and recoTered during 

October ot their second year (Fig. 9) • This o•pariaon doe• not 

neoe■aarily uan that ccmditiou in the hatchery were not aa goo4 aa 

oould be attained. in the light ot our preaent knowledge of g.Ts.yling 

requirements, but it doea •bow that ordiaaey batchecy •thoda tor trout 

are not entirely auooeaatul when applied to grayling. 

The length..,.ight relationship of grayling trea Ford lake is shown 

1n Table 6. These figures do not molude tour oollectioas troa thia 

lake which lacked weight infoniat ion. The aerie• is fairly ocaplete 

except tor the group• of 220-229 and 210-219 inilliaeters etudard 

length. With each increaae in standard length. of 10 millimeter• the•• 

fish ahowed an increaaed average weight of over f g1'UII. The large■t 

fish (tour 19a.rs of ~e) having a standard length of 280 sillimetera 

weighed 312 grams or 11 oun.e••• 

Iuert Table 6 

Growth Rate of GrayliDg from Montana and Yellawatoae lational .Fark 

!he grayliag ot Montena and Yellowstone Jfatioaal Park &Te an 

abundant, not in their natiTe waters, i.e., the tributaey atreaaa ot 

the Missouri River abOTe the Great Falls, but in certain small mountain 

lake• into lllb.ich they ban been introduoed. Collection• were made trOJll 

five different localities as ehcnm in Table l. Meadow lake 1a the only 

water which can be ccmaidered aa native to this species. While thia lalct 
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Table 5 

FORD LAKE GRAYLDfO-AVERAGE LUG'fBS AID WEIGHTS FOR EACH 10 MILLD4ETBll 

IftEKVAL OF STANDARD LEXG'?B 

Buaber Standard Total 
ot Sbe group length lfeig)n length Weigllt 

■pecimena (ailliMters) (milliaeters) (grau) (inehea) (ounoee) 

I uo-1,9 1,1 61 6.9 1.a 
10 110-169 167 68 1.1 2.0 
12 ll0-169 161 68 ,., 2., 

T 1"10-179 l'f'& 80 a.1 2., 
• 180-189 184 19 e., 2., 

11 190-199 194 M 8.9 2.9 
6 200-209 206 95 9,1 1., 
6 210-U0 212 108 s.a a.a 

• 210-219 2K 186 11.0 6.9 
6 24:0-2'9 "' 179 11.5 ••• 11 260-219 261 2oti 11.1 ,.2 
I 260-219 261 240 12.2 a.s 

l 280-289 280 512 11.1 11.0 



itaelt 1• a man-aade impoundJnent, the atreaa betore it was abundantly 

supplied with gray'lmg. A brief description of theae lakes ii giTea 

in Table 6. The figures tor eleTatioa and aaxiam depth.a are onl7 

approximate. 

Insert Table 6 

Aquatic wgetation waa ab1.md&11:t in all of the•• la.tea exo•rt 

Agne• which had e. abarp •drop ott• and ahoals cmapoaed almost exclu:aivel7 

ot angular rook. fhe plant beda in Roger•• Jlead01r, IUld GeorgetOWJ1 .Lake• 

cover •re than 60 per cat o:t the lab bottoa. GeorgetOWJ'l Lake ii 

especially preductive. The high OJ"ganio colrl;ent of the bottom ba8 bee 

\he •••• 0£ oeca81onal aeTere winter till ot f1•h• The tl•ctuation 

of the water level in Georgetown and Jleadcnr Lakee 1B sufficient to haw 

a daaaging ethct oa the t1sher1••. Both of theae lake a are art1tie1al 

impoundments controlled. by priftte oompan1••• It 1a true, honTer, 

that they are extreJnel7 productive tiah waters in spite of the 1'1'tctuatioa. 

the lagth of the growing aeaaon in these lakes nd.ee c!'IIUl:ltierabl7 

accord.lag to their elevation. Regular thermal and chea1cal nratif1.oat1on 

exist• :ln Greb•• Geergetown. and Agnes Lakes but not 1D Rogers or Jleacl• 

Lakee. Jfaxinm S\Ualer teaperatllrea an the highest 1n Rogers Lake. On 

July 19 • 1936, the temperature of this lake waa 76° F. at the nrtac• and 

'71° r. cm. the bot-boa (20 teet ). JIUDIUJl a111BBer temperature• are undoubtedly 

111ch higher than theae figures• The maximwl. aurtace temperatve 1n •uow 

Lake probably nenr exceed■ 1,° F. In Agnea Lake a well deTel~ped 

t.nermocline exists throughout the IUIDD9r. Surface temperature& probabl7 

never reach 10° F. and the bottc:a water probably 11ner ri••• a.ban so0 ,. 



Table I 

DESCIIP!IOR OF WESTED LAIES 1IBEIE GlilLDG COUECTIOIS 111D IW1I 

llnhJ'l oraage other apffiea 
Blnatloa ..... )luiala alkalia11J7 •1 g- tl1Ja 
(ten) (aerea) 4-,tll (p.p.a.) pr••-

. ,;,,t 

Rogen ,100 111 21 71 o"'1alal'oat trollt ..... IOOO 1000 11 bl'Gllll tl'CNt 
rabltowtrm 
euttllNat trout 
n11:eftall 

Ape■ 880G 111 tO .. ... ....... 7000 2910 21 - fnlttlll'oat traat 

enlNt 8000 90 IO 21 nttkroat trout 
raiabow trout; 



Grebe Lake also ehon a well u..-elopecl thenaocliae. On .Jt.tly s. 1916. 

t)le water teperature waa 66° F. at the surface and. 46° F. on the bottoa 

(28 teet). Bo temperatures were taken on Georg.-town Lu:• but t!Mt 

1111:dama a1D111Sr ■urfaoe temperature 1• probably betwMn 10° and '16° P • 

All ot the•• labia ha'ft oom.parati'ftly soft water (rage ot methyl orange 

alkal1Dity-21-72 P•P••) but all are cliatinotl1' alkalirle at least at 

the avtaoe (pB-'1.4-s.a). 

J)etenainatioDI of calculated growth rate abow that grayling traa 

Qeorgetcnm Lake had the tuteet growth and those trom Agne• Lake tb.e 

aloweat grenh. A 8UJllll&J7 of the lengths and weight• at capture u.cl 

of tu ealoulated atandard length for each 79ar are given 1n Table 7. 

In••n table T 

These oaloulatiou •how that the di.tferencea in the rate ot growth 

are not eonaiatent tor all years ot life. In general the gre.yling troa 

Agne• Lake (Fig. 1'1) have alow growth. but the firat-year lengtha of fish 

troa thla late are greater than those frOlll Grebe Lake or Ford Lake. In 

other word•• a superiority in firat-year growth in one lake •y not be 

•1.ntained durillg aubeequent year■• A coapariacm of the oaloulatecl 

standard lengths ot the dittereat age group• in the '9'1.J'ious lalc•• 1• 

lhown in Figure 21. 

Inaert Figure 21 

A c~risoa •Y be made UIOD.g the aoales of 4-year-old. grayli.Jlg 

from the following lu:es, Rogers-Fig. 15• •adow-Fig. 161 Agne•-

Fig. lTJ Grebe-Fig. 181 Georgetown-Fig. 19. Crea1er and Creaae-r (1935). 
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fable 'I 

TB AVERAGE IEJJG'l'BS • WEIGHTS AJID CAWULATED STAIDARD LEHGTHS OF GRAYLIWG FROJI J401TABA 

.AID l'ELU>WSTOIE BAT IOL\L PARI 

lfllllbe:r Standard Total Calnlated. atandard length in 
Date ot Ammli Weight length length aillimeter• at end of 

spec!MDa (grua) (llilliaeters) (inohea) Z!ar ot lite 

llel!ra Lake 
i I I 4 & 6 

6/24/ii 2 2 198 to.a 1i2 RI zii • - -fl a $ '69 291 lZ.6 188 2,2 286 -II I " 418 ,1, u.o 162 249 296 311 -7/19/38 10 l 126 191 9.0 121 -
" 9 2 291 282 12.9 146 260 - -II I a k2 296 11.e 122 2" 303 - -ff a ' ,a. Ill 1,.1 162 2,1S 281 301 

6/10/3'1 ' I '°' 10"1 11., lSI 24:4i 291 -" 7 ' 4:18 306 U.7 1,1 239 2,, 296 

" ATer&fa• •• •• •• Mail 281 304 - -
Jlea4ow Lake 

i72e/1i 1 2 2ii Iii 11.& 11, 212 -• l a 342 2'11 12.s 108 239 268 - - -6/1.;,16 1 ' •1• $10 16.o 121 2M 297 128 -6/21/36 3 l 111 206 s.1 118 ... -n 2 2 169 2'11 12.e 152 U8 -" • I 51T 11, 1,~1 187 280 301 
7/10,12/36 11 1 116 209 9., 186 ... - - -" 4 2 1'16 289 18.1 119 25' -

" 8 a 429 298 11., 121 2" 281 
'"'1i Avera1e • ••• •• us Bl m m .. 

6/6/A i 1 " 
Ape■ Like 

iii 116 ,.1 - -• 2 2 129 uo 11.0 106 206 - -• I ' U6 287 11.0 106 18' 248 280 - -" 2 5 186 28' 12.9 108 1s, 26$ 271 2'19 
-m AV•!!fj• •••••• m 'DJ 'Bo m m = 

6/7/H 1 i ii9 
GeorfiROlm tile• 

201 286 12.9 - - - -" a ' 158 M8 l&.T 118 267 121 KO -tt l fj 766 $68 16.'1 109 M4, au 118 169 -, Aver5• •• •••• 1ff m mm Bi -GreSe Lake 
!jii-6/2/R 6 2 Do !ai 10.6 10& 205 - - -• 6 I 153 261 11.3 96 201 244. -ft 2 " STO 120 1,., 107 221 299 81-& -

" 2 I "° 319 1,.e 108 216 269 295 Sll -• 1 6 419 318 1,.1 82 200 24,6 269 2'19 307 
7/1-o/H 10 1 59 161 a.a lM -II 2 2 200 2$6 10.1 112 119 -

" 2 I 259 264 11.6 98 202 216 
,r Average•••••• mm 266 29-, lo1 107 



wbo had sealea f'roa 1e"ND grayling trc.m Georgetoa. 1111d Jlog•r• lab•• 

oamputed tile nandar d lengtha of the first 79ar u 91 milliJlletera UMl 

of the seecmd. J9&r u 2M ailliaeter■• Om' average• tor theae ... 

two lakes ares 135 ailliaetera-f'lnt yM,r ad 260 millilleteN-■eoond. 

~ar. Th.18 cU.ttenaoe -.y be clue, at least in pan. to ti. methou used.. 

fbe lqgth .... 1gh1; relatiouhip ot grayliag troa naten lake• 1a 

shown ia Table 8. Hot all 1ize groups are npreaent-4 tor euh lake but 

eoapariaom are poeaible tor certain groups. The 9•10 illch {total leagth} 

group •bow• that Rogers lake grayling average s.2 ou.o••• Mla4ow Lalr:e-

49' 011J1cea and Grebe Lake-1.T oao••• In the 12-11 inch (total length} 

group• .Agnes Lake fiah ayeraged 6 .o ouu,ee • Grebe Lake-'I .1 o\llleea • logera 

Lake-9.4 ounee•• Meadow Lake-12.2 OV10ea. and Georgetown Lake-16.0 

oao••• Th8 gra7ling troa Ford Lake tr• iatenaediate 1n 'their growtll rate 

and lagth-weigkt relationship between. t1le tiah f'roa Gr'ebe an! .Agnea Lake• 

and theretore shaw rather poor growth 811d. con.dltioll whea oompanti with 

the other lakes atudie4. Om- colleotiou ahow no 11p.1t1ou.t la.gth.,..igkt. 

dUtereaoea whioh could be c:\etim.tel7 attrilnate4 to ••• W. obaenecl. 

hollner • that teale gra7l:mg •-- to be larger and heavier 1a the apan:tng 

nu. :rt 11 :blposeible to mggeet what ■peoific tutore ar• r .. pcm,ible 

tor t!w l.eagth.,..ight difterenc .. without a oamplete atu4y ot each lake. 

It ma7 be aaid. han'ffr • that in geaenl the ao1t productive lakea tr0111 ta 

point of new or tbe aquatic vegetation and gea•ral organic content. 

produce t!w tut.et growi.ng. beat-conditioned gra7l1Dg. 



!able I 

l'OWI'.DA AID YELL(JfSTOIE GliYLDrG-AlDAGE WEIGBrS roil UCB OIi 

lS'B D!JRYAL al TOTAL lDGt'B 

1,alc9 IUllbff of total 1eg1slt Awragew~ 
■;e!Oiaeu i1Pb••2 i--••2 .. , ... • 8-9 ••• 

' 9-10 1.2 
1 10-11 s.o 
1 11-11 I.@ 

I 11-11 ... 
19 11-1, 11., 
' H-11 u.e 
1 11-11 11.0 

I 8-t 1.v 
11 1-10 ... 
I 10-11 .. , 
I 11-11 11.0 

' 11-11 12.1 

• u-1, l&d 
I 14.-11 11.v 
I 11-11 1,., ..... 2 1-8 2.1 
1 10-11 1.0 
I 11-12 e.o 
2 11-11 ,.o 
l 11-1, ,.o 
1 14-11 12.0 

aeorgnowa 1 12-11 11.0 
2 11-11 u.o 
2 16-1, 21.1 

GNH • ,_, 1.1 
z , ... ... 
a 9-10 1., 
' 10-11 ,.2 
• 11-12 e.o 
I 12-11 ,., 
2 11-1• 11.0 
! 14-15 11.1 
2 11-18 18.0 



lo nr, old Alalrioan grayliag have been reported. De oldeat tiah 

that,... found waa a 1peeimen t'rm Grebe Lake which we :lat•rprned to 

have • is ooaplete annuli. A ice.le with tiw complete ammli troa a t11Ji 

taken in thle .... lake 1a ehom.t in Figure a. lapid gronh Md a abort 

length of lite •PP"I' • therefore• to be oharacwr1atic of thia •P"l••. 
!Jae experbaatal plurbblg ude 1n Ford Ialce beoaae greatl7 redaoecl during 

the fourth auwr alld fllmo■t oapletely diaappea:red 1n the t1:tth awr, 

thu g1T.bag turther nidenoe ot a ebert 111"• apu.. Other tactora, 

in.eluding the ccmpetitioD from. bluegill•, in 11h11 lab aay bave b•en 

pan.t.all7 reepouible for the rather audder,. di-appee._raaee, howner. 

CCJUenaticm aad J&aaagant 

Thare 1• real need t.r oc:mcer:n abo11t 'the couenation aad aan.ag...-t 

or Jlontaaa gJ"&.J'lSAg. It• origmal raage, the Jll■aouri R!'t'ff a.d ita 

tribwtar1•• abow t!Mt Great Falla• hu aow 01D.ly a tn N111111Dta ot a oaoe 

a"bmldaat Ind tbrirlng population. Although 1.he re4uotion of thia apeoiee 

hU Htm ,__,bat lea• speotaoula.r and 8Udda tlum tbat which l>etell the 

tiohigaa gs-ayl1Dg, the ead renlt-that ot atiaotioa-will be the •­

ale-■ MU\'l!"ea are taken to prn-ot it. 

At tlle pneat tlae graylipg are liaited 1a their origtul rage to 

a eoattaed tn in t1lf! 11tt,cUJ9Jl .. u,-r. iapound'lluta ot ]lead.ow Uri Hebgen 

naerwire • te the maill part• et the Big Bol• River which is tribvtary to 

tu Jetteraon li'NJ' end to a f• plaeea on the upper Gallatin River. 'lbe 

reported reappeanmae of grayllng in the Gallatin IUwr eae• after 10 or 

:more lean para and 1a attributed to the preeent stocking program whereby 

large tmgerllnga are being planted by the v. s. Fuh and Wild.life Senioe. 



JloJltana grayling are most abundant today in a c0111.paratinly tn 

lakes outside their natural range. Such laba as Rogers, Grebe and 

Georgetown ban been the ahiet ■ouroe of grayliag apa1n1 tor aany years 

8lld it is aignif'icant that all of these water■ laok exotic species. 

Thia 1a the writer•• opinion la the aeoret et their nc••••• The 

a.baenoe ot coapetitlYe ap&cie~ such aa i-aiab•, brown and brook trou 

seeas to be absolutely e■aeatial to contbbled gnyliag production. 

On the other band, the Montana grayling 1a 0C111patibl• w.l. th cutthroat 

trout, a companion apecie • of long atandillg. 

Sino• the beginning of this study, grayling haM 0C111pletely dia­

appeared. troa Roger• Lab because ot low water and inoreasetl temperatures 

reaulting from the ooaplete remonl of forest cover in the drainage 

area o:£ the lake. In Mead.ow Lake, there bas been a further depletion 

so that gray-ling are taken only rarely. 

Georgetown Lake ■till maintains a reasonably good populatioa of 

grayling in spite ef exceedingly great nuabera raowd by winter fiahe:rmen. 

This lake is atooked hean.17 by the Montana Fish and GUii Coaaiaaion. 

Agnes Lalce is at preaent the chief source of graylhg •~·for tu 

Montana Fbh am Gaae Commiaaioa and Grebe Lalce furnishes 'the only 

grayling spawn anilable to the u. s. Fish and YlilcU1te Seni••• 

bJ.7 prograa whieh is undertaken to preaern the Montana grayling 

111st take iato consideration the isolation of thia species tra the 

competition of exotic fish. The brightest hope lie■ in their establishment 

in a considerable number of virgin •ountain lakes reserved tor thia purpose. 



Continued propagatloa will be nec•••tlJ'J' to r•pleni•h the stock of theae 

water• because fn or tbea have iDleta or a qualit7 a111table for 

natural epawniag. These lakes. beside• offering a reaacmable amouat 

of fishing, can aern to aupply the hatcheriea with the needed apawa. 

Ce:rtam carefully ohoaen ■mall labs already stocked with rainbow or 

brook trout ean be cleaned by poieoailag (Roteno.ne) IDd then stocked 

oal7 with grayliag. It would aleo be highly de■irable to reserve 

oertain suitable streaaa tor grayling if any still rna~ without intro­

chtoed apeoi••• 

It should be pointed out that a careful examin1:tion •et be made 

of proposed grayling waters by a campetent tiaheries biologiat before 

extensive plantings are 118.de it waate and disappointment are to be 

avoided.. 

In the light of certain Noent atuclies •de on the planting ot 

trout. it is logical to believe that the atooking of large siae 

(7•10 ineh total length) gray-ling into the depleted. aative waters. now 

oontahung rainbow. brown ad brook trout, •hould meet with liaited 

suooese, not to permanently establish the species but to 1upply a 1took 

for fishermen. Thi1 can. be done now at a reason.able coat with btpr.o'Md. 

hatchery methods. 

Tbl greatest responsibility tor preserving the Kont.ana grayling 

reata with the Uontaaa State Fish and Game Commisaion ainoe thh species 

is largel7 confined to their state. and the7 alone ha-ve authority to 

make proTiaions and regulations necessary for its 111&1.ntenance. A carefully 
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planned pl"Ograt at this tble would almost oertaial:y •et wi'th ••co•••. 

On tu other band it tile apeci•• 1s f'IIJ'ther tlepl.t•• u it mon 

certainly will be umer pre1ent pranic••• tbtlr• rill e .. a 07,. not 

'MO lollg. hence, wba. brood atook la no loag•r aft.ilable ad 1JltAt ttnal 

ohapter will parallAl that or the JU.ohip:a gr9.7ling--eati11otion. 

Approved by: A. s. Hazzard 

Typed by: Grace Wood 

llSTrI'UTE FOR FISHERIES RESEARCH 

By C. J. D. Brown 
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