MONTANA

STATE UNIVERSITY

A comparative growth rate of trout in relation to elevation and temperature
by Charles A Purkett Jr

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the degree of Master of Science
in Fish and Wildlife Management

Montana State University

© Copyright by Charles A Purkett Jr (1950)

Abstract:

A study of 758 trout from the West Gallatin River, in-dicated that growth in length was greater at lower
elevations where the water was warmer. Rainbow trout from the upper and lower sections of the West
Callatin River showed the following differences inlength at the end of each year: 0.3inche the first
year,1.3 inch the second year, 2.1 inches the third year 2.5 inches the fourth year, and 4.0 inches the
fifth year, The growth rate of cutthroat and hybrid trout showed a similar trend. The average summer
difference in water temperature (early morning), between the upper and lower stations of the West
Gallatin River, was 9.6°F. K factors did not show significant variations between sections.

A total of 184 trout from Bridger-Spring Greek did not show significant differences in growth rate.
However, water temperatures in the stream did not vary greatly.
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ABSTRACT

A study a£'75$ trout from the West Gallatin River, ine-
dicated that gréwth in length was grester at lewer elevations
where the water was warmer. Hainbow trout from the upper and
lower seetions of the West Gallatin River showed the following
differences inlength at the end of each year; 0.3 inch the
first year, 1.3 inch the second year, 2.l inches the third yeay
2:5 inches thée fourth year, and 4.0 inches the Pifth year, The
growth rate of ¢utthroat and hybrid trout showed a similar
trend, The average summer differsnce in water temperature
(early morning), between the upper and lower stations of the
West Gallatin River, was 9,6° ¥. K faectors did not show sig«
nificant variationg between sections,

A tehal'éf 13&_ﬁf@ut frbm.BridgérwSpring Creek did not
show slgnificant differences in growth rate. However, water
Gtemperatures in the stream did not. vary greatly.
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A COMPARATIVE GROWTH RATE OF TROUT IN RELATION 70
ELEVATION AND TEMPERATURE

INTRODUGTION

A marked difference in the average size of trout from
the upper ganyon and the lower valley portions of certain
mountain streams has been observed by fisheries workers,. but
little infermabtion has been gublished on this subjects ‘?he
difference in the size of fish observéd could possibly result
from a variable rate of growth ar:from the movemenﬁ,of‘ﬁhe
larger fishes down stréeam. if.therdiﬂfawanqe ig due to variw
able growbh rates, it is most likely correlated with differ-
ences in water temperature. Oévéral workers have shown that
xémperatnre influences g?aWth rate. Hazzard (1932), found
growth rate of Hagtern brook urouu (Salvellnua fontinalis) to
e slower in cold hea&water shreams than in lawiand Streams
where temperaturés were higher and grmwxng season longer.
Mbﬂngh il@@ﬁ), eorrélated growth rate of whitafish (Prasagl
williamgoni) with temperature and altitude, The present study

was designed to measure differences in'gromth rate of trout

throughout & river system in relation to existing temperatures,
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Deseription of $treams Studied
"The‘Weaﬁ Gallatin River and Bridger freek (with 1ts _
ﬁribuﬁary; Spring Creck) werevseleated for this study because
of thelr aecessmbllmﬁy aﬁd range 1n elevatlmnb A1l are in
the headwater dranaage ef thé Mﬁssauri River ﬁygtema

Wegt Gallabtin River oo
The-We@ﬁ Gallavin heads in the northwest corner of Yelw

lawaﬁane National Payk, in the Mﬁdis@n and Gallatﬂn Ranges of

the Eogky;wﬁunuainsa It runs generally.nmvthwestg traversing
theé céntral part of ﬁalia@in‘Gﬁunty;‘Mmhﬁanaﬁ The upper 25
mile portion, nearly all within th@“?ﬁrk; is & meandering
mountain mea&aw ghream. This saetiwﬁﬁeenﬁains relatively few
pools, and little bank cover, A shert distance north of the
Park, the river begins its descent through Gallatin Ganyon,
For a distance of about 35 miles, it has a straighter course,
and is characterized by ;-e‘a;pidé and swift -wa*cér; with some pools
and shelter. The gradient ‘oft this section 18 sbout. 43 - feé%s per
mi;eﬁu From the moush. ef Gallatin @anyen, t6 its sonfluence
with the Ea$t%ﬁalla%inAﬁlvaryfih.has\eeasiderably less gradient
'Iéppraximately*Ba'feaw'per'milé}» Pools afeimora,abundanﬁ in |
this. portion, although riffle aread are prodominant. The stream
divides o two or more channels in many places, aven at low
water leveld. |

' It 48 approwimatvely 90 miles in length and varies in
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width from 4O to 150 féet, West and Stﬁbblefi@ld (1948},
. listed 26 tributaries for this Streama The m@at;impmrﬁant of
thess are.Fan Creck, Specimen Creck, Sage Gréek, Tayloris Fork,
West Forkg Bquaw Creek, and Spanish Greek. {(Fig. 1) In the
summar; a large share of thé-wﬁt@r‘in the viver below Spanish
Creek is diverted for irrigabiqn purposes., There are ne large
dems or other major QbStFRQiiQﬂS&‘ The West Gallatin joins the
Bast Gallatin te form the Gallatin River: This latter stream
is one of thres tributaries which make up the Missoupi Emvgr,
at Trldentg Mbntanaa

ForrpurpQSes of thls ﬁtudy, the river—mas divided into
three seeisionsg on the bagis of appreximately 109@ foot elevaw~
Lianso Seetion I (Figs l) wag that part of thé river from the
mouth of the Eas@ Gallatin (elev¢ L155) wo the gonfluence of
Spanish Creel (elevo 5190)3 a distance of approximately 30
miles. Section II lies befween the mouth of Spanish &reeklana
the gonfluence of West Fork (elev. 6000); ab@utbﬁl'milésu ‘Beaw
tion III included that perbtion between the mouth of Wést Fork
%o three miles above the mouth of Fan Oresk (elev. 7100): ap-
proximately 3@ miles,
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| Brldge:r* ,gg_gg_gg_ and Spring freck

¢ Bridger Greck. and Spring (ree¢k head in the Bridger Range
and. flow gouthwest inbo the Bast Gallatin River« Spring Creek
is a small; rather swift m@andsming gbroam, with heavy brugh

avarﬂf It has an average ﬁidth of about’ gix feet and a length

of seven MlleSp Brldger Greek is a meanéering meadow stream
with an abmndance of paols and aaver9 mhdths vary from 10 te
30 fests It has a tobtel leng@h of amghte@n milea° nine miles
ahave the‘mauth of the Spring Greek,trlbutary» and nlne mlle$
below. There are 16 eﬁher tribubaries to this stream. (Fige 2)

Spring Creek amd.that port&@m of Brmdgar Oresk belew the h
monfluenaa of the Spring Creek %rihuﬁary-ware cansidereﬁ as a
&t&eam Uﬁiu.ln thls stmdy« This was divided inﬁa fiva seet;sn&
on. the basis of 500 foob eéncaurs (Fig. 2) as falleWSz Sectien
I, Eridg@r ﬂreek,belgw-the 53@@ foot cbntaur* seation 1T,
Bridger-aad Spring Graaka bsﬁween tha 5@@@ and 5508 foots con~
ﬁeurﬁz SecLlan III 8pr1ng Oresk betwaan %he 559@ and 6@9@ foot |
contourss ﬁection lvg Spring Oreek batm%en.the 6@@@ and 65@@
foot conbours: Beotion V, Spring Creek above the 65@@ foot con«

’ﬁﬁux’#
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Bridger and Spring Creeks, showing divisions into Sections
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| Species Studisd
A1l gpeeies~a£ ?;mzﬁ known to be present in the West
red in this study¢ The species
ﬁakang in dasean&zng ardar of abundamee, are as fallawsd ramﬁ*

Gallatin River were comsi

bgw‘traut ($almm gairdneri ). ra&nbawaautthr@at hyhridss aut*
,%hroat trout (aalmasclarkii)» brown trout (Salme truttu); and

Eastern brook trout (Salvelxnus fﬁﬁtiﬁ&llﬁ)a Bince the rainbow-

gutthrqat hybrads could not always be reecognived, some may have
been included as raiﬁbam‘@% cubthroat. Bastern brook trout. and
browm trout wwre taken only in the lamer'thirty mmlegg alﬁhough
Bome are reparted.by.fishermen to be present in other parts of
the viver. |

Rainbewr trout and fadtern Brook trout weré the prodomi
nant species in'&yi&ger‘and Spring Oreeks. OCutthroat trout
Weré f@una‘am the upper end of Spring Greek and brown Etrout
wers present in the lower portion mf’Brmdger @reekn

- Other fish present in both systems weres . movntain whit@*

fish (Presopxum willlamsenx) White sucker. (Gatostomus

eommersennll) l@ngnese gucker (Gatmstamus catestmmus), freghs

watay seulpin (Gottua mg¢), langnase dace (&hzﬂlchthys 1
aataracgae) ‘and burbot {Lota Lota, magulosa) .
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Methods
Beale samples were aeaﬁrad,lagaly from fish taken by
angling. The greabest nunber of these were epllected by the
Missouri River Basin Studies of the U. 8. Pish and Wildlife
$e@vi¢é;'whﬂ ¢ondieted oreel census on the lower part of the

.....

river during the éummer of 19&9& Appraximat@ly“i@@.sdale 58m~
ples were taken by & fishermes gurvey party of the Moptana
State Fish and Game Bepartment in Augusﬁ af 19&3, Thése were
gupplemented by obher samples taken by anglmng and electrical
shogking in @arﬁE @f'the river not adaquately coveréd by the
above-named sgendieg. -

| Seale ganples were taken from the left side of the fish
bétween the dorsal fin and the lateral line, Total "lengths
were secured in tenths af inches and weights in tenths ef
pamnésa _

Seales, after belng als&n@a'amﬁumauﬂﬁﬁd;‘warésmudi§d by
projection on a machine designed for. this purpose, Seale
méasuvem;ntS'W@ré ma&é‘frmm the'aéntéf qf‘ﬁhe foeus aiang'the
median—anherier radivg te the edge. The gesitions of the annuli
were marked on $t£ips of manzia paper, faleulated gr@wﬁh ins
Gremembs Were d@t@rmined by means of a num@gr aphe

Coefficlents of condition €K) WQre maleulaﬁed for each

fish using thenfallﬁwing fbmﬁula:

K= WX 105
K== .
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where W = weight in . .pounds, and k aﬂt@ﬁﬁl,iengthqiﬁﬂineﬁgga
' Eanh-weekgvduring<the-éummem of 1949; a series of wﬁter
ﬁem@eraﬁure-d@terminatianSnWES made‘Gn the West. @all&ﬁih~ﬁiverg
These werée taken at designated losations within. eaeh ﬁectiang
beginuing at Shedd?y Bri&ge-{?ig,l)-and.eanﬁinmmng:upsﬁreama-
ALL minimum readings were taken bebween. 6230 and 9500 4. M. The
greavest time lapse beétween first and last feaéinggi was tyo
hourg. Naximuw temperatures were secured by vaking afternson
readings in July and Augusb; betygeen B and 5 P, M.
Water temperatube reaéings'@@re made"aﬁ degipnated sba-
bi@ns;'an Bridger and Spring Oreeks at btwo wesks iaﬁervals;
- during the summer of 1948. |
Temperature. recopding sbations were seleeted within each
Section &0 as to be in an ares representative of the Section.
SISé'ing‘s or aréas hélew‘ the mouths of ﬁ-ributariés were avolded.
T%mperatures were mea&urad with a Taylnr pocket thermomever
galibrated at 2° ¥ intervalsu This was chacked agaﬁmst a eerw'.
,tified aheﬁieal thérmometer» All temperature readingg yere made
in the ghade and thase in the waber were takea in the current .
ahemical.analyais,mf the water followed the methods pre-
gented . in "Standard Methods for the Bxramindtion of Water and
Sewage“ by the Amerigan Public Health Agsociation (l?hé)
Tests were made for dissolved exygﬁn, (Winkler Methad), phénol-.
phthalein alkaliniﬁy; and metlg or&nge‘alkaliﬁityu The pH was
determined with & Hellige p@ﬁk@ﬁ~é¢mpa@&hﬂr; using apﬁ?mpriéﬁa
indicators. o |
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West Gallabin River

qubarative Growth Rates

The growth rates of trout within any stream or portion
of stream, must cersainly &e?eﬁé upon Suéh'fé¢tars.as tempera~
ture, food, ete. The trout from any gizable pévtiom of the
West Gallatin should reflect, by théir growbth, the aonﬁziéns
of that particular porﬁmen; 1nasmu¢h as observations of a gen-
eral nature 1ndmeated no mass m@vement5 even during the spawn-

lng‘seasanﬁ Thig conelusion is supported by the W@rk of othéers. .

Watbs, et al, (1942) demonstrated that there was no extensive

‘movement of brock trout in Kettle Oreek, Hazzard and Shetter

(1938) reported that most planted rainbow snd broek trout were
gpaught within one to three miles‘bf the point of release.

| Differencés in growth rates between the various parts of
a stream system have been obsérved by Ffigheries wmrkers; but
there isAlittlevpublished information on the subject. The pre-
sent study attempﬂs 5 comparisen of the growth rates of Brout
from three main seéctions of the Weat allatin Rlvar, with ap-
proximate lengths as followss = Section I » 30 miles, Bection
II - 21 miles, Section IIT - 30 miles.

Rainbow?Trquﬁﬁ Growth rate of rainbow trout {351) was

most rapid in eetion I, and decreased progressively in each

| upstream section (Table I). A differential of 0.3 inch was

found at annulus L, 1.3 inch at annulus 2, 2.1 inches at sn«

nulug 3, 2.5 inches at annulus b and 4.0 inches at annulus
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Table 1.
Average calculated total length at annulus of rainbow

trout from three sections of the West Gallatin River

Annullus 1 2 3 4 5
length length length length
S inches No. inches No. inches No- inches No
ec-

tion 1 34 142 7-4 126 11.5 81 145 34 17.2 6

Sec-
tion21. 3.2 76 6.5 70 8.9 1}0 12.1 4 15.6 2

Sec-
tion 111 3.1 |77 6.1 3t 9.4 _22- 12.0 6 13.2 2

Table 1II.
Average calculated total length at annulus of rainbow-cutthroat

hybrid trout from three sections of the West Gallatin River

Annullus 1 2 , 3 4 5
length length length length length
inches NO- inches NO- jnches NO- inches No* inches No*

Sec-

gion | 3.5 _3y7z1. 7.4 6? 11.5 50 15.1 16 16.7 6
ec-

tion 11 3.9 27 7.3 25 10.6 15 14.5 6

S§c—

tion 3.5 21 6.9 18 11.0 6
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5, betieen thé upper and lowdr secticns. The differential algo
increased with ﬁhe.age'ef-mhe fi%h@ By the applimatieﬂ of the
t test (Pearson and Bennett, lgaz}y it was found that in each
year of life the varlatlan betwsen Seeelon T and $ectlen III
was statistmeally glgnificant, At annulus l, there was a varia-
tion significant. %6 the 5% lévelg between Sections I and TII.
The variations at this annulus betmeanﬁ$ectipns I and II and
between Seéticna II and IIT were not significant. At annulus
2 ﬁhﬁre’waéla'variaﬁibn, in all e&éés; signifieanﬁ at the 1%
level. Variations at annulusg 3 beﬂWeeﬁ Sections I and ITI were
significant to the 1% levd, but the growth rate in Sectisn TIT
for thisg group exceeded that in Segtion IX. This variation was
net significant, however. Annulus L showed a variatiaa‘signifi~
cant to the 1% level‘hétwgen,Séations I and It and,beﬁweenlgec~‘
:’%ﬁ.@nﬁs' I and III. The variation between Sections II and ITT at |
ﬁhia annulus was not éignifiaant¢: Differences at annulus 5
werse not tested because of the amall numbers invelved,
Hybrids~ﬁaianW'autthroato In tha 121 hybrid (ralnbaw»

'aubthreat) trout (Table IE) the, trend of slewer grewth in the
upp@r se@tian$ was.a1$avchgraetarlstieg but was not as marked
‘ag in the rainbow, Tﬁia may be due to the small mumber of gam~
~ples taken in Sectlens IT and IIT.

| Guothroat Treutg The 113 eutthroat trout (Pable IIT)
likawxse 8h$W’$16WEr growth rate in the upstream seetions. How-

ever, bthese differences may not be $agn1£1eantvbecauﬁa-ef‘@he




17
Table

Average calculated total length at annulus of cutthroat trout

from three sections of the West Gallatin River

Annulus |
length N
inches
Sec-
tion 1 L.I 1?
Sec-
tion 11 4.7 7
Sec-
tion 111 4.1 21

2
length N
inches
7.3 14
7.3 p
6.9 66

Table

3
fength
inches

12.2

io.a

10.1 11

V.

10.8

Average calculated total length at annulus of trout from

Section

Annulus

Length N
SPECIES  inches "©
Brown
Trout 3.7 102
Arook
Trout 4.7 71
Cutthroat
Trout 4.1 If
Rainbow
Trout 3.4 142
Rainbow-Cut-
throat H*rid 3.5 71

I of the West Gallatin River
Ieﬁgth Ieﬁgth Ieﬁgth
inches N°- inches N°- inches NO-
8.8 97 13.2 71 15.9 28
8.5 6? 11.8 12
7.3 14 12.2 2
7.4 126 11.5 81 14.5 o4
7.4 69 11.5 50 15.1 16

fength

eng

inches N@
19.2 1
17.2 ©6
16.7 6
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small size of the smaples taken in Sections I and TT.

Brown Trout and Brook Trout, These trout wers taken'
only in Section I, and consequently ho' comparative .gréwth rates
between Sections wers possible fe% ﬁhsﬁe o speaiesp Their .
average ealeulated lengthg at annulua are, however, presented
in Teble IV along with growth ranes of the other speeies in .
Seetion II, to 1lluatrate,ﬁhe variaticns in growth rate between
all the species of one,Seeﬁianq, These averages show a higher
rate of growth for the browm and brook trouﬁ taken from this
8e¢tion than for the autthreaﬁg rainbow, ‘and rainbewucutnhroat
’hybrid trout, The brawn trout, after the fzrst year,. exaaed
all other species in yearly inareménuy
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Condition Factors

The effects of the environment may be reflected not only
in the length, but iIn the condition of a trout. Coefficients
of condition were calculated for each age group In each Section
(Table V). There was no correlation between the condition of
trout and the Section from which they were taken. Average con-
dition factors were no less iIn the upper Sections than iIn the

lower.

Table V.

Coefficients of condition for trout from the West Gallatin River

Age Group
Species Section |1 11 1l v \Y
) . K No. K No. E bo. K bo. T - No.
Rainbow T 33.0 16 36.1 U 37.2 15 36.2 28 35.2 6

Il 29.0 5 37.7 40 35.5 27 34.6 3
11l 41.0 49 39.1 54 37.2 23 34.7 4 38.1 2
Rb x Ct I 29.6 2 36.3 19 35.3 34 36.5 10 34.1 5
Il 152 4345 10 38.0 9 34.8 341.7 2
111 37.8 335.2 10 35.5 5 40.5 |
Cutthroat | 26.4 | 33.5 12 31.6 2
2

1 37.3 37.8 3 34.7 I

I 36.7 25 35.8 55 37.3 10
Brown | 40.1 5 36.8 26 35.9 43 34.0 27 37.0 |
Brook | 457 8 39.3 50 36.8 13
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Waker Temperaturey

Water.temperatura:reaopdingguwé@evmadasﬁeekly.in.all,.-
Sectiong to. determine Whethgr-sigaifiaant:variaﬁiqns did -exist
between them. . The monthly averages of morning water. tempera-
tHres f@r,aaﬁh; €Table;Vi},ahaw[a,definiﬁeilmwe? minimum:tamf
perature at each higher elevation. .Morning temperatures show
a d&fferenqe;af 9.6% P, yhile a@pgypppgutemperaﬁu#eg;gghibig-
only 5° F differsnce between the.upper.and lower stationg {Table
VII). The optimum water ﬁémpératﬁres; for'traut; of 55a6@ﬁ‘F
{Davis 19@6) are r@&@h@d in all pafts of the river# during the
afternooms of the Werner mcnthaa chaver; 1ength of nime thege
tenmperatures éxigt during the dayg and during the yedr, is much
lesgs at high elevatiensg Daily and seas@nal temperature flugm'

tuations are alse Wore extreme at the higher eievations¢'”
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Table VI.

Average morning water temperatures by months

DAFfI
1949

May 29
June

July
August
September
October 2

November 12

DATE
1949

July 11
August 14

Section 1 Section Il Section 111
Temo. ° F Temp. ° F Temp. O F
45.0 39.0
48.0 445 40.0
55.0 52.5 45.0
59.0 52.0 45.0
50.0 47.5 40.0
50.0 49.0 40.0
36.5 35.0 33.0
Table VII.
Afternoon water temperatures
Section | Section Tl Section 111
Temp. O F Temp. ° F Temp. O F
62.0 60.0 58.0
62.0 59.0 57.0
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Chemieal Analysis

Limited chemical. analysis of the water was made in each
Section to determine differences which might influence growth,.
The.results,af these tests are listed in Table VILTI. N@ appre-
ciable differences existed betﬁeen the various Seetions, In
all cases, disgolved oxygen was near thé saturatien point; and
gompletely adequate. Mebhyl orange alkalinity tests indicated
mpderately hard water at all s@ativns; and hydrogen~ion econcen-

tration was in the alkaline range.

Table VILIL
Chemical Analysis of the water of the West Gallatin
River, September 19, 1940

~ T 0.0, PREIER, 81K, . 0. BIk P a0 TeEpL
STATION _ ppms ppms - ppm. . - °r

Shedd Br, 8,2 A R k¥ A e 8.k - L8%
Deer Oy 9s3 . D 118 0 B.2 v .
,Saﬁé.‘ﬁrm Doly _— ll ’ 117 - B2 h9n5 '
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' Bridger (reck and Spring Greek

'-Camnarativé Growth Rates -

- An abbenpt was made’ to correlate the growth rate bf 98
'ramnbow*and 86 eastern brook ﬁrout from five Sectlons of -
Bridger and pring Creek, Wluh thelr digtribution and the water
tempergtaré, The . -gample size wag eonsxéerably*amallar than in

the West Gallatin River and the part of the stream system
studied was not as long as any one Section of the. West Galla-
tin. No consistent differences in annusl length ‘increments
could be shown, even between more distant Sections (Table Ix).

Tﬁﬂelx , _
Average aalculated toval langth at amulug of raianW'and Ea$tern .

bvaek.treuﬁ Trom ﬁhe Bfidger#Spging Creek system

il ’ - » - " ey 2 == : o 3
o Tén g N’ Length N‘ Length
SPECIES SE@?ION’ 1nches O+ imghes "°° Tnehes

25 6.3 .A-gz 8.7 . 12 114 2

Aﬁnuiué

L
Length Nos

N, in&hes

Rainbow - T 3.3
) SII. 359 5h 6.7 42 8.4 10 10,9 1
JIT kel 15 6.7 10 |
i T BB k6.5 B
Breok T .. L9 . % 7.7 L -
T heh 23 6.7 11110 3
TEL 3.8 17 6.5 15
- I 3.9 026 64 W
oo ko2 17 6.9 1210.7 1
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Condition Factors
Condition factors for rainbow and Eastern brook trout
(Table X) show no correlation between their condition and the
Section from which they were taken. As iIn the West Gallatin,

K values and length were not correlated.

Table X.
Coefficients of condition for rainhw and Eastern brook

trout from the Bridger-Spring Creek system

Age Group
Species Section | X i v
K Np. K Nor K No. K No.
Rainbow 1 32.9 2 35.7 10 35.2 10 32.2

]| 36.0 12 32.8 32 35.3 10
Il 38.7 5 38.3 9 34.0 |
v 33.9 2 30.6 2
Brook I 34.0 2 32.8 I
1 33.0 10 36.2 8 37.2 2
1l 37.1 2 35.6 15
v -34.1 12 38.3 1#
\ 41.9 2 37.1 11 |
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Water Temperature

Temperature readings were also made. in Bridger Creek, -

t0 determing variations of water temperature. No great difs

- ferences in waber temperatures were observed between the upper

and lower Sections {Table XI). The gredtest difference obger-
ved was 7° ¥, and the least difference was 29 F.  However, bem-
peﬁaﬁures were not btaken at times comparable er frequent enough

to give conolusive evidence on-this point,




Table 11

Bridger and Spring Creek water temperatures

Date July 5. 1948 July 19. 1948 August 3. 1948
Water temp Water Temp Water Temp

SECTION °F Time Time °F Time
Sec. 1 62.0 3:30 PM 55.0 8:15 AM 51.0 6:00 AM
Sec. 11 60.0 3:00 PM 53.0 11:00 AM 47.0 6:20 AM
Sec. 111 56.5 1:00 PM 53.0 11:25 AM 47.0 6:45 AM
Sec. IV 54.0 12:00 PM 47.(.)..1 7:30 AM
Sec. V 49.5 10:45 AM 50.0 6:00 PM 46.0 9:00 AM

Date August 17. 1948 Sept. 1. 1948 Oct. 2. 1948 Anrll / io/o

Water Tenip Water Temp Water Temp water temp

SECTION °F Time I °F Time °F Time °F Time
Sec. 1 55.0 9:45 AM 53.0 6:00 AM 50.0 1:00 AM 44 .0 1:00 PM
Sec. 11 53.0 10:00 AMI 47.0 6:20 AM 49.0 1:30 PM 44 .0 1:20 PM
Sec. 111 50.0 10:30 AM  47.0 6:35 AM 48.0 2:00 PM 43.0 2:00 PM
Sec. 1V 53.0 11:00 am?! 46.0 | 7:00 AM 48.0 2:30 PM 40.0 2:30 PM

Sec. V 52.0 11:30 AM
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Chemical analyeis

Limited chemical analysis of the water of ﬁhe Bridgers
Spring Oreek system was made to determine whether any chemical
conditions were present, which might affeet growth dmfférenﬁly
in ong Seebion than anether, The~daté.(wable XIT) showed no
great variation betweén Sections. Dissolved exygen Was ade~
quate in all cases. MNethyl orange alkaiinxty tests sh@wed the
waters to be modérately hard at all stations, and hydrageﬁwiam

woncentration was in the alkaline rangs.

Table XII
Chemieal analysis of the water of the Brldger~59rlﬁg
Gresk system, July 19, 1948

 D. 0y Phendphth &lKs M Oy alky . Hy0 Tenp.
§TATION e o }an ollte . . PePillls }S)H e ﬁF —
Section m Bek 6 268 82 o 550
Seeblon 11T 8.5 . . .6 . 156 8.8 539

Secwlon IV B2 - 3 . 129 8. 53°

~
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between Growth Rate, Blevation,

and waﬁsr’T@mﬁeraﬁure

| ﬁemparlsons of the grewth rates, elevations, and Wﬂﬁﬁr
%amparaﬁvres in Seetions of thé West Gallatin RiVerh indmcatéd

that at each hlghar elevation there were smaller annual length

" inﬁreméﬂﬁ&g and léwer wateér temperatures. The variabions in

- growth rate have been shown to be slgnlflcant for ramnbcw

trout, Definite trends have also béen established for rainbowm
cutthroat hybrid trout and cutthroat trout. Trout from Bridger

Creek showed no conglstent differences in amual length inerew

ﬁents and no great temperature variations were found in the
geream, .

' Eelding {1928} says, “gratﬁ‘is governed by...the rate
of metabolism of the Figh", and further; "eessation of growth
apparently depends upon the reductlon of metabollsm by the tem-
perature¢” Needham {1938) cited extreme fluatuatians of water
temperaﬁure as a cause of lowered growth rate, In the West
Gailétin there w@a & marked seaﬁonal'Variaﬁion in temperature
and ‘in the upper Sec¢hions the daily Fluctuation wés quite pro=-
hénneed, probably due te the lack of shgdeé The variations

found between the upper and l@w&r'SQQuianswmay’be sufficient

b0 account for the differences if yearly lengﬁh'ineremenﬁsﬁ

although other envirommental factors not determined may also

have affected the rate of growth. Bridgsr Oreek temperature

-and growth dats arve too limited to be.mcﬁé-thanusuggQShive of
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the part played by temperature. L ,

If temperature is :thgdetarminigzg,-,factor , then it does
not have the samg effect on condition (K} ag it does on length.
No significant difference.in K was Shown between the various.
Bections of either stream system,
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” Summary ‘
L Studies were made of the growth raﬁes af 758 trout from
the West Gallatin.ﬁiver and 18& treut frwm Brndg@r Oreek.
2. Each,sﬁrsam wag divided into Sections on “the basis of
aitxtude* The Wést Gallatin 1nto three sections by 1000 foot
eleVaﬁzonap Bridger Greak.inﬁa five Sections by 500 fm@t elaw
vations; . o
"BQ-" Growth rates, @andiﬁiém factors (K); and water tempéfaw
ture determinations were made for each Section of stream.
beo Rainbow trout frem the upper and l@WEP‘SthlenS of the
Wést Gallatin River showed the following differenmes in length
at the end of each year, 0.3 1nch the first year, L. 3 inches
the second year, 2.1 inches the third yedr, 2.5 1nchés the
fburth,year, and b.0 inches ﬁha flfth year¢
5. Growth rates of 121 hybrid (rainhowwcutthreat) trout and
113 cutﬁhreaﬁ trout from the Wesﬁ Galkmin River were slower in
the upstream $ectien$a
[ Graw%h rate of brown trout was higher than any'ather
apeciea in ﬁeatimn Is
s anety»eight rainbow trout and 86 brovk trout from Brid=-
ger Greek exhibited no consistent variations in growbth rate be~
 tween SeﬁtiGHSw ‘ ‘
8 There was no carrelatian between.conditimn factora and
the Sectien of stream from which the trout were‘bakenw

2s Averagé minimum water temperatures during the summer in
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Bsetion KII of the West Gallatin River were 9.6° F lower than
in Seetlcn Is.
10, incomplehe water temperature data from Bradger Greek
shawe& variations from 29 to 79 F between the upper and lomer
Bections of the stream,
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