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Abstract:

Year-round studies were made of condition, annulus formation, growth and food habits of brown trout
(Salmo trutta) and rainbow trout (Salmo gairdneri) from sections of the Firehole River with contrasting
temperature regimes, between July 1974 and October 1975. The study sections provided three
temperature regimes, ranging from typical cold water to one resembling the warmer limits of trout
distribution.

Condition of brown trout in the cold water habitat showed typical seasonal fluctuations with high
values occurring during the growing season from spring through late summer and low values in fall and
winter. Fluctuations in the condition of brown and rainbow trout in the warmest water habitat indicated
two growth periods per year and a longer total annual growth period.

Elevated summer water temperatures restricted trout growth at the warmest water station. However,
growth resumed with cooling of waters in early fall, resulting in an abnormal pattern of annulus
formation with as many as three annuli being laid down per year. The presence of summer checks on
scales collected at the intermediate temperature station indicated that two growth periods per year
occurred in a similar manner at this station. Trout at the cold water stations did not form initial annuli
until the second year of life, while those at the intermediate and warmest water stations formed annuli
in their first year of life.

Brown trout showed the greatest length at age at the warmest water station and the least at the cold
water station. Rainbow trout exhibited a slightly greater length at age than brown trout at the warmest
water station. This advantage was attributable to more rapid early growth. Instantaneous population
growth rates in weight (Gx) were estimated.

Trout at the cold water stations fed primarily on immature caddisflies, mayflies, and stoneflies.
Molluscs, emerging dipterans and mayflies were the most important food in the warmest water habitat.
It was speculated that molluscs, emerging insects, and general good availability of food allowed for
good trout growth in the warmest water habitat.
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ABSTRACT

Year-round studies were made of condition, annulus formation,
growth and food habits of brown trout (Salmo trutta) and rainbow trout
(Salmo gairdneri) from sections of the Firehole River with contrasting
temperature regimes, between July 1974 and October 1975. The study
sections provided three temperature regimes, ranging from: typical cold
water to one resembling the warmer limits of trout distribution.

Condition of brown trout in the cold water habitat showed typical
seasonal fluctuations with high values occurring during the growing
~ season from spring through late summer and low values in fall and
winter. Fluctuations in the condition of brown and rainbow trout in
the warmest water habitat indicated two growth periods per year and a
-longer total annual growth period.

Elevated summer water temperatures restricted trout growth at the
warmest water station. However, growth resumed with cooling of waters
in early fall, resulting in an abnormal pattern of annulus formation
with as many as three annuli being laid down per year. The presence of
summer checks on scales collected at the intermediate temperature
station indicated that two growth periods per year occurred in a
similar manner at this station. Trout at the cold water stations did
not form initial annuli until the second year of life, while those at
the intermediate and warmest water stations formed. annuli in their
first year of life.

Brown trout showed the greatest length at age at the warmest
water station and the least at the cold water station. Rainbow trout
exhibited a slightly greater length at age than brown trout at the
warmest water station. This advantage was attributable to more rapid -
early growth. Instantaneous population growth rates in weight (Gx)
were estimated.

- Trout at the cold water stations fed primarily on immature
caddisflies, mayflies, and stoneflies. Molluscs, emerging dipterans _
and mayflies were the most important food in the warmest water habitat.
It was speculated that molluscs, emerging insects, and general good
availability of food allowed for good trout growth in the warmest
water habitat.




INTRODUCTION

Responses of aquatic communities to alterations of natural
temperature regimes by industrial Waéte'discharge have received
considerable.attention in .recent yéars.' Heéfed effluents from sﬁeam—
powered electric'gene?ating plants have béen at the focal point.of
this controversy. Amounts of he;t-discharged can be considerably
reduced by installation of "wet' cooling towers and closed cooling
systems, however, the consumptive use of ﬁater by these systéms itsélf
poses a threat to the aquatic resource. Removal oflwatér redﬁces
-river volume and typically results in increaéed temperatures during
warm seasons. These increases are especiélly critical in streams
whose water temperatures normally approach uppef limits for gro#th
and reproduction of cértaiﬁ aquatic organisms.

Temperature has been shown to be one of the most impor;ang
factors influencing the growth of fishes (Brown 1957, Wéathérley 1972).
ﬁuch of the present knowledge concerning the growth.of-fishes at Qafious
temperatures has been obtained through laboratory experiments ip which
tish are fed a food of constant quélity to satiety.  However, a féeding
regime of this type does not necessarily represent the naturél‘environ—.
ment where the quantitﬁ and quality of food érganismé can fluctuate
dramatically. Furthermore, elevated enérgy demands in nature resulting

from competition and predation for example,,éannot be duplicated.in




the laboratory.

Brett et al. (1969) recently demonstrated the interaétion be-
tween temperature and food quantity and quélity onithe growth of .-
.sockeye salmon fingerlings (Oncorhynchus nefka). Their results indi-
cated that the optimum temperature for grdwth increased.with an
increase in ration siée,-hbwever, specific'growtﬁ rates were negative -
with certain rations at témperatures well bélow lethal and no growth
occurred at appfoximately 23 C despite the p%eéence of excess food;
This suggests that the growth of fish in a streém with low macro-
invertebrate productivity WouLd be effected in a mannéiiquite
different from that of fish in a stream with gbod invertebrate’pfo~
duction if both were subjected to an equal degree of thefﬁal enrich-
ment.

A éoﬁsidgrable number of field.studies have addressed the effects
. of thermal enrichment on warm water fishes ;nd Pacificﬂsalmbn, but
there has been little work dome on trout in the mountainou§ regions. '
The thermally enriched Firehole River of Yellowstone National Park
provided a unique opportunity to compﬁre the condition, annulué
formation, growth, and food habits of brown trout (Salmo trutta) and
rainbow troﬁt (Salmo gdirdneri) in habitats ranging from typicai-cold
water to one whose elevated temperature regime may clésely resemble

those found at the warmer. limits of trout distribution.




DESCRIPTION OF STUDY AREA-

The Firehole River isllocated in the west central region of
Yellowstone Nafional Park. It has its origin in M#dison Lake at an
- elevation of 2505 meters (8219 ft), from wﬁich it flows'in a northerly
direction for approximately 48.3 kilometers to its jupctiohvwith the
Gibbon River at Madison Junction, thereby fdrmipg the Madison River
(Fig. 1). Kepler Cascades and Firehole Falls'coﬂstitute majof
barrlers to the upstream movement of fish in. the Firehole River.- Tﬁe
stream gradient above and below Kepler Cascades is 1.4 and 0.63 meters
per-lOO meters, respectively (Armiﬁége 1958). The drainage basin is
primarily rhyolite of Pliocene age (Fiséher 1960).

fhe Firehole River passes thfough'three of the majbf thermai‘
regions of the park, the Upper (01d Falthful area), Mlddle, and Lower
Geyser basins. Heated effluents from these areas profoundly 1nfluence
the chemical and physical properties of the river. -Allen and Day
(1935) estimated the total amount of thermal effluent enterlng the
Firehole River at 1. 56 m3/sec. Benspn et al. (1959) estimated
September stream flows of 1 m3/sec at 01d Faithful and 5.7 m3/sec
above the junction with the Gibbon River. "Pfogressive downstream
incfeaseS»in temperature; pH, and alkalinify resﬁ;t in rapidly
changing environmental.conditions (Armitage 1958} Roédef 1966,

Rasmussen 1968, Wright 1969). Wright and Mills (1967) described -
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the river chemically as a sodium—bicarbonaté—chloride water.

No fisﬁ inhabited the Firehole River above Firehole Falls prior
to 1889, at which time erWn trout were introduced abo?e Kepler
Cascades. Continued stocking of brown trout and subsequent iﬁtro—
ductions of rainbow trout and brook trout (SqueZinus fbntinal?s)
fesulted in the establishment of the only fish speciés presently
known to inhabit the Firehole Rivef and its tribufaries above Firehéle
Falls. The'stoqking of fish in the Firéhple River was curtailéa in
1955 in accordance with revisions in the fish management policy'of the
National Park Se;vice (Benson et al. 1959).‘ The persistence of troﬁ£
has beeﬁ totally dependent on naturalAreproduction since that time.

Studies by Benson et al. (1959) showed goad populatiogg of brown .
and rainbow trout inhabiting the Fireholé River below Old‘Faithful.n
They found brook and brown trou£ above 01d Faithful and in tributary.
streams, with broék trout being reStficféd pfimarily tb.fhbse regians
outside of thermal influence.

We selectéd four sampling stations along the Firehole River
primarily on the basis of differences in temperature regime and thé
. existence of good t?out populations. General physical and-chemical_
characteristics of the stations are given in Table i;' Thesé stations
are indicated on thé map- (Fig. 1) and aré described as follows:

Station 1: AboveiKepler Cascades. .This cold Qater station was

the highest sambling station on the river at an elevation of




TABLE 1. GENERAL PHYSICAL AND CHEMICAL CHARACTERISTICS OF STATIONS 1-4.

Average ' _ ' Alkali'nityb
. a . b . .. ..¢
Discharge - Temperature Conductivity (expressed as b
Station (m3/sec) (°C) ~ (micromhos) .- ppm CaCO3) pH™
1,2 13 - 1020 0 88 | 20 6.8
3 4.9 8.1 . 258 . 55 7.9
b 6.2 ©20i7 . 463 . - 93 8.1

@Discharge measured 3 September 1975.
bData from Armitage (1954).

‘cDg;a from Rasmussen (1968).
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approximately 2319 meters (7610 ft). It was approximately 0.6 kilo-
.meter in length, With its lower reaches located approximately onev
kilometer above Kepler Cascades. The bottom subétrété is primarily
gravel and bedrock. In~stream obstructions such as logs and large-
rocké are common. The region is densely forested. Only a very small
fraction (0.1%) af the total thgrmal effluént entefing tﬁe Fireﬁdle:
Rivgr is present at thié stétion.(Allen and Day 1935).

Station 2: Below Kepler Cascades. Thié cold water station was
approximately 0.3 kilometer in length, with its upper boundary
approximétely 0.4 kilometer below Kepler Caécades.. If has an approxi-
mate elevation of 2300 metérs (7550 ft).‘ The botéom substrate is
primarily gravel and bedrockf In-stream obstrﬁcfions, especially
fallen trees, are abundant. The station lies in a narrow, densely
forested valley. No thermal effluent enters the‘Fifghole'River
between Stations 1 and 2.

Station 3: Above Midway Geyser - Basin. This intermediate tempera- -
ture station was approximately 0.3 kilometer in leﬁgth and is‘locatéd
below the Upper Geyser Ba;in, approximately 2.4 kilgmetérs above the
Midway Geyser Basin at an approximéte elevation of 2215 meters (7270
ft). The bottom substrate is primarily bedrock ﬁitb scattered .areas
of g?avel. in;stream obstructions are abunéant. Aquatic macrophytes
are vetry common in areas of se&iment deposition. The stgtion is

located in a forested region.
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Station 4: Above Ojo Caliente. This Warmést water stétion was
approximately 1.6 kilometers in length and is located in the Lower
Geyser Basin immediately above Ojd Calientg bridge.. If has an approxi-
mate elevation of 2194 meters (7200 ft).. The bottom éubst?ate is
_primarily bedrock and rubble. Extrinsic in-stream obstructions are
rare, however, the extremely irregular nature of'thé bédrock subs;rate
provides numerous shel£efedlareas. Luxuriantvg£owths‘of aquatic
ﬁacropﬁytes exiét in éreas of sediment dgposition. G:asées; sedges,
and bare ground dominate thg surrounding landscape bﬁt écattered

conifer groves are common.




PROCEDURES

Trout in the Firehole River were samplgd at Qarious inﬁerﬁals
between July 1974 and October 1975. fhree types of electrofishing
gear were used to capture fish. A Coffelt; backpack, battery—powered;
.D. C. unit proved to be effe;tive at Stations 1 and 2. A Fisher D. C.
‘rectifier used in conjﬁnctién with a 1500 watt, 110 volt A. C.,
gésoline—powered'generator was used at Stations 1, 2, and 3, and in
initial attempts at Statién 4. High watér temperature and-cénduétivity
at Station 4 prévented effective use of thé electrofishing-equipment-
described above. Angling was therefore thé primary method used to
capture fish at this station until June 1975 at which time a Coffelt
. VVP - 15 rectifier used in conjunction with a 3500 watt, 230 volt A. ¢,,
gasoline-powered generator was broughg inﬁo‘operatioﬁ. This electro-
fishing system was mounted in a flatbottom "john" boat andvproved to ge‘
both maneuverable and gffective.

Fish were Weighed on an Ohms Model 1000 scéle to the nearest gram
and measured to the.nearest.ﬁillimeter:in tqtél length (TL). Scale
" samples for ﬁSe in éée and growth determinatiéns were taken from the-
1eft‘side of the fish in the region 1ying between the dorsal fin and
lateral line. Adipose fins were removed from fish prior to release,
thus’allowing for identification upon recaptufé and prevention:of data

dﬁplication.
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Water temperatures were monitored with the use of.15— and 30-day
recording thermometers (Ryan Instruments). Calibrations and spot
temperature readings were made with a standard mercury-in-glass
thermometer. The recording thermometer for Stations 1 and 2 was _
located between the stations, iﬂmediately above Kepler Cascades.
Mean daily temperature was taken as the average of the high and low
readings in the 24—hour period from ﬁidnight’to midnight. 'Temperature
data fer individual moeths were divided into six groups,‘the‘first
five consisting'ef five da&s each with the sixth group accounting for-
the remainder of the da&s in that given monrh; Five-day meaﬁ tempera-
tures were calculated by averaging the mean daily temperatures'ﬁithin
the groep. Stream flow measurements were made with a Gurley Mpdel 622
" current meter.

Conditien factors (K) were calculated using the formula (Carlander

1969): ' K = W(10>)
_ K=

~Wwhere W is the weight iﬁ grams and L is the iength in millimeters.
This exﬁression gives a Krralue for éalmonids apprpximately eQuel to
unity. fish léss than 100 millimeters in'length were-not used for
conditioe analyses. 'Numeroue authors have reported a significant.
correlation between condition and fish length (see Carlander 1969) and
care must therefore be takeﬁ to avoid length-related biases when

studying seasonal changes in condition. Fish used in condition
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analyses were restricted to a given range in length. This served to
keep thé mean length of fish in all samples-constané and eliminateq
potential length-related biases in comparing samples.

Impressions of scales were made on cellulése acetate slides using
a heatedvvértical'press. Scale impressions were read on a scale‘
projector at 66X. Annuli were considered to be at the putermos# border
of a'regién of closely-spaced circuli (Tesch 1971). The time of:
annulus formatioﬁ was considered to be the period cofrésponding'té tﬁé
formation of this'outermost border. All measurements taken from
scales were made along the maximum anteriop-radius (median axis); All
scales were read twicé. A third reading was performed ﬁhEn the two.
age determinations wéreﬂnot in agréement. Regenerate scales and scaleé
for which no:age could be determined were discarded. Length—freqﬁency
histograﬁs were constructed and used in the verifiéa;ion of annuli
(Hile 1941);-

Fish length and anteriqr scale radius were found to be highlyA
correlated (p<.bl) at all stationms. Y;axis intercepts of -the regfeSsion
lines were positive and of appreciable value. " Although it can be given
no morphological interpretation, the regression>intércept'of the Y-
axis frequently approximates the length-of fish when scales are first
formed (Hile 1970). Because the stfaight.line gave ; good fit at gll
stations (r = .927 to .971), it is assumed.that sgalelérowth was

proportional to growtﬁ in body length after the fish attained a length '




equal to the
described by

of length. at

S

c
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Y-axis intercept. The method of Fraser (1916) as
Tesch (1971) was best suitedifor the back-calculation
time -of annulus formation: The'expression is:

S.
L -C=—2(-20¢)
S

n

= total length of fish at time of annulus 'n' formation
= total length of fish at time scale was taken

= radius of annulus 'n'

~ = total anterior scale radius

= value of Y-axis intercept

Weight at time of annulus formation was estimated ﬁsing the

length-weight relationship which is usually represented by the

expression (Lagler 1956):

W= aLb_

with the logarithmic transformation being:

log W= log a + b(log L)

where W is the weight in grams and L is the total length in milli-

meters.. The constants a and b were determined by the method of least

squares (Snedecor and Cochran 1967).

Digestivé tracts for use in food habit analyses were excised in

the field or in the_laboratory from refrigérated specimens and pre-

served 1n 10 percent neutral buffered formalin. The portion of the




=13~

digestive tract from the esophagus to the pylorus was opened and

examined under a dissecting scope. Food organisms were identified

and enumerated with the aid of taxonomic keys (Pennak 1953, ‘Usinger

© 1956) .

All Stétistical analyses were made according to Snedecor and

Cochran (1967). The ﬁe;ms.sigqificant and highly significant refer

to stétistigal significance at the p<.05 and §<;01 levels,

respectively. -




RESULTS

Station 1
‘The fish populaéions at.Station 1 wefé»sampled at infrequegtL
,intefv;ls from Septembér 1974 through May 1975. Sémpling dafes_are: )
given in Tqble 2uf'Bréok }roué énd brown trout were found to be the

TABLE 2. MEAN CONDITION (K) OF BROWN TROUT (TL>100mm, X = 145mm)
' AT STATION 1. . .

" Date S ‘ N g ‘ Mean K (%SD) -
4 September 1974 .28 : 11.03 +0.093
2 October 1974 _ 21 ‘ : 1.02 £ 0.09
4 December 1974 ) 33 . 0.95 £ 0.06
+

17 May 1975. ' 17 2 1.12 £ 0.06

- ®Means so designated are not significantly diffefent.(p>,05).‘

only ‘species inhabitiﬁg_thié station}'with brook trout constituting
55.2 énd_82$3'pércént_of bomprehensive'éaﬁpléé‘taken on 4 September -
1974 and 17 May.l975, respectively.

No.significént correlétidn:coﬁld'befdemonétratéd with the.-
regregsion of condition—on'lenéph'fqr'99 brown trout.collécted'through—
out the study. The results of the anéljsis of condition,are gi§en in
Table 2. Condition was found to be lowest in December (K F-;95):and'
highest in May (K %‘1;12). . |

" The body—scale';eléﬁionship for 137 broﬁn tfout was Y = 22.3l‘+

2.666X (r = .971), where Y.is total length of fish in'millimetefs and
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X is_the anterior séaie fadiﬁs (X66) in millimetérs. The sample of
‘31 brown ;rout bollécted on.l7 May 1975 consisted of 14, 15, and 2
age-group 1, 2,'and 3, trout,'respectively. The scales of 100, 67,
and 50 percent of the members of these respective age-groups exhibited :
newly-formed annuli. Formation'of the first.annulus was completed in
the second spring -of life.. Annuli weré very distinct and readily -
_ iéentified.

Results of.the back calculations of length and weight at ea;lier.
ages (annuli) are given in Table_3.: Broﬁh~trout at Stationnl weré |
estimated to be 61, 120, 186, and 245 millimeters in léngth and 3,

18, 64, and 142 grans in weight at the time of anmulus 1, 2, 3, and

4 formationm, respectiVely. The lehgth—weight relatioﬁship for 151
brpwﬁ_troup collected tﬁréughout the stu&y'was log W = ;4.762 + 2.894
log L (r'= .994). fhe.increments of grand mean (increment of mean)
femaiﬁ simiiar. The mean of increments closely correspond to the
increments.of mean but show relatively lower values over the iast two
intervals..-Aslcompared to the incremeﬁt of mean, the~meaﬁ of incre-
meﬁts should give a more aécﬁrateyindication ofAthe anpual growth
between two cdnsecutive annﬁli as it is derived from only thdsé fish:
which exhibit both apnﬁli.

Length—fféduency histograms'Were constructed and used in the
verificé£ion of aging:and to deﬁbnstrate-the iengths of the age-

groups. Figure 2_dépictslthe 1ength—freduénéy distribution of brown
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TABLE 3. CALCULATED MEAN TOTAr LENGTH (MILLIMETERS) AND WEIGHT'
(GRAMS) AT THE TIME OF ANNULUS FORMATION OF BROWN TROUT

AT STATION 1. NUMBER OF FISH IN PARENTHESIS.

‘Annulus

Year—ClaSS v 1 ) 2 .3 . l '4 .
b,al' ‘

1974 - biagg sy

1973 - b62(60) - 2117(10)

1972 © %56(25) - 2118(25) 3179(1)

1971 . P10y 2133000 2184(10)

1970 >20(4) 3133(4) 319104) 245 (4)

Grand Mean c ‘

Length 61%9.6 (113) 120£13.6(49) 186i15.4(15) 245+11.7(4)

Increment of ’ -

Mean Length . 61 ‘ 59 66 . 59

Mean of Length . .

Increments - 61 - - - 6l ' 60 54 .

. Calculated . :
Weight 3 .18 64 . 142

- ®Means so designated under. a given annulus are not significantly
different (p>.05). '

bMeans so designated under a given annulus are not significantly
different (p>.05). ’

" “Standard deviation. -
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Figure 2. Length-frequency distribution of brown trout collected

at Station 1 on 17 May 1975.
trout collected at Station 1 on 17 May 1975. The occurrence of
distinct modal groups, each consisting of an individual age-group,
is typical of distributions seen at Station 1 throughout the study.
Intervals between modes agree very well with the increments of annual
growth given in Table 3.

Results of the analysis of brown trout food habits at Station 1
are given in Table 4. Immature caddisflies (primarily Brachycentridae
and Rhyacophilidae) were the dominant food of trout at Station 1.
Stoneflies showed a dramatic upsurge in importance in December samples.
Although Armitage (1961) took no sample on the Firehole during winter,
Kennedy (1967) found stoneflies to be most abundant in the December

benthos of Convict Creek, a stream comparable to the upper Firehole




TABLE 4. PERCENTAGE OF TOTAL AND PERCENT FREQUENCY (IN PARENTHESIS) OF VARIOUS GROUPS OF FOOD ORGANISMS FOUND IN THE STOMACHS OF 48 BROWN
NONE OF THE STOMACHS EXAMINED

TROUT COLLECTED AT STATION 1.

FISH RANGED FROM 76 TO 288mm IN TOTAL LENGTH WITH A MEAN OF 172%54SD.

WERE EMPTY.
Number of Mean Number
Fish of Organisms
Date In Sample Per Stomach Trichoptera Plecoptera Ephemeroptera Diptera Coleoptera Ants Fish Othera

4 September 1974 13 14.3 50.5(84.6) 9.1(53.8) 18.8(69.2) 9.1(23.1) 1.6(23.1) 10.8(46.2) 0.0(0.0) 0.0(0.0)
2 October 1974 10 14.1 66.7(90.0) 7.1(70.0) 3.5(40.0) 12.8(30.0) 2.8(40.0) 5.7(30.0) 0.0(0.0) 1.4(20.0)
4 December 1974 10 35.9 52.4(100.0) 44.6(100.0) 2.5(50.0) 0.0(0.0) 0.6(10.0) 0.0(0.0) 0.0(0.0) 0.0(0.0)
17 May 1975 15 9.5 29.4(80.0) 11.9(66.7) 44.8(86.7) 11.9(33.3) 1.4(13.3) 0.0(0.0) 0.7(6.7) 0.0(0.0)
Mean 18.5 49.8(88.7) 18.2(72.6) 17.4(61.5) 8.5(21.6) 1.6(21.6) 4.1(19.1) 0.2(1.7) 0.4(5.0)
Weignted Mean 17.3 50.4(83.3) 24.6(70.8) 13.6(64.6) 6.3(22.9) 1.3(20.8) 3.4(18.8) 0.1(2.1) 0.2(4.2)

BSpider, wasp

-.i;'[-.
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in élevation and temperature regime. .Large'pumbers-of Epﬁeherélla
'spp. nymphs occurred Qifh gréat frequeﬁcy in the stbmachs.of trout
collected in May. Armitage.(l96l) found E. ‘grandis and. E. glacialis
to occur only in spring benthos samples.. Dipterg and Coleoptera were
:ffequentlyfenc6Unteféd'in'gtomachs but_constitutéd oniy a‘smallvpef;
_centage of the food items taken. ‘Terrgstriéiriﬁvertebrates such as.
ants oceurred in fall samﬁles 6nly; -Prgd;tion upon ather fish én&
mcanﬁibalism‘Were'extremely rare'deépite the gbundénce_of young—of;

the-year trout..

‘Statioﬁ 2

' .Fish at Station 2 wére_sampled at épproximafely‘bimoﬁthly ,
’ intervalé from August 1974 through Octobér-1975.: ﬁates of major
samplesfaré given iﬁ'TableIS; Brown t;out was the doﬁinant‘spécies,
éoﬁstitﬁting 99.0 an& 97.0 éércént'of éomprehensive samples collected
:on Z'Auéust i974'and 18 May l9f5, respectiveiy,.with brook trout
accpﬁntiﬁg for the remaindér.‘.The oﬁ1y:rainboﬁ troué seen were thfeé
of approximétely 285 miliiméters collecte&jon 4 December l974 and one
of similar 1eﬁéth cgptured on iS Febpuary 1975. Brown trout young¥
of-the~year were abundant during the May éﬁd.Juiy sampiings, buf no
épeéial effort was made to'inténSiveiy'sampieﬁth%s group.

There Waé a weak bu;.highly.significant correlation between‘.

condition (K) and length (L) for 756 brown trout which is described
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TABLE 5. MEAN CONDITION (K) OF BROWN TROUT (TL2100mm, X = l78mm)
AT STATION-2.

(+SD)

Date - S N Mean K
2 August 1974 - . 73 0.98 * 0. 06b’3
5 September 1974 33 0.94 -+ 0.08° ’d
2 October 1974 ~ =~ = -~ 33 10.93 * 0.07.°C
23 October 1974 SRR £ ~0.96 + 0.09]
4 December 1974 : 42 - 0.91 £.0.07,
15 February 1975 . 42 '0.89 + 0.07,
18 May 1975 . 34" 1.07 + 0,097
2 July 1975 - , 55 1.06 + 0.10; -
18 August 1975 .- 188 1.00 + 0.097 .-
0.90 * 0.09

12 October 1975 151

,*Means de81gnated by a common letter are not 51gn1f1cant1y ddfferent
(p>- 05) .

by the equation K = .996:7.000193 L (r = -.161). The results of the
analysis of condition are given in Table 5. -Condition was found to be‘
lowest in February”(K = 89) and highest in May (K = 1‘07)

Large numbers of’ brown trout were readlly collected at Statlon
2 throughout fall and early winter 1974. . Beginning in February and
contlnulng into July 1975 however, it became increa51ngly more -
d1fficu1t to sample the number of flSh which had been present in
previous months. The once-conspicuous 1arge flSh Were,considerably_
less abundant in February:and were comoletely'absent in Ma&.and_duly"
1975. Large fish weré:again found in the August 1975 sample. Length-
'frequency.distributions (ngl 3) confirm the more casual field‘ob—
: eervations, indlcating the presence of 1arge fish at Station 2 from

_August through December followed by a dramatic reductlon in abundance
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" .The Iength—fréqugncy-distributions with reépeét to season suggest that-

spawning migrations may be producing these cﬁanges in relative
abundance of.iarger fish. However, while spawning undoubted;y occurred
at this station, the possibility of behavio:ai thermal regulation in

a river with a thermal gradient as pronounced as that of the Firehole.

.cannot be pfeclﬁded.

- The seasonal movement of larger fish into Station 2 comstitutes

' a potential bias in growth determinations, since transient fish may

exhibit a growth rate quite different from that of resideht'fish..-,
Indeed, should these_transient.fish reside in the warmer downstream

regions during'wihter; it is conceivable that their gfowth could be

significantly enhanced.

‘In order to eliminate this potential bias, growth characteristics °

. for Station 2 were computed for those fish in the May -and July.i975

séﬁples only. The length-frequenéy digfributions (Fig. 3) of these

' saﬁples‘indicate'the absence of larger, transient fish.

.The1body—scale relationship fdr 261'brown:£roﬁt éqllected iﬁ'
Ma? aﬁd.july 1975 qu'Y:= 30m08 + 2.601X'(r - ,927),.Whefe Y is the =
total_leﬁgtﬁ of fish in millimeters and k is the anterior scale |
radigs (X66) in.miliimeters; The 18 Maynsémpié included 50,:22,”ahd
6 trout of age-groups 1, 2; énd 3, respectively. Scales 6f 100,-50,-

and zero percent of the members of these respective age-groups

~exhibited newly—formed’annuli. ‘Formation of the first annulus.was

-
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completed.in thelsecond'spring of‘life.' Annuli were‘uery distinct'and
readily identified. | |
The May and July 1975 sanpieé'included 262 brown trout of which
77.0, 20.7, and 2.3 percent were of age-groups 1, 2, and 3, respec—.
: tlvely. No'fishrolder than aée—group 3 were collected' l
Table 6 glves the results of the growth determlnatlons for brown

trout at Statlon 2' Trout were. estlmated to be 63 113, and 167

. m1111meters in length and 3, 15, and 46 grams in welght at the time

of annulus 1, 2, and 3‘formatlon, reSpectlvely. The 1ength—we1ght
relationshio:for 244 trout was iog W= —4.648 +-2.84l log L (r = 971)
May and July length—frequency dlstrlbutlons (Fig. 3) agree well w1th
the increments.of annual growth given in Table 6.

Results of the food habits analys1s at Station 2 are glven in
Table 7. In- general the food of brown trout at'Statlon 2 is. 51m11ar
to that at Station 1, with 1mmature‘caddrsf11es of the:Famllles
,;Brachycentridae'and RhYacophilidae being the dominant food organisms."
Stoneflles 1ncreased in 1mportance durlng winter nonths. Maytlies
(EphemereZZa spp ) were abundant in the stomach-contents of trout
collected in‘ May. Coleoptera and.Dlptera were\frequently encountered,
but'constituted only a small portion of the total food. Invertebratesb
of terrestrlal or1g1n were found in fall samples only.- Trout'eggs
occurred among the stomach contents in October and were extremely

numerous,ln December. TheSe eggs apparently became available food
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CALCULATED MEAN TOTAL LENGTH (MILLIMETERS) AND WELGHT

(GRAMS) AT THE TIME OF ANNULUS FORMATION OF BROWN TROUT

. AT STATION 2. NUMBER OF FISH IN PARENTHESIS.
: . Annulus
Year-Class 1 2 3
1974 63(201)
1973 63(55) 114(55) )
1972 60(6) 103(6) _167(6)
Grand Mean B _ S :
Length 63+9.0 (262) 113+11.0(61) . I,L67il6.l(6)
Increment of ‘-‘~ S
‘Mean Length 63 50 54
Mean of Length . .
Increments ' 63 50 64
Calculated - .
Weight 3 15 . 46

8Means so designated under a-given annulus are- ‘not 31gn1f1cantly

different (p>: 05)

-bStandard deviation.

for trout as the result of being dislodged by spawning activities.

. Predation upon fish was rare.

Station 3

Ihe fish populations-at Station 3 were sampled'pn 18*September

1974, 22 July and 5 September 1975.

Brown trout was feund to be the

dominant species, constltutlng 91.0, 91.6, and 91.1 percent of the

samples, respectively.




TABLE 7. PERCENTAGE OF TOTAL AND PERCENT FREQUENCY (IN PARENTHESIS) OF VARIOUS GROUPS OF FOOD ORGANISMS FOUND IN THE STOMACHS OF 194 BROWN TROUT
COLLECTED AT STATION 2. FISH RANGED FROM 95 TO 491mm IN TOTAL LENGTH WITH A MEAN OF 205:83SD. FIVE (2.6%) OF THE STOMACHS EXAMINED
WERE EMPTY.
Number of Mean Number
Fish of Organisms a
Date In Sample Per Stomach Trichoptera Plecoptera Ephemeroptera Coleoptera Diptera Ants Fish Eggs Fish Other
2 August 1974 16 9.6 61.4(68.8) 18.3(68.8) 6.5(18.8) 2.0(18.8) 9.2(18.8) 0.0(0.0) 0.0(0.0) .0(0.0) 2.6(12.5)
5 September 1974 9 7.4 44.8(77.8) 7.5(33.3) 19.4(22.2) 4.5(22.2) 4.5(22.2) 16.4(44.4) 0.0(0.0) .0(0.0) 3.0(22.2)
2 October 1974 12 5.1 65.6(66.7) 11.5(58.3) 1.6(8.3) 4.9(16.7) 4.9(25.0) 9.8(16.7) 0.0(0.0) .0(0.0) 1.6(8.3)
23 October 1974 74 10.9 80.9(89.2) 8.8(59.5) 3.8(18.9) 2.3(17.6) 0.2(2.7) 0.0(0.0) 1.0(4.1) L4(2.7) 2.5(14.9)
4 December 1974 21 5.9 29.3(61.9) 22.0(33.3) 3.3(9.5) 0.0(0.0) 0.0(0.0) 0.0(0.0) 44.7(47.6) .0(0.0) 0.8(4.8)
15 February 1975 42 12.9 39.0(83.3) 34.8(83.3) 22.0(61.9) 0.4(4.8) 3.1(14.3) 0.0(0.0) 0.0(0.0) .2(2.4) 0.6(9.5)
18 May 1975 20 15.6 15.1(85.0) 3.9(30.0) 77.2(95.0) 0.6(10.0) 2.6(15.0) 0.0(0.0) 0.0(0.0) .0(0.0) 0.6(10.0)
Mean 9.6 48.0(76.1)  15.3(5Z.4) 19.1(33.5) 2.1(12.9) 3.5(14.0) 3.7(8.7) 6.5(7.4) «1(0.7) 1.7(11.7)
Weighted Mean 10.6 53.9(80.9) 16.4(58.2) 20.2(34.5) 1.5(12.4) 2.3(9.8) 0.8(3.1) 3.1(6.7) .2(1.5) 1.6(11.3)

aSpider, bee, molluscs, odonate, amphipod, aquatic mites, unidentified invertebrates

..E;z:..
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There was a weak but significant correlation betﬁeen condition
(K) and length (L) for 170 brown trout and the relationship is
described by the equation K = 1.042 -.000240 L (t = -.,190).. Table
8 gives the results of the analysis of condition at Station‘3.
Significant differénces in*condition existed among all samgliné dates.

TABLE 8. MEAN CONDITION (K) OF BROWN TROUT (TL>100mm, X = 160mm)
AT STATION 3. "

Date ' ‘ N Mean K (+SD)
18 September 1974 ’ 41 ~0.95 = 0.11
22 July 1975 - o 39 1.06 = 0.09

+ 0.08

5 September 1975 85 ~1.01

The body-scale relationship for 520 brown trout was Y = 16.12 +
2.668X (r = '.951), where Y is the fish léngth in millimeters and X is
the anterior scale radius (X66) in millimeters. Brown trout at
Station 3 were found to form two checks per year with the first being

laid down in spfing and the second in late summer. Newly-formed

spring checks were'present on scales collected on 22 July, and simiiar

summer checks of recent formation were present on scales collected on
18 September 1974 and 5 September 1975:(fig. 4).. In order to remain
consistent with standard practice, the spring chcck was considered the
true annulus, even thouéh'the-summcr check was as distinct or more

distinct tnan the former.




...Lz_

Figure 4. Scales from young-of-the-year brown trout at Station 3 taken from an 85 milli-
meter fish on 22 July (A) and a 105 millimeter fish on 5 September (B). Spring
annuli and the summer check are indicated by the letters a and b, respectively.
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' The sample total of 330 brown trout included 324 fish of age-
" group 1 and older, with 80.2,;16.0, aﬁd 3.7.pércent being of age—graups
1, 2, and 3, respectively. Six.large fish could ﬁot be accurately
aged because of exceséivé séale erosion.

The resulfs 9f the back calculation of length and weight at.
earlier ages are given in Table 9. All calculations wéfe made with
respect to the time of spring annulus formation. Brown trout at
Station 3 were estimated.to bé 48, 140, and 243 millimeter; in 1ength
and 1, 28, and 137 grams in weight at the-time of énnulus I,IZ, an& 3
formation, respectively. The length-weight relationship for 312 frout
was log W = —=4.800 + 2.908 log L (r = .992).. |

Figure 5 deéicts the ;éngth—frequency dis£ributions of brown
trout at Station 3. Three age-groups can beé seen with the two youngest
being most diStinct; intervals Betweeﬁ age-groups agree well with .
.annual growth daté given in Table 9. The food habits of trout at -
Station 3 were not stu&ied.

Rainbow trout of a young age-ciass accounted for 9.0, 8.4} and -
8.9-§ercent of the réspective samples. Mean total length of rainbow
trout collected was 102 £ 6 SD, 77 + 23 5D, and 138 = 28 SD milli--
meters on the respective sampling dateg. .No rainbow trout'larger_

than 181 millimeters was collected.
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TABLE 9. CALCULATED MEAN TOTAL LENGTH (MILLIMETERS) AND WEIGHT -
. (GRAMS) AT THE TIME OF SPRING ANNULUS FORMATION OF BROWN
TROUT. AT STATION 3. NUMBER OF FISH IN PARENTHESIS.

: : , Annulus

Year—-Class . 1 _ 2 - ‘ 3

b .. . N
1975, iy 47(213)
1974 | o 350(92) D531 45 45)
1973 - 33an #130(17) #241(10)
1972 ' C Paaseoy 0 Py o P2s6(2)
Grand Mean ' S ' . C
Length - . | 48+8.6 (324) 140+25.2(64) 243+23.6(12)
Inérement of _ . . o
Mean Length 48 . 92 103
Mean of Length ‘ : :
Increments - 48 : .89 _ '100
~Calculated - ' :
Weight . 1 . 28 137

®Means so designated under a.given annulus are not significantly
different (p>.05).

bMeans so designated undér a.given annulus are not significantly
different (p>.05) ' -

c ) .
© “Standard deviation.
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Station 4

The fish populations at Station 4 were sampled at approximately .
monthly intervals from July 1974 through October 1975. Rainbow trout
was found to be the dominant species, constituting 80.4 percent: of a
comprehensive sample of 526 fish collected on 24-27 June 1975. Brown
trout acéoﬁnted for the reémainder of the sample (19.6%). Two brook
trout of 155 and 170 millimeters constituted 0.5 percent of ;he sample

in October 1975.

- Brown Trout

The relationship between condition (K) and length (L) for 339

brown trout was highly correlated and described by the equation .

'K = 1.105 -.000591 L (r = -.522). Results of the analysis of com-

.dition are given in Table 10. Samples collected in August and

September were pooled after statistical testing failed to demonst;ape
signifiéant difference in condition among the samples. Coﬁdition was
low in'Auguét/September,.January, and at the conclusion‘of the.étudy
in October.

The body-scale relationship for 202 brown trout was Y = 24.85 +
2.895X (r = .954), where Y is the total length of fish in millimeters
and X is the anterior scale radius (X66) in millimeters. Brown'trout
at Station 4 were found to fo;m two distinct checks and a much weaker

third check per year. ‘Scales taken from yearling and older fish on
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TABLE 10. MEAN CONDITION (K) OF BROWN TROUT (TL2100mm, X = 265im)
AT STATION 4. _ '

Date ) N Mean

K (+8D)
17 July 1974 ]_O 0.97 + O.lOa’g’ﬁ’g’h*
August/September 1974 8 0.86 + 0.08°°1° .
30 October 1974 22 0.94 + 0.10%> 2 =2€>528s
27 November 1974 16 0.87 + 0.043’ ’
1. January 1975 12 0.80 +0.08 . .
16 February 1975 14 0.88 + 0.07.°.° .
29 March 1975 12 0.94 + 0"03a’b’c’e’f. )
17 May 1975 4 1.00 £ 0.103° 22222508
24 June 1975 41 1.00 + 0.107° %
5 August 1975 32 0.98 + 0.107°>°7°8
27 August 1975 48 0.97. + 0.085°%77
16 October 1975 = « 95 . 0.95 + 0.09°%28>

*Means designated by a commoﬁrletter are not éignificantly different
(p>.05).

16 February 1975 exhibited -a strong,'newiy;formed check. Newly-formed
checks were not detected on young-of-the-year scales, however, until
June. This very faint sting check consisted of only two or three
circuli and was observed on scales from a small percentage of larger
trout (yearlings and older) in June. The second check is laid dOWn~in
late summer and-wgs easily deteéted in samples collected in October
1974.

Results of thé‘back.calculation of length énd weight at annuli
are given in Table 1l. Calculations were made with respect to the
'spriﬁg check for young—of-the—yeér and to the winter check for older

fish because 0f the weakness and inconsistency of the épring'check in -
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TABLE 11. CALCULATED MEAN TOTAL LENGTH (MILLIMETERS) AND WEIGHT
(GRAMS) AT THE TIME OF WINTER (SPRING IN YOUNG-OF-THE~
YEAR) ANNULUS FORMATION OF BROWN TROUT AT STATION 4.
NUMBER OF FISH IN PARENTHESIS.

Annulus
Year-Class 1 2 , 3 : 4
1975 61 (54)
1974 327(35) - b1 38(28)
1973 - 876(84) ®176(83) . %273(32)
1972 274 (24) 2165(24) 8967 (24) _ assz(s)
1971 ‘ - %97(2) b:8185(2) 4304 (2) 4356 (2)
Grand Mean c .
Length 72+14.75(199) 167+36.0(137) 272+31.0(58) .375%24.6(7)
Increment of
Mean Length 72 95 105 103
Mean of Length
Increments 72 91 106 81
Calculated .
Weight 4 46 187 471

8Means so designateéd under a given annulus are not significantly‘
different (p>.05).

Means so designated under a given annulus are not significantly
different (p>.05). : ‘ ‘

‘ cStandard deviation.




Lq/=~
older fish. Brown trout were estimated to be 72, 167, 272, and 375
millimeters in length and 4, 46, 187, and 471 grams in weight at the
time of annulus 1, 2, 3, and 4 formation, respectively. The length-
weight relationship for 390 brown trout collected throughout the study
was log W = -4.743 + 2.881 log L (r = .995).

Figure 6 gives the length-frequency distributions of brown trout
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Figure 6. Length-frequency distributions of brown trout at
Station 4.
collected at Station 4 on 24 June and 5 August 1975. Young-of-the-
year are most clearly indicated. Two modes centering around 200 and

330 millimeters are suggested, in approximate agreement with annual

growth data presented in Table 11.
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Results of the food habits analysis for brown trout at Station

4 are given in Table 12. Dipterans, mayflies, an& molluscs wefe the

mostlimportant-food olerowﬁ trout at Station 4. Intense feeaing on
emerging insects resulfed in'large‘numbers of orgaﬁisms pef étomach.
This cén be seen in the November sample which was‘coilected while
trout were feeding on emerging mayfly nymphs (primarily Baetidae),
and in the January and March saﬁples which were collected during

dipteran (Chironomidae) hatches. Insect emergence and Subsequent

.feeding by trout in the warm waters of Station 4 was commonly observed

throughout the study. Samples collected during insect hatches tend to

bias weighted mean values to favor the emergent group and result 'in’

- the divergence of mean and weighted mean values. Molluscs (mainly

Physa sp.) constifuted a lérge percentage of fhe total stomach cpnteﬁt
and were vefy fréquent in a11}éamples. OdonatesAandnamphipods.
(Gammarus sp.) occurred frequently in the food, but constituted only

a small percentage of the total stomach contents. Armitage (1961)
found Ophiogoméhus (Odonata) in large numbers at Station 4. Caddié—
flies (primarily Hydropsychidae) occurred very frequently,; but were
unimportant in terms'of total stomach content. Stoneflies were found

in one stomach. Armitage (1961) found stonefly populations fo be

severely depressed at Station 4. No fish were found among ‘the stomadch

contents.




TABLE 12. PERCENTAGE OF TOTAL AND PERCENT FREQUENCY (IN PARENTHESIS) OF VARIOUS GROUPS OF FOOD ORGANISMS FOUND IN THE STOMACHS OF 79 BROWN TROUT
COLLECTED AT STATION 4. FISH RANGED FROM 109 TO 462mm IN TOTAL LENGTH WITH A MEAN OF 291:54SD. NONE OF THE STOMACHS EXAMINED WERE EMPTY.

Number of Mean Number

Fish of Organisms
Date In Sample Per Stomach Trichoptera Plecoptera Ephemeroptera Diptera Mollusca Amphipoda Odonata Coleoptera Othera
30 October 1974 19 51.8 4.0(73.7) 0.0(0.0) 51.9(89.5) 28.7(73.7) 14.3(89.5) 0.2(10.5) 0.0(0.0) 0.0(0.0) 0.9(5.3)
27 November 1974 18 135.6 0.7(27.8) 0.0(0.0) 91.1(88.9) 4.9(44.4) 3.1(83.3) 0.1(11.1) 0.2(11.1) 0.0(0.0) 0.0(0.0)
2 January 1975 12 74.8 6.0(66.7) 0.0(0.0) 2.1(58.3) 77.4(58.3) 13.6(83.3) 0.0(0.0) 0.6(16.7) 0.3(16.7) 0.0(0.0)
16 February 1975 14 20.9 14.3(85.7) 0.0(0.0) 0.3(7.1) 14.7(35.7) 61.8(85.7) 7.5(28.6) 1.0(14.3) 0.3(7.1) 0.0(0.0)
29 March 1975 12 216.2 2.8(66.7) 0.0(8.3) 16.6(91.7) 70.0(100.0)  9.9(100.0) 0.3(33.3) 0.2(16.7) 0.2(16.7) 0.0(0.0)
17 May 1975 & 18.2 5.5(75.0) 0.0(0.0) 8.5(100.0) 28.8(100.0) 54.7(75.0) 0.0(0.0) 1.3(75.0) 1.3(50.0) 0.0(0.0)
Mean 86.3 5.6(65.9) 0.0(1.4) 28.4(72.6) 37.4(68.7) 26.2(86.1) 1.4(13.9) 0.6(22.3) 0.4(15.1) 0.2(0.9)
Weighted Mean 94.2 3.2(63.3) 0.0(1.3) 43.0(70.9) 40.6(63.3) 12.2(87.3) 0.5(15.2) 0.3(13.9) 0.1(8.9) 0.1(1.3)

a :
Hemiptera

..S;i:..
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" Rainbow Trout

Conditidn (X) and length (L) were highly correlated for 909 rain-
bow troﬁt and the relationship is described by the equation K = 1.160
~.000630 L (r = =-.471). Table 13 gives the results of the analysié of
condition. - Condition was low in January 1975, and August of both feafs.

TABLE 13. MEAN CONDITION (K) OF RAINBOW TROUT (TL2100mm, X = 287mm)
: AT STATION 4. \

Date ‘ N Mean K (#SD)
17 July 1974 13 0.95 + 0.09%P»C> 8%
1 & 7 August 1974 19 0.89 + 0.117
4 September 1974 : 17 0.91 = o.'osa"%c .
2 October 1974 . 7 0.92 + 0.04>2°2>"*5
30 October 1974 18 1.04 £ 0.085°07
27 November 1974 ' 14 0.95 + 0.0722°2¢2%»€
2 January 1975 25 . 0.86 * o.osg o
16 February 1975 . - ° 17 0.92 £ 0.10,7°°°
29 March 1975 30 0.92 +0.06°2°% _ .
17 May 1975 . 28 1.00 * 0.075°2°%*%

. 24 June 1975 T 72 1.00 + 0.085"
5 August 1975 - 112 1.00 * 0.113° .
27 August 1975 . 106 0.96 + 0.07°2°°%
16 October 1975 140 1.01 + 0.07%

% : ‘ ' . o
Means designated by a common letter are not significantly different
(p>.05). .

The body-scale relationéhip for 533 rainbow trout was Y.= 15.63

+ 3.037 X-(r = .962), wherezY is the fish length in millimeters and

" X is the anterior scale radius (X66) in millimeters. Rainbow trout .

were found to form three checks per yeatr in a pattern similar to that

of brown trout at this station. Scales taken from fish in February
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exhibited a distinct, newly—forméd winter check which was.easily'séen
in March (Fig.'7). Scales collected in June exhibited a newly-formed,
relétively weak spring anﬁulﬁs (Fig. 8),.similaf to the Weak check
formed by brown trout at this time. Scales taken frém fish in October
exhibiteq a very‘strong summer check of recent formation'(Fig. 9).
The scale taken in March (Fig. 7) exhibits b;th the strong wintér check
" and the weaker spring annulus'of.the pfevious year. Scales from ybung-
of-the~year coilected‘in June‘exhibiﬁed either no annuli, the spring
annulus only, .or both spring-annulus and winter check, with 6 (1.7%),
127 (36.9%),. and 211 (61.3%) individuals belonging to these categories,
| respectively; Generally, the strong Winfer check is easily distipa
" quished frdm the spring annulus (Figs. 7 and 8); Annuli were distinct
and identifiable to spring of the third year of lifg.. Fish older than
three yéars could not be accurately aged because of crowding éf anhu;i
‘and checks.

Table l4lgives the results of the back calculation of length and-
weight ét the various annuli ;nd checké. Rainbow trout were estiméted
fo be 91, 238, aﬁd.314.millimeters in length and 8, 134, and 304 gfams

-in weight at the time:of spring annulus 1, 2, and 3 formation, respec—
tively. The'length—weight felationship for 1065 rainbow trout was
log W = —4.935 + 2.971 log L (r = .998).
‘Length-frequency distributions of rainbow tréut are given in

Figure 10. Young-of—the-year and three—year—old and older fish




Figure 7.

« G

Scale taken at Station 4 on 29 March 1975 from a yearling
rainbow trout of 256 millimeters. The recently formed
winter check (d), the check formed the previous summer (c),
the spring annulus (b), and the winter check (a) are
indicated.

































































































