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Abstract:

The movements of mature cutthroat trout (Salmo clarki) displaced from spawning tributaries to
Yellowstone Lake were studied during late May to early August, 1964, 1965, and 1966, to determine
in-season homing performance and the role of olfaction and vision in homing and orientation.

Of 1908 trout tagged and displaced from Clear and Cub Creeks to three release points in the lake and to
the mouths of the streams, 614 (32.2%) homed, 119 (6.2%) strayed, and 28 (1.5%) were captured by
anglers. Recaptures in 1965 and 1966 were higher, and in 1964 lower, than these averages. A greater
percentage of Clear Creek trout than Cub Creek trout homed in 1965 and 1966, but a lesser percentage
of Clear Creek trout than Cub Creek trout homed in 1964. Only slight differences in homing
performance from various release points occurred. Adjusted mean homing times were 16.4 to 111.8 hr
in 1964, 45.7 to 105.8 hr in 1965? and 96.0 to 154.7 hr in 1966. An inverse relation between homing
times and distance to the release point was apparent only in 1966. Clear and Cub Creek trout homed in
about the same length of time. Homing performance and homing times were similar for males and
females. The homing performance of blinded, olfactory occluded, control, and non-anesthetized groups
of trout were equal, but the length of homing time for blind trout was much longer than that for the
other groups. A general east-north-eastward orientation occurred among blind and control trout from
Clear Creek in 1965? and among blind, anosmic, and control trout from Clear and Pelican Creeks in
1966, that were float-tracked from an open-water point. Blind, control, and non-anesthetized trout from
Cub Creek moved generally northward in 1965? but in 1966 too few Cub Creek trout were tracked to
show orientation.

Blind and anosmic trout oriented as well as control trout. The directions of orientation were not in the
directions' of the homestream, and orientation was not at a constant angle to the current directions or
the sun azimuths.
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ABSTRACT

The movements of mature cutthroat trout (Salmo clarki) displaced from
spawning tributaries to Yellowstone Lake were studied during late May to
early August, 1964, 1965, and 1966, to determine in-season homing per-
formance and the role of olfaction and vision in homing and orientation.
Of 1908 trout tagged and displaced from Clear and Cub Creeks to three re-
lease points in the lake and to the mouths of the streams, 614 (32.2%)
homed, 119 (6.2%) strayed, and 28 (1.5%) were captured by anglers. Re-
captures in 1965 and 1966 were higher, and in 1964 lower, than these
averages, A greater percentage of Clear Creek.trout than Cub Creek trout
homed in 1965 and 1966, but a lesser percentage of Clear Creek trout than
Cub Creek trout homed in 1964, Only slight differences in homing per-
formance from various release points occurred. Adjusted mean homing times
were 16.4 to 111.8 hr in 1964, 45.7 to 105.8 hr in 1965, and 96.0 to 154.7
hr in 1966. An inverse relation between homing times and distance to the
release point was apparent only in 1966. Clear and Cub Creek trout homed
in about the same length of time. Homing performance and homing times
were similar for males and females. The homing performance of blinded,
olfactory occluded, control, and non-anesthetized groups of trout were
equal, but the length of homing time for blind trout was much longer than
that for the other groups. A general east-north-eastward orientation og=-
curred among blind and control trout from Clear Creek in 1965, and among
blind, anosmic, and control trout from Clear and Pelican Creéks in 1966,
that were float-tracked from an open-water point. Blind, control, and
non-anesthetized trout from Cub Creek moved generally northward in 1965,
but in 1966 too few Cub Creek trout were tracked to show orientation.
Blind and anosmic trout oriented as well as control trout. The directions
of orientation were not in the directions of the homestream, and orienta-
tion was not at a constant angle to the current directions or the sun
azimuths,
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INTRODUCTION

Homing and orientation behavior of mature cutthroat trout {(Salmo

clarki) following displacement from spawning tributaries to Yellowstone

lake was studied during late May to early August, 1964, 1965, and 1966.
The objectives were to determine in-season homing performance of tagged,
displaced trout, and the role of olfaction and vision in orientation and
homing.

Gerking (1959) used the term homing in a .general sense to mean the
return of fish, following migratory, acéidental, or experimental displace-
ment, "to a place- formerly occupied instead of going to other equally
probable places.! He defined equally probable places as areas ''occupied
by other individuals of the same species" (Gerking 1964). In spawning
migrations of fishes, three types of homing are recognized: (1) the re-
furﬁ of adults to spawn in the same location in which they were hatched,
i.e, "reproductive homing' (Lindsey. et al. 1959), parent stream, or natal
homing; (2) the return of adults to spawn in subsequent breeding seasons
at the location of initial spawning, i.e. repeat homing; and (3) the
return of adults within the same breeding season to the location of
initial choice following displacement, i.e. in-season homing. Horrall
(MS 1961) refers to all three as reproductive homing.

Ball (1955) validated the parent stream homing theory for cutthroat
trout in Yellowstone Lake. Of L60 fingerlings marked at age I on their
downstream migration from Arnica Creek to the lake, 94 (20.4%) returned

at ages III or IV as adults. Nearly all of these must have been recruit
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spawners, since the majority of Arnica Creek fish spawn initially at ages
IV and V with a few at ages III or VI (Bulkley 1961), and the survival for
more than one spawning is usually less than 10% (Ball and Cope 1961).
Traps were operated on five other major spawning tributaries during this
period, but no stray fish were captured.

Cutthroat trout in Yellowstone Lake also home for repeat spawning.
Cope (1957) tagged 18,836 adults as they entered one of five tributaries
to spawn. In subsequent years 24ht (1.3%) were recaptured as.repeat
spawners, and only 8 éf these were recaptured in tributaries other than
the original. Of the récaptures 96.7% homed.

No in-season homing experiments were done in Yellowstone Lake prior
to the present study. However, Platts (1959) conducted such experiments
in a high altitude réservoir.in Utah. Mature cutthroat trout migrating
up tributaries were captured, spawned artificially, tagged, and returned
1,6=6.4 km into the reservoir. Of 2,068 such fish 1,096 (53%) reentered
tributaries, and 90% of these chose the initial stream, the fést being re-
captured-in other tributaries as strays. Apparently the homing motivation
was nét completely suppressed by stripping oflthe reproductive products,

Scheer (1939) has reviewed the early work on natal homing of the
Atlantic salmor (Salmo salar), steelhead trout (S..gairdneri), and Pacific

salmon (Oncorhynchus spp.). Most notable among these studies is that on

the sockeye salmon (gf nerka) (Clemens et al. 1939). More recent demon-
strations of natal homing include: rainbow trout (S. gairdneri) (Lindsey
et al. 1959), coho salmon (0. kisutch) and steelhead trout (Shapovalov

and Taft 1954), and brown trout (8. trutta) (Stuart 1957). Jones (1959)
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has reviewed the literature on natal homing of Atlantic salmon. It has
been shown that transplanted young pink salmon (Qo gorbuscha) (Wickett
1958), coho salmon (Donaldson and Allen 1957), and Atlantic salmon (White

and Huntsman 1938) will return at maturity to the tributary where released

as young rather than to the stream of parental origin.

Repeat heming occurs in Arctic grayling (Thymallus arcticus) (Kruse

1959), brook trout (Salvelinus fontinalis) (Vi;dykov 1942), charr (S.

willughbii) (Frost 1963), lake trout (S. namaycush) (Eschmeyer 1954, ‘Loftus
1957, Martin 1960), bfown trout (Stuart 1957), and rainbow trout (Lindsey
et al. 1959),

Tn-season homing has been demonstrated in brook trout (Vliadykov 1942),
brown trout (Stuart 1957), charr (Frost 1963), sockeye salmon (Hartman and
Raleigh 1964), and pink salmon (Helle 1966). Cutthroat trout (Miller 1954),

brook trout (Smith and Saunders 1958), and Dolly Varden (Salvelinus malma)

(Armstrong 1965) also home following displacement at times other than the
spawning season. Gerking (1959, 1964) has recently reviewed homing in non-

salmonid fishes.

Griffin (1952) classified migratory behavior into three categories
based on the method used in finding the goal. Hasler et al. (1958) modi-
fied the classification as follows: Type I = The ability to find home by
use of landmarks in familiar territory and search in unfamiliar territory.
Type II - The ability to maintain a constant compass direction in the
sense of dead reckoning. Type IIT - The ability to find home by true
navigation involving corrective feedback.

Saila and Shappy (1963) and Patten (1964) proposed two mathematical

5

models of salmon migration in which search on the part of the fish could
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account for the observed returns. Hasler and Wisby (1958) and Hasler
(1956a) have evidence that landmarks may be used in familiar territory.

Home water oder may be considered a landmark. Bluntnose minnows (Pime-

phales notatus) (Hasler and Wisby 1951) and juvenile sockeye salmon
(McBride et al. 1964) learned to distinguish between two natural waters

by olfaction. Migrating adult sockeye salmon showed olfactory recog=

nition of their home waters by their activity in a tank (Idler et als. "

1961, Fagerlund et al. 1963) and chinook salmon (Q. tshawytscha) by
electroencephalographic .responses (Hara et al. 1965). Wisby and Hasler
(1954) showed that coho salmon use olfaction to choose between tfibutaries
of a river system;

Jahn (1966) showed that Yellowstone Lake cutthroaf trout, displaced
westward from their upstream spawning migration’to a near shore point or

a mid-=lake point, displayed a general eastward orientation when continu-

-ously tracked for up to two hours. The orientation mechanism was not de-

termined, but the sun may have been used as a reference. Hasler et al.
(1958) first demonstrated the sun compass (Type II) orientation in white

bass (Roccus chrysops), bluegill (Lepomis macrochirus), and pumpkinseed

ﬂ(gﬁ gibbosus)° The roles of sun azimuth, sun altitude, and time compen-

sation in the compass mechanism have been .investigated (Braemer 1960,
Hasler and Schwassmann 1960, Schwassmann 1960, Schwassmann and Braemer
1961,.Braemer and Schwassmann 1963, Schwassmann and Hasler 1964). Winn et
al. (1964) demonstrated a sun compass in parrot fishes (Scarus spp.)
Johnson and Groot (1963) and Groot (1965) have shown celestial orientation

of young sockeye salmon. Henderson (MS 1963) examined the celestial cues
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available underwater.

Hasler (1956b, 1960a,b, 1966) and Brett and Groot (1963) reviewed
the roles of both vision and'olfaction in homing. Adler (1963) suggested
that organisms do not possess sufficient sensory capabilities for true
navigation, but certainly do for compass orientation. Barlow (1964)
stated that the possibility of an inertial navigation system in animals
should be investigated. While no demonstrations of true navigation in
fishes have been made, Neave (1964) feels it must exist, at least in the

case of Pacific salmon.

i METHODS AND MATERTIALS

DESCRIPTION OF STUDY AREA

Yellowstone Iake (Fig. 1) has an area of 354 kma, a meximum depth of
98 m (42 m mean), and lies at an elevation of 2,358 m-msl just east of the
continental divide in southeast Yellowstone National Park, Wyoming.
Benson (1961) has.given basic limnological information‘forithis lake.

Yellowstone Lake is well suited for homing studies, since it is
large and has enough tributaries (about 35) to provide adequate choice.
This is analagous.to the migration of mature salmon from the sea into
freshwater streamsol It also has an endemic cutthroat trout population,
and has.not been stocked with trout from other-waters.

Release points A, B, and C (Fig. 1) were established equidistant on
a line from the mouth of Pelican Creek to the mouth of Clear Creek.
Distances (km) from the release points to the stream mouths are as

follows:
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Figure 1. Map of northern portion of Yellowstone Lake showing release
points and creeks where experimental cutthroat trout were trapped. Inset
shows entire lake and principal tributaries.
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Release Points
A B

Mouth of Pelican Creek 2.65  5.30 .
Mouth of Clear Creek 7.95 5.30 2.65
Mouth. of Cub Creek 6.55 L,00 .

In 1964 theée points were identified by sighting landmarks with unaided
eye each time a reiease was made. In 1965.and-1966 point B was located
with the aid of a sextant and a marker buoy was positioned there, In 1965
points A and C were not used, and iﬁ 1966 ‘they were located with the aid
of a sextant at the %ime of each release., Points D and E are in the
mouths of Clear andACub Greeks respectively, and are 1.65 km from one

another,

DISPLACEMENT STUDIES

The cutthroat trout used were sexuvally mature, were‘moﬁing upstream
to spawn, and were collécted from the Cléar and Cub Creek fish traps. The
Clear Creek trap was about 75 m above the stream mouth, and the Cub Creek
trap was about 45 m above the mouth in_196’+9 but about 150 m above in 1965
and 1966, because Cub Creek shifted its course.

In 1964 a few fish.at a time were netted from the trap and immediate-
1y placed in 15 liters of 1:5000 tricaine methanesulfomate (MS 222: Sandoz
Pharmaceuticals) solution. After the fish were anesthetized a numbered
monel strap tag (35.0 mm x 3.5 mm) waé attached to the posterior edge of
I£he operculum with the aid of a speqial plier. The total leéngth of each

fish was recorded. The sex was also recorded if obvious without extra

handling. The fish recovered from the anesthetic after being placed in a
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covered tub containing 20-25 liters of fresh water. After several fish
were tagged the tub was either carried to a boat and the contents emptied
into a eovered stock tank, or, if the release was to be made afyﬁhe-mouth
of the same strean, carfied directly to the stream mouth and the fish re-
leased, This procedure was repeated until the desired number of fish
(10-50) was tagged and either released or placed in the tank. Water was
added to make 115=175 liters in the tank. Afproximate travel times to re~
lease points were as follows (minutes): to point A = 30, pointlB - 20,
poiﬁt € = 10, and between streams‘—.So The maximum time from netting to_
release was always less than 2 hr, depending on distance to release point
and number of fish tagged. Distress of fish at a release point occurred
only in two instances. A few fish were not anesthetized and were marked
by punching a 6.5 mm “hole in the dorsai or caudal fin with a paper punéh°

In 1965‘and ]_.'9669 5-15 fish were neﬁted from the trap, immediately
placed in a covered tub containing 20-25 liters of water, and carried
either to the stieam mouth or to the stock tank in a boai':° This was re-
peated until the desired number of fish was seéureda In lé659 33=50 fish
were released in each group, but in 1966 the number was 25. In addition
seve¥al extra fish were carried’along as spares. It took 16-20 min to
reach release point A, 10-13 min to B, 6=8 min to C, and 5-7 min from one
stream to the other,

In 1965 and 1966 tagging was done at the release point without
anesthetizing or measuring the fish. A 28 mm x 5 mm alligator clip (Mini-
gator: Mueller Co.) was attached to the posterior edge of the dorsal fin

at its bamse with the long axis resting on the dorsal midline of the- fish
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(McCleave et al. 1967). Release groups were identified in .1965 by a

common color code sprayed onto the-clips. In 1966 the clips were indi-

-vidually coded by clamping numbered vinyl tubing (Spaghetti FT-k4: Floy

Tag and Mfg.) inside the prongs which normally clamp & wire. This did not
increase the size of the tag but allowed recognition of each fish. Each
fish was released immediately after tagging. The meximum time from
netting te release was always less than 40 min. Nearly all fish were
hauled under relatively calm lake'conditions, but occasionally some
sloshing of water did occur in the tank.

The fish traps were operated continuously throughout the spawning
season except for brief periods'of flood conditions. A U. S. Fish and
Wildlife Service crewuemptied,the traps at least ence each day, and two
or three times Qhen the'run was large. All fish weré examined for tags.
During 1965 and 1966 my colleagues and I usually operated the traps two

days each week., Code or tag numbers, date, time, total length, and sex

were recorded for all recaptured fish. In addition the U. S. Fish and

Wildlife Service periodically electrofished in various poertions of the

lake and outlet throughout all three summers and all captured trout were
examined for-tags. A number of tags were returned by anglers although
their help was not solicited.

During 1966 releases were also made of tagged blinded, olfactory
occluded (anosmic), and anesthetized controls, using the same general
procedure as with the previously described 1966 releases.

At release point B, 1-5 fish at a time were anesthetized (1.0-1.5

min) in 1:7500 MS 222 solution. Fish were blinded by injecting 0.10-0.15
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cm” of 3% aqueous benzethonium chloride (Phemerol: Parke Davis;and Co.)

into the eyeball., The eye became opaque and turned green immediately,

and after several hours changed to white., Plugging of the nares was done

with melted distilled acetylated monoglycerides (Myvacet, Type 5-00: Dis-
%illation Products Industries, Fastman Kodak Co.) (Bardach and Case 1965).
The warmed maferial (which is liquid above 43° C) was injected from a
veterinary ;yringe using a blunt needle into either the anterior or pos-
teriér naris on each side until it began %o flow from the other naris. It
immediately congealed into a tough, waxy solid which blocked water pass-
age. Iach fish was tagged with a numbered alligator clip and placed in a
tub containing 25-30 liters of fresh water for a period of 4-7 min, and
then released. Time from netting to release was less than 58 min for
biind fish; less.thaﬁ 73 min for anosmic fish, and less than 45 min for
control fish. Eqﬁal nuﬁbers of blind and control fish were released on
one day, éné.équai ﬁ;mbers of anosmic and control fish were released on a
different day. The heads of all recaptufed ;nésmic fish were preserved

for examination of the olfactory plugs.

FLOAT-TRACKING STUDILS

The polys£yrene foam (Styrofoam: Dow Chemical Co.) float-tracking
method described by Jahn (1966) was used to determine direction of "take-
off" of mature, migréting cutthroat trout displaced from tributaries to
po‘int‘B° The floats were Styrofoam cubes 5 cm on a side wrapped with
éluminum foil. Each of these was connected by a 2 m nylon thread to an

alligator clip used to attach the device to the dorsal fin. Tour experi-

<
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mental groups of trout were tracked: blind (anesthetized and blinded),
anosmic (anesthetized and dlféctqry occluéed), control (anesthetized only),
and non-anesthetized., Biind, control, and non-anesthetized Cub Creek
trout and blind, anosmic, and control Clear Creek trout were tracked in
1965. Blind, anosmic, and control Clear, Cub, and Pelican Creek trout

s

were tracked in 1966.

In 1965, 8-12 trout were netted from the traps and carried in two
coveréd tubs of 20-30 liters water to the boat and either placed in the
boat or emptied into a coverea stock tank for transportation. Non-
anesthetized trout were transported to point B, the floats attached, and
10 individuals released wifh as little handling as possible. All trout
for the olfactioﬁ experiment were taken to point B and anesthetized in
1:7500 MS 222 solutioﬁ° The nares of half of these were plugged using
cotton.soaked in Pﬁemerol° Trout were allowed to recover in fresh watef
and then floats attached. Five anosmic ayd five control trout were re=
leased., Trout for the blinding experiments were treated in one of three
waysS. Most were hauled in tubs or a Stock tank just offshore from the

collection stream and anesthetized, Half of these were blinded by

- Phemerol injection and all were allowed to recover during the rest of the

trip to point B. On one -occasion several Clear Creek trout were hauled

to the reléase point prior to anesthetizing and blinding. On two other
occasions Clear Creek trout were anesthetized at the trap site and half of
them were blinded. All were placed in a live box fer recovery, one group
for 91 hr, the other for 19 hr, prior to transportation to point B.

Either four blind and four'control trout or three blind and three control
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-trout were released for each experiment.

In 1966, 4-10 trput were removed from the Clear, Cub, and Pelican
Creek traps and carried to the boat. The Pelican Creek trap, about 2 km
upstream from the mouth, was not very effec#ive because of flood damage,
butqenough trout were captured for float-tracking experiments. Pelican
Creek trout were transported in 35-40 liters of water by truck 4.4 km
(about 5 min) to the boat, and Clear and Cub Creek trput were‘transported A
as in 1965. Just offshore the trout were anesthetized. Some were blinded
with .Phemerol, some plugéed with either white petroleum jeily injected

through a needleless sSyringe or with warmed Myvaéet, and some simply

placed back in fresh water. All were allowed to recover on the remainder

of the trip.to point B. _USually six trout (two blind, £wo anosmic, two
qontrol) were released at a time, but on one occasion only one of .each
kind was released. With the excepﬁion of those blind frout held in the
live box the time from netting to release was always less than 90 min and
usually less than 70 min.

Trout with attached floats weré released individually, and sufficient
time was aliowed between réleases to reduce .the possibility of the floats
becoming‘entangled, In 211 but the initiél five 1965 -experiments a drift
drogue (Jahn 1966) suspended at 1 m was released as soon as fhe last fish
nad cleared the release area. After'experiﬁentallfish'had been at large
for an average of 1 hr; they were picked up as quickly-as possible., A
large, stable azimuth sighting compass was used to obtain a2 bearing (to
the nearest degree) from the fish to £he re;ease buoy. Distance to the

buoy was not measured. After each sighting an attempt was made to pick
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-up thé trout for length measurement, sex determination, and in 1966 also

for tagging with a numbered alligator clip. Nearly all fish were piéked
up, but a few pulled loose from the float or were not,found before the
termination of the experiment} A bearing from the drogue to the buoy was
taken and the drogue re;coverédo

In 1965 one contrél trout, one blind trout and in 1966 one non-
anesthetlzed trout (all from Clear Creek) were float tracked 1nd1v1dually
from Point B for 1onger periods (3 hr 26 min-6 hr 20 min). These fish
were subjected to the same treatment as groups in the short-term experi-
ments described previdusly° Sextént sightings of landmarks Were used to
@ake pésition plots at ;5-45 min inter&alsldepeﬁding on how far the fish
moved., All experiments were terminated when the lake surface became so

rough that accurate position plots were impossible.

STATTSTICAL. ANALYSES

Displacement Studies., Chi-square analyses were used to compare the

numbers of trout recaptured from various releases. Ixpected numbers of

fish in each cell of the Chi-square computation formula were obtained by

multiplying the percent recapture of all release groups in the comparison

by the number of fish in each.release group.

The time from release to recapture among various release groups was

compared using an.analysis of variance for unequal sample sizes (Steel and
Torrie 1960). Since the distribution of time to recapture (in.hours) was

skewed toward the longer times, each time_valué was transformed teo its

square root. All statistical anzlyses were performed on transformed data,
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but the mean time values are presented in hours. The adjusted mean is..
the square of the mean of the'£ransformed data. If £he analyses of vari-
ance did not yield significant F values, Bartlett's test for homogeneity
of variance (Bartlett 1937a,b) was déne as a fu?%ﬁer cﬁeck on the as-
sumptions of the analysis of variance modei. If more than two release
groups were compared in any analysis of Qariance, Duncan's new :multiple-
rénge test (Duhéan 1955) 'was performed on the ranked means of the trans-
formed data to comparé all pairs of means.

Float=-Tracking Studies. The observed directions from the release buoy to

3

float-tracked trout were represented as points of equal mass on the cir-
cumference of a unit circle. An empirical mean vector pointing'to the
center of mass of.the distribution of each group of fish was calculated
with polar coordinates r (length) and a (angle) (Batschelet 1965). The
Rayleigh test (Greenwood and Duraﬁd"l955) for a significant r value was
then used. , If r was significantly greater than zero, the null hypothesis
of a uniform circular distribution was.rejected. A resultant vector T
test (Watson and Williams 1956) was used to compare the mean directions
(g) of two groups of tracked trout. Another test statistic, R, based on
a resultant vecﬁor (Watson and Williams 1956, Stephens 1962) was used to
determine if the mean direction (g) of a group of trout was significantly
different from the homestream direction. A concise discussion of all.

these methods is given by Batschelet (1965).
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RESULTS

DISPLACEMENT STUDIES

Tagging and displacemeﬁt of 1,137 Clear Creék and'77l Cub Creek cut-l
throat trout were done from 15-27 July 1964, 7-17 July 1965, and 27 June-
13 July 1966. A summary of displacement and recapfure is shown in Table
I, and Chi-square %alues for certain comparisons are éhown in Table II,

Clear Creek trout hqméd'about equally well in 1965 and 1966 and
significantly better in both years than .in 1964. The same was true of Cub
Creek trout. Straying of both Clear and Cub Creek trout was greater in
1965 and 1966 than in 196k, but in the case of 1965 Clear Creek trout the
difference was qot significant. Straying-was about eéﬁal among'Cub Creek
trout in 1965 and 1966, but-among Clear Creek ‘trout it wes.greater in 1966
than in 1965. Total recapture percentages (including angler returns) for
both streams were about eqﬁal.in 1965 and 1966, and were greater than in
1964, The percentage of trout homing was significantly greater than the
percentage straying in all three years for both s_treamso

In 1964 Cub Creek trout homed in significantly greater percentage

than Clear Creek trout, but in 1965 and 1966 the reverse was true. In all

" three years Cub Creek trout strayed significantly~m0re than Clear Creek

trout. In 1964 the:total percenf recapture of Cub Creek trout was greater
than that of Clear Creek trout. Iﬁ 1965 and 1966 total recaptures of the
two streams showed a non-significant difference of less than 2%.

In 1966 Clear and Cub Creek trout were displaced to all release
points. No significant differences in homing were found among releases

at open-water points, or were any trends evident. Trout displaced to the
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Table.I, Summary of displacement and recapture of Clear and Cub Creek trout during late June and
July, 1964, 1965, and 1966. (Percentages in parentheses. Discrepancies in row percentage sums

Number

Origin _ Number of recajfufes ,
stream Year Release point released Homing Straying ) Angling Total
Clear 1964 A 35 L(11.0)a/ 1 (2.9) 1 (2.9) 6(17.1)
B 150 7 (4.7) - 1 (0.7) 2 (1.3) 10 (6.7)
c...... S 158 18(11.)0/ 2 (1.3) 3 (1.9)e/  23(14.6)
_ Mouth Clear Cr, 20 3(15.0) 0 (0.0) -1 (5.0) 4(20.0)
LT Total . 363 22 (8.38) 4 (1.1) 7 (1.9) 13(11.8)
Cub 1964 B 20 4(20.0) . 0 (0,0) 1 (5.0) 5(25,0)
c 106 . 19(17.9) 5 (4.7) 3 (2.8) 27(25.5)
Mouth Cub Cr. .10 1(10.0) 1(10.,0) 0 (0.0) 2(20.0)
Mouth Clear Cr. 10 L(40,0) 1(10.0) 1(10.0)¢/ 6(60,0)
Total 146 28(19.2) 7 (4.8) 5‘(3.4) 40(27.4)
Total 1964 All points combined | 509 60(11.8) 11 (2.2) 12 (2.b4) 83(16.3)
Clear 1965 B 274 122(4k.5) 7 (2.6) 2 (0.7)  13.(47.8)
Inside Mouth Clear Cr. 50 24 (48.0) 0 (0.0) 0 (0.0) 24(48.,0)
Outside Mouth Clear Cr. 50 24(48.0) - 0 (0.0) 0 (0.0) 2L(48,0)
~ Total 37%  170(45.5) 7 (1.9) 2 (0.5)  179(47.9)
Cub 1965 B . 175 57(32.6) 27(15.k) 1 (0,6) 85(48.6)
Inside Mouth Cub Cr. 25 9(36.0) o (0.0) 0 (0.0) 9(36.0)
,,,,, Outside Mouth Cub Cr. 25 9(36.0) 2 (8.0) 0 (0.0)  11(4k.0)
, Total 225 75(33.3) __29(12.9) 1 (0.4)  105(k6.7)
Total 1965 ALl points combined 599 245(40.9) 36 (6.0) 3 28L4(47, k)

(0.5)




Table I. Continued.
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Number-.of recaptures

Origin Number

stream Year Release point released Homing Straying Angling Total

Clear 1966 A 100 45(45,0) 2 (2.0) 3 (3,008 50(50.0)
B 100 - Lz (43,0) 5 (5.0) 1 (1.0) L9(L49,0)
C 100 42 (42,0) 5 (5.0) 1 (1.0) L8 (48.0)
Mouth Clear Cr. 50 24 (48.0) 3 (6.0) 0 (0.0) 27(54.0)
Mouth Cub Cr. 50 20(40.0) 3 (6.0) 1 (2.0) 2L (48.0)
Total Loo 174(43.5) 18 (4.5) 6 (1.5) 198(L9.5)

Cub 1966 A 100 30(30.0) 12(12.0) 1 (1.0) L3z(43,0)
B 100 27(27.0) 9 (9.0) 2 (2.0) 38(38.0)
C 100 34(34.0) 20(20.0) 2 (2,0) 56(56.0)
Moiith Clear Cr. 50 17(34.0) 11(22.0) 1 (2.0) 29(58.0)
Mouth Cub Cr. 50 27(54.0) 2 (4.0) 1 (2.0)  30(60.0) =

_ Total koo 135(33.8) 54(13.5) 7 (1.8) 196(L49.0)

Total 1966 All points combined 800 309(38.6) 72 (9.0) 13 (1.6)  394(49,3)

Grand  All ' ‘

total years All streams combined 1908  S6ihk(32.2) 119 (6.2) 28 (1.5)  761(39.0)

2/ Includes one fish recaptured in 1966

174 Includes one fish recaptured in 1965 and one fish recaptured in 1966.

E/ Includes one fish recaptured in home stream previously. B

E/ Includes one fish recaptured by electrofishing.




Table II. Chi-square comparisons of the recaptures of Clear and Cub Creek trout during late June
(Total categories include angler returns.
square = 3.84, 99% Chi=square = 6.63.)

and July, 1964, 1965, and 1966.

With 1 d.f. 95% Chi-

Origin Recapture Origin Recapture

stream Year Release point(s) category v. stream Year Release point(s) category Chi-square

Clear 1964 Combined Home Clear 1965 Combined Home 90.2L**
1964 1966 8L, 78+*
1965 1966 0.17
1964 Stray 1965 Stray 0.7%
1964 1966 7o.62%*
1965 1966 L1k
1964 -Total 1965 Total 79.33%*
1964 1966 851 **
1965 1966 0.11

Cub 1964 Combined Home Cub 1965 Combined Home . 6.39% AN
1964 1966 7.61%% P
1965 1966 0.01
196k Stray 1965 Stray 5.97*
196k 1966 : 76 36%*
1965 1966 0.0k
196k Total 1965 Total 8 b1 *x*
1964 1966 i 11.,55%*
1965 1966 0.16

Clear 1964 Combined Home Clear 1964 Combined Stray 21.80**
1965 1965 150,10%*
1966 1966 126.76%*

Cub 1964 Combined Home Cub 1964 Combined Stray 12.60**

' 1965 1965 20, 3h**

1966 1966 3, 72k

-
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Table IT. . Continued,

e A L Y G o TR

Origin ' Recapture. Origin Recapture
stream Year Release point(s) category “v. stream TYear Release point(s) category Chi-square
Clear 1964 :Combined Home Cub 1964 Combined Home 9, L48*x*
Stray : Stray 6.56*
Total Total 15,45%+*
Clear 1965 Combined Home Cub 1965 Combined Home 5.05%
Stray Stray 28.,38%+*
Total Total 0.0k
Clear 1966 Combined Home Cub 1966 Combined Home 4, 90%
Stray Stray 18.00%**
Total S Total 0.01
Clear 1966 A Home Clear 1966 B Home 0,05
A C . 0.10
A Mouth Clear Cr. 0,07
a Mouth Cub Cr. 0.19
B C 0.01
B Mouth Clear Cr, 0.19
B Mouth Cub Cr. 0,07
C Mouth Clear Cr. 0.27
c Mouth Cub Cr. 0,03
Mouth Clear Cr. Mouth Cub Cr. 0.36
Cub 1966 A Home Cub 1966 B Home' 0.16
A C 0.25
a Mouth Cub Cr. 5.05*
A Mouth Clear Cr. 0.17
B C 0.80 "
B ~ Mouth Cub Cr. . 6. 75%*
B Mouth Clear Cr. 0.56
c ' ) Mouth Cub Cr. 3,35
C Mouth Clear Cr. 0,00
Mouth Cub Cr. Mouth Clear Cia 2,27

..6'[._




Table II, Continued,.

] ] | 1 | 1 | ~

Origin

stream Year Release point(s)

Recapture

Origin

category v. stream Year Release point(s)

Recapture

category Chi-square

Clear 1964 Mouth Clear Cr.

7 Home Clear 1964 - Open-water points Home 0.92
1965 1965 0.19
1966 1966 0.23
Comb. Comb. 7 Ol *
Cub 1964 Mouth Cub Cr. Home Cub 1964 Open-water point Home L Lo*
1965 1965 - 3.26
1966 . 1966 7.10%*
Comb. Comb ., 5.45%

* Significant at 95% level.
** Significant at 99% level.
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opposite stream mouth and to open-water homed about equally well. Homing
from the mouths of the origin streams was usually greater than from the
other release points.

In 1964, 1965, and 1966 homing to Clear Creek from the mouth of Clear
Creek was greater than from all open-water points combined, but was sig-
nificantly greater only if all three years were combined. Homing to Cub
Creek from the mouth of Cub Creek was significantly less in 1964, slightly
greater in 1965, and significantly greater in 1966, than from the combined
open-water points. In 1965 Clear and Cub Creek trout were released 5-10 m
outside or 5-10 m inside the origin stregm mouth. Homing performance was
the same from inside and outside the mouth.

A summary of the displacement and recapture in 1964 df Clear and Cub
Creek trout of known sex .is shown in Table ITI.. There was no significant
difference between fhe recapture of males and.females in any category,

In 1964, 47 opercle-tagged trout and 39 fin-punched trout were dis-

placed from Cub Creek to point C. Six (12.8%) of the tagged trout’and 8

(20.5%) of the punched trout homed. One (é,l%) of the tagged trout and
3 (7.7%) of the punched trout strayed. Although a higher 'percentage of
punched trout than tagged trout homed; and a higher percentage strayed,
Chi-square values for homing (0.79) and straying (1.42) were non-
significant.

Times from release to recapture of 390 Clear Creek trout and 311 Cub
Creek trout displaced during 1964, 1965, and 1966 are given in Table IV,
Analyses of variance of the mean homing times of these trout from various

release points are given in Table V and Duncan's new multiple-range com-
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Table ITTI. Displacement and.recapture of trout of known sex from Clear

and Cub Creeks, 15-27 July 196k4.

99% Chi-square = 6.63.)

(With 1 d.f. 95% Chi-square = 3.8L,

Origin Stream: Clear Creek Cub Creek Combined
Sex: g ) 5] @ a ?
Number Teleased 120 107 27 37 147 144
Homing: Number.. 142/ 10 3 6 17 16
- Percent 11.7 9.3 11l.1 16.2 11.6 - 11.1
Chi-square 0.48 0.29 0.13
Straying: Number 2 0 0 2 2 2
Percent 1.7 ‘ 0.0 0.0 5.4 1.4 1.4
Chi-square 1.96 1.46 0,00
Angling: Number s/ 1 2 2 v 3
Percent L, 2 0.9 7.4 5.4 L.8 2.1
Chi-square 2,48 1.00 1.52
Total: Number 218/ 11 5 10 26 21
Percent 17.5 10.3 18.5 27.0  17.7 14.6
Chi-square 2.50 . 0.48 0.43

2/ Includes one fish counted as both homing and énglingp

parisons of the homing times in Table VI, Straying times were not sta-
tistically treated due to small samples.

In.1964.no patterns were evident among Clear and Cub Creek trout dis-
placed to the various open-water release points. Homing timg from thg
'ﬁouths of the origin streams was less than from open;water points, and
significantly so in the case of Clear Creek trout returning_from points
A énd C. In 1965 Clear Creek trout released 5-10 m iPside the -mouth of
Clear Creek homed significantly faster than those reléased either 5=10'm
;utside the mouth.or at point‘B; No significant differences in homing
times were found in 1965 Cub Creek trout. In 1966 a pattern in adjusted
mean homing times was exhibited by both Clear and Cub Gfeek trout. Homing

times were inversely related to distance for all points (except the oppo-




Table IV,

June and July, 1964, 1965, and 1966,

Time (hr) from release to recapture of displaced Clear and Cub Creek trout during late

] Homing Straying
- Adjusted Adjusted ¥ -

Origin . Mean mean Time Sé&mple - Mean mean Time Sample

Year stream Release point time time -range size time time range size
1964 Clear A 116.7 111.8  69-184 3 58,0 58.0 58 1
B 57.9 5%.9 15-104 7 121.0 121.0 121 1

C 69.7 65.0 25-142 16 32,0 30.8 20- Lk 2

Mouth Clear 35.0 16.4 1-103 3 0

1964 -Cub B 52.3% - 51,6 34- 59 b 0
c Lo ,3 Lo,5 23-.71 10 49,0 k5,3 23. 75 2

Mouth Cub 34,0 34,0 3l 1 34,0 34,0 2L 1

_ Mouth Clear 70.8 70.5 58- 75 L . .22.0 32,0 22 1
1965 Clear B : 99.1 91,7 8-432 118 118.1 112,0  55-200 7
_ Mouth Clear (In) 60.7 45,7 5-409 24 o
Mouth Clear (Out) 121.2 105.8 6-599 21 o}

Cub B 86.2 82.0 34-198 56 109.0 9k,2  10-343 25
Mouth CGub (In) - 90.6 - 85,2 32-152 9 0

Mouth Cub (Out) 71.2 67.1  32=151 9 39.5 38.8 29~ 50 2

1966 Clear A - 103.3 96,0 12-272 45 33.0 33.0 33 2
B 126.8 113.6  8-297 Lo 134,5 122,1  33-243 b

C : 126.6 118.2  31-308 Lo 58,4 4,7 6-127 5

Mouth Clear 164,5 1547  27-268 23  115.0 99,7 28-271 3

Mouth Cub 158.6 150.2  73-337 18 162,35  158.0 93-201 3

Cub A 108.9 101.6  31-206 29 100

i °© - o5 90. - 12

: S W s g gt ol BE 8

fown Glear 168 135 Boae 15 s g Sok 2

u N L ~ =
1# 8 132,3 58-272 27 126.5 125,3 102-151 5

-gz-.
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Table V. Analysis of variance and Bartlett's test of homogeneity of var-
iance of the mean homing time of Clear and Cub Creek trout from various
release points in 196k, 1965, and 1966. (Figures in parentheses are 95%
and 99%, respectively, significance values with dppropriate d.f. for both
F and Chi-square tests.)

Bartlett's
. Sum of Mean test:
Source of variation d.f. squares  square F Chi-~-square

1964 Clear Creek trout
Between release points 3 68,08 22.69 3,29% -
Within release points 25 172,14 6.89 (2,99~
Total 28 2hLo.22 L4,68)

1964 Cub Creek trout -

Between release points 3 13.27 L.hip 31,6 © 3,47
Within release points 15 20.97 1.40 (3.29- (7.81-
Total 8 3.2k 5.42) 11.30)

1965 Clear Creek trout
Between release points 2 183.82 91.91  9.4o** -
Within release points 160 1564.90 9.78 (3,06~ -

Total 162 17h8,.72 L, 7h)

1965 Cub Creek trout '

" Between release points 2 6.41 3.21° <1 0.29
Within release points 71 323,48 L.56 (3.13- (5.99-
Total 73 329.89 L,92) 9.21)

1966 Clear Creek trout
Between release points L 144 .84 36.21  B.7L¥* -
Within release points 165 1609.59 9.76 (2.h2-

Total 169 1754.43 3.43)

1966 Cub Creek trout ‘
Between release points b 50.84 12.717  1.36 8.09
Within release points 130 1213.06 9.3% (2.u4k- (9.49-
Total 134 1263.90 z.47) . 13.28)

Significant at 95% level.
**  Significant at 99% level.
site stream mouth): trout released at the farthest point (A) homed the
fastest and those at the mouth of the origin stream the slowest. The
analysis of variance was significant for Clear Creek trout, but Duncan's

test showed significance ohly between releases at point A and the mouth of
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Table VI. Duncan's new muitiple—range comparisons of the mean homing time
of Clear and Cub Creek trout from various release points in 1964, 1965,
and 1966,

Least
Difference - significant
between range
Comparison between Lo . " means 95% 99%
1964 Clear Creek trout : o
A C B 2.51 3.1 h.el
A . B o 3.23 3.93 5.29
A Mouth Clear . 6.52%x . L 97 gl
C B . o 0.72 o 2.46 3,32
¢ Mouth Clear - L, o2* .3%.59 4,82
B Mouth' Clear - 3,30 3.74 5,06
1964 Cub Creek trout . : S .
© Mouth Clear B l.21 - - 1.78 2,47
Mouth Clear o ‘ 2.0%3*  1.56 2.16
Mouth Clear ‘ Mouth Cub 4 2:57 - 3.0h 421
B : C ' 0.82 . l.bo 2,06
B : Mouth Cub ' , " 1.35 2.96 4.09
. c Mouth Cub - 0.54 2.64 3,66
1965 Clear Creek trout - '
Mouth Clear (Out) B : T 0.71 1.48  1.97
Mouth Clear (Out) Mouth Clear (In) B.52%* 1.97 2.59
B Mouth Clear (In) 2.,81** 1.40  1.86
1965 Cub. Creek trout
Mouth Cub (In) B - : 0.18 1.53 2.0k
Mouth Cub (In) Mouth Cub (Out) 1.0k 2.12 2.79
B ' Mouth Cub (Qut) - 0.86 - 1.53 2.0k
1966 Clear Creek trout .

' Mouth Clear Mouth Cub’ 0.18 2.75 3,64
Mouth Clear ¢ 1,57 2.38  3.12
Mouth Clear B 1.78 2.h6 3,22
Mouth Clear A 2.6k* 2.49 3,24
.Mouth Cub. c 1.38 2.h6 3,26
Mouth Cub B 1.60 ©2.59  3.39
Mouth Cub A 2.46 2.65 3,46
¢ B 0.22 1.90 2.52
¢ A 1.08 1.39 1.82
B A 0.86 S 1.%32 1,75
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Table VI,C Continded.
Least
Difference significant
. between range
Comparison between o means 95% 99%
1966 Cub Creek trout
Mouth Clear " Mouth Cub’ 0.27 1.84 2,43
Mouth Clear - C ' 0.48 1.86 2.43
Mouth Clear B 1,24 1.99 2.60
Mouth Clear A 1.69 2,02 2.62
Mouth Cub C 0.21 1.56 2,06
Mouth Cub B 0.97 1.73 2.27
Mouth Cub A 1.k2 1.76  2.29
C B 0.75 1.56 2.06
C A l.21 1.61  2.11
B A 0.45 1.62 2.1k

* Significent etl95% level.,

*%  Gipnificant at 99% level.
Clear Creek. Neither the analysis of-variance nor Duncan's test was
significant for Cub Creek trout, but. the pattern wa.s cons:Lstent Those
trout released at the mouths of the opp081te streams homed in about equal
time to those from the mouths of the 6rigin streams.

There were no significant differences in the mean homing times be-
tween Clear and Cub Creek trout from open-water points in 1964, 1965, and
1966, except in 1964 Cub Creek trout homed faster than Clear Creek trout
from point C (Table VII). However the assumption of homogeneous variance
was not met in ‘the case of 1965 point B releases. Cub Creek trout did not
home consistently faster than Clear Creek tront_even though Cub Creek is
nearer to the open-water release points.

Clear and Cub Creek- trout homed significantly faster from point B in

1965 than in 1966 (Table VIII). Homing times in 196k were not compared
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Table VII. Analysis of variance and Bartlett's test of homogeneity of
variance of the mean homing time between Clear and Cub Creek trout from
open-water.podints in 1964, 1965, and 1966. (Figures in parentheses are -
95%. and 99%, respectively, 81gn1flcance values w1th appropriate d.f. for
both F and Chi-square tests.)

. Bartlett's
Sum of Mean _ test:

Source of variation d.f. squares square F . Chi-square
1964 Point B releases '

Between creeks 1 0.07 0.07 <l ‘ 2.26

Within creeks - 9 29.81 3.31  (5.12- (3.84-

Total 10 29,88 10.56) 6.63)
1964 Point C.releasesn :

Between creeks 1 17.75 17.75 L, 62%* -

Within creeks -gﬁ 92.07 . 3%.84 (4,26~ \

Total S 25 109.82 - 7.82) ¢
1965 Point B releases , o _ ' .

Between creeks 1 10.30 ~ 10.30 1.58 5.22%

_Within creeks 172 1118.46 - 6.50 (3.90- (3.84-

Total 173 1128.76 6.79) 6.63)
1966 Point A releases .

Between creeks 1 1.50  1.h0 <1 0.00

Within creeks 72 540.98 7.51 (3.98- (3.84-

Total 73 Bh2.38 7.01) 6.63)
1966 Point B releases , :

Between creeks 1 0.27 0.27 <1l 0.13

Within creeks - 67  870.01  12.99 (3.98- (3.8k-

Total 68 .B70.28 7.01) 6.63)
1966 Point"C ireleases o

Between creeks 1 3,22 3,22 <1 o 1.39

Within creeks _ 74 76k .35 10.33 (3.97- (3.8k-

Total 75 T67.57 6.99) 6.63)

* Gignificant at 95% level.

statistically with 1965 and'l9é6 due to different tagging procedures, but

in 1964 homing times were éonsiderably less than in 1965 and 1966. .
Homipg times from open-water points were recorded for 76 males and

162 females from Clear Creek and 32 males énd 113 females from Cub Creek

in 1965 and 1966‘(Tab1e IX). Homing times were usually the same for males
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Table VIII. Analysis of variance of the mean homing time between 1965 and
1966 Clear and Cub Creek trout displaced to point B, (Figures in pa-

rentheses are 95% and.99%, respectively, significance values with appropri- .
ate d.f. for F tests.)

Sum of | Mean
Source of variation def. squares Square ki
Clear Creek fish
Between years 1 36.3% 36.33 L.00*
Within years 158 143466 9.08 (3.91-
~ Total 159 1570.99 6.80)
Cub Creek fish o :
Between years : 1 40.05. . 40.05 5.86%
Within years 8L 553,67 - 6.8k (3.96-

Total 82 593.72 6.96)

* Significant at.the 95% level.

and females. Analyses of variance'(fable X) showed no significant differ-
ences between the sexes in any rglease group, although in one instance the
agssumption of homogeneous variance was not met.

The results of experiments involving 50 blind, 50 gnosmic, and two
groups (A and.B) of 50 control trout displaced from Clear Creek to poiﬁt B
in 1966 are given in Table XI. The performance of two groups (A aﬁd B) of
25 non-anesthetized trout already included in other experiments are used
for comparison with the blind, anosmic, and contrél groﬁps, which were all
anesthetized priér to tagging.

There were no significant differences in the percentages of trout
homing among the release groups, -although a slightly greater percentage
of non-anesthetized trout homed. The anosmic, control B, and non-
anesthetized B groups strayed more, hut not significantly so, than the

three groups released 7-9 days earlier. The total recapture percentages
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Table IX. Time (hr) from release to recapture in the homestream of male
amd female trout displaced from Clear and Cub Creeks to open-water points
during 1965 and 1966. -

Adjusted
Origin  Release Mean mean Time Sample
Year stream point Sex - time time range size
1965 Clear B g 100.9 '95.3 8-202 22
Cub B o 920.1 87.8 54-177 15
: Q 84.9_ 79.8 34-198 Lo
1966 (Clear A o) 108.0 - 102.9 3h-22kL 17
, Q 103.8 96.6 34272 27
B o 111.9 97.8 8-223 16
Q 133k 121.0° 232-297 25
C g 105.0 100.5 50-191 11
Q 131.3 121.7 31-308 29
Cub A g 12hk,9 - 116.7 - 32-199 7
Q 103.8 97.0 232-296 22
B o 166.2 159.3 . 79-294 5
Q 112.7 101.2 26-363% 22
c o 149.8 148.2 102-174 5
- Q

137.9 12k.0 230~462 29

of all groups were not significantly different, Thus blind' trout were.
able to home as well as control trout, and anesthetization per se affected
homing performance only slightly if at all. Thirty anosmic trout were re-
captured, but 22 had lost one or both nasal plugs. Of these 16 homed and
6 strayed. Of the 8 whose plﬁgs were intact, 7 homed, 1 strayed.

Mean homing times of one blind, one anosmic, two control, and two
non-anesthetized groups of trout are given in Table XII. The analysis of
variance of the differences'in the homing times was significant (Table
XIII). Duncan's new multiple-range comparisons (Table XIV) showed that

the blind, control A, and non—anesthetized A groups all homed significant-
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Table X. Analysis of variance and Bartlett's test of homogeneity of var-
lance of the mean homing time of male and female Clear and Cub Creek trout
displaced to open-water points during late June and July, 1965 and 1966.

(Figures in parentheses are 95% F values for appropriate d.f. With 1 d.f.
95% Chi-square = 3.84, 99% Chi-square = 6.63.)
Bartlett's
Sum of Mean _ test:
Source of variation d.f. squares  square F Chi-square
1965 Clear Cr. - .Point B L
Between sexes 1 0.14 0.1k <1 2.65
Within sexes 111 945.00 8.51 (3.93)
Total 112 945,14
1965 Cub Cr. - Point B '
Between sexes 1 2,07 2.07 <1 2.47
Within sexes 53 236,58 k46 (4,03)
Total 5k 238.65
1966 Clear Cr., - Point A
Between sexes 1. 1.01 1.01 <1 0.40
Within sexes 42 280.28 6.67  (4.07)
Total I3 281.29
1966 Clear Cr. - Point B
Between sexes 1 12.0k 12,04 <1. 0.05
Within sexes 39 533,51 13,68 (4.09)
Total _ o  5h5.55
1966 Clear Cr. - Point C
Between sexes 1 8.12 8.12 <1 1.80
Within sexes 38  3z27.72 8.62  (L.10)
Total 39 335.8%
1966 Cub Cr. - Point A
Between sexes 1 L,82 4,82 <1 0.20
Within sexes 27 206,59  7.65  (k.21)
Total 28 211.41
1966 Cub Cr. - Point B
Between sexes 1 26.72 26,72 2.32 . 0,65
Within sexes 25  288.60 11.54% (4,24)
Total 26 315.%2
1966 Cub Cr. - Point C
Between sexes 1 k.60 4,60 <1 3,88%
Within sexes 32 410,98 12,84 (4.15)
Total 33 [15.58

*  Significant at 95% level.
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- Table XTI, Results of displacemenf of blind, anosmic, control,-and non-

anesthetized trout from Clear Creek to point B, 1966. (Percentages in
parentheses. With 5 d.f. 95% Chi-square = 11.1, 99% Chi-square = 15.1.)

Release Experimental Number Number of recaptures
date group released Homing Straying Total
L4 July Non-anesthetized A 25 14(56) 1( 4) 15(60)
5 July Control A 50 25(50) 2( 4) 27(s54)
5 July Blind 50 - 25(50) 3( 6) 28(56)
12 July Anosmic 50 23(46) 7(14)  30(60)
12 July Control B 50 16(32) . 5(10) 21(k2)
13 July Non-anesthetized B 25 - 13(52) 2( 8) 15(60)

Chi-square o : 3.18 4,25 2.01

Table XIT. Time (hr) from release to recapture in the homestream of
blind, anosmic, control, and non-anesthetized Clear Creek trout displaced

to point B, 1966.

. Adjusted”™
Release Experimental Mean mean Time Sample
date group time time range size
L July Non-anesthetized A 148.2 139.8 . 34-271 14
5 July Control A 114.7 108.7 10-200 25"
5 July Blind 237.8 222.3 78-479 25
12 July Anosmic 63.5 58.4 27-174 - 23
12 July Control B 66.6 63,4 27-126 16
13 July Non-anesthetized B 60.7 52.7 8-126 12
Anosmic Plugs intact 74,6 71.6 30-125 7
Anosmic’ 1-2 plugs lost 58.8 53.1 27-17k 16

ly slower than the anosmi¢, control B, and non-anesthetized B groups which
were released at a later time. The blind trout were also significantly
slower than the control A and non-anesthetized\A groups. The anosmic
‘group homed in about the same length of time as the control B and non-
anesthetized B groups. The homing times of non-anesthetized groups were
not significantly different from comparable control groups, So anes-

thetization per se had no effect on the homing time. The mean homing time
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Table XIII. Apalysis of variance and Bartlett's test of homogeneity of
variance of the mean homing times of blind, anosmic, control, and non-
anesthetized trout from Clear Creek displaced to point B, 1966. (Figures
in parentheses are 95% and 99%, respectively, significance values with
appropriate d.f. for F tests. With 1 d.f. 95% Chi-square = 3.8k.)

Bartlett's
Sum of Mean test:
Source of variation d.f. squares  square F Chi-square
All groups analysis : .
Between groups 5. 924,55 184,91 21.91** -
Within groups ‘ 109 920,27 8.44 (2.30-
Total ik 184,82 3.19)
Anosmic group: Intact v. lost plugs
Between groups 1 6.77 - 6,77 1.27 " 0.63
Within groups 21 111.65 5.32 (4y32-
Total : .22 118.52 8.02)

** Bignificant at 99% level.

Table XIV. Duncan's new multiple-range comparisons of the mean homing
times of blind, anosmic, control, and non-anesthetized trout from Clear
Creek displaced to point B, 1966.

Least
Difference significant

between range
Comparison between means : 95%  99%
Blind Non-anesthetized A 3,08%* 1.92 2.54
Blind Control A L Lg** 1.71 2.2k
Blind Control B 6.9Lx* 2.01 2.62
Blind Anosmic 7 27** 1.85 2.4
Blind Non-anesthetized B . 7.65** 2.30 2.97
Non~anesthetized A Control A ) 1.40 1,92 2.54
Non-anesthetized A Control B 3.86%*% 2.22  2.90
Non-anesthetized & Anosmic L 1.8** 2.12  2.77
Non-anesthetized A Non-anesthetized B b 56%* 2.52  3.28
Control A Control B 2. 45%* 1.84 2.44
Control A Anosmic 2,78%* 1.75 2.29
Control A Non-anesthetized B 3. 16%* 2.20 2.87
Control B Anosmic 0.32 1.87 2.48
Control B Non~anesthetized B 0.70 . 2032 2,03
Anosmic Non-anesthetized B 0.38 2,05 2.71

** Significant at 99% level.
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of the 7 trout with nasal plugs intact was somewhat greater than that of
16 trout with one or both plugs missing, but not significantly so (Tables

XTI, XIII),

FLOAT-TRACKING STUDIES

In 1965, 37 Clear Creek and 21 Cub Creek trout and in 1966, 56 Clear

Creek, 6 Cub Creek, .and 2l Pelican Creek trout were float~tracked be-

ginning at point'B. Directions of "take-off" and mean vectors of trout
and water current directions are shown in Figures 2 (1965) and 3 (1966).
Numbers tracked, tracking times, mean directions, vector lengths, Rayleigh
tests (z); and homestream tests (R) of each individual group (blind,
anosmic, control, non-anesthetized) and of the groups combined for each
strean gach year are given in Table XV,

An eastward or east-north-eastward orientation prevailed among blind,
anosmic, and contrél trout from Clear Creek in 1965 and 1966 and Pelican
Creek in 1966. The only gxception was the 1965 anosmic Clear Creek group
(4 fish) whose mean direction was south-south-east. Cub Creek trout moved
generaliy northward in 1965. However in 1966 only two trout in each
category were tracked and movements were variable,

Vector leﬁgths were usually greater for Clear ané Cub Creek groups in
1965 than in 1966, with r values significantly greater than zero for
blind, control, and combined Clear Creek trout in 1965, blind and combined
Cub Creek trout in 1965,.anosmic and combined Clear Creek trout in 1966,
and control and combined Pelican Creek trout in 1966. Since the r values

of the combined trout from each stream each year (except Cub Creek trout




Table XV,

Tracking times, mean directions (from true North), vector lengths, Rayleigh tests,

and homestream tests of blind, anosmic, control, and non-anesthetized trout from Clear, Cub, and
(Figures in parentheses are 95% and

99%, respectively, significant z and R values for appropriate d.f.)

Pelican Creeks tracked beginning at point B, 1965 and 1966.

Rayleigh

Tracking Mean Vector. Homestreanm
Origin Number time direction length test . test
stream Year Category tracked (min) (a) (r) (z) (R)
Clear 1965 Blind 26 863£/ 85° 0.7319 13,93%* 19.03**
) 5h-162~ (2,97-4.48)  (11.90-13.35)
Anosmic 4 % 152 0.4261 -/ 1.70
Control o-Lil . . P ( 3.20- 3.60)
37 51 ']729 66 0.4332 6.9L** 15,99**
o , - (2.97-4,49) .20~
Combined 67 82 59 0,522k 18. 5844 (o9 25%%652)‘
- ; _ S1-162 _ (2.98-4.50)  (19.20-21.40)
-9 (2.86-4.,08 -
Control 5 6Ll- 351.]2' 0.9615 _2 ) ( 50454.2:{52)
Non-anesthetsi A= 17 ' - ( b.35- 4,65)
; ized 10 85 17 0.3562 1.27 3,56
Combined 62-120 (2.92-%4.29)  ( %.60- 5,90)
Clear 1966 Blind 19 f69 8L 0.1919 (2.9654536) ( 8'60512525)
N . 53-112 . (2,961, ik -
Anosmic 19 o 764 49 0.5070 - 3.15*) ( 6.25; 3585)
-10 | (2,96 ik s
. - - 94’ : (2.95-k.43)  ( 6.85- 8.4
Combined 56 9% 67 0.2671 2 <05~ 3.40)
53-112 7 3.99 14,95

(2.97-4,50)

(10.35-14,10)

baeme 2L s R St R DN Dy R

_ﬁg_ o




Table XV, Continued.

Tracking  Mean Vector Rayleigh Homestream
Origin - Number © time direction length test test
stream Year Category tracked (min) (a) (r) 7 (z) (R)
Cub 1966 Blind 2 5698 20 o2 e/ -/
. 56~ 81 _ . L
Anosmic 2 p 85 100 0.9799 &/ . </
7-102 : - -
Control 2 .78 . 313 0.6157 ‘2/ </
71- 84 C - -
Combined 6 77 L 0.3262 0.62, _ 1.96
‘ 56-102 (2.86-4.08)  ( 3.45- L. L5)
Pelican 1966 Blind 8 80 92 0.5722 2,62 4,58
. 72- 89 - {2.90-4.20) ( 4.75- 5.60)
Anosmic 8 7h 59 0.5197 2.16 L, 16* .
56- 96 . : (2.90-k.20)  ( 3.95- 5.10) &
Control 8 67 "6k 0.7174 SN L S.74%
4o o (2.90-4.20)  ( 4,10- 5.20)
Combined 2k 74 71 0.5847 8.21**. C1h,03**
_ bk7- 96 - (2.96-k.88)  ( 7.80- 5.75)
Grand Total 17k 77 66 0.3958 27.,25%*
47162 - (2.99-k.60)

a/ .
-~ Mean.
YA

~7;Range.

< Sample too small for test.
Significant at 95% level.
** Significant at 99% level.

*®
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Figure 2. Directions of '"take-off" (plotted in 2° intervals on odd
numbered degrees), mean directions, and vector lengths of (A) blind,
anosmic, and control Clear Creek trout, and (B) blind, control, and
non-anesthetized Cub Creek trout tracked at point B, 10-29 July, 1965.
(Closed circles = blind trout, closed squares = anosmic trout, open
circles = control trout, open squares = non-anesthetized trout, open
triangles = 1 m current drogue. Arrow points toward homestream. Mean
vectors of each group identified by appropriate symbol at end of vector.
Vector without symbol is combined mean vector.)
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r:027

67° r027
81° r:020

97°
r:029

Figure 3. Directions of 'take-off" (plotted in 2° intervals on odd
numbered degrees), mean directions, and vector lengths of blind, anosmic,
and control (A) Clear Creek trout, (B) Cub Creek trout, and (C) Pelican
Creek trout tracked at point B, 2 June-18 July, 1966. (Legend as in
Figure 2.)
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in 1966) were significantly greater thén zero, the non-sigﬁificance of
individuallgroups may be due to small sample sizes rather than lack of
orientation. Pelican Creek trout z.vaiues were similar to 1965 Clear
Creek trout r values.

Vector leﬁgths,-s, ranged from 0.1919 to 0.9799.. Differences. among
groups from any one stream shpwed‘no pattern. Blind and anosmic trout
orieﬁted at least as well as éontrol trout.” |

‘The prientation directions‘wefe not the same as the homestream di-
rections for Clear, Cub, or Pelican'dreek trout, and were significantly
different (R test) ff&m the homestream -directions for the following
groups: blind, control, and combinéd'dlear Creek trout iﬁ 1965; blind and
combined Cub Creekltrout in 1965; anosmic and combined Clear'Creek trout
in 1966; and anosmic, control, and combined.Pelican Creek trout in 1966.
The ﬁon-significaht diffe?ences were probably due to sméll sample sizes.

Resultant vector F tests were used to compare mean directions of
various groups from a common stream, from different streams, and from
different years (Table XVI). No mean directions of these groups within a
stream for one year were significantly different, except blind and non-
anesthetizéd trout from Cub Creek in 1965, The north orientation of Cub
Creek trout in l965lwaS‘significantly different from the east-north-east
orientation of Clear Creek trout in 1965, .but the differences in mean
directions of all othér pairs pf means between étreams within a group and
year were not significant. The mean directions of Clear and Cub Creek
trout in 1965 were not significantly different from those of 1966.

Within a given group of.trout the E_Values were usually quite similar




Directions  Significance
Origin Origin test values
stream Year - Category ve stream Year Category (®) 95% 99%
Clear 1965 Blind Clear 1965 Control 1.0k 4,00 7.07
Anosmic Control 2.51 4,09 7.33
: Anosmic Blind 2.96 k4,20 7.64
Cub 1965 Blind Cub 1965 Control 2.22 4,84 9.65
Blind Non-anesthetized 6.33* BN 8.86.
Control Non-anesthetized 3,68 L, 67 9.07
Clear 1966 Blind Clear 1966 . Control <1 4,13 7ol
Anosmic . Control 2.07 hasz 7.4k
‘ Anosmic Blind L1 k,13 744
Cub 1966 Blind Cub 1966 Control <1 18.51. 98.50
Anosmic Control . 5.0k 18.51 98.50
Anosmic - Blind 1.09 18.51  98.50
Pelican 1966 Blind Pelican- 1966 Control <1 L,60o . 8.8
' Anosmic ‘ Control <1 4.60 8.86
Anosmic Blind <1 L, 60 8.86 .
Clear 1965 Blind : Cub 1965 'Blind 25.71** 4,17 7.56
: Control / Control / 5.21% 4,08 7.31
. Combinegd~ Combined~? 13, b4o** 3,97 6.98
Clear 1966 Blind ' Cub 1966 Blind <1 4,38 8.18
Anosmic Anosmic 1.29 4,38 8.18
Control Control - 2.86 by 8.29°
Combined Combined <1 4,00 .08
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Table XVI, Continued.
Directions Significance

Origin Origin test values

stream Year Category Ve stream Year Category (®) 95% 99%

‘Clear 1966 Blind Pelican' 1966. Blind <1 L, 24 777
Anosmic Anosmic <1 L 777
Control Control <1 L, 24 7.77

. Combined Combined - <1 3,98 7.01

Pelican 1966 Blind Cub 1966 Blind 1.05 5.32 11.26
Anosmic Anosmic . - <X 5.32 11.26
Control Control 4,08 5.32 11.26
Combined Combined <1 k.20 7.64

Clear 1965 Blind Clear 1966 Blind <1l 4,07 7.28
Anosmic Anosmic 3.30 L,3z2 8.02
Control Control <1 4,03 7.20 &
Combined Combined <1 3,92 6.85 ¢

Cub " 1965 Blind Cub "1966 Blind <1l 5.99 13.75

' o Control y. Control 1.25 6.61 16.26

Combined~ Combine <1l. -l 7.77

2§ Includes anosmic trout.

= TIncludes non-anesthetized trout.
* Significant at 95% level.

** Significant at 99% level.
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for males and feméles, and the directions of orientation of males and
females were in no case significantly different (Table XVII).

Since the water current directioné during the float-tracking experi-
ments were clustered (Figures 2 and 3), the following énalysis was done
to detérmine if'£rout orientation.Was related to drift with the current
or movement at some constant angle to the current. The current. direction
(in degrees from true North) during each track was subtracted from the
direction (in degrees from true North) of each fish in that track. These
convertéd data wer§ then used to calculate the mean directions and vector
lengths based on current direction as the zero direction. fhe actual mean

vectors, converted mean vectors, and current mean vectors are given in

Table XVIII.  In general converted r values were equal to or smaller than

unconverted values, but if the trout oriented at a constant angle to the

current direction, converted E_valueé would have béen‘greater; Converted
angles were in general no more clustered than unconvertfed anglés, but
would have been if the trout oriented to the current. The fact that con-
verted r values and a concentrations remained about the séme showed that
the currents were clustered and not that the trout oriented to the
current. In addifion (lear Creek trout in 1966 showed the same east-~
norfh-east orientation, but not as strongly, when £he currents were
clustered to the west instead of the east (Figﬁres 2 and 3). However in
1965 Cub Creek trout oriented toward the north, and the currents moved
northward. Trout moved much farther than the cu;rent drogﬁe‘drifted dur-
ing the tracking period. |

Since most of the float-tracking was done during the morning, the




Table XVII. Mean directions, vector lengths, and directions test comparisons of male and female
trout float-tracked at point B, 1965 and 1966,

Vector

_ Mean Directions Significance

Origin Number direction length test values
stream  Year  Category Sex  tracked (a) (r). (F) 5% 9%
Clear ~ 1965  Blind g 1§ gg_ 8:%2;2 <L f+.-'3'§ 8.18
Contfol g 12 gg . 8:3322 <1 4.58 8.18
Corflblned g éi . gé g:gzgz 3,52 4,08 7.3
Clear 1966 Bllnd. g 12 3;5 8:}&% 2.27 b,45 8,40
Anosmic g‘ ~ .’ g ig 8"22;?) <1 L,s5h  8.68
Control g g 1236 g;ig; 1.40 b5k 8,68
?omblned g’ gg gé 8:%}3 <1 4,0k 7,20
Pelican 1966  Blind g 33- 122 ézgggg 1.96 18.51 98.50
Anosmic g i gﬁ | g;ﬁ% 2,23 18.51 98.50.
Control g g Zg 8:25; &I 5.99 13.75
Combined g 12 2; 8:2%; <1 k.hg 8,53

—‘Zﬁ-i




Taﬁle XVIII, Mean dlrectlons and vector lengths of float- tracked trout based on true North (un- -

Uncorrected Corrected
Mean Vector Mean Vector
Origin Number direction length direction 1length
stream Year Category tracked ~(a) (r) (a) (r)
Clear 1965 Blind 18 88° 0.7044 30 0.5231
Control 21 79 0.2192: 3k 0.3326
Combined 29 85 0.4k22 16 0.k4o54
-Current drogue ' 6 59 0.7547
Cub 1965 Blind 6 325 0.823k 327 0.8342
' Control 5 35k 0.9615 357 . 0.9180
Combined : 11 339 0.8585 3kl 0.8286
Current drogue - 2 355 . 0.9433 ' S
Clear 1966 Blind 19 81 0.1919 26 0.0317 '
, Anosmic - 19 ko 0.4070 65 0.ko21
Control 18 97 '0.2853 194 0.2163
Combined 56 67 0.2671 - 90 0.1115
Current drogue 11 289 0.4089 . '
Pelican 1966 Blind 8 92 0.5722 20 0.5382
Anosmic 8 59 0.5197 320 0.5358
Control 8 6k 0.7174 336 0.5303
Combined 2k 71 0.5847 349 0,4987

Current drogue L 74 © 0.7607
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sun azimuths during the experiments were highly clustered. The average.
sun azimuth during the time at large of each trout was subtracted from the
direction from point B to the trout. Mean vectors were calculated from
these converted data for comparison with unconVertgdidata (Table XIX).
Converted vector lengths were usually the same or slightly smaller than
unconverted vector lengths, and converted angles were no more clustered
than unconverted angles. Thus-the trout probably did not orient at a
constant angle to the sun azimuth. ©No tracks were made when the sum was
completely obscured. | |

At the termination'of each float-tracking experiment in 1966 most of
the trout were tagged and released near point B. Recaptures of float-
tracked trout from Clear and Cub Creek (Table XX) were slightly lower than
those of tagged displaced trout from Clear and Cub Creek in 1966 (Table I)?
The low recapture of Pelican Creek trout was probably due to the damaged
Pelican Creek traps A comparison of the mean directions and vector
lengths of Clear Creek trout which were float-tracked and subsequently
homed with those that were noﬁ recaptured is given in Table XXI. The r
values of the home group were higher than those of the non-return group
for blind, anosmic, and combined groups, but not for controls. In general
sample sizes were too small for statistical significance of r values or
homestream tests. The mean directions of home'and non-return groups were
not significanfly different.

Three long-time float-tracks for Clear Creek trout beginning at
point B are plotted in Figure 4. A control trout (No. 1 - ripe female)

was tracked 6 hr 20 min on 31 July 1965 during which time she traveled




Table XIX, Mean directions and vector lengths of float-tracked trout .based on true North (uncor-
rected) and sun azimuth (corrected) as the zero direction.

Uncorrected ‘ Corrected
Méan . Vector Mean Vector
Origin . s Number direction length direction length.
stream Year Category tracked - (a) - (r) (a) (r)
Clear 1965 Blind 26 85° 0.7319 327° 0.6212
- Anosmic ’ L 152 0.4261 . L8 0.4266
Control 37 66 ‘0.4322 29k 0. bkl
Combined 67 79 0.5224 313 . 0.L4665
Sun -azimuth 67 .- 115 0.8896 :
Cub 1965 . Blind 6 325 0.8234 181 0.7929
Control 5 354 ' 0.9615 222 0.8423
Non-anesthetized 10 17 0.3562 306 0.3726
Combined 21 0 0.4696 226 0.3926
Sun azimuth ) 21 130 0.9266 :
Clear 1966 Blind 19 81 0.1919 ) 3k 0.2370
: : Anosmic .18 97 0.2853 . 351 0.3208
" Control 19 49 -0,4070 294 0.325%
Combined 56 : 67 T 0.2671 327 - 0.2654
‘ ‘Sun azimuth 56 105 0.9443
Pelican 1966 Blind ' 8 92 0.5722 1 0.5523
Anosmic _ 8 . 6k 0.7174 328 0.5286
Control 8 59 0.5197 33k 0.7056 -
Combined 2L 71 0.5847 340 0.5785

Sun azimuth ok 92 0.9978

..g.IT-
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Table XX. Recapture of Clear, Cub, and Pelican Creek trout tagged and re-
leased following float-tracking at point B, 1966. (Percentages in pa-
rentheses. )

Origin ' Number 7 Number of recaptures

stream Category released [ Homipg Straying Angling Total

Clear  Blind 18 - 8Lk k) 1(5.6) 0(0.0) ©  9(50.0)
Anosmic 18 2(11.1) 0(0.0) 1(5.6) 3(16.7)
Control 18 10(55.6)  0(0.0) '0(0.0) 10(55.6)
Total - . 54 20(37.0) 1(1.9) 1(1.9) 22(40.8)

Cub Blind 2 2(100.0) 0(0.0) 0(0.0) 2(100.0)
Anosmic 2 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Control 1 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Total 5 2(40.0) 0(0.0) 0(0.0) - 2(40.0)

Pelican Blind 7 0(0.0)  0(0.0) 0(0.0) 0(0.0)
Anosmic 7 1(1%.3) 0(0.0) 0(0.0) 1(14.3)
Control 8 . 0(0,0) 0(0.0) . 0(0.0) 0(0.0)
Total 22

1(4.5) 0(0.0) - 0(0.0) o 1(k.5)

6.2 km (average speed 1.0 km/hr) ending ébout‘6Q% of the distance from
point B to Clear Creek. A blind trout (No. 2 - ripe female) was tracked
3 hr 26 min on 1 Aﬁgust‘i965 during‘whicﬁ time she traveled 2.1 km (0.6
km/hr) in a soufhwesterly direction. The weather was clear and sunny
'during both theée tracks. A non-anesthetized trout (No. 3 - ripe male)
was tracked 3 hr 56 min on 31 May 1966 during which time he traveled 3.1
xm (0.8 km/hr), first northward, then eastward to the vicinity of a small
island, and then.westward,, The weather wasg initially. clear, changing to
.cloudy with light-rain while the trout was/néar the island, and then
clearing for the remainder of‘the time. This trout was tagged af the end

of the tracking period and was recaptured in the homestream 11 days later.

ANGLER RETURNS

Twenty tags from Clear Creek trout and 1% from Cub Creek trout were




Table . XXT,

the homestream with those not recaptured following float-tracking at point B, 1966.
. parentheses are 95% and 99%, respectively, z, R, and F values for appropriate d.f,)

Comparison of mean directions and vector lengths of Clear Creek trout recaptured in

(Figures in

Vector

Rayleigh

Homestream

(2.97-4.49)

(7.90-10.10)

Mean Directions
. Number direction length test test test
Category ‘tracked (a) »(r) (z) (R) ()
Blind Home 8 113%° 0.4502 S 1.62 3.60
(2.90-4,20) (4.85-5.75) 1.46
Non~return 9 22 0.1592 0.23 ' 1‘43 (4.54-8,68)
(2.91-4.25) (k.25-.5.45)
Anosmic Home 2 13 0.9903 -_3/ -
. - - <
Non-return 1k 25 0,371k :1.93 - 5.20 (%.60-8.86)
(2.94-4,29) (5.85- 7.15)
Control. Home 10 62 0.4456 1.99 . IR TS
(2.,92-4,29) (4.50- 5.78) 3453
Non-return 7 146 0.5333 1599 3.73 (4.54=8,68)
(2,88-4,16) (5.10- -5.70)
. Combined Home 20 19 0.4068 3,31 8.1h*
; (2.96-4.45) (7.60- 9.20) <1
Nen-return 30 3L 0.1892 v 1.07 5.68 (4.0k-7.19)

a/

—~  Sample too small for test.
*  Sipnificant-at 95% level.

a2 el
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Figure 4. TFloat-tracks of three Clear Creek trout beginning at point B:
1. Control trout, 31 July 1965, 6 hr 20 min; 2. Blind trout, 1 August
1965, 3 hr 26 min; 3. Non-anesthetized trout, 31 May 1966, 3 hr 56 min.
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retﬁrned by anglers. These trout had been relegsed at boints 4, B, C, D,
and E (Figu;g 1). In general the distribution of angler recaptures re- -
flected fishing pressure which was concentrated along the western, north-

ern, and northeastern shores. Distribution of angler recaptures was as

follows:

Recapture area in lake Number of returns Distances traveled (km)
Western portion ; 9 7.4-23.5
Northwestern portion 6 L,6-10.4

Outlet, Y¥ellowstone River 3 7.8-10.k4
Northeastern portion 9 2.0-5.2

Near Cub Creek 3 1.3-3.9

Near Clear Creek 3 0.2-’7.7

-

Two trout homed prior to angling recapture. Times from release to re-
capture ranged from 0.5-45 days within one\season, and two opercle-tagged
trout were recaptured just ovef one year after release. In general
opercle-tagged trout were at large longer (2.5-46 days) than those tagged
with alligator clips (0.5-16.5 days). Recaptures were distributed widely
in the heavily fished‘areas of the lake and were not clustered near the
release points or the homestreams. No trout were recaptured in the
southern portion of the lake, but fishing pressure there was extremely

light.

DISCUSSION
Homing percentages and total recapture percentages of both Clear and
Cub Creek trout were strikingly lower, and homing time was much less in

1964 than in 1965 and 1966. Either the handling procedure or the late-
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ness in the spawning season when the experiments wére conducted in 1964
or both were believed responsible. For opercle tagging in 1964 tﬁe trout
had to be anesthetized and total time from netting to rélease was as much
as 2 hr ~ three timesrlonger‘than for alligator clip taggingiin 1965 and
'1966. Comparison of control and non—aﬁesthetized‘trout in 1966 showed
thaf anesthetic as such did not affect homing pergentages or times.

Black and Connor‘(1964)’found that'anesthetization of rainbow trout (with
MS 222) did not change biood lactate or muscle glycogen, but Black and
Barrett (1957) reported that even minimal handling and transportation for
; 2 hr period caused significant increases in muscular activity and blood
lactate in cutthroat and s£ee1head trout. Parker et al. (1963) emphasiz-
ed any time taken‘to obtain a measurement:may contribute significéntly to
fatigue.

The opercle taé may.have contributed to mortaiity or aberrant be-
havior., Mechanical abrasion of the underlying gill tissue was apparent’
in most recaptured cutthroat trout with opercle tags. Rectangular :
sections of the posterior edge of the operculum weré missing from many
recaptured trout‘indicatipg that tag loss may have been significant.
Marlborough (1963) reported opercle tag abrasion and loss in Cyprinus

carpio and Carassius carassius. Miller (1957) stated that cutthroat

trout behavior was affected by Petersen tags, and Clancy (1963) showed
that swimming. endurance of steelhead fingerlings tagged with Petersen
tags was permanentl& reduced about half. On thé other hand Gunning
(1965) reported that movement behavior in streams of longear sunfish

(Lepomis megalotis) was not affected by opercle tags.
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Greater loss of opercle tags than alligator clips would contribute
to an apparent lower return and faster homing time, since the slower
trout would have more time to 1oée tags. Nb comparative tag loss in-
formation is available however,

" In 1964 abnormally high run-off prevented adequate displacement ex-
periments until after the peak of.the spawniné run had occurred. Toward
the end of tﬁe spawning season trout may have had less motivation to
spawn. The delay caused by displacement may have allowed environmental
conditions to develop which were npt conducive to cutthroat trout mi-
gration and spawning. This would also result in an apparent faster.return
time of those recaptured. In 1966 a confrol group and a non-anesthetized

group released about a week later than two similar groups had an average

homing time only half as long. Thus homing times showed a real or ap-

parent decrease as the migration season progressed.’

The average homing times reported here are much slower than the

fastest times. The fastest homing speeds, which were 19 cm/sec (0.7 km/

hr), were recorded for Clear Creek trout released at point B. In terms
of trout length these speeds ranged from 0.50-0.65 lengths (L)/sec. They
are similar to those exhibited by three trout float-tracked for several
hours (0.4-0.7 L/sec), and to the average speeds of Clear and Cub Creek
trout (0.59 IL/sec and 0.48 L/sec, respectively) float-tracked for i hr
froﬁ a mid-lake point by Jahn (1966). These speeds are somewhat lower
than the 0.9-1.7 L/sec for sockeye and coho salmon in actual up-river
migration (Ellis 1966). All of the above values are well below sustained

swimming speeds obtained in the laboratory for sockeye salmon (3.0 L/sec)
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by Brett (1965) and trout (Salmo irideus) (2.0 L/sec) by Bainbridge

(1962). However; in the case of cutthroat trout a straight line journey
is assumed for homing individuals so the distance estimate is minimal.
Trout may have entered the trap some time before being recorded so the
time estimate is maximal. The tracked trout were towing the Styrofoam
floats which probably reduced swimming speed.

Trout homed from just outside the stream mouth at about the same or
even slower speed than those from much greater distances. The displace-
ment of migrating trout may cause physiological and behavioral changes
resplting in delay while the trout begins a new sequence of events leading
to migration and spawning. This delay may occur near the mouth of the
stream where salmonids are known to congregate prior to upstream mi-
gration., The three long-time float-tracks showed that trout can meke
fairly rapid and direct progress even while towing a float. The actual
pé£h and timing of homing travel needs further investigation.

The amount of straying exchange for trout between Cub and Clear
Creek during the in-season displacement experiments is higher than that
reported by Cope (1957) for repeat homing experiments. Of his recaptures
3.3% strayed, as contrastea to-14.3% in the present study, and 0.0% during
the natal homing studieé of Ball (1955). During the experiments of Cope
and Ball five and six streams, respectively, had fish traps, while in the
present study only Clear and Cub Creeks had effective traps. Natal and
repeat homing provide the genetic separation neceésary to produce ang
maintain ‘subpopulations of cutthroat trout in the Yellowstone ILake

drainage reported by Cope (1957) and Bulkley (1963). Straying of first-
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time and repeat spawners prevents complete isolation of the various spawn-
ing runs. The distribution of angler recaptures supports the generally
éccepted conclusion that the rstbpopulations of trout in Yellowstone ILake
are not spatially segregated except during the spawning period when the
trout have ascended the tributaries. In-season homing and straying would
not affect spawning season segregation of sSubpopulations, since in-season
displacement is not a part of the cutthroat life history. Some portion
of the straying may be an artifact due to so-called ''proving' suggested
by Ricker (MS 1959) in which a fiéh may ascend a "wrong' tributary some
distance and then reject it. Howevef if a trap is across the stream, the
fish is caught and recorded as a stray. This may well occur in Clear and
Cub Creek, since the traps are quite closé tg the stream mouths.

The east-north-eastward orientation of Clear Creek trout and the
northward orieﬂ%ation of Cub Creek trout at point B.in the present study
were quite similar to the northeastward and northward orientation of Clear
and Cub Creek trout, respectively, tracked from a mid-lake point by Jahn
(1966). This was true even though the directions to Clear and Cub Creeks
from point.B are 130° and 1439, respectively, and from the mid-lake point
are 73° and 93°, respecjtively° The orientation of Pelican Creek trout
was also east-north-eastwaré; but Pelican Creek is 3250 from point B.
Clear and Cub Creek trout tracked as long as 2 hr by Jahn (1966) from a
point near the Clear and Cub Creek shore went generally eastward (shore-
ward).

Apparently this orientation is a compass (Type II) rather than a

navigation or goal finding (Type III), since the direction of orientation
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was the same at different release points and was not in the direction of
the homestream. Moreover Clear and Pelican Creek trout oriented in the
same direction even though their homestreams were in opposite directions.
Perhaps an eastward or northward orientation is a feature of other spawn-
ing populatioqs of cutthroat trout in Yellowstone Iake, however no trout
from streams on the west side of the lake have been tracked. The ability
to maintain a constant compass direction until shore or bottom is avail-
able for cues and then paralleling the shoreline would be a considerable
improvement over random search in homing from open-water points in
Yellowstone lake.

.The possibility exists that non-spawning trout may also have an
orientation. White bass displaced from spawniﬁg areas aﬁd tracked from a
mid-lake point in Iake Mendota, Wisconsin, showed a marked orientation to-
ward their homespawning ground (Hasler et al. 1965, Gardella MS 1967),
but noﬁ-spawners tracked from the same point also showed a strong orien-
tation in the same direction (Gardella MS 1967).

Blind, anosmic, control, and non-anesthetized cutthroat trout showed
similar orientation. Blind and anosmic trout were able to home as well as
the control and non-anesthetized'trout, but slower in the case of the
blind trout. Jahn (1966) for cutthroat trout, Hasler et al. (1958) for
white bass, and Winn et al. (1964) for parrot fishes have all‘presented
evidence for partial or complete loss of orientation under overcast skies.
However blind cutthroat trout were not disoriented. Groot (1965) showed

that seaward migrating sockeye salmon smolts possess more than one orien-
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tation mechanism. Under clear skies a celestial orientation (sun and
polarized light) was used, and as clouds built up the dispersion of the
orientation increased. Under complete overcast, however? orientation was
again exhibited, and was attributed by Groot tb non-cglestial phenomena
(X-orientation). In additién landmark orientation occurred. Winn et al.
(1964) velieved the sun and not the polarization pattern to be responsible
for the orientation of parrot fishes. Cutthroat trout méy orient at
night, since Pacifip salmon are known to do so (Brett an& Groot 1963).

Results obtained in this study and that of Jahn (1966) suggest that
celestial cues may be used by cutthroat trout for‘orientation if available,
but other orientation mechanisms may be used if vision of celestial cues
is prevented. Tracking of trout at night and of trout whose internal
clocks had been shifted would provide important information on celestial
orientation. |

Olfactory dcclusion prevented migrating silver salmon from making the
proper ch;ice at a stream fork (Wisby and Hasler 1954), but olfactory oc-
clusion apparently did not prevent cutthroat trout from choosing the
proper stream in Yellowstone ILzke. The displacement of anosmic trout
should be repeated with an improved occlusion technique to provide con-
clusive results. Anosmic trout that were float-tracked oriented as well
as controls which is in keeping with the hypothesis that odor éould no;

play a directing role in orientation in large bodies of water (Hasler

1966, Brett and Groot 1963).
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