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ABSTRACT

Large numbers of coho fry (called nomads) move downstream from shortly after emergence

through early fall. These fry are smaller than residual coho. Study of behavior showed coho

to be aggressive and territorial or hierarchical. Nomadic coho placed in stream aquaria barren of

resident fish tended to remain in the aquaria rather than continuing downstream movement,

while nomads added to resident groups of coho were dominated by the resident dominant fish

and tended to leave the channels. Hierarchies were organized on the basis of fish size, with larger

fry having better growth opportunities. Feeding of coho in excess of requirements did not alter

holding capacity of stream aquaria. Aggression observed in natural stream areas was frequent,

probably virtually continuous. Nomads transferred to natural stream areas barren of other coho

remained there, while nomads added to resident populations tended to move downstream. It

was concluded that aggressive behavior is one important factor causing downstream movement

of coho frv.

INTRODUCTION

Tsrs papBn reports a study of aggression in coho salmon (On.corh.ynchus hisutch),

showing that downstfeam movement of coho fry is an important result of aggres-
sive behavior.

Several workers have recorded extensive emigrations or downstrean move-

ments of coho fry in the spring subsequent to the enlergence of fish from the

spawninq gravel (Sarlo and Bayliff, 1958; Oregon Fish Commission, 1958;

Chaprnan et at., 7951 ; and unpublished studies at the Fisheries Research Board

of Canada Biological Station, Nanairno, B.C.). The dou'nstreanl movenlents

of fry usuall). begin soon after emergence and continue thror-rgh earl-v sttmnter.
This downstream fry niigration, coupled with the concepts of behavior developed

by several rvorl<ers, suggested that the aggressive behavior of certain donrinant
individuals in the coho population was one stinulus ieading to the observed

downstream migration.
Aggressive behavior has been found to be a signilicant mechanisrn of intra-

specific colrpetition and is regarded as a factor iinportant in the ecologl, zlnd

sociologl' of natural animal populations (Collias, 1944). T'erritorialit-v in streanr-

du,ell ing salmonids, apart fronl reproductive behavior, has been suggested to be

a characteristic evolved as a functi<-rn to assure adec{uate food sr-rpply (Kalleberg,

1958) and a factor pronroting wide distribr-rt ion of t ire fish in streatns (Floar,

1es 1) .
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Aggressive behavior of eastern brook trout (Saluelinus j'ontinalis) and rain-
bow trotrt (Salruo gairdneri) has been shown by Nev.nran (19.56) , who observed
formation of social hierarchies as well as territoriality. Kalleberg (1958) shou'ed
that brown trout (Salnoo trutta) and Atlantic salmon (5. satar) were strongly
territorial. These species developed a mosaic of territories in aquaria. Increase
in population densitl. be1'en6 saturation caused some individual territories to
completell '  disappear rather than adjusting by the conrpression of the l iving
area of less aggressive fish. Floar (1951) reported territorial behavior in coho
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Frc. 1. Streamflow monthly mean and range in liters per second,
February, 195) to July, 1960.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION

Frc. 2. Above: upstream view of the traps used at Flynn Creek; bel,ow: downstream

view of the traps at Deer Creek.
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salmon fry, stating that coho frv maintain definite positions relative to certain
objects in their environnrent, and tend to remain in slower flows and to be quiet
at night. Hoar felt that these traits prevent downstream displacement of fry.

Downstream movement of fry can, of course, be attributed to one or more
possible factors: displacement by current, innate tendency to migrate (apart from
movement enforced by aggression), random shifts in position, or aggression
(such as territorial behavior) within the fry population. l'he principal hypothesis
tested in this paper was that the downstream drift of coho fry w-as caused pri-
marily by aggressive behavior of residual coho. Work u'as conducted from
April, 1960, to November,1961.

DESCRIPTION OF STUDY AREA

N{ost of the research reported here was conducted on three tributaries
(Deer Creek, Flynn Creek and Needle Branch) of Drift Creek, the latter stream
draining into Alsea Bay near lValdport on the Oregon coast. The streams are
about 4.0 km, or less, apart, and their seasonal changes in biotic and physical
characteristics are parallel. The three streams are described in another paper
(Chapman et aI., 196I). Figure 1 shows stream flow in each stream, demon-
strating that great seasonal variability in flow occurs.

Salmonid fishes present in the streams are coho salmon, coastal cutthroat
trout (Salmo clarki cl.arhi), and steelhead trout (5. gairdneri). Coho salmon are

Movement downstreorn of
Deer  Creek  coho

Frc. 3. Downstream movement of iuvenile coho satmon in Deer Creek. 1959 and 1960 vear-classes.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION 1051

the most abundant of the three species. Data on upstream and downstream
movements were collected by means of fish traps on the three streams. The
trap used on Deer Creek is shown in Fig. 2. Virtually all fish moving upstream
and downstream are taken in the traps. Available data on downstream nlove-
ments of coho are shown in Fig. 3 and 4 in order to give some idea of the
importance of the downstream drift of fry in the first few months of life. Coho
fry moving through downstream traps from time of emergence through October
are termed "nomads" in this paper. Coho moving downstream after October
are called migrants or smolts.

METHODS

The means used to test the principal hypothesis were of necessity indirect.
Nomads were placed in artificial stream sections, both test and control, con-
structed in observation troughs, and observations were made of their behavior
and interaction with coho resident in the sections. Test sections contained a
resident group of coho while control sections were barren of resident fish.

f,.--r Movement downstreom of coho
in Flynn Cneek ond Needle Bronch

Ncdr. Brofth
1959 Y.or  C loss

Frc. 4. Downstream movement
Needle Branch.

of juvenile coho salmon in Flynn Creek and
1959 and 1960 vear-classes.
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Nomads were also placed in a controlled natural stream area or stream from
which resident coho had been removed. Both methods tested the theory that
nomads would cease movement downstream if given adequate living space.
Nomadic coho should not remain in observation channels or in controlled natural
areas if their nrovement was due to their displacement by strong water current
or innate tendency to migrate. In addition to the two experimental methods
of testing the h-vpothesis, supporting evidence was gathered through the obser-
vation of coho behavior and sampling of growth of nomadic and residual coho
fry in the study streanrs.

Anrrprcrer. CuaxNpr,s er DBnn Cnnpr
Tli'o troughs (Fig. 5 and 6), each consisting lof paired channels, were con-

structed at the downstream end of the Deer Creek fish trap. Water for troughs
was passed through plastic pipe leading from the pool above the fish trap dam to
the trough forebays. Flow through each A channel was about 10.6 liters per
minute; through each B channel it was 15 l/min in 1960 and 95 l/min in 1961.

The bottoms of all 4 channels were built up by addition of natural stream
bottom materials so that each channel in 1960 had 2 pools and 3 shallow areas
or riffies. Invertebrate forms were present in the material placed in the troughs,

Ftc, 5. Artificial stream channels at Deer Creek used for studv of coho behavror.
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CHAPMAN: COHO BEHAVIOR AND EMIGR-{TION

C h o n n e l  A , 1 9 6 0  o n d  1 9 6 1 opoque

mo ten io l
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Frc. 6. Schematic drawing of artificial channels at Deer Creek.

and additional insect larvae were added before fish were placed in the troughs to
help insure an adequate supply of insect forms used by coho (Demory, MS,
1961). An abundant algal growth, largelv Oscil latoria sp., became established
soon after the troughs were constructed. In 1961 the channels were altered so
that 3 shallow pools and 3 riffies rvere created (Fig. 6) in each channel. Water
was maintained in the A and B channels through the winter of 1960-61 so that
an invertebrate population \^'as established and present during 1961 experiments.

Twine netting having a mesh of 38 mrn from knot to knot was placed over
all 4 channels to prevent birds front preying on experimental fish, and to provide
some cover. Benches were placed at the sides of the B channels, and black
polyethl,lene canopies or tents were placed over benches so that fish looked out
upon a dark area.

No coho could pass the screening between forebays and observation channels.
Any coho placed in the channels had to live there, die there, or pass downstream
into inclined plane traps from which they could not escape.

Juring part of the 1960 studies u'ith troughs A and B, the fish were fed.
Adult brine shrinrp, Artemia sp., r;vere frozen in l-gram lots in ice cubes and
used according to a feeding schedule. l'he quantitl' of food fed was determined
from coho growth data obtained b-v personnel of the Fish and Game Management
Department at Oregon State Universitl'. These data indicated that maximum
growth of coho was induced by a ration of about 150 mg (wet weight) of amphipods
daily per gram of fish tissue. Therefore a daily ration of about 300 mg of brine

s o m e  o s  n i g h t  s i d e  m i r r o n  v i e w

depth  contour  in te rvo l
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shrinrp per gram of fish tissue was fed to assure an excess of available food'

The food cubes were placed at the upper end of each channel in wire baskets
placed in the water. As the cubes melted, the shrimps drifted downstream.
Experimental coho, 35 to 65 mm, fed avidly upon these shrimps. Fish were
fed twice daily early in the work, then once daily as it becanle evident that this

was adequate.
Nomads for artificial channel experiments were obtained from the Deer

Creek downstream trap, and measured and marked by a notch in one of the
fins. Fish for experimental use were selected randonrly if more than the nutnber
required were in the trap. After being held in plastic buckets for 15 minutes
to pernrit recovery from handling, the coho were placed in the channels at the

upstream ends.
In initial experiments the capacities of A and B channels were determined bv

means of introductions of nomads into barren channels. lVhen capacities had

been determined approximately, groups of 3 to 5 coho w-ere placed at the same

time in each channel. One group of nomads was added to a resident grorrp of

coho in the test channel while another introduced group was added sinrultaneously
to the barren control channel.

In the test channel a resident group of coho was established, and these {ish
formed the population to lr hich new nomads u.'ere added. In the second channel,

designated as a control, all coho were renloved before new groups of fish were
introduced. The test and control channels were essentially alike except that the

test channel contained a resident group of coho.
In several experiments the resident coho were rentoved fronr the test channel,

measured (fork lengths), and in all respects handled in the same manner as nomads

to be introduced. Observation of subsequent behavior patterns and test results
revealed no difference between behavior of resident coho handled in this manner
ancl those not handled at all.

In some experiments late in August and September, 1960, resident coho
seined fronr a stream area were used, since no nonrads were available at that

time.

Anrrrrcrar CnaNNBrs ar O.tx CnnBx

A pair of artificial stream channels was constructed at Oak Creek, 5 miles
west of Oregon State University, for long-ternr study of coho behavior. The
paired channels are shown in Fig. 7.

The bottonr of the channels was built up with gravel and sancl to the level

of the windot,r' bottonis, ar-rd the final surface layer at that level was flat, snrooth,
and composed of rock particles about 3 mm in dianreter.

Flow in each channel varied from a nraximum of 227 l/min to a minimttnr of
114 l/min, depending on the head of water in the source streant. Depth in the

cha.nnels decreased as streant flow decreased, from 51 mm to a minirnunl of
25 mnr.

The channels were exactly alike in all possible respects: depth, bottom type,

current, total flow, overhead cover, and surrortndings. All channel r,vood parts

were painted a dull brown to simulate soil coloration. Tents were constructed
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION

tr^op

i n le ts

FIc. 7. Schematic drawins of artificial channels at Oak Creek.

on the sides of the channels so that experimental fish looked out upon a dark
area bevond the channel windows. The tents also hid movements of observers.

Fish placed in the channels had free access to the exit orifices and could
leave the channels at will, but could not return. Nomads used in the Oak
Creek channels were transferred there from the downstream migrant trap at
Deer Creek.

Fish in both channels were fed once each day with brine shrimps in the
same manner as described for the Deer Creek observation channels. Dailv
ration was 300 mg of brine shrimps per gram of coho tissue.

Corqrnolr,oD STREAM SncrroN

A controlled stream section (Fig. 8) 18 m in length !(ras formed by screens
in Deer Creek, with the upstream end of the section about 91 m below Deer
Creek trap. A downstream trap was placed at the lou'er end of the stream section
and a b1-pass constnrcted so that nrigrating fish could move around the con-
trolled section, either up or downstream.

All resident coho were removed from the controlled section by electro-
fishing before experimental fish were added. 1'rout and cottids taken in this
operation were returned to the controlled section, which was operated from
early July to mid September, 1960.

C  on t ro l l ed  s t reom sec t i on
in  Dee r  C reek

depth contoun
i n te rvo l  I  cm

+ cuRRrit
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Frc. 8. Controlled stream section in Deer Creek.
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Nomads \,vere securecl in the downstream trap at I)eer Creek, then marked

and handled as in artificial channel work. These fish could live in the con-

trolled section, die there, or pass downstream into the trap at the end of the

section.
J'here were aborrt 39 m2 of stream area in the section, o{ which about 837o

was 25 nlm or greater in depth. The controlled section was not unlike manl'

other Deer Creek stream areas in general appearance.

f'neNsrrpn oF FRY To BARREN SrnB,ru

A transfer of 1627 coho nomads from Flynn Creek to Needle Branch u'as

made from April 16 to May 6, 1960. No coho fr1' were present in Needle Rranch

at the time of this fry transfer because of failure of the adult coho run of the

preyious fall. The transfer provided a further test of the idea that nomads rvould

become residents i{ living space were available. 
'l'he 

transferred coho were

released in small lots through the available stream area on Needle Branch.

A transfer oI 1577 coho nomads front Flynn Creek to Needle Branch rvas

made from April 19 to May 4, 196r' Coho fr1' were present naturally in Needle

Branch at time of transfer. The coho were released as they tvere in the previous

year. The object of this release was to determine if the natural population

already present in Neeclle Branch rn'ould result in a smaller proportion of the

introduced nomads becoming resident than had been the case in 1960.

OesEnverroN oF Corlo Bnn.tvlon

Observations of aggressive behavior among coho resident in r-ratural stream

areas were made on Deer Creek. The total ntrmbers of observed nips were

recorded. These observations were made on areas of known size for given time

intervals, ustrally 10 or 20 mintttes. l'he areas used for obsen'ation were not

randomly chosen, but were selected for the visibility they afforded. An effort

r'r,'as made to u'atch deep as well as shallow areas.

In addition, observations of behavior were made while nomadic coho were

in the artificial channels described earlier. For the most part these were quali-

tative, but some counts of nips w-ere recorded. Care was taken to avoid sudden

movements that might startle the experinrental fish, but coho in the glass-walled

channels ustrally ignored all movenrent outside the channels below the level of

the water surface. Any movement above the water obviousl]' frightened the

fish.

GnowrH oF CoHo

Comparisons were nrade of growth ol dorninant and subordinate coho in

artificial channels in several time intervals, measured as fork length' Where

grorvth percentages in periods of t ime areused, these werecalculatedas the ratio

of change in length to init ial length, nrultiplied bv 100.

Comparisons were made of mean size of nomadic and residual coho at given

times. Residual fish were sampled by seining and direct-current electrofishing

throughout the stream length available to coho. Nomads for length measure-

ments $'ere obtained from downstream traps.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION

RESULTS

DnscntprloN oF BEHAvIoR PATTERNS

The social behavior patterns of coho salmon were observed in artificial

stream channels and natural stream areas. 
'fhe 

behavior and resultant phenon'r-

ena noted included lateral displa-v and parallel swimming (Kalleberg, 1958)'

dominance posturing (Jones and Bail, 1954) or threat (Stringer and Hoar, 1955),

nipping (FJoar, 1951), chasing or driving (Stringer and Hoar, 1955; Greenberg,

1917),fl ight, hiding, f ighting (Stringer ancl Hoar, 1955; Newman, 1956) , sub-

rnission (Newman, 1956; Braddock, 1945), territorial defense (Kalleberg, 1958),

redirected aggression, and fonnation of hierarchies (Greenberg, 1947). All

of these activities except hiding, fighting, redirected aggression and hierarchy

formation were observed in the stream coho population as well as in aquaria.
Lateral display (Fig. 9) in the coho is sirriilar to that dcscribed by Kalleberg

(1958) tor Atlantic salmon, consisting of erected dorsal and anal f ins and an open

mouth. 
'Ihe 

white-edged dorsal and anal fins were nrost obvious in displays.

Lateral displav was seen during the period of hierarchy establishment in

aquaria, dr-rring territorial defense in aquaria and stream, and sornetimes during
the course of hierarchical dominance activities in the aquaria. Lateral threat

may [s a rnutual vigorous display betrveen a pair of coho, and sometimes results

in parallel su,'imming (Kalleberg, 1958). It appears to be of defensive character.
Dontinance posturing, or threat, (Fig. 10) in the coho is apparentlv quite

similar to that of the Kamloops trout, Salmo gairdnerii kamloops (Stringer

and Floar, 1955). Threat was seen very frequently in aquaria when social
hierarchies were being established, and in the stream and aquaria during terri-
torial defense. It can have either defensive or offensive character.

Nipping in coho (Fig. 11) has been described by Floar (1951). Nipping,
after the initial contest for dominance, usually was incontplete, w-ith little

actual body contact.
Fighting, as described by Strinter and l{oar (1955) for the Kamloops trout,

and by Newrran (19.56) for rainbow' and eastern brook trout, was seen in the
behavior of coho in aquaria during establishnrent of dominance-subordination
relationships.

Submission without f l ight in the coho (Fig. 12) is sinri lar to that observed in
eastern brook trout and rainbou' trout (Neviman, 1956). Submission by flight

rvas frequently seen, especially after dominance relationships were well estab-
lished. Subordinate fish u'ere often driven rapidly abotrt the aquaria until
they found a hiding place.

Redirected aggression was frequently evidenced bv aggressive dominant fish

lr'hen a chased sut-rordinate suddenly disappeared by hiding ttnder a rock. The

aggressor repeatedly was seen to pick up algal tufts and spit thenr out. Subor-
dinate fish, rvhen repeatedly nipped b5, aggressive coho, apparently were unable
to, or afraid to, nip in return and apparently transferred the aggressive urge to
tufts of algae or particles on the bottom, viciousll' mouthing and ejecting thenl.
Redirected aggression does not fit definitions of displacenrent activities given by
Raerends (,1957) and by Tinbergen and van Iersel (1947).
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Territorial defense in streams, other than that occurring in reproductive
behavior, has been noted for several salnronids including brown trout (l,indroth,

19.55, Kalleberg, 19.58), Atlantic sahnon (I{alleberg, 1958), rainbow trout (Stringer

and Floar, 1955, Newman, 1956), eastern brook trout (Newnran, 1956), and col.ro
salmon (Hoar, 1951). Territorv is defined as a defended area by Noble (1939)'

implying aggression against intruders.

Territorial defense was observed in the aquaria and in the stream. Partial

territorialitl', noted by GreenberS 09a7) for the green sunfish, Lepomis cyanell.us,
was also seen in the coho. Defense of the partial territory is the same, torn'ard all

but the dominant fish, as that described by other workers for complete territory

defense.

Stable hierarchies have been described in stream-dwelling salnronids by
Newman (1956) for rainborv and eastern brook trout. I{ierarchies ha've been

shown to exist in several other kinds of fishes, sttch as the green sunfish (Green-

berg, 1947), and Platypo',ciht.s (Braddock, 1945). .Stringer and Hoar (1955)

noted no well-organized peck order or nip-right among Kamloops trout.

Fairly stable hierarchies were frequently observed in coho groups *'ithin

artificial stream channels. When less than 5 fish were present in aquaria, these
hierarchies could be ascertained and observed over periods of up to 2 weeks.

Hierarchieswere usually of the "nip-right" type (Braddock, 1945), in which one

fish would nip another without being nipped in return.

The first sign of aggression or agonistic activitf in groups of 3 to 5 coho

introduced to a channel previously empty of fish usually appeared 5 to 15 minutes

after nomads u.ere placed in the observation channel. Initial action rvas usrtally

a threat. Sontetinres the single threat was sufficient to establish a dominance-
subordination relationship betv'een a contact pair, especiallv ii the displayinq
fish w-as much larger than the object of the threat. The donririated individual

rusually sank submissively torvard the bottonr or drifted downstreanr a short

distance.

If the fish placed in the control channel u'ere close to the same size, sorne-

times the 2 largest fish set up territories, 1 in each pool. Other snraller fish

were forced to take up partial territories or shuttle from one territorial fish to

another, being nipped or chased upon entering each territory. The area at the

ertrenre head of the upper pool, the "riffle" between pools, and the extreme

tail of the channel lr/ere areas where subordinate fish usually remained. As

long as the subordinates renrained close to the bottom out of sight, the doniinants
paid them little heed. As soon as a subordinate rose to feed, he was nipped or

chased. If a co-dominant carried his chase into the other dominant's territory,
he was threatened or nipped b1r the defending territorl, holder.

Usually, nip-rights rather than territories lvere established with subordinate
fish either shift ing position frequently or occupying partial territories. In

nrost observed groups, the first three fish in the nip-right could be easilf identif ied.
Ilelationships among the sr.rbordinate fish r,l'ere ustrally obscured by the activities
of the dorninant f ish.
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Frc.9. Lateral threat.

FIc. 10. Threat.
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Ftc .  11 .  N ipp ing .

Fro. 12. Submission.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION 1059

When a group of nomadic coho lvas added to a channel already containing

a resident population, the new fish were usuall l ' threatened bv the despot in the
established hierarchv. If all the new fish were smaller than the despot, they

lr,-ere donrinated and forced to submit, either dropping to the bottom or down-
stream. l 'his domination usually took place in less than an hottr.

If some of the new- fish were the same size as, or larger than, the residents,

a period of up to 4 hours might pass before the resident despot dominated the
nerv fish. Ilut the important observation is that tlre despot did donrinate the

introduced fish, even though the latter was larger. Never did a large introduced
coho, sav 50-60 rnnr long, donrinate the resident deslrot (45-55 mm). The
largest neu,' fish in each introduced group usually passed out of the channel within
24 hours after being dominated by the resident despot. f 'he snraller introduced

fish rnight be dominated by the desp<-tt and perhaps by the subordinates, then

in a day or two work part rr\''ay up the hierarchy by' donrinating resident fish

smaller than themselves.
Size was the principal factor governing hierarchy arrangenlerlt in all cases

observed except as discussed above. Prior residence appeared to govern hier-

archy init ially, but after a day size again becanre intportant.
Often the introduced fish w'ere harassed strongly by the despot and one or

nrore subordinates. On several occasions the submissive introduced fish were
seen to be chased out of the trough outlets by aggressive residents.

Noble (1939) points out that in Xiphofhorus, either a single neivcorner if

sufircientlv large, or a group of ne'l.v lish, u'ill produce a revolution in the resident

hierarchr'. ln the latter case each fish fights for itself against residents and

introducecl individuals. \A/hile the dominarrt resident usually rentains the despot,
a fish fronr either group may rise to second place in the order. No such rapid

revolution was seen in the artificial streanr channels. r,r'here resident fish held a

distinct aclvantage, but enforced confinement, where fish corrld not leave the

channels, nright have eventually produced the "revolution".
Rraddock (19,+9) shows that prior residence in an area confers upon an

individual Platypoecitus a greater potential for dominance than it would other-

u'ise have. Bradclock indicates that this effect is nrost irnportant in initial

contacts between inc.l ividuals, and that if the intruder is larger than the resident,
size nr.ay prevail in the contact. Braddock's observa.tions could r,vell be applied

to coho salnron, except that the prior resident alwal's prevailed in artificial
stream channels. f'he introduction of intmders larger than the resident despot
tended to prolong the conflict between the pair.

BRnevron rN ARTIFICIAL CH.q.NNErs .tr DBnn CnrBr<

Ciapacity of the channels to hold coho was estimated in the period April 15

to N{ay 19, 1960. From 4 to 7 coho, 35-45 mm, x'ere found to ren1ain in the

A channels 1 nronth after introduction. (iapacity of the B channels was found

to be 3 to 6 coho.
F'rorn Ma1' 20 to June 16, 1960, 4 experirrtents were conducted in the B

channels to test w-hether the nontads added to a barren r:hannel would tend to

remain there nrore readilv than those added to a resident population. Table I
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1060 JoURNAL FIsHERIES REsEARCH BOARD oF CANADA. vot-. 19. No. 6. 1962

shows proportions of introduced nomads remaining in the test and control
channels. In 3 of the 4 experinrents, a greater proportion of the control fish
remained.

In 196l all experiments in A and B channels had as their objective to deter-
mine whether nomads would cease movement if adequate Iiving space was
provided. From April 2l to May 31 , four tests were carried out in the A channels.
In all cases a greater proportion of introduced nomads tended to leave the
channels where resident coho were already present than left the barren channels.

Flow patterns and bottom configuration in the B channels were altered
considerably in 1961. Figure 6 shows the changes made in the bottoms of the
channels. Flow was about 6 times greater than it had been in 1960, ranging
from 95 to 76llmin. Five experiments were conducted, and in 4 of these the
fish tended to leave the test channel more readily than thev did the control
channel.

Table I shows details of a sign test (Li, i957) of the equality of proportions
of introduced coho groups remaining in the control and test channels in all
suitable experiments in 1960 and 1961. The analysis indicated that the pro-
portion of introduced nomads that remained in the test channels was significantly
smaller (at the llo significance level) than the proportion of nomads remaining
in the control channels. In other words, such a difference could have occurred
by chance with a probabil ity of 1 in 100.

Tanr-B I. Test of behavior in A and B channels to determine if nomads
added to a resident population had greater tendency to leave their channel
than did nomads added to a barren channel. Equal numbers of coho
(3 to 5) were placed in each channel at the start of the replication. The

test channel had a resident group of coho present.

Observed proportions remaining

Replications Control
Sign of

Test difference

B - NIay 20-May 27, 1960
B - May 2?-June 7
B - June l-June 13
B - June 13-June 16
B - Apr. 6-Apr. 21, 1961
B -Apr. 2l-Apr.24
B - May l9-May 26
B - May 26-May 31
B - May 3l-June 10
A - Apr. 2l-Apr. 29
A * Apr. 29-May 10
A - May 10-May 19
A - May 19-May 31

1  .00
0 .  50
0 .  50
0 . 4 0
0 .40
1  .00
0 . 6 6
0 .  33
0 .  33
0 .  66
0 .  33
1 . 0 0
0 . 3 3

0 . 6 0
0 . 2 5
0.  00
0 . 4 0
0.  60
0 . 3 3
0 . 3 3
0 .  00
0.  00
0 .  33
0.  00
0 . 3 3
0 . 0 0

;

Number of replications : 12 (omitting B - June 13, 1960).
Hypothetical frequency of negative signs : 6.
x2 : 8.33 with 1 d.f. (significant at l/6 level).
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION 1061

There appeared to be a tendency for fewer coho to become resident in the
test channel in 1961 than had been the case in 1960. The increase in water
velocity may have reduced the areas usable as stations and territories. Bottom
contours were altered considerably, however, and this may have been responsible
for any change in capacity of the channels.

Kalleberg (1958) showed that reduction in water velocity tended to cause
territorial Atlantic salmon and brown trout to rise a'lvay from contact with the
stream bottom and move about the aquarium observation channel. It may be
that low-velocity pool environments are more conducive to hierarchy formation

than to territoriality, while faster flows elicit greater territoriality. The environ-
ments utilized by coho in the sttrdy streams are of both slow and fast current
types, but the former flow condition is more frequently the case in the period

June to October because of low streamflow.
Aggression was less frequent in the control channel than in the test channel

during experiments in 1960. Tables II and III show nipping counts in each

channel during one experiment.
From June 6 to July 9, both test and control fish were fed daily with brine

shrimps to determine if more coho could be held in the troughs by an abundant
food supply. When food was introduced each day, all coho usually gorged them-
selves, then continued to catch and spit out the shrimps. Aggression usually
ceased in both channels during feeding, but began again when food ceased to

drift downstream.

Teslp II. Nipping in control channel, 12:75-14:15 hours, June 1,
1960. Mean nips given per fish per 10 minutes : 0'25.

53 mm 46 mm 45 mm 42 mm

Nips given
Nips received

TAer-n II I .  Nipping in B test channel 12:20-14:20 hours, June 1, 1960.

0
3

0
1 0

7
2

8
0

Nip recipients (length in mm)
Residents Nomads addedLengths of

aggressor
\mm) 42. f J4lo48"

1 0 4 8 1 8
1 3 1 2 4 5
0 0 0 8 b
0  0  0  . .
0 0 t 9

52
48
4 1
40
39

- 0 1 9 ' 2
0 - 3 4 1 0
0  0  -  3  1 1 b
0 0 0 -
0 0 0 0

53
.)(,
+2
40

1 0 0 0 0 0 - 0 0 0
0 0 0 0 0 0 - 1 0
0 0 0 0 0 0 0 - 0
0 0 0 0 0 0 0 0

,Some of these nios mav have been directed at the resident 40 mrn fish. At times the 41 and
40 mm f,sh could not be distinguished.

bSome of these nips may have been made by the resident 40 mm fish.
oThese resident coho lengths were obtained on June 13, while the nomads were
June 1 before they'were added to the channel.

measnred on
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Feeding failed to increase the capacity of the troughs to hold coho. Before
feeding began, capacity of the channels ranged from 2 to 4 fish one rveek after
introduction of a given group of nomads. After food in excess was supplied, the
channel capacities ranged frorn 1 to 4 fish one w-eek after introduction of a given
group of nornads.

Hierarchies were organized in the control channel soon after nonrads were
intrnduced. Donrinance order in these hierarchies was organized on the basis
of size, q'ith the largest colio beconring dominant.

Donrinant fish tended to grow nrore rapidly than subordinate coho. Table
IV shows growth of dominant and subordinate fish introduced into the channels
at the satne tinre. Growth u'as determined after the time intervals shown in the
table.

Tasre IV. Growth of dominant (D) and subordinate (S) coho in B
channels.

Channel and
time period

Initial
length

Final
length Growth

i 1

4 l
?o

46
++

56
A A

46
43

mm

46
4 1
39

43
4 J

J J

42

42

tnm,
Control channel
May 11-May 20

May 20-June 25

June l-June 13

June 25-July 1

D
S
S

D
S

D
S

D
S

2 . 2
0 . 0
0 . 0

/ . u
n t

5 . 6
4 . 8

5 0
2 . 5

Test channel
lVlay 1l -June 13 D

S
S

52
43
4 l

45
4 t

39

1 5 . 0
5 . 0
7 . 0

From June 16 to Jrrly t7, 1960, a series of 3 experin.rents .l l 'as conducted to
determine if groups of nomads separated by size would react differentlv in the
troughs. Roth B channels were cleared of f ish and 12 nomads,39-43 mm,
were placed in the control chanrrel and 12 fish, 41-5.5 nrnl, were placed in the
test channel. Both groups u'ere fed hrine shrimps daily. All of the large coho
left the test channel rvithin 5 dal's, but four of the snrall f ish rernained in the
control channel after 5 days.'fhe largest two of these fish set up territories
betu.-een which the snraller coho u'ere chased and harassed. (Jne dominant coho
occupied the trpstream half of the channel while the (lownstreanr coho had a
partial territorv in the lower half of the channel. The latter fish was strbmissive
to the donrinant coho, but de{ended his territory aqainst all subordinates. ln
the control channel, 26 nips u'ere counted in 25 nrinutes of observation just after
the 12 fish rvere introduced to the ctrannel. In the test channel, 13 nips n'ere
counted in the 45 minutes just after the fish u'ere introduced. Nine days after
the start of the experinrent, 3 of the srnall nomads were still in the control channel.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION 1063

l'he 2 territorial coho and 1 srrbordinate renrained. Subsequent experirnents with

groups of coho selrarated b1'size indicated that snraller fish would rentain in the

troughs nrore readily than larger coho.
From Auggst 18 to Septenrber 13, 1960, two experiulents u/ere conducted

to determine if a groutrt of coho of neally the same size would exhibit more

aggression than a grolp of fish of disparate lengths. Table V shows nipping

frequency in the groups introduced to the channels on August 18. l 'he coho

used at this tinre were resident fish seined from a natural stream area. Aggression

\lras nlore frequent in the group of coho of near equal size than in the group of

disparate size.

TAsr-B V. Nipping in B channels on August 18, 1960. Fish in right channel were nearly equal
in length while those in left channel were disparate in length'

Left channel
60 minutes

Right channel
89 minutes

Aggressor
(mm) 55

Aggressor
\mrn) J /

5 8 - 7 t 2 9
5 8 3 - 4 6
5 8 2 3 - 8
5 7 0 0 0 -

5 8 - 1 4 4
5 5 0 - 0 1
5 3 0 3 - 7
5 1  0 0 0 -

Total : 20 nips
Nips per 10 minutes : 3.3

Total : 54 nips
Nips per 10 minutes : 6.1

Table \/I shows nipping frequency in the groups introduced on Septernber 7'

Observations were made periodically from September 7 to 9' Aggression was

more frequent anrong coho of near-equal lengths than anrong coho of disparate

lengths. In both of the experiments from August 18 to September 13, all f ish

but the dominant coho left the channel.

Bnn,Lvron IN ARTIFIcIAL CHANNETs ,c.r OaK Cnnnx

On Nf ay lO, 196l, 294 coho fry lvere taken from the dolr'nstream trap at

Deer Creek and transportecl to Oak Creek, near Corvallis. These fish were

placed in the artif icial channels: 194 in the right channel, 100 in the left. The

fry were fet-l soon after being placed in the channels and daily thereafter. Mean

size of the fry on N{a1' 10 was 4C nrnr.
By \4ay !2, 40 fry had moved out of the left channel and 99 had left the

right channel. A fe,,,r, lish each rveek left the channels in the next month' On

June 17 all remaining coho were netted from the channels, counted, and measured.

Exactly 23 coho were found i1 each channel. Coho nrean lengths were as

follows: 49.6 mm in the left channel and 48.6 mm in the right channel. T'he

1 mnr difference between means was not significant at the 5V level.

Calculated clensit1. of coho in each channel was 
'2.91m2 on June 17. In

the ureek before June 17, 10 coho nroved out of the right channel and at least 3

departed the left channel. After all coho $'ere counted and measured, they rvere

returned to the channels and the water level u'as raised 46 cm, so that both
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Taern VI. Nipping in B channels, September 7-9, 1960. Fish in left channel were of similar
lengths while those in right channel were disparate in length.

Left channel, 65 minutes Right channel, 90 minutes

Aggressor
(mm) 62

Nip recipients

62 60 65a 159
Aggressor

\mm)

Nip recipients

69 65

7 l  -  0  2  0
6 9 r - 1 0
6 5 0 0 - 0
6 5 0 0 0 -

6 2 - 1 5 9 4
6 2 0 - 0 0
6 0 2 0 - 1
5 9 0 0 0 -

Total : 31 nips
Nips per 10 minutes : 4.7

Total : 4 nips
Nips per 10 minutes :  0.+

channels \vere essentially pools. No food was placed in the channels after
June 17. No coho left the channels in the following 4 months.

The result-" of the experiment at Oak Crcek indicated that presence of
artificial food in excess of the coho daily ration had no apparent influence upon
density of fish in the channels. More than twice as much food \r'as placed in the
right channel as in the left, yet the coho density was the same in each channel
at conclusion of the experin,.ent.

Clessation of all coho movement out of the channels follor,r'ing an increase
in water depth, and hence space, suggests that limited lit'ing space \\'as the
factor causing downstream moventent. Other factors nlay have brought about
some of the initial heavl' downstream movement following placement of coho
in the channels on \4ay 10.

Bpnevron lN NArunar Srnp.ur Annes

Rehavior of resident coho salmon in natural stream areas was observed
at several times during the summer and fall of 1960. Table VII shows the results

t""t" 
"tt. "."t""t

Nips per
Coho Fish per fish per

Bottom present m2 10 min.Station Date
Area Mean

Time observed depth

-150
005
040
720

-t25

I  100
1100
4250
3900
2500
2480
6500
6180
2600
37tO
4050
4125

m2

2 . 3
L 5
3 . 3
1 . 5
r . 1
1 . 5

r . t
f . D

2 . 3

1 . 9
2 . 2
2 . 2
r . o
1 . 4
2 . 8

20

30
10
30
30
1 5
10
15
25
10
I
8

20

13

no,
5
8
6
5
6

70-12
L2_I5

5
4
3

5 6
4

5-6
8

6-8
5

I  1 - 1 5

no,
2
5
2

5
7
6
4
3
2
2
2
3
e

3
a

3
4

no.

0 . 4
3 . 0
2 . 8
, A

t . 7
1 . 5
3 . 2
1 . 8
0 . 5
0 . 7
2 . 0
0 . 4
1 . 6
4 . 1
9 0

1 . 5
o . 7
2 . 6

month day
8 1
8 1
8 1
8 1
8 7
8 7

7 2 3
9 9
9 9
9 9
9 9
9 1 3
9 1 3
9 1 3
s 2 9
9 2 9
9 2 9

hours
1150-1200
t475-1425
1430 14,10
1450-1500
1520-1530

1135 1145
7240-1270
0926-0S46
1015-1035
1045-10,55
1105-1125
1220 7240
1255 1305
1410-1420
1005-1025
1045 1105
1110-1120

rubble

sand

gravel

si l t -sand

si l t -sand

rubble

si l t  sand

rubble

gravel

gravel

gravel-silL

gravel

grawel-silt

gravel-silt

gravel

gravel-silt

gravel s i l t
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION 1065

of these observations. N{ean densitv of fish was calculated, and this ranged

f.rom2 to 7 coho per m2, r,r ' i th a mean of 3. N,lean number of nips recorded per

fish per 10 minutes was 1.9, ranging from 0.4 to 4.1.

The number of nips relative to depth of water is also of interest. Behavior

in water less than 20 cm deep (11 instances) was compared to behavior in

water over 20cm deep (7 instances). No significant difference could be shown

between nipping or area occupied per fish in shallow and deep areas.

Observations in natural stream areas were made primarily to estimate the

extent of nipping. The most significant point was that nipping was frequent

and probably nearly continuous. The comparison of deep and shallow areas to

test differences in area and nipping per fish are not regarded as conclusive, since

activity in water over about 46 cm deep could not be observed properly.

Figures 13-17 show that downstream-migrant coho became equal in length

to residual fish by about November 6 in 1959 and by mid-November in 1960.

This period coincided with rise in streamflow due to the first fall rains. Pre-

sumably, living space would become more plentiful as water flow increased.

D e e r  C r e e k  c o h o  g r o w t h
1 9 5 9  y e o r  c l o s s

t', l

+:
E
.s

f
3 9 \

n

meon 
1l  

residuol coho length

. / ,  ) '
,f-iliT !8gl"h" 

c or mrsron!
'  ' \g5l t  

confrdence zone

M J J A S O N D u T o F M

Frc. 13. Growth of juvenile coho in Deer Creek, 1959 year-class

184
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Deer Creek coho growth
1960 yeor c loss

mcon>r rcslduol coho length

*- STJ'38TtLo'" or mi oront

"  

' \95% 
conf  idence 2one

!tr 
;.. ,;. Growth of juvenite coho in o*. a*"u,trnuo ;"".-;rr. 

a M J

Early in the winters of 1959 and 1960, the coho salmon changed their place
of residence or stations from open, relatively shallow water to deeper pools.
They apparently preferred locations with heavy overhead cover. On December
13, 1960, a group of Deer Creek coho was observed with the aid of a.ivater glass.
About 10 coho were observed for 20 minutesover a bottom areaof about 0.18 m2.
No sign of aggression was noted in this group. All fish held positions close to
the bottom, feeding on drifting material. Several fish were only 5 to 8 cm apart.
The calculated number of coho per square meter was 54. At the same location
on August 1, the fish per unit area had been about 3.2 per m2 and the nips seen
per fish over 10 minutes had averaged 2.4.

On December 20, another group of 7 coho lying close to the bottom in a
sheltered area was observed. These fish were congregated over a bottom area
of about 0.18 m2. The density of coho was about 38/m2 and no nipping was seen
in 15 minutes of observation. Three other coho were seen feeding in separate
locations about 60 cm apart. No aggression was seen among these fish.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION

meonxresiduol coho length

x
J "  *  1  1 7 o *
' - 

4'6 36 \somple slze

Frc. 15. Growth of iuvenile coho in Deer Creek, 1961 year-class.

General observations made during two winters regarding the locations
preferred by coho indicated that the young fish preferred deep water to shallow

(or preferred slower current), and tended to congregate in areas sheltered by

overhead cover. Coho smolt aggregation noted by Hoar (1951) was associated

with a preference for cover. Cover and slow current preferences may well have

caused the aggregation of coho observed in the study streams. However, a lessen-

ing of aggfessive behavior must have occurfed, for the dense groupings seen in

the streams were never observed in the spring, summer and fall months (of the

first year of life) when aggressive behavior was a frequent occurrence.

The tendency of coho to aggregate, or a lessening of aggressive behavior,

could have been responsible for the cessation of downstream movement of fry

smaller than residual fish in earl-v winter.

BBnavton IN CoNTRoLLED STREAM SBcrroN

On July 13, 1960, the 39 m2 controlled stream section was electro-sampled

and 34 coho were removed. Mean fork length of these fish was 53 mm. Begin-

ning July 13, nomads from the Deer Creek downstream trap v/ere placed in the

uppermost pool of the section as follows: July 13, 55 mm; July 14, 39 and 40 mm;

July 17,  42 and 43 mm;July 20,  45 and 47 mm; July  23,42 mm;July 25,  53 and

55 mm; July  31,  4 l  and 57 mm; August  31,  41 mm.

All nomads were marked by removal of one ventral fin. The absence of

a resident coho stock when nomads were introduced and the presence of a trap
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F l y n n  C r e e k  c o h o  g r o w t h
1 9 6 O  y e o r  c l o s s T,,T'

i ' l

T
E
.E

meon)k  res iduo l  coho length

,  _meon nomodic  o r  mioron t

. * / z  
c o h o  l e n q t h

/  ' \ 9 5 %  c o n f i d e n c e  z o n e

Frc. 16. Growth of juvenile coho in Flynn Creek, 1960 year-class.

at the outlet and a barrier screen at the upper end of the section were the prin-
cipal ways in which this section differed from an uncontrolled section.

On Septernber 7,1960, the section was electro-sampled to remove all coho.
Eight marked fish were found, out of 12 introduced coho that should have been
present; their lengths were 63, 61, 59, 57, 54, 52, 47 and40 mm. The 4 fish not
found could have been shocked but lost under debris, could have suffered mor-
tality in the section, or could have moved out of the section during two brief
periods of possible leakage.

AII the marked fish recovered were found in the pool where they were
released, in spite of the fact that two pools were available below the uppermost
one (Fig. 8). This probably indicated that population density never became
sufficiently high in the upper pool to cause fish to rnove into lor,ver pools. If
all 12 introduced nomads had remained in the upper pool, coho density there
would have been only about 1 fi.sh per m2, less than half the mean density shorvn
in Table VII. During the test period, 3 cutthroat trout, 93 to L22 mm, and
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION
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Frc. 17. Growth of juvenile coho in Flynn Creek, 1961 year-class.

one 77-mm cottid were taken in the outlet
catch and hold fish moving downstream.
fine to hold the coho frv if thev had moved.

TneNspnn oF FRy ro AREA BannBN oF RESIDENT Srocx

Of the 1627 nomads transferred from Flynn Creek to Needle Branch from
April 16 to May 6, 1960, about4/o moved through the downstream trap in the
1 month following their transfer. It should be noted that the stream was barren
of naturally-spawned coho fry at time of the transfer.

Of the 1577 nomads transferred from Flynn Creek to Needle Branch from
April 19 to May 4, 1961, al:out27n moved through the downstream trap in the
1 month following their transfer. Naturally recruited fry were present in Needle
Branch when the Flynn Creek nomads were released in Needle Branch. These
results again indicated that introduced nomads would tend to remain in a stream
area barren of resident stock, and tend to leave if resident stock were present.

Gnowrn AND MovEMENT oF NouRos

Observations of dominance-subordination relationships in artificial stream
channels indicated that slight differences in length of individual fish in contact
pairs were sufficient to bring about subordination of smaller fish. Differences
as slight as 1 mm were found to be important. For this reason, the "growth"
curves for nomadic and residual coho of the same vear class should be examined
carefully.

trap, indicating that the trap would
Mesh of the trap was sufficiently
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Figures 13, 14 and 15 show "growth" curves for nomadic and residual
coho of the 1959, 1960 and 196l year classes on Deer Creek, and Figures 16 and
17 show the same information for the 1960 and 196I year classeson Flynn Creek.
Table VIII for the 1959-1961 year classes shows the results of comparisons of
mean lengths of residual and nomadic coho. Pairs of samples considered were
taken at the same time. In all pairs of samples on Deer and Flynn Creeks
(these included all available data taken at suitably similar times) taken from
shortly after emergence in spring to early fall, the nomadic coho were smaller
in mean length (P values 0.10 to 0.01). These differences are all the more re-
markable in that samples of residual fish almost certainly included some coho

Tasr-n VIII. Comparisons of mean lengths (L) of residual and nomadic or migrant coho, year-

classes 1959-1961, in Deer and Flynn Creeks. The last column, P, is the upper limit of the

range in which the significance level of the length difference lies.

Nomads or migrants Residuals Ditr.
in

lengthDate No. Date No.
Max.

P

lntn
Deer Creek-1959 year-class

Jun 15-20/59 184 47.42
Jul  8-10/59 39 46.07
Jun 15-Ju l  10159 223 47  .18
Sep 8/59 46 50.00
Oct 26159 16 62.44
Mar 26160 81 85.02
Apr 15/60 54 87 . 89
May 1 /60  67  93 .93

m n'r mrT-t

1 3 8  1 . 9 5  0 . 1 0
2 . 1 8  r . 9 2  0 . 1 0
1  5 0  2 . 4 5  0 . O 2
6 . 0 0  3 . 0 3  0 . 0 1
3  . 6 7  1  . 8 4  0 .  r 0
4 . 1 8  1 . 7 7  0 .  1 0
8  5 4  3  . 4 7  0 . 0 1
1 7  . 2 4  6 .  1 1  0 . 0 1

Jun 18159 l42 48.80
Jul 8/59 40 48,25
Jun 18-Jul 8/59 182 48,68
Sep 8 /59  10  56 .00
Nov 3 /59  130 66 .11
Mar 28160 4+ 80.84
Apr  8 /60  31  79 .35
May 4 i60  16  76 .69

Flynn Creek-1959 year-clas s
Apr  1 /60  54  87  , l l
Apr 15i60 41 89.32

Mar 17-Apr 4i60
Apr 11/60

8  77  .00  10 .  11  s  .O4
7  8 r . 2 8  8 , 0 4  r . 7 5

0 . 0 1
0 . 1 0

Deer Creeh-1960 year-cLass
Apr 4/60 30 39.r7
Apr 26160 24 42 08
May 6 /60  14  38 .86
May 24-31160 54 43.89
Ju l  5 -11 i60  16  4s .50
Nov 21160 38  67  .81

Mar 28160
Apr 30/60
May 4/60
May 30/60
Jul 3/60
Nov 14160

4 0 .  1 5
4 3 . 6 5
44.73
45.66
52.s9
6 7  . 3 8

9 1
+ J

5 1
2t8
219
2 9

0 . 9 8
I . J /

5 . 8 9

7  . 0 9
-0 .43

3 . 3 4  0 . 0 1
2 . 1 8  0 . 0 5
8  3 9  0 . 0 1
2 . r 0  0 . 0 5
5 . 4 9  0 . 0 1

- 0 . 2 3  0 . 9 0

Flynn Creek-1960 year-clas s
Apr 8i60
Apr 14160
May 23160
Jul 3-1al60

30  37 .87
15 38.+7
2 3  4 2 . t 7
17  46 .71

Apr 9/60
Apr 13/60
May 23160
Jul 6-8/60

4 0  3 9 . 3 0
56 39 95

L l2  44 .68
1 0 9  5 3 .  l 0

r  . + 3  4 . 7 2  0 . 0 1
1 . 4 8  2 . 6 9  0 . 0 1
2  5 1  2 . 3 7  0 . 0 2
6 . 3 9  3 .  1 6  0 , 0 1

Deer Creek-1961 year-class
Apr 4-8/61 98 39.79
May 16-19/61  l7O 40.68
Jul 7-14161 12 50.00
Nov 23-27 161 105 66 60

Apr 4 616l
May 16/61
Ju l  5 /61
Dtc 7161

1 8 1  4 2 . 0 5
146 43 .54
r77 54 .  56
t 2 2  6 6 . 1 5

2 . 2 6  8 . 0 7
2  8 6  6 , 3 5
4 . 5 6  2 . 7 5

-0  45  -0 .36

0 . 0 1
0 .  0 1
0 . 0 1
0 .  80

Flynn Creek-1961 year -clos s
Apr 28-29161 21 40.52
Jun 16 /61  25  45 .44
Aug 18/61 l4 46.93

Apr 27 16r
lun 14161
Jul 2516r

1 . 7 8
4 . 8 9
6 . 0 8

50 4r .34
132 48.52
31  53 .32

0 . 8 2
3 . 0 8
6 .  39

0 .  1 0
0 , 0 1
0 . 0 r
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION L07l

that would soon become nomadic. If these fish could somehow have been re-

moved from the residual samples, the disparity between nomads and residuals

would have been greater. As the available data show, at some time in the fall

the coho moving downstream become equal in mean size to residuals. In early

spring the migrants become larger than the residual fish.
Needle Branch data were not used because of artificiality in growth data

introduced by transfer of Flynn Creek nomads.
Earlier in this paper it was pointed out that random movement might

explain the downstream drift of coho fry. If this were so, there should have

been a rather considerable upstream movement of fry. Huntsman (1945)

reported movements of Atlantic salmon parr downstream and upstream.
Table IX shows the catch of downstream and upstream traps during periods

when juvenile upstream traps were operated. Obviously there is very little

movement upstream of fry, and the nomads passing downstream apparently

do not return uostream to anv important extent.

Tesr-B IX. Monthly distribution of coho fry movement at traps'

Trap Period Downstream Upstream

Needle Branch May, 1960
June
Julv
August
September
October

r28
52
8

1 2
0
8

No trapping
I

n

1
0

Needle Branch Apri l ,  1961
May
June
Julv
A r r s r t q f

September
October

249
368
27
10
I
3
0

1

0
0
J

5

I
I

Deer Creek September, 1960
J u n : , 1 9 6 1
Julv
August

October

0
0
6
0
0
0

0
I  L , t

22
4
4
i

Flynn Creek June,  1961
Julv
August
September

171
23
23

4

No trapping
1

Trap defective
0

DISCUSSION

Study of coho behavior in artificial stream channels and natural stream
areas has demonstrated that aggressive behavior among coho is frequent, in fact
nearly continuous in the period from emergence of fry until fall. Experiments
conducted in artificial stream channels, in a controlled-stream section, and in
a natural stream show that nornadic coho will tend to cease, downstreanr move-
ment if offered an environment with sufficient soace free of resident coho.
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Nomadic coho are smaller on the average than coho that do not move down-
stream. Size governs position in social hierarchies and outcome of contacts
between coho, with larger coho having the advantage.

The foregoing facts indicate that aggressive behavior is one factor causing
the spring downstream movement of coho fry. It appears probable that this
factor, perhaps in combination with other density-regulatory factors, would
tend to cause the density of resident coho per unit area to remain rather constant
each year. If this is the case, then the yield of coho migrants, or smolts, should
not fluctuate very greatly from year to year, although streamflow differences
might cause some fluctuations.

Since data on yearly coho smolt yield from Deer Creek, Flynn Creek and
Needle Branch are incomplete, data obtained by others should be reviewed.
Hunter (1959) shows total numbers of coho smolts leaving Hooknose Creek on
King Island, Brit ish Columbia, from 1948 through 1957 (Table X).

TasLB X. Hooknose Creek coho migrations, 1948-1957, Data from
Hunter (1959) and unpublished records of the Fisheries Research

Board of Canada.

Smolt
migration

year
Smolt

numbers
Females in
parent run

Sibling
fry migration

1948
t949
1950
195 1
1952
1953
1954
1955
1956
1957

7,959
3,550
I O9')

4,389
3,620
4,034
5,987
6,7 56
4,508
6,074

izr
198
277

7 l
29

228
7 J

162
229

zioo
22031
205t2
81 55
5062

29417
15767
7779

32220

The number of smolts in a given year bears no evident relationship to the
number of adult females in the parent run or to the drift of sibling fry. In
the same time interval, the total number of pink salmon, Oncorhynchus gorbuscha,
and chum salmon f.ry, O. keta, passing out of Hooknose Creek, ranged from
98,524 to 1,409,225 (Hunter, 1959), with great f luctuations from year to year,
particularly in the case of pink salmon. Of course, these species leave fresh
water soon after emerging from the spawning gravel. The 1-year period of
residence undergone in Hooknose Creek by the coho appears to be a stabilizing
influence upon the number of smolts.

Salo and Bayliff (1958) show data from Washington for Minter Creek smolt
migrations for several years. Data shown in Table XI are for those years when
no hatchery-reared fish were placed in the stream above Minter Creek trap.
Footnotes indicate that age 2l coho are included in some of the smolt counts
and not in the others. In spite of the uncertainty resulting from this, it appears
that the total number of wild smolts migrating from Minter Creek does not
fluctuate greatly from year to year.
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION

Tesr,p XI. Minter Creek coho downstream fry and smolt migrations,
1938-1949. Data on fry movement from unpublished data of the

Washington Department of Fisheries.

1073

Smolt
brood

Females in
parent run Sibling fry Smolts (1 *)

1938
1940
1942
t943
t944
1946
1949

967
1,393

786
906
500
500
114

52,000
2t l ,136
60,000

?
101,000
24,614

920

? q  4 q t '  b

32,085"
3 1,893b
23,117bd
30,408b,d
41,848d
27,691d

'Includes some 2+ fish of 1937 brood released after hatchery rearing.
bNumber of age 2t fish of this brood not known.
olncludes 6829 age 2t wild fish and some age 2* fish of hatchery
orisin.

alncludes some wild age 2l fish of previous brood year, number
unknown.

Two other research facilities have been used to secure coho data over the
past several years. One of these is a weir on Gnat Creek, tributary to the
lower Columbia, operated by the Oregon Fish Commission. Data from this

station are not available for reference. A trap on Spring Creek, tributary to the
Wilson River near Tillamook, Oregon, was operated by the Oregon Fish Com-
mission from December, 1949 to August, 1958. Some data secured there (Oregon

Fish Commission, 1958) are shown in Table XII.

TA.srB XIL Spring Creek coho migrations, 1948-1952.

Adult
brood year

Females passed
upstream

Resulting juveniles
Fry out Smolts out

1948
t949
1950
1951
1952

170r
1 594
2498
9377
4662

1055
t228
t917
1209
1887

11 '
24"
35
< n

l 2

"These figures may be minimal due to high water.

Broods after 1952 were affected by passage of controlled numbers of females,

and are not considered here. The smolt migration in the years of record tended

to be relatively constant.
Data on downstream movement of 0/ age coho are available for Minter,

Spring, and Hooknose creeks. Data secured at Hooknose Creek, Table X,

indicate that a large movement of 0/ age coho does occur there. Mode of the
movement generally occurred in late April or May in the 12 years of record.
Operation of the Hooknose Creek weir ceased in early June in most years, hence

no data are available for the summer movement, if any, of 0/ age coho.
Gnat Creek coho fry movements apparently are similar in timing to those

on other streams for which data are available. Three peaks in yeatly juvenile

downstream movement are known (Oregon Fish Commission, verbal commu-
nication): in spring (age 0/), November (age0/), and the following spring (age 1/).
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Spring Creek coho fry movements occur largely in spring, and their magni-

tude in the years of record (Table XII) bears no particular relationship to the
parent runs or to the sibling smolt migrations.

Minter Creek data shown in Table XIII (unpublished data of Washington
Department of Fisheries), suggest that fry movement is related to parent egg
potential, but some of these same data, Table XI, show that the smolt migration

bears no relationship to parent egg potential or sibling fry movement. All fry

moving downstream into the N4inter Creek trap were placed back upstream.
Examination of Salo and Bayliff 's (1958) tables, their appendix, and the data
of ourTable XIIi, indicates that a relatively greater total fresh water mortality

occurs in years of large egg deposition and large fry migration'

TAsrB XIII. Minter Creek coho fry movement downstream,

1937-1957, and parent egg potential.

Brood year Parent egg potential Fry movement

23,000
52,000

none
211,130

none
60,000

?
101,000

none
1 I  A 1 L

none
805
920

none
86,800

105,000
34,672
32,334

821
4,374
8,319

937
938
939
940
941
942
943
944
945
946
9+7
948
949
950
9 5 1
952
953
954
95s
956
957

?
?

none
4,577,398

none
1,873,038
2,O92,860
1,376,500

none
1,097,000

none
186,200
287,864

none
1,086,684
1,929,186
1 ,  150,413

8 1 2,500
396,000
603,000
650,000

All available evidence indicates that the year of stream residence under-
gone by coho tends to stabilize the fluctuations caused by varying parent egg
potential, producing a smolt yield of relatively uniform magnitude from year to
year, in a given stream.

Smoker (1953) examined coho salmon yield to the commercial fishery in

the Puget Sound area in relation to total stream runoff in year of stream resi-

dence for given year-classes. He obtained a strong positive correlation. The

two most logical effects of greater streamflow upol1 coho production would be in

increasing the effective spawning areas for adults and in providing greater living

space for juveniles.

Neave (1949) shows a lower availability of coho to sportsmen fishing

Cowichan Bay, B.C., for year-classes which experienced low summer flows in

their juvenile stages in the Cowichan River. McKernan et al. (1950) show a

significant correlation hetween annrral coho salmon catches in Oregon near the
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CHAPMAN: COHO BEHAVIOR AND EMIGRATION 1075

Siletz River and summer low flows of that river 2 years previously. A sirnilar

test on data from the Coquille River area showed no significance. Wickett
(1951) shows 2low counts of coho leaving Nile Creek, 8.C., associated with 2

years of low summer rainfall in a 4-year interval f.rom 1946 to 1949.

The results of these investigations tend to show that yield of smolt cohoes

is positively correlated with summer streamflows, but they do not define the

mechanism involved, be it associated with predation, disease, territoriality,

food supply, or combinations of these.

As mentioned earlier, downstream drift of coho fry could be due to one or

more of the following factors (in addition to aggression in the fry population):

displacement by current, innate tendency to migrate, or random shifts in

position. The latter possibility has already been shown to be unlikely.

Displacement by current is an attractive explanation for fry movement

since this would explain the disparity in size of residual and nomadic fry, the

latter being smaller and perhaps less able to hold position in the current. How-

ever, as Fig. 13-17 show, the size differences are slight, and should not be suffi-

cient in themselves to explain nomad movement, particularly when some of the

fry that move are larger than some of the fry that remain in the stream. Further-

more, current speeds decrease from April through June while mean size of fish

increases, making inability to hold in the current an unlikely possibility.

It is likely that a part of the spring downstream emigration of coho fry,

probably the portion of the movement that occurs soon after emergence of fry,

is due to current displacement or to an innate migration urge, for a few fry (from

the first emerging groups of coho) are known to move downstream soon after

emergence. This drift occurs in spite of the aplrarent abundance of quiet mar-

ginal water area for living space. The very early arrivals at the downstream

traps are 37-39 mm in length.
Hoar (1953) points out that coho fry actively defend territories during the

day, then settle to the bottom and become inactive at night, a behavior charac-

teristic that leads to permanent residence in the stream. This type of settling

behavior was noted in artificial stream channels and in natural stream areas

as well. In both areas, fry tended to be on or close to the stream bottom in

hours of darkness. Feeding activity commenced in artificial channels with the

first increase in light level at dawn.
Settling behavior at night is not conducive to displacement by current.

Activity at night, on the other hand, would be conducive to displacement' as

Hoar (1953) indicates. Figure 18 illustrates preference of coho fry for night

movement. Data were obtained by Deer Creek trap checks at dawn, dusk,

midnight and noon. This preference was marked in March and April, less so

in May. Activity at night or a failure to settle and hold close to the bottom

evidently leads to nomad movement.
The work summarized in this paper indicates that downstream movement

would cease if the drifting fish were placed in a suitable environment free of a

resident population of coho. This, in turn, suggests that failure to hold position,

either in daylight or at night, is due largely to the presence of other fish. If
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S m o l t s  -  1 9 5 8  Y e o r  c l o s s

\  m e o n
D e r c e n t  o f  d o i l Y
movement  in  doy l igh t

9 doys

1 3 6  f i s h
M o r

Fry  -  1959 yeor  c loss

383 f  i sh M o y

in Deer Creek during daylight andFrc. 18. Downstream movement of juvenile coho
darkness, 1959.

fry are forced by aggression into locations unsuited for settling and holding,
displacement by current should play a part in causing downstream drift.

Kalleberg (1958) states that territoriality in Atlantic salmon and brown
trout is a characteristic evolved as a food supply mechanism. This also is a
logical explanation for the aggressiveness of coho, a fish which depends strongly
upon drift food on the surface and in the mid-water. However, a similar Dar-
winian explanation could be offered involving pathological organisms and pre-
dation. Aggressiveness could act as a population spreader, decreasing probability
of disease, parasite-caused mortality, or predation.

Allee (1938) and Coll ias (1944) present evidence that a dominant position
within a group is correlated with greater individual survival potential. Noble
(1939) reported that dominant individuals in a group of Xiphophoru.r sp. lost
less weight during periods of starvation than did subordinates, that larger and
heavier fishes occupied positions of greater dominance, and that prior residence
was an advantage in contacts with newcomers. Braddock (1949) reported
similar results for Platypoecilus sp.

Aggression seems to be sufficient to account for part of the considerable
range in size of cohoes at a given time. As indicated by artificial stream studies
reported here, gro.,vth of dominant fishes is greater than that of subordinates.
Some of the variability in size stems from varying emergence times and varying
sizes at emergence of fish emerging at the same time. The rather remote possi-
bility of a feedback mechanism of growth control also exists (Rose, 1960).
Brown (1957) suggests that growth of small Salmn trutta malr be inhibited by the

i 1 8 f r s h  ^  3 z f i s h
Mor  APr '

A p r Moy
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mere presence of larger individuals or by increased production of adrenocorti-
cotropin due to stress (stress being caused by the presence of larger individuals).

It is suggested that aggressiveness of coho is one factor tending to stabilize
numbers of smolts yielded by unit areas, operating as a population spreader.
The spread of coho populations after emergence, as streamflow decreases and
growth proceeds, should assure adequate food supply for the aggressive members
of the population, may help reduce transmittal of pathological organisms, and
should insure better survival of aggressive coho. These aggressive fish should
have better growth opportunity and pass out of the predation-vulnerable small
size classes most rapidly.

At first glance, one might find an anomaly in the explanation of aggression
as a food supply mechanism and the fact that experimental provision of excess
food did not decrease aggression or alter capacity of artificial stream channels
for coho. However, it is probable that aggression is a relatively inflexible innate
characteristic that can be little altered by temporary changes in food availability.

Another anomaly appears to exist in the fact that some nomads are larger
than many residual coho, and should therefore have been able to dominate smaller
fish and obtain adequate living space. However, space for a 40-mm coho may
not be adequate for a 50-mm fish, nor do the areas occupied by various size groups
appear to be similar in physical characteristics. Then, too, some of the movement
of large nomads may be due to an innate "desire" to migrate.

The selective advantages gained by coho through aggression are obvious.
Probably there is a limit maximizing profitable aggression at a level compatible
with maximum growth and survival. Further extension of fish beyond this
maximum should result in over-expenditure of energy for maintenance at the
expense of growth (Ivlev, 1945) and hence survival probability (Ricker and
Foerster, 1948).

Theoretically, a coho stream rich in drift food should have a native race
of coho with smaller territorial requirements than would be the case in streams
with low food availability. That such differences in food grade exist is almost
certain. The environmental differences found in the range of coho salmon are
very great (Shapovalov and Taft, 1954; Salo and Bayliff, 1958; Neave, 1949),
and should be sufficient to cause large differences among streams in quantity of
seston.

As pointed out earlier, the mechanism whereby increased water area yields
more coho has not been isolated. The most likely possibilities, entirely apart
from spawning area considerations and confined to living space, are decreases
in disease and parasite-caused mortality, decreased predation, increased food
supply, or increased area for territory-holding fish. It is probable that all these
factors play a part in increasing coho smolt yield. It is suggested that the intense
and continuous aggressive activity of coho plays an important role in survival.

SUMMARY

1. A study of aggression in coho salmon rvas conducted from March, 1959
to October, 1961, in three small Oregon streams. The principal objective of the
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study was to determine if emigration of coho fry, occurring from time of fry

emergence to November of the first year of life, was caused by aggression in the

coho population.

2. The study was made in artificial stream channels and natural stream
areas. Glass-sided observation channels were used for part of the study.

3. Downstream movement of coho fry began soon after fry emergence
in spring. A large movement took place in the late spring and lesser numbers of

nomads moved downstream through the summer and fall. Upstream movement
of fry was negligible.

4. Coho fry moving downstream from spring to early fall (these fry are
called "nomads" here) were smaller than residual coho. Frorn March to June,
migrant smolts were larger than residual yearling coho.

5. Coho behavior patterns and phenomena noted repeatedly in artificial
stream channel aquaria included lateral display, parallel swimming, threat,

nipping, chasing, f l ight, hiding, f ighting, submission, territorial defense, redirected

aggression, and formation of hierarchies.

6. Nomads placed in artificial stream channels barren of fish formed
hierarchies and tended to remain in the channels rather than migrating down-

stream through the unscreened channel outlets.

7. Nomads added to existing resident groups of coho in artificial channels
vrere dominated by the resident dominant fish and tended to leave the channels.

8. Hierarchies and territories observed in artificial stream channels were

organized on the basis of fish size, with smaller fish either leaving the channels
or being continuously harassed. Srnall fish that remained in the channels were

chased and nipped unless they remained still near the stream bottom or hid among

bottom particles, either of the latter two situations resulting in inferior oppor-

tunities for feeding and growth.

9. Dominant coho grew more rapidly than subordinate fish in artificial
channels.

10. Feeding of coho with brine shrimps, in quantities in excess of require-
ments, did not alter capacity of artiflcial stream channels for nomads.

11. Aggression observed in natural stream areas was frequent, probably

continuous, and consisted of territoriality, partial territoriality, nipping, threat-
ening, and chasing.

12. Nomads transferred to a 39 m2 controlled strearn section barren of

other coho remained there, taking up residence in the pool where they were

released.

13. Of 1627 nomads taken from one stream in i960 and transferred to

another stream barren of resident stock, about 47o moved down and out of the

stream in 1 month following their transfer. Of 1577 nomads transferred in l ike

manner in 1961, but added to an existing population, about 277o moved down

and out of the stream in the month following transfer.

14. It was concluded that aggressive behavior is one factor causing the

downstream movement of coho frv.
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