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of Sockeye Salmon Fry in the Babine River!
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ABSTRACT

In the Upper and Lower Babine rivers the Iry of sockeye salmon (Oncorhynchus nerka)
ge and move downstream, predominately at night, before reaching low-velocity areas along
stream margins. After a period of days or weeks these fry migrate upstream, close inshore,
the day. The diel pattern of upstream movement appears (o be bimodal. The seasonal
odicities of both downstream and upstream movement are related to water temperatures.
; Upstream migrants were larger than downstream migrants in the Upper Babine River but
in the Lower Babine River. Upper River upstream migrants were similar in length to Lower
er upstream migrants during 1964 but not in 1965. In both years Upper River fry weighed
ortionately more than Lower River fry, and in both rivers 1964 fry weighed proportionately
s than 1965 [ry. Some possible explanations of these observations are discussed.
Early in the season, fry tend to disperse alongshore after entering the lake. Later they
e these inshore areas and become entirely pelagic.
The principal foods of fry both in the river and in the lake were copepod and cladoceran
kters.
Both fish and birds were found to be preying on sockeye salmon fry. Fry appear to be more
[nerable to predation in the river than in the lake.
The upstream movement of fry in the Babine River does not appear to differ appreciably
m upstream movements in other areas. A comparison of fry movements in the Babine River
d the Fulton River, where fry move only downstream, suggests that the differences in be-
wiour are genetically rather than environmen tally induced.
It is suggested that, because of high mortalities in the prepelagic period, upstream-migrant
-~ populations will only develop where the environment of both the river and the rearing lake
especially favourable.
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INTRODUCTION

“ THE YOUNG oF anadromous sockeye salmon, Oncorliynchus nerka, typically
spend 1 or more years in the fresh waters of lakes before migrating to the
“0cean. Returning adults spawn either in lakes or in streams. Most commonly,
the latter are streams flowing into the nursery lake and, upon emergence,
Iy move immediately downstream. In some instances, however, the parent
opulations spawn in the lake outlet and the young move upstream. There
S a considerable body of information available describing the behaviour
f sockeye fry moving downstream but, as yet, no detailed description of
N upstream migration.
In two of the numerous streams utilized by spawning sockeye salmon
t Babine Lake, British Columbia, large upstream fry migrations are an annual
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occurrence. During the spring and early summer of both 1964 and 1965

study was made of the behaviour and ecology of sockeye fry in these streama
the Upper and Lower Babine rivers. Some comparisons were made with SOCks,
eye fry in the Fulton River, a Babine Lale tributary in which fry move dg“,n:
stream.

THE AREA OF INVESTIGATION

The accompanying map (Fig. 1) illustrates features of the Babine Lake
area pertinent to this study.

The spawning grounds of the Upper and Lower Babine rivers ang the
Fulton River are the most heavily utilized in the Babine Lake area, receiving
23.4%, 16.99%, and 15.6% respectively of an average annual escapement
of 486,000 sockeye spawners.
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F1c. 1. The Upper and Lower Babine River spawning areas and Babine Lake.

The Upper Babine River s about 2296 m (7000 ft) long and averages
74 m (225 [t) in width. Emergent [ry can enter nursery areas either down-
stream in Nilkitkwa Lake or upstream in the North Arm of Babine Lake.
Quiet areas and grassy sloughs are common at the river outfall and along the
banks, especially on the west side. Water velocities are low, generally less
than 30 em/sec (1 ft/sec). Several small streams enter the Upper Babine River
but these have little clfect on conditions in the river. Water temperatures
in the main flow are generally lower than those at the lake surface and ap-
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ximate the temperatures found between 2 and 5 m (Fig. 2). Water entering

e river is probably a mixture of near-surface and deeper, colder waters.

ater temperatures in the river are subject to large day-to-day fluctuations,

esumably the result of wind-influenced changes in the thermal structure
the North Arm of Babine Lake.

The Lower Babine River is similar in width to the Upper Babine River

t water velocities are much higher, approximately 122 cm/sec (4 ft/sec)

-the main stream and up to 244 cm/sec (8 ft/sec) through the weir. There

are few extensive areas of slow water along the banks to serve as refuges for

olding fry and upstream migrants. Two substantial streams enter the Lower
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Water temperatures in the North Arm, Upper and Lower Babine rivers, and Nilkitkwa
Lake at various times during 1965.

River just below Nilkitlwa Lalke, one on the cast and one on the west. These
are [requently in flood during the period of fry migration and can markedly
affect the turbidity of the main stream.

Sockeye spawning in the Lower Babine River is almost entirely confined
0 the length of river between the enumeration weir, or fence, and the lower

“end of Nilkitkwa Lake, a distance of approximately 1640 m (5000 ft).

Salmon spawn over a considerable length of the Fulton River, 3281
(10,000 ft), between Babine Lake and an impassable 13 m (40 ft) falls below
Fulton Lake. The river averages 25 m (75 [t) in width and water velocities

t the time of fry emergence are relatively high. Emerging fry move down-

RIS

s

~ HEAZER IR




378 JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 24, NO, 2, 1967

stream into the main basin of Babine Lake. The river becomes turbid qug;
extreme high water but is reasonably clear during a large part of the donu
stream fry run. v
Fry moving upstream in the Upper Babine River eventually ep
North Arm of Babine Lake. For purposes of this study the North Arm y
divided into four major sampling areas. Lake area 1, closest to the rive, vag
further divided into subareas 1A and 1B. The lake shelves off rath
throughout the area of investigation and most of it exceeds 10 m
Areas of shallow littoral and emergent vegetation have a patchy dig;
generally in small bays and alongside the alluvial fans of the few, small t
utary streams. Two of these streams support small sockeye spawning POpu-
lations, a long-term average of less than 1400 fish between them. M
of fry from the main body of Babine Lake into the North Arm a

ter the

in depp

are progeny of fish spawning in the Babine River.

MATERIALS AND METHODS

In the Upper Babine River, downstream migrants were sampled with

traps located in relatively fast-moving water close to where the river enters

Nilkitkwa Lake (Fig. 1). These traps, modifications of the type used by Mc-
Donald (1960), were constructed of 3.15 mesh/linear cm (8 mesh/linear inch)
hardware cloth over plywood frames. The trap mouths measured 61 cm (2 ft)
X 122 cm (4 ft).

During 1964, from May 15 to July 17, two traps fished the arm of the
river to the east of Smokehouse Island. The traps were tended morning and
evening at about 0800 and 2000 hr PST (Pacific Standard Time is used
throughout this paper). Catches were recorded separately as nocturnal down-
stream migrants, those fish captured between 2000 and 0800 hr, and daytime
downstream migranis, those captured between 0800 hr and 2000 hr. In fact,
the period from 2000 to 0800 hr includes a number of daylight hours and a
proportion of the [ry classified as nocturnal migrants must have entered the
traps during daylight.

Two or three times a week, hourly counts were made between 2000 and
0500 hr to determine the periodicity of nocturnal downstream movement.
These counts were corrected to compensate for the period of time necessary
for the removal of fry from the trap, generally about 10 min of each hour.

During 1965, a single trap was fished from May through July in the
west arm of the river. As in 1964, daily counts were made at 0800 and 2000 hr.
No hourly counts were made.

In both years, counts of fry moving upstream along the east bank of
the Upper Babine River were obtained by estimating the number of fish
passing over a 1.8 m (6 ft) square, white grid placed on the stream bottom.
Fish were guided across the grid by leads constructed of hardware cloth and
were viewed by an observer on a tower placed directly over the grid. Small
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re thought
to be small so that almost all the underyearling sockeye in the North Arm
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mbers of fry were counted directly but, during periods of high activity
mates were made by groupings of 10, 100, or occasionally 1000.

On 7 days in 1964, records were kept of the speed at which fry moved
stream across the counting grid. These speeds were corrected by the addition
the speed of the water flow across the grid to give the true speed of the

6o through the water. For each date the speeds of several hundred individual
ools were averaged. The swimming speed of fry may have been affected
ewhat by the presence of the grid but there was no apparent change in

eir behaviour or speed of movement.
- During 1964, counts of upstream migrants were continuous throughout
18- to 20-hr period, generally from 0200 to 2200 hr. In 1965 the daily counts

vere for 4 hr only, 1600 to 2000 hr. The 4-hr index was adopted to obtain a

etter measure of seasonal variation in upstream movements than was pro-

ided by the infrequent 20-hr counts made in 1964. In 1964, an average 27.5%

f the daily run passed upstream during these 4 hr, ranging from a low of
9 on July 14 to a high of 65.2% on July 17. Figure 3 illustrates the relation-

of counts made between 1600 and 2000 hr and the total daily count for
days in 1964. This relationship, though variable, is close enough for the
irposes for which it was intended, the identification of extremes. In no case

a very high total count associated with a low 4-hr count nor a very low

| count with a high 4-hr count.

In both years, samples of [ry were taken in the Upper and Lower Babine

vers and in the North Arm of Babine Lake for length-frequency studies.
wnstream samples were obtained from the traps in the Upper Babine
iver; in the Lower River (1964 only), with dip nets lowered into the water
various positions along the adult counting fence. Upstream migrants were
ptured in the area called the “cutbank” in the Lower Babine River and
the area close to the upstream enumeration tower in the Upper River.
hese were occasionally dipnetted but in most instances a small-mesh, nylon
arquisette seine was used. The same seine was used to capture fry along
ore in the North Arm of Babine Lake. In 1965, a few samples of fry were
also taken offshore in a 2.74 m (9 ft) square townet similar to that used by
e Fisheries Research Institute of the University of Washington in Alaskan
kes. All townetting was done at the water surface at dusk and shortly there-
ter.

All lengths and weights were obtained from live fish anaesthetized in
02%, solution of 2-phenoxyethanol. Individual standard lengths were recorded
pin pricks on millimeter graph paper. Fry were blotted with paper towelling
remove excess moisture and then weighed in air on a Mettler I 7 balance.
he weight was recorded adjacent to the appropriate pin prick. These tech-
ques, a modification of those described by Parker (1963), were identical in

oth years.

Many of the fry emerging from the gravel in the Upper Babine River
Il retained a portion of the larval yolk supply. Anticipating that there
ght be differences in the behaviour and ecology of fry with and without
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JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 24, NO, 2, 67

<)
i1

4-HR COUNT (1000'S)
I

LB e | T T

6]
20-HR COUNT (1000'S)

F1c. 3. The relationship of counts made between 1600 and 2000 hr to the
total daily upstream count (20 hr). Data for the Upper Babine River, 1964.

yolk, records were kept of the presence or absence of an external volk sac
in fry from samples taken for various purposes. In most instances, fry with
yolk sacs were further classified as having either large volk sacs (large enough
to be seen laterally) or small yolk sacs (a slit visible from the ventral surface
only). Some fry without externally visible yolk sacs were examined after
preservation to determine whether they still contained vestiges of yolk in-
ternally.

During 1965, samples of [ry were taken for [ood studies at approximately
weekly intervals at a number of localities in the Upper and Lower Babine
rivers and in the North Arm of Babine Lake. On two occasions, [ry were
captured at 2-hr intervals, over a total period of 24 hr, along the shores of
Smokehouse Island where the Upper River enters Nilkitkwa Lalke. The numbers
of food organisms were counted dircctly or, where very large numbers of
organisms were involved, estimated with aid of a counting grid. In addition
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counts of individual organisms, visual estimates were made of the per-

tage of the total food volume falling into each of the following groups:

dentified insects, unidentified plankters, all insects, and all plankters.
Plankton samples were taken on the same or the following day for com-

arison with the stomach contents of fry. These were taken using Clarke-
umpus samplers with No. 10 standard nets. Water temperatures were taken

he same time using an electronic thermistor. The methods of counting
ankters were the same as those used in stomach analysis.

Samples of predatory fishes were taken either in gill nets or in a large
ach seine. The monofilament nylon gillnets were assembled in standard
ngs with six 7.6 m (25 ft) X 2.6 m (8 ft) panels of the following sizes: 2.5,
g, 5.1, 6.3, 7.6, and 10.2 cm (1, 14, 2, 2%, 3, and 4 inch) stretched mesh.
he seine, 39.3 m (120 ft) long and 2.6 m (8 ft) deep, varied from 5.1 cm (2 inch)

stretched mesh on the wings to 2.5 cm (1 inch) in the bag. Predators were

weighed, measured, and sexed, and scale and stomach samples were taken.

'I:he stomachs, preserved in 10% formalin, were examined later under a binoc-
ar microscope.

In both years, water levels were recorded daily at a gauging station
established by the Department of Energy, Mines and Resources on the Upper

abine River. A thermograph nearby kept a continuous record of stream tem-
ratures. On occasion, changes in light intensity were followed with a Photo-
volt 200 photometer recording directly in foot candles.

Howard Smith of the Fisheries Research Board, working on the Lower
Babine River, provided valuable data on environmental conditions and the
movements of fry in the Lower Babine River. The Resource Development
Branch of the Department of Fisheries of Canada provided similar information
for the Fulton' River.

GENERAL DESCRIPTION OF BEHAVIOUR

During both years of the study, frequent observations were made of

the distribution and behaviour of sockeye fry in the Babine Rivers. These

observations, largely qualitative, are presented here to acquaint the reader
with the general pattern of fry movement before the more detailed aspects
of the study are discussed.

The activities of fry in the Babine River can be conveniently divided

_into three phases: downstream movement, holding, and upstream movement.

Benaviour or Fry MovING DOWNSTREAM

Large numbers of fry moved downstream in both the Upper and Lower

- Babine rivers. This movement was predominantly nocturnal but some day-

time movement did occur. The behaviour of [ry moving downstream alter
dark was not observed but, on several occasions, downstream migrants were
seen during the day from a boat anchored in midstream in the Upper Babine

man
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River. Of 76 fry seen on June 29 and July 2, 1965, all but 10 were single ;
dividuals. There was one group of 4 scattered about 30 em apart and 3 al.n-
with 30-60 cm separating individuals. Seventy-two fry were at the sunvaérs_
4 others at depths of 15-30 cm. Of the 76, 33 were swimming actively dowe'
stream, 8 were drifting down tail first, 33 were heading obliquely acrosg t]l:
current, and 2 were swimming upstream. All these fry were small and some
had visible yolk sacs. Such behaviour was observed on a number of othee
occasions. The behaviour of daytime downstream migrants w. :
that of the nocturnal migrants described by Hartman et al.
“migrated as individuals, facing downs
movements.” A significant departure
which, though moving downstream, were swimming at a considerable angle
to the main current. This tendency may be an important mechanism enabling
fry to reach the edges of the river before being swept very far downstrean,
J. Roos (personal communication) of the International Pacific Salmon
Fisheries Commission, New Westminster, B.C., reports an

as similar 1

interesting ey.

periment which emphasizes the ability of sockeye fry to reach the stream

tured moving upstream, alongshore, at a point opposite

suggesting that the fry had not moved very far downstream before reaching
the river's edge. These fry were not newly emerged but the ability of recent
emergents to reach the river's edge may not be at all inferior. In the broad,
fast-moving Lower Babine River, millions of fry reach the banks before they
have passed downstream as much as a mile.

Another possibility was entertained, that fry reach the edges of the stream
by swimming along the stream bottom, but not a single fry was located off-
shore along the bottom in the course of an underwater (scuba) search in the
Upper Babine River. At the moment, the behaviour of fry at first emergence

and the manner in which they reach the stream edge is still very much a matter
of conjecture.

BEHAVIOUR OF HoLpIng Fry

After reaching the river margin, fry may pass several weeks before com-
pleting their journey upstream. These fry accumulate in backeddies, sloughs,
and other areas of quiet water along the river's edge. In the Upper River
thousands more gather in areas bordered by brush and emergent vegetation
around Smokehouse Island and the river outfall. These “holding"" fry were
observed on many occasions. There is also some indication that many Upper
River upstream migrants have lived for a time in Nilkitkwa Lake before
entering the river and moving upstream.

Early in the season, schools of holding fry were small and scattered (a
maximum of about 200 fry) and solitary individuals were common. Later,
groups of several hundred thousand fry often accumulated in favoured holding
areas. :
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During the day, undisturbed fry swam near the: water surfac.e.. Schools
e loosely organized and there was a great deal of individual activity, gen-
ally associated with feeding. The orientation of schools was bgslcally rh‘eo-
ctic but where currents were slight there was rpuch wanden.ng about.
The behaviour of sockeye fry in response to dlst‘urbanres, either by_ o?-
ervers or predators, appeared to change after schooling. Some .o[ the single
dividuals observed holding along the stream edges very earl_v. in the season
ied themselves in the bottom material when disturbed. Fry in groups were
.urle een to do this. When mildly disturbed they moved as a group, away
evertshe disturbance, often sounding, and in among brush and vegetation
z;ngshorc. When violently agitated they scattered wildly; however, schools
again.
onAf:r:i]gcl?t. ichools of fry in fast water generally remained close to the
bottom but were frequently observed near the surfs'lce. in quieter areas. .Ob-
ervations of single schools indicated that the majority of these remained
the same area throughout the night even at temperatures as low as 5 C.
his contrasts with the behaviour of schooling sockeye fry descnbed. by Hart-
an et al. (1962) in Hidden Creek at Brooks .Lake, Alaéka. In this .streagm,
holding areas were completely evacuated during the nightly outmigration
and filled again at dawn. ) y
J The holding period, during which fry are concent_rated in a narrow strip
along the edges of the stream, is undo‘ubtedly one of high mortghty. Hartxrfan
et al. (1962) have discussed the survival value of p.rotected. inshore hold{ng
eas as refuges from piscivorous predation. Observations on tl-le Up.p?r Babine
iver suggest that there are additional advant;%ges to fry inhabiting these
areas for extended periods of time. Currents immediately alongshore are
élow, often negligible, and, as Fig. 4 shows, water temperatures are compar-
atively high. These conditions were most‘ exaggerated in some of the small
sloughs along the west bank of the Upper River. On June 3, 1965, a temperature
" of 14.8 C was recorded in a flooded grassy area where there were many fry.
The temperature of the main stream 6 m away was 5.3 C. Toggther, higher
water temperatures and slower currents probably encourage rapid growth.

BEHAVIOUR OF FrRY MovVING UPSTREAM
Sockeye fry moving upstream did so almost entirely in daylight. The

. movement was confined to the stream edges. The first, early morning migrants

were individuals or, more rarely, small groups of up to 10 fish swimming in
a characteristic manner: a series of short, quick spurts followed by [)erxods
of holding or of downstream movement during whicl.: fry drifted tail-first.
- The fish appeared to have difficulty in maintaining posi%xon zmd th§ movements
of fry in groups were not well synchronized. As light intensities increased, so
did the size of groups and hesitant, individual, swimming movements were
eplaced by highly organized schooling behaviour. o )

Where they were unhindered, migrants moved in tightly knit schools at
the surface close to shore, often in water only a few centimeters deep. The
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average school numbered from 100 to 200 individuals but ma Y

Ol.l June 26, 19.64, an almost continuous band of fry moved ac ol sy ]ﬂrLtCl'-
grid for a period of 26 minutes. fcross the counting
fmm'l"l}ée3a\t/0er§1§elsg;e/cl:cf \S\,cjlt]]?ovis :: the [7 ;:Eta;'s wl}en records were kept ranged

e 2. a mean of 24.9 cm/sec. The av
6 of the 7 days exceed the mean maximum sustaj g e peds fop
.15.3 to 20.1 cm/sec given by Brett et al. (1‘)SS;l[aol:aﬁlzLeocfrzi]lsxirillirsp'ecc‘ % .
In water of similar temperatures (6-1 Site Bl
‘24‘.4 cm/sec recorded by Andrew and Geen (1
migrants. Possibly Brett's laboratory-reared [ry had less stamina t} atural
fry. A.nother possibility is that upstream migrants are able ;o :ani l‘td'um
spe.ed in excess of their maximum sustainable swimming speed by nIT - :“t”' ;
penor.JS of rapid upstream movement with periods of llwldinr 1x-1dzl ertl'm t
) Fry usually swam around rather than under floating il)"cct rej\ll"t]g.

period of hesitation during which the school moved bacl\: 1%1(1 f()thhS‘ mrclcl‘;na
for zl'llcrnute routes, the fry either rounded the obsl‘ructim; at 1 ; (‘d dg
continued upstream (after moving back into shallow w. ) or, sceasionall
retreated downstream.

In some instances (especially in the Lower River) fry encountered short
strcvtches of extremely fast water. Here, fry spread out over the bottom close
behind, and frequently in contact with, protruding stones and vegetation
apr?arcntly taking advantage of small eddies and areas of ‘turl)ulér,:lcc In~’
dividuals and small groups moved upstream from holding point to Imiding

0 C) but are comparable to the average

960) for Chilko River upstream

ater) or, occasionally,
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point in a series of short, quick spurts. In one particularly fast section of the
Lower River, fry were observed moving along the bottom as much as 5 m
offshore, at a depth of 1.5-2.0 m.

Current direction was an important factor in the orientation of migrants
while they were still in the river. In some situations where current patterns
were confused in the immediate inshore area (as they were in large back-
eddies) actively migrating fry moved upstream along the current interface
even when this took them 10 m or more offshore over deep water. Similarly,
fry moving past flooded grassy verges or the entrances to sloughs usually
remained along the edges of the main current rather than taking advantage
of the adjacent areas of dead water. They avoided the areas frequented by
holding fry. Current responses of this sort would eventually bring fry up
into the lake. Occasionally, however, fry were observed moving alongshore,
into and through large backeddies, with no apparent hesitation even though
the direction of the current changed through 180°. This, and the fact that,
especially early in the season, many schools maintained their southward orien-
tation for many miles up the lake, suggest that there may be other important
orientational cues.

As light intensities fell toward evening, the behavioural changes observed
during the morning were reversed. Fish moved in smaller and smaller units
and upstream movement became erratic. Loosely knit groups ol [ry accumu-
lated in suitable holding areas alongshore and mass movement of fry ccased.
That fry were then unresponsive to visual stimuli is indicated by the fact
that they did not react to a hand waved repeatedly only 30-40 cm above them.
In the Upper Babine River few fish were seen to lose position in the dark.
Most of the groups holding either on the grid or upstream [rom it appeared
to maintain their integrity throughout the night although on occasion fry
were observed fleeing downstream under attack by predators.

During May and June 1965, many of the schools of fry entering the
North Arm of Babine Lake continued to move southward close inshore. Fry
were seen inshore, moving southward, as far uplake as Halilax Landing, a
straight-line distance of approximately 32.2 km. During July, however, it
appeared that only a small proportion of the [ry entering the lake behaved
in this way. The numbers of fry seen inshore declined to almost zero within
400 m of the river and a number of large schools were observed swimming
directly out into (he lake a few hundred meters bevond the river.

SEASONAL PERIODICITY OF FRY MOVEMENTS

Both the upstream and downstream movements of fry in the Upper
Babine River were characterized by a succession of peaks or surges (Fig. 5).
In 1964, downstream movement was underway when trapping began in mid-
May. In 1965, the first captures were made on the second night of trapping.
In both years there was a gradual increase in nocturnal downstream catches
up to mid-June and then two prominent peaks. Catches declined thereafter
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d nocturnal movement was essentially finished by mid-July. This long
riod of downstream activity, of presumably newly emerged fry, probably

The daytime downstream catch constituted an important segment of
he total (9.0% in 1964 and 13.7% in 1965), even exceeding the nocturnal
Eatch on a number of occasions during the latter part of the 1965 season.
[ts actual importance may be even greater than the figures indicate in that

p avoidance probably affected catches more during daylight than in the
ark and because an unknown number of fry which had actually moved down-
eam in the early morning daylight were included with the nocturnal seg-
ent of the downstream run.

Although the 1964 data are incomplete, there was, in both years, a general

orrespondence between the peaks of daytime and nocturnal trap catches.
everal obvious exceptions are the relatively large daytime catches made
ubsequent to July 5, 1965. These catches may reflect an increased tendency
o daytime emergence during the latter part of the season. The fact there
s little correspondence between the numbers of fish moving downstream
uring the day and the counts of upstream migrants suggests that the former
ere not simply [ry displaced while moving upstream. On several occasions
n 1964, daytime and nocturnal downstream migrants taken on the same day
ere compared. There was no apparent difference in either the degree of
evelopment of the fry or their length-frequencies.

The only comparable rate of daytime downstream movement in sockeye
ry under stable natural conditions is that recorded by Heard (1965) for the
Brooks River in Alaska, 11.0%. Heard (1965) suggests that these large day-

ime catches resulted from the fact that the traps were located on or immed-
ately adjacent to gravels from which fry were emerging and that these were
aught while making short excursions out of the gravel during daylight. The
raps in the Upper Babine River were located close to the spawning gravels.
However, daytime downstream migrants were readily observable in this river
nd their behaviour, already described, did not appear to support Heard's
-suggestion. On occasion, the paths of individual fry could be followed for
30 to 40 m. The fry were at the water surface, sometimes over considerable
depths, and were not seen to make any attempt to hide or rebury themselves.
ome were seen swimming with the cutrent on into Nilkitkwa Lake.
d The 1964 upstream data are incomplete. The tower counts, together
with visual surveys of the stream edge, indicated that few fry were moving
“upstream when counts began in late May and early June; that fry were most
abundant and active from about June 20 to July 15; and that few fry were
Present in the river from late July on into August. This would suggest that
ost of the upstream movement took place when downstream movements
ere already in decline.
Except for one day (July 11), the 1965 upstream data are complete from
‘May 24 to August 5. There were three distinct surges in upstream movement,
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tlje ﬁrsF two of which overlapped the two large peaks in downstream m
The third and largest occurred in mid-July at a time when the do\?vement'
run was almost over. Daily counts were terminated on August 5 o
appeared the major movements of [ry were past. Counts were made
ally up to August 30 but very few [ry were moving. '
The existence of surges in both the downstream and upstre
of J'r» and their close correspondence on two occasions during 1965 is e 3
striking. Water levels in the Upper Babine River are rarel\;suhj;-:ct tospecnally
F!mnges and have little effect on either the velocity or tu;bidity of thSU(_JdeP
The changes that did occur during the period of this study had no 3 e
effect on the periodicities of fry movements. The Upper Babine Rl?par(apt
however, subject to very marked fluctuations in w: i
1965 data suggest a relation of these fluctuations to the seasonal per; dici
ol both downstream and upstream movements. All of the major nllolv|0 o
nccun:_cd during periods of relatively high water temperatures. ementd
) Figure 6 illustrates the seasonal periodicity of downstream
in fry having external yolk sacs. The percentagé of yolk-sac fry in the ¢
daily trap catch varied considerably g it

throughout both seasons. In interpreting
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Fia. 6. Seasonal periodicities of movemen i i
50N ts of yolk-sac [r: the U, i iver durin
1a: ¢ y in the Upper Babine River during
(I(')((Tl .‘uu_l) !‘l i F)ll)\\’llslr0£llll data are preseated as the numbers of yclglli,c.sac fry captured daily
(columns. ’51:1 lv: the [xcrccrntngcs of yollk-sac fgy in the total daily catches (curves). The triangles
give the percentages of yolk-sac [ry in various samples of upstream migrants.
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onal changes in the percentage of yolk-sac fry in the catches, two factors
ust be considered: first, the relative availability of yolk-sac and fully de-
Joped fry and second, the possibility of differing responses to environmental
ariables in fry of the two types. The high incidence of sac fry at mid-May
of both years probably reflects the fact that at this time of year there are few
%dmpletc]y developed fry in the gravel and not that there is a greater tendency
or yolk-sac fry to emerge early in the season at low temperatures. The slight
+crease in the proportion of yolk-sac fry at the end of the 1964 season and
e large peak in mid-June 1965, were both associated with temperature surges.
he 1965 peak occurred several days later than the peak movement of fully
developed [ry during this surge so that yolk-sac fry were most abundant when
the numbers of fully developed fry were declining. Yolk-sac fry continued
o move downstream in considerable numbers for several days after water
};emperalures had fallen. The difference of several days in the timing of the
eals of yolk-sac and other fry may represent the time it takes for the former
o reach the gravel surface. Yolk-sac [ry were still present in the 1964 trap
" catches when trapping ceased but in 1965 none were taken after July 15 though
“trapping continued for several additional weeks.

Changes in the proportion of yolk-sac fry in samples of upstream migrants
tended to parallel those in the downstream catch, though at a lower level.
Considerable numbers of [ry with yolk sacs moved upstream in 1965 during
the peaks ol abundance in the downstream samples. The difference in the
degree of development of upstream and downstream migrants is actually
greater than indicated because only the presence of an externally visible
yolk sac is shown and not the degree of absorption, which was considerably
greater in upstream migrants. Over the 2 years of the study, nearly 20%
of the downstream migrants sampled had yolk sacs classified as “'large” whereas
only 5% of the upstream migrants [ell into this category, most of these carly
n the season.

In 1965, a few fry with small yolk sacs were captured about a quarter
mile up the North Arm on June 7 and June 15, 1.99% and 0.7%, respectively
of the total samples. None were taken at this location later in the year and
none were ever taken [urther uplake.

; Much remains to be done in identilving the [actors affecting the seasonal
periodicity of emergence and downstream movements in sockeye fry. There
nal periodicity of emergence and the

spawning pattern ol the parent population. At Karluk Lake, Alaska, for in-
stance, the bimodal spawning periodicity of summer and [all spawners in
Meadow and Canyon Creeks is mirrored in carly and late peaks of downstream
fry movement; in Grassy Point Creek where there is only a single summer
spawning peak, there is also a single seasonal peak of [rv outmigration (C. J.
DiCostanzo, personal communication). Various studies of downstream fry
migrations in streams at Lakelse and Babine Lakes suggest a direct relation-
hip between the length of the parental spawning period and the seasonal
duration of downstream fry movements. However, very little is known about
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the factors which result in the short term fluctuations in emergence » d
stream movement. Three possibilities are light intensity stbream dl'f Jown,
and water temperature. ’ scharge,
Northcote (1962) observed that larger numbers of rainbow t
t.ended.to move downstream on foggy or overcast nights than on brj rtht by
light nights. In trough experiments with sockeye fry, MecDonald (&19t i
cxac.tly the opposite result. However, many of McDonald's fry } 30) e
holc.lmg over the gravel during the day before the experiment and 13 i e
haviour may not have been that of fry emerging directly from the stream l;elr e
The effect of natural variations in nocturnal illumination has o
knowledge, been otherwise investigated. Bk Y
In some streams, where changes in river discharge and turbidity a. i
m-arked, the periodicity of fry movement is most closely related to-t tre[ Q}llte
discharge. At Babine Lake, the Fulton River (Fig. 73 and Gullwi:gdCl::eclz
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Fi16. 7. The seasonal periodicity of downstream fry movement in the Fulton River, 1964.

McCART: BEHAVIOUR AND ECOLOGY OF SALMON

wWithler, 1952) are of this type. Some of these fry are undoubtedly removed

om the gravel by scouring but there is some evidence that the mere presence

f mud and silt in the water percolating through the gravel will stimulate

reased activity and emergence in sockeye fry even when water levels and
mperatures are relatively constant (Coburn and McCart, 1967).

Most studies of downstream movement in sockeye fry have been done

1 small tributary streams in which temperature Auctuations are much smaller

“than those in the Upper Babine River and in which fluctuations in other

avironmental variables complicate the pattern of emergence. There is con-
quently no clear evidence of thermal regulation of emergence and down-
tream movement comparable to that for the relatively stable Babine River.

The available evidence suggest that, once the fry have reached a certain
tage of development, anything that stimulates them to increased activity—
hanges in water quality, sharply increased temperatures, dark nights—will
ring them out of the stream bottom in large numbers.

The increase in upstream movement with rising water temperatures
Iso appears to be the result of activity stimulation. Runnstrom (1957) and
orthcote (1962) found similar relationships in brown trout and rainbow
rout respectively. Both authors were impressed by the fact that, after a

harp increase in upstream movement coincident with a rise in water tem-
“perature, fry counts often fell even though water temperatures continued
o rise. Runnstrom suggests that this may occur when temperatures exceed
he level for maximum activity (10-12 C in brown trout, Brown, 1946).
orthcote (1962) felt that in many instances such declines were the result
f a decreased ‘‘supply” of animals ready for upstream movement. Brett
t al. (1958) found that the performance of sockeye fry in swimming tests
eached a maximum at 15 C. This temperature was rarely exceeded during
he temperature peaks in the Upper River and it would therefore appear
hat the early declines in the number of fry moving upstream were primarily
‘the result of a depleted supply.

DIEL PERIODICITY OF FRY MOVEMENTS

Figure 8 illustrates the hourly distribution of nocturnal downstream
rap catches and upstream grid counts for six representative periods in 1964
long with data on light intensity and water temperatures.

The periodicity of nocturnal downstream migration assumed the sharply
eaked form previously described by McDonald (1960) and Hartman et al.
1962) in other populations of sockeye fry. Peak captures were made in the
ours immediately after dark, and numbers declined thereafter to very low
vels shortly after sunrise. Light intensity appeared to be of primary im-
ortance in regulating this periodicity. McDonald (1960) and Hartman et al.
1962) (op. cit.) found the relationship of downstream movement and light
tensity to be so close that the nightly period of downstream movement
eCame progressively restricted as the season advanced due to changes in
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[

PER CENT FRY ESTIMATED OR CAPTURED PER HOUR

HOUR OF DAY

Fig. 8. The diel periodicity of fry movements in the Upper Babine River during six represen-
tative periods in 1964. The data are shown as percentages of the total downstream (black circles)
and upstream (white circles) movement occurring in each hourly period. The mean hourly tem-
perature is shown by the triangles. The arrows indicate, where data is available, the times at
which light intensity reached .01 ft-c in the evening and rose above it in the morning.

the hours of darkness. At the same time,
came progressively later.

To determine whether similar scasonal trends were characteristic of the
diel periodicity of downstream movement in (he Upper Babine River and
to partially obviate variability due to ch

, the peak of nocturnal migration

ance fluctuations in environmental
factors, the data have been grouped by l-week periods and are presented
in Fig. 9 as the average percentages of the largest single hourly catch that
were taken between 2000 and 0500 hr (2000-0400 hr for the week May 31—
June 6).

There are two definite trends: first, a tendency for the distribution of
catches to become more sharply peaked: second, a shilt in this peak from
the period 2300-2400 hr to an earlier period, 2200-2300 hr. These trends
continue through the summer solistice (June 21). The latter trend is the reverse

o 39
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Fi6, 0. Weekly changes in the diel periodicity of fry movements in the Upper Babine
during l‘)(}f(-’r}{e d‘;\;;gfor each hour are expressed separately for downstream (black columns)

_ 2nd upstream (white columns) movements, as the average percentage of the largest single hourly

y i indi i h week for which
catch, The numbers in parentheses indicate first, the number of days in eac!
Upstream data are availgble and second, the number of nights for which dowpstrean‘; datakare
* available. The triangles indicate the average times of sunrise and sunset during each week.
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of that previously described for downstream migrant sockeye. Simi]
apparently occur in the Lower Babine River (Fig. 10). The data indicage
a progressive decline in the importance of catches taken after midnigh¢ am;

a corresponding increase in those taken before midnight. The sign;ﬁcance‘

of this pattern is not clear. It may be related in part to the fact that in 1964
fry moving downstream early in the season tended to be less well de"eloped'
than those moving later. There is some evidence that fry with externa] yolk
sacs have a diel pattern of emergence different from that of fry in which the
yolk is fully enclosed.

Figure 11 compares the periodicity of nocturnal downstream movemen¢
of fry with and without yolk sacs on 4 nights between May 16 and May
29, 1964. Fully developed fry were more abundant than yolk-sac fry during
both the first (2100-2200 hr) and last (0300-0400 hr) hour of observation,
possibly an indication of a greater tolerance for daylight. Captures of the
former increased to a sharp peak between 2300 and 2400 hr. In contrast,
the periodicity of captures of fry having external yolk sacs was more broadly
peaked with nearly equivalent catches made during the 3 hours from 2200
to 0100 hr. Finally, a greater proportion of fully developed than yolk-sac
fry emerged before midnight. Together with a seasonal decline in the propor-
tion of yolk-sac fry moving downstream, differences of this kind might produce
a seasonally changing pattern of diel periodicity such as has been described,
However, the fact that the diel pattern of downstream movement continued
to change even when the proportion of yolk-sac fry remained fairly constant
(from June 10 on) suggests that this is not the whole answer. The pattern
may reflect some major difference between the Babine River populations
and others in the behaviour of fry at the time of emergence.

The diel periodicities of downstream and upstream movement (Fig. 8)
were nearly mutually exclusive with the latter almost entirely confined to
the hours between dawn and dusk. The pattern of upstream migration ex-
hibited much more day-to-day variability than did the pattern of downstream
movements. Although the initiation and termination of upstream movement
were certainly light regulated, the factors resulting in the several daily peaks
are not easily identified. One of the difficulties with this kind of data is that,
as Northcote (1962) points out, nothing is known of the supply of fry available
to move upstream. None of the observed environmental variables showed a
corresponding periodicity. Water temperature, the most likely possibility,
was obviously unrelated to hourly grid counts: peaks occurred as [requently
during periods of stable or decreasing temperatures as during periods of in-
crease.

When grouped by weeks (Fig. 9), the data still show considerable varia-
bility but there is some indication of a regular pattern. During at least 5 of
the 8 weeks there was an identifiable morning peak of movement followed
by a mid-morning depression; a more prolonged afternoon peak was apparent
during 6 weeks. These observations suggest that the basic activity pattern
of upstream migrants was bimodal. Hoar (1958) described a midday depres-
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NO EXTERNAL YOLK

PER CENT
i
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T
2200 ' 2400 ' 0200 0400
HOUR (PST)
FiG. 11. Periodicities of nocturnal downstream movement of fry with and with-
out externally visible yolk sacs. The data, expressed as percentages of the total

captures between 21()9 and 0400 hr, are the averages [or the hourly catches on 4
nights between May 16 and May 29, 1964.

sion in both the swimming activity and current responses of sockeye [ry.
Groot (1963), commenting on the dawn-dusk periodicity of activity in mi-
grating smolts notes “There is some evidence that this is the basic diel activ-
ity thythm of sockeye salmon, young or old, migrating or not."”
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LENGTH-FREQUENCIES
Length-frequency  information is most complete for fry taken in the
.ppC\' Babine River and the North Arm of Babine Lake. The le}\gth—fre-
qﬁenCiCS of these fry will be considered first and then compared with those
f fry in the Lower River. )
In 1964, the major emphasis was on a comparison of the length-frequencies
f downstream and upstream migrants. The length-frequencies of the samples,
aken at intervals of a few days, grouped by weekly periods, are presen.ted
n Fig. 12. Initially, the length—frequencies of the two groups were similar
jut although there was a marked seasonal increase in the lengths of the up-
tream samples, there was virtually no change in the length composition of
he downstream samples other than the occurrence of a few larger fish in
amples taken during the last week of the season. A comparison of the length-
}equencies of downstream migrants and fry taken from the stream gravel
luring the same period (May 22 to May 26, 1964) revealed that the downstream
nigrants were larger and better developed (Fig. 13)
In 1965 also, there was a seasonally increasing disparity in the lengths
f downstream and upstream migrants (Fig. 14). Once again, a few larger
\fry were taken during the latter stages of the downstream run.
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EliG. 12, Length distributions of fry captured in the Upper and Lower Babine rivers during
1964 expressed as the percentage of the total sample in each millimeter length class. The per-

B e . &y
| centages between 30 and 40 mm have been blackened to facilitate visual comparison of samples

taken on various dates. The triangles indicate the mean lengths of samples.
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DOWNSTREAM

N=287
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PER CENT

STREAMBED

N=45]
93%EY.

STANDARD LENGTH (MM)

Fic. 13. Length distributions of pre-emergent and downstream migrant fry
in the Upper Babine River, May 22 to May 26, 1964. The percentages of fry
having external yolk sacs (E.Y.) are indicated.

Early in the season, fry captured moving upstream were no larger than
those moving down during the same period. However, many fry, il not most,

remained for a time feedin
Lake. It is these larger fr
season.

g and growing along the river edges or in Nilkitkwa
y which dominate the upstream samples later in the

On one occasion in 1964, July 2 and 3, a series of length-frequency samples
was taken in the Upper Babine River and along the east shore of the North
Arm of Babine Lake (Fig. 15). There was a direct relationship between the
mean length of fry and distance uplake, exactly what would be expectde
were fry dispersing from a single source and growing as they dispersed. In
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5, North Arm samples showed a similar relationship up until early July
Fig. 14)- On July 12, however, the pattern began to break down and on July
91 the length-frequencies of fry collected in the three areas farthest uplake

almost identical, suggesting that considerable mixing had taken place.

y August 4, fry were scarce in the littoral area of the lake and were taken

in only onc locality. These fry were smaller than those taken in the same

area the previous week. Apparently most [ry had abandoned the lake edges
d become entirely pelagic by this time.

The length-frequencies of downstream and upstream migrants captured
the Lower River during 1964 (Fig. 12) were more alike than those of com-
arable [ry taken in the Upper Babine River. Fry of both kinds gradually
creased in length and there was only a hint of the increasing disparity so
bvious in the Upper River samples. There are several possible explanations
¢ this. In the first place, spawning in the Lower River precedes that in the
Upper River by several weeks and there is some suggestion that this difference

reflected in the respective periods of fry emergence. This would account

¢ the almost complete absence of small fry in collections made during the
fast 2 or 3 weeks of downstream sampling. The high proportion of larger
'fry taken during this same period may have resulted from the comparatively
dificult environment with which the Lower River fry must contend. In this
ver, where currents are strong and where there are [ew good holding areas,

en well-developed fry might have difficulty in maintaining position. A
particularly unfavourable location is an island in midstream about 100 m
above the weir. Many of the large fry captured at the fence may have been
those swept down while attempting to move upstream from this island.

In 1964, the length-frequencies of fry moving upstream in the Upper
and Lower Babine rivers were similar during the period from May 24 to
July 18. In 1965, the mean lengths of fry in the two groups (Iig. 14) were
similar up through July § but the Upper River fish were considerably larger
therealter. The explanation of this may lie in the fact that fry moving up-
stream in the Lower Babine River spend the period between emergence and
eventual entry into Nilkitkwa Lake entirely along the edges of the river.
On the other hand, several lines of evidence suggest that many ol the fry
moving upstream in the Upper Babine River spend a period of time in Nil-
kitkwa Lake and that some of them originate in the Lower Babine River.
For instance, large upstream migrations were observed on several occasions

~in 1965 the day after surveys indicated that there were very [ew [ry holding
along the edge of the river itsell. This was after the period of significant down-
'stream catches and the sudden increase in the numbers of [ry in the river
could not have been due to the recruitment of newly emerged [ry. On other
occasions, continuous bands of fry have been seen moving out of Nilkitkwa
Lake into the Upper River (F. Jordan, personal communication). The fry
- Moving upstream on these occasions were often very large. Further evidence
of a movement out of Nilkitkwa Lake comes [rom townetting studies which

@
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indicate that sockeye populations in Nilkitkwa Lake decline precipitously
from June to October (F. Jordan, personal communication).

In both the Upper and Lower rivers, fry taken during 1964
slightly larger than those taken during co
(Fig. 16).

averageq

mparable time periods in 1965

LENGTH-WEIGHT RELATIONSHIP
The mean weights of fry in each millimeter length cl
calculating the length—weight relationships of sockeye fry i
Lower Babine rivers and the North Arm. The means and the caleulated re.
gression lines are illustrated in Fig. 16. Although the mean weights of eacl
length class are indicated, only data for fry 31 mm or longer were used in
calculating the regression statistics because smaller fry appeared, in some
instances, to have a markedly different length-weight relationship. This
difference is thought to be due to the presence of yolk in many of the sm
fish, particularly those most recently emerged.

Figure 17 indicates the percentages of fry in a total sample of 375 fry
between 25 and 35 mm in which the yolk was externally visible in the form
of a yolk sac and in which vestiges of the yolk could be identified internally
after the body cavity had been opened. Many fry in which the volk sac had
been completely enclosed retained some yolk internally. All of the 25-mm
fry examined contained yolk material. In 469 of these, the yolk sac was visible
externally. Between 25 and 30 mm there was a sharp decline in the propor-

ass were used in
n the Upper and

aller

UPPER R, oW TREAM UPPER R. UPSTREAM

LOWER R uPsTREAN
—_

35 40
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F16. 16. Length ranges and mean lengths (triangles) of sockeye salmon fry captured in the
Upper and Lower Babine rivers during comparablc)periods in 1964 (solid lines) and 1965 (broken
lines).
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tion of fry containing yolk material, paralleled at a lower level by
in the proportion of fry having an external yolk sac. No fry
had yolk either externally or internally discoverable.

An inflection in the length-weight relationship was most apparent
samples taken in the Upper Babine River. These samples included 5 large
number of recently emerged, downstream migrants in the sub-31 mpn length
classes and, as the dotted trend lines indicate, fry of these lengths were propor.
tionately heavier than larger fish. The length-weight samples from the Lower
River were predominantly upstream migrants in 1964 and entirely so ip
The length-weight relationship of sub-31 mm Lower River fry is clos
that of larger fish than is the case in the Upper River. The lengths and v

of the well-developed North Arm fry appear to fall on the same line
side of 31 mm.

a decling
31 mm or largey

er to
eights
on either

The regression formulae are given in Table I. Also included are the resultg
ol some comparisons made using covariance techniques. The lcngth—weight
relationships being compared were tested first for differences in slope and,
where these did not differ (P = 0.01), for differences in adjusted mean. Each
of the comparisons made revealed significant differences in the ]ength—wcight
relationships tested.

In both the Upper and Lower Babine Rivers, the 1964 fry in the shorter
length classes weighed less than those in the same size-classes in 1965. The
distribution of points in the sub-31 mm groups suggests that this difference
was already established at the time of emergence. However, in both rivers
the increase of weight with length was much greater in 1964 than in 1965
so that the lines for the 2 vears converge; for the Upper Babine River they
eventually cross.

When the length-weight relationships of Upper and Lower River fry
are compared within years a common pattern emerges. The weights of fish
from the two rivers are very similar at 31 mm but diverge with increasing
length. In both years Upper River [ry weighed proportionately more.

Covariance analysis indicated that in 1963 the length-weight relation-
ships of Upper Babine River and North Arm fry differed (P = 0.01) but the
obvious irregularities in the fit of individual points, especially those of the
longer length classes, suggest caution in interpretation.

The significance of the length-weight data is dificult to determine. We
have first o consider the factors which influence the length-weight relation-
ship up to the time of emergence and second, those which affect the relation-
ship alter the Iry leave the gravel.

As indicated, in both rivers, fry of the shorter length classes weighed
less in 1964 than fry of the same lengths in 1965. There is also sonie evidence
(Fig. 16) that in both rivers the mean lengths of fry were slightly greater in
1964 than in 1965. Possibly the factors which produced the observed differ-

ences in the lengths and weights of the two year-classes of fry were common
to both rivers.

1965,

Results of linear regression and covariance analysis of logged length—weight data for ry captured in the

TABLE I,

Babine River and the North Arm of Babine Lake.

McCART: BEHAVIOR AND ECOLOGY OF SALMON

'65

N.A.

'65

U.R.

U.R. '64

'65

L.R.

L.R.#'64

=

AL

i

ADMD S,

Slope (b) S

a)

Intercept

Year

Locality

o

1964

Lower River

1963

4.1798

-5 8407

1964

Upper River

o

#s

-

5114

-1

1963

*x

—+.1843

1965

North Arm

orth Arm.

= Upper Babine River; N.A. = N

= Lower Babine River; U.R,

SL.R,

= adjusted mean.

S, = slope; AM.
¢~ = No test made.

ey

nificant at P = 0.01.

= Si
©* = Significant at P = 0.03.

405

=
228

/i

ay
®
&




JOURNAL FISHERIES RESEARCH BOARD OF CANADA, VOL. 24, NO. 2, 1967

Various aspects of the physical environment have been shown tq affect

the growth and development of salmonid embryos: oxygen concentratigy,
\

water velocity, water temperature, and daylight have been implicateq inid

various studies (Garside, 1959: Silver et al., 1963; Shumway et al.

» 1964,
Brannon, 1965). There is no information available about physical co i

nditiong

in the Upper or Lower rivers during the winters which produced the 1964

Xplored:

and 1965 fry. However, one other interesting possibility has been e
that year-to-year differences in length-weight relationship may be relateq
to the size of eggs from which the fry develop.

Martin (1949) identified five relative growth stanzas in the life history
ol Atlantic salmon, delimited by inflections occuring at approximately tha
eyed egg stage, hatching, ossification, and sexual maturity. The Ie|1gtl1~\vejght
relationship is a form of relative growth constant. Martin (1949) comments,
“Differences in fish size, at growth inflection, is shown to be one of the factorg
important in the control of relative heaviness.” It can be demonstrated that
there probably were differences in the size of 1964 and 1965 Babine River
fry at several critical periods in their early development.

Table IT presents the proportions of 4- and 5-year-old female sockeye on
the spawning grounds of the Upper and Lower Bahine rivers during the years
which produced the 1964 and 1965 fry. Females 4 years old predominated in
the 1963 spawning run, 5-year-olds in 1964. Females of 4 years were considerably
smaller than those of 5. Recent investigations on the Lower River have shown
that there is a direct relationship of parent size to egg size and, because 4-
year-old females are smaller, their eggs are, on the average, also smaller than
those of 5-year-olds — .1448 and .1718 g respectively, in 1965 (T. Bilton,
unpublished data). Thus, when 4-year-old females predominate, the average
size of the eggs deposited in the gravel should be smaller than when 5-year-olds
predominate. There is some additional information suggesting that fry result-
ing from large eggs may weigh proportionately more than those from small eggs

TabLe I1. Age composition, and mean hypural length (H.L.) of each age-group,* of female
sockeye salmon spawning in the Upper and Lower Babine rivers during 1963 and 1964.

Age 4. Age 52 Age 5s

Mean H.L. Mean H.L. Mean H.L.
Location Year % () %, (cm) % (cm)

Upper River 1963 73.9
1964 9.4

Lower River 1963 66.0
1964 18.8

“The subscript indicates the number of years spent at sea.

“haps
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ised under similai experimental conditions (Fig. 18). Here t!\en. per-

R o rechanism which might produce the observed year-to-year differences
e nth—weight relationships of fry in the rivers. The argument does not,

i leﬂgtq]'e into account that at emergence the 1965, large-egg fry were
()wevef'l "si\lorter as well as proportionately heavier than the 1964 fry. In un-
ppa.rentd) xperiments conducted by the author and T. Bilton, fry .from large
P (i:ol:l)ls'lstentlv longer than those from small eggs when 1'ainsed 1‘mder
gg?la\:e(l:':nditions‘ The factors determining the length-weight relationships of

ing fry are obviously complex and egg size is certain.ly not orxly‘, or even
gereine important, consideration. It is, however, one which warmnts. further
e m?St I.I“IP It mi'ght for example, explain Skud’s (1955) obscrv‘atxon that
ves“glamr‘\-fry migrating out of Sashin Creek during March weighed pro-
‘pgnk_ o r-ml)r more than thésc migrating later, in April and May. He comments,
Dr:t(;n;z::lgered from Sashin Creek show that in six out of seven years the early

e YOLK PRESENT

A YOLK VISIBLE
EXTERNALLY

4 A 4
4- T T

T

T T T T T 1

25 26 27 28 29 30 3l 32 33 34 35
STANDARD LENGTH (MM)

Relationship of yolk absorption to fish length in a sample of 375 fry from the

Upper Babine River, 1965.
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spawners were larger than late spawners. The resulting progeny may reflect
this adult condition.” Possibly the female size/egg weight and egg u'cfglzt/j,y
weight relationship are similar to those indicated for Babine River sockeya
salmon. X

The factors which govern the increase of weight with length after emergence
are also little understood. Parker and Vanstone (1966) give some indicatmn of
the complexity of this problem as it applies to pink salmon fry. In the Babine
rivers there were differences between year-classes in the same river and differ.
rences in the same year-class in different rivers. There is no obvious explanation
for the relatively high rate of weight gain in the 1964 fry of both the Upper
and Lower Babine rivers. Water temperatures were slightly lower iy 1964
(9.4 C— May 25 to July 17, average) than in 1965 (9.8 C). There is no com-
parative data on plankton abundance during the 2 years but significant annua]
differences can occur in Babine Lake (Johnson, 1961). The greater rate of weight
gain of Upper River fry in comparison with Lower River fry of the same year-
class may reflect differences in the energy budget of [ry in the two rivers. Martin
(1949) suggests that, “changes in the slope of length—weight lines may be cffected
by such factors as malnutrition.” Plankton is less abundant in Lower Babine
River and water velocities consisten tly greater. The balance of energy inflow in
the form of food and energy outflow in the form of swimming would appear to
favour those fry in the Upper River.

FOOD HABITS

On June 3/4 and June 17/18, 1965, samples of 10 fry were taken at 2-hr
intervals over a total period of 24 hr in an attempt to determine the diel perio-
dicity of feeding (Fig. 19). It was assumed that the numbers of intact organisms
would be highest when fry were actively feeding and would decrease when di-
gestion exceeded the intake of new material.

Results for the two periods vary considerably but they do agree in that
the major peaks occur during the day and the lows during the night. A dotted
line illustrates the average tendency. The pattern is similar (o one obtained by
Northcote and Lorz (1966) for kokanee in Nicola Lake, B.C., and that described
by Parker and Vanstone (1966) for pink salmon in Burke Channel, B.C.: a
single alternoon peak with a depression during (he night and early morning.
[t contrasts with the apparently bimodal nature of the upstream [ry movement
in the Babine River. Possibly the periods when [ry are not actively swimming
are devoted primarily to feeding. Groot (1965) found that under experimental
conditions the feeding activity of sockeye smolts was highest when the fre-
quency of behaviour patterns associated with active migration was low; feeding
occurred most commonly from 1200 to 2000 hr and was preceded and followed
by peaks in fluttering and position change.

The yolk material represents a portable food supply and it was of consider-
able interest to determine whether fry began feeding before this was completely
absorbed. Table III records the results of the examination of two sclected
samples: 52 fry taken at 1300 hr, June 17, and 48 [ry taken at 0100 hr, June 18,

MCCART: BEHAVIOR AND ECOLOGY OF SALMON
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Relationship of egg weight to the condition factor (W/LF) of the resultant fry. Data

courtesy of T. Bilton.

Percentages of stomachs containing food, in fry with and without remaining yolk

material.

Date and time

No. With food Average
(%)

length (mm)

examined

With yolk
June 17, 1300 hr
June 18, 0100 hr

Total

Without yolk
June 17, 1300 hr
June 18, 0100 hr

Total
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1965. In both instances half the fry examined contained volk mater;
ex.teirnally or internally. Both day and night, the proportion of sto -
taining food was far higher among non-yolk than among yolk fry. ThumaCh
the prese{lce of yolk material within the body cavity did not p;’ecllncsl. 3
fry containing yolk material did not feed to the same extent ag fr % fEedIPg,
tl.xe yolk was entirely absorbed. This difference was not simply they i
d;ﬂ'erence in the size <')[ yolk and non-yolk fry. Small (<28 mm)r:ilé[ltlora
(28 mm +) yolk fry did not differ appreciably in the percentage of -
contam‘mg food: 36%, and 447 respectively of two samples of 25 ;S]nm;:s
+ The

Cither
S Cop-
although

stomachs containing food. There are several possible explanations. Yol
may be very recent emergents which have not yet had much o c;r ool
take food, or the presence of yolk may in some way inhibit tl[;)sir
. Foerster (1925) reported marked differences in the food of sock
!mgs in lakes and those in streams; crustacean plankters in the f
insects, chiefly chironomid larvae and pupae, in the latter. In 1965 °
ftomachs were examined to determine whether there was a simil : ZF&UGFOUS
in the food of fry in the river and those in the lake. B
I‘nformation on the stomach contents of fry taken durin
1965 in five areas is given in F

tunity to
appetite,
eye year-
rmer and

1 : g June and July
ig. 20. Estimated volume was used only to indicate

PER CENT
[
o

0300 1300 1700
HOUR OF DAY(PST)
F16. 20. Percent:
taken at 2-hr inte;

rom midnight to midnight, not in the order in which
otted line indicates the general trend.
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importance of those insects and plankters which were too far digested to be
itifiable as individuals and to compare the total volume of insects with the

cluded both day and night downstream migrants removed from the trap at
e regular morning and evening counting times. These had all had some exper-
nce of daylight and were not necessarily representative of fry migrating during
e nightly peak of downstream movement. These data might best be viewed
\an indication of the food items which constitute the first “‘meals” of recently

erged fry. That these were predominantly recently emerged fry is indicated

the nearly 50% of the stomachs which were empty, the only samples in which
significant proportion of empty stomachs occurred.

Insects did not exceed 8%, of the total number of food items in any samples.
owever, they appeared in a relatively high percentage of the stomachs. Also,
cause they were individually large, they constituted a relatively large percent-
e of the total food volume. Insects were numerically most important in the
pper Babine River. Volumetrically, the Upper and Lower river and the North
m inshore samples were very similar. Insects were of least importance in
mples taken offshore in the North Arm.

In all samples, dipterans of the family Chironomidae were the most im-
portant insect food. Among these, pupae occurred more frequently than either
larvae or adults.

By every measure, crustacean plankters were the most important food of
the young [ry. The copepods Diaptomus and Cyclops, in that order, were the
mainstay of the diet of fry in the rivers and, to a lesser extent, in the North
Arm of Babine Lake. Immature and partly digested individuals of these two
genera were not distinguished and have been grouped as “unassigned Cyclops
and Diaptomus.” A third large copepod, Helerocope, appeared in only small
numbers in stomach samples taken in the rivers but was of considerable im-
portance in offshore townet samples, occurring widely in relation to its numbers.
The intake of the cladoceran plankters Daphnia and Bosmina in the rivers was
small in comparison with that of the copepods. However, in North Arm inshore

amples, Bosmina was taken in fair numbers and occurred in over 40%, of the
tomachs. Offshore, Daphnia was second only to Diaptomus in total numbers of
dentifiable organisms and occurred in more stomachs than any other plankter;
Bosmina, though not abundant, also occurred widely.

Except for the North Arm offshore samples there was fair agreement
between the relative abundance of individual plankters in plankton samples
and their relative abundance in fry stomachs. An exception was Helerocope,

“which appeared in small numbers in stomachs taken in the rivers but was not

Present in any of the plankton samples from these areas.
Offshore in the North Arm, both Helerocope, which was not present in the

_Plankton samples, and Daphnia, present in very small numbers, formed a

Considerable part of the stomach contents. However, sockeye fry in Babine
Lake are thought to undergo a daily vertical migration from the deeper water,

Which they occupy during the day, towaid the surface (Johnson, 1961). This
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movement takes place at dusk. [t was at this time that the surface tq
catches were made. As a result, the plankton samples, taken from 0-5
not be representative of the relative abundance of organisms at the dep
which fry were feeding. There is the additional possibility that the relatiye
abundance of various food items is the result of selective feeding by fry. Ricker
(1937) has shown that such selection does occur in sockeye [ry.

The 1965 plankton samples indicate that plankton were most abundang
in mid-June (Fig. 21). Throughout June, plankton abundance was considemb]y
greater inshore in the North Arm than elsewhere. Next in order of planktoq

1 !nay

abundance were the North Arm offshore (0-5 m), Upper Babine River, anq

Lower River. The tendency for fry to remain inshore after entering the Noreh
Arm may be related, in part, to the abundance of plankton there.

PREDATION

From the time [ry in the Upper Babine River emerge from the gravel yygj
they leave the river and enter the lake, they are almost entirely confined toa
narrow strip along the river bank. The dense populations that accumulate
there appear to be very vulnerable to predation. In 1965, regular collections of
predatory fishes were made throughout the period of fry migration with both
beach seines and gillnets. A few were taken by angling. Collections made in the
Upper River near Smokehouse Island and in the North Arm of Babine Lake
(primarily in area 1) have been treated separately.

Seven species of fish were found to be preying on sockeye fry: rainbow trout,
cutthroat trout, coho salmon, Dolly Varden, lake trout, lake whitefish, and
burbot (Table IV). An additional species, the squawfish, contained unidentifiable
fish remains some part of which might have been sockeye fry. Of the eight spe-
cies, only the lake trout was confined to the lake. The others were taken both
in the river and in the North Arm. Two predatory sculpins, Cottus asper and
C. aleuticus, are known to inhabit the Babine drainage but neither was taken in
the Upper River, where they are apparently not common.

Of the known predators, rainbow trout and juvenile coho were those most
frequently captured in the Upper River. Many of the latter were smolts. On
the basis ol their apparent abundance and the coverage fry content of their
stomachs, these two species would appear to be the most important predators
on sockeye fry in the Upper River. The stomachs of several other species, the
cutthroat, Dolly Varden, lake whitefish, and burbot, contained considerable
numbers of {ry but these predators seemed to be much less abundant than either
rainbow trout or coho. The lake whitefish is ordinarily a bottom feeder and is
morphologically ill-adapted for predation, an indication of the vulnerability of
sockeye [ry while in the river.

Rainbow trout and coho smolts were also the fish most frequently taken
in the North Arm. However, they were less important as sockeye predators
than in the Upper River. In fact, none of the rainbow trout taken in the lake
contained an identifiable sockeye fry. There was also a decline in predation by
cutthroat trout and lake whitefish. Although the proportion of burbot stomachs
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ataining fry fell from 80% to 25%, the average number of fry per stomach
creased. The single Dolly Varden taken in the North Arm contained 1'0 fry.
pyiously, for most of these species, the samples are too small. to permit any
orous comparison of the relative rates of predation in the river and_m the
ake. However, it does appear that predation on sockeve fry is. more intense
1 the river than in the lake: 6.7 fish per predator ston_nachjn the river and 0:4 in
the lake. This is presumably due to the greater availability of .fry in the river.

Ward and Larkin (1964) found that in the western region of Shuswap
Lake juvenile sockeye were an important food of rainbow trout. In years in
juvenile sockeye were scarce, fish as a food item fell below the average
and the condition of trout was relatively poor. When sockeye were
abundant, the fish content of stomachs rose and the condition of trout was
above average. At Babine Lake there appear to be differences between river
and lake in the availability of sockeye fry and in the average fry content'of
predator stomachs. The growth of 37 rainbow trout from the Upper ABabme
River and 31 from the North Arm was backcalculated from scales using the

0

Avg

per
stomach

8.1

Number of fry

Total

%

which
volume

Identified
sockeye fry

]
ok

Babine River and the North Arm of Babine Lake.
Stomachs with

formula:

Unidentified
fish remains

L,-1
Ly = 4 25,
i S,

't

Empt
i

~ where L, is the length of the fish at the end of the nth year of life, I is the in-
~ tercept of the body scale relationship, Ly is the length of the fish at capture,
% S, is the length of the anterior radius of the scale at capture, and S, is the length
of the anterior radius of the scale within the nth annulus. I'in this instance was
41 mm. The growth data (Table V and Fig. 22) indicate that trout from the
river grow faster than those in the lake although the length—-weight relation-

Stomachs
Examined
106
62
29
63

0

81-107
2

198-207

183:458

188

5

s

Size range
(mm)
94-535
106471
98-
441-737
286-610

. TapLe V. Caleulated fork length (mm) at end of each year of life of rainbow trout from the
Upper Babine River (U.R.) and the North Arm(N.A.) of Babine Lake.

Area

Calculated length
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North Arm
River
North Arm
River
North Arm
River
North Arm
River
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Number of fish Mean

{ .Ag(:-group U.R. N.A. U.R. N.A.
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(Coregonus clupeaformis)

Rainbow trout (Salmo goirdneri)

Cutthroat trout (S. clarki)

Coho (Oncorhynchus Eisulch)

Dolly Varden (Salvelinus malma)

Lake trout (S. namaycush)

Lake whitefish

Burbot (Lota lota)

Squawfish (Ptychocheilus oregonense) River
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The abundance of plankton in s . 3
4 plankton in samples taken in various parts i A
¥ of the i,
North Arm area in 1965, L Babine River

S—hlp? are similar (Fig. 22). The length-weight data are from 77 Upper River and
33 North Arm trout and are expressed as the mean weight of fish in e

ach centi-
meter length class. et

Possibly the difference in growth rates results from the greater availability
of salmon eggs and salmon fry to the river trout. This hypothesis presumes
that the two populations do not mix to any extent and that the two samples
are representative of rainbow trout in their respective areas, two assumptions
that cannot be justified at present. ' : [

Fish were not the only predators on fry in the rivers. The American mer-
ganser and Bonaparte gull were frequently observed in the river and in the
area around Smokehouse Island, where they appeared to be feeding on sockeye
fry. On several occasions the robin, Turdus migratorius, was seen pecking at
fry at the cutbank in the Lower Babine River. The river at this point was
_pf)ruculz}r]_y fast and many [ry moved upstream within a few inches of the bank.
'I he robu'l is certainly not a habitually aquatic feeder and its apparent success
in capturing sockeye fry again emphasizes the latter's vulnerability to predation
\\'h.ll(j in the river. Aside from these observations no detailed study was made of
avian predation during 1964 and 1965. There is, however, some additional
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(ormation available on bird predation in the Babine River-Nilkitkwa Lake
ea during the 1953 and 1954 (V. 1. F. Allen, unpublished report at the Biolog-
cal Station, Nanaimo). This information is summarized in Table VI.
Except for Barrow's goldeneye, each of the species examined was found to
be feeding occasionally on fish. In six species, these were highly identifible
sockeve fry. Although the stomach analyses indicate a rather high fry con-
ymption in some species, particularly some of the gulls, none was particularly
pundant and Allen comments, ** . . . itis believed that the information available
hows that due to immense numbers of prey available, coupled with a limited
ird predator population, it is possible that no serious bird predation problem
ists.”” The author's own observations confirm this. Predation by fishes would
sppear to be a much more important factor in the mortality of sockeyve fry in

his area.

COMPARISON WITH FRY MOVEMENTS IN SOME OTHER AREAS

Upstream migrations of sockeye salmon fry occur widely in North America.
Sizeable upstream movements have been observed in the Karluk River on
Kodiak Island, Alaska, the Wannock River draining Owikeno Lake on the

" British Columbia coast (Foskett, 1938), the Chilko River in the Fraser system,
‘the Little River below Shuswap Lalke, B.C., as well as the Upper and Lower
Babine rivers described herein. Each of these upstream fry migrations numbers
many millions. Other, smaller upstream populations are known to occur. The

pstream movements of sockeye fry in the Karluk and Chilko rivers have been

“investigated by the Fisheries Research Institute of the College of Fisheries,
University of Washington, and the International Pacific Salmon Fisheries
Commission respectively. Information relating to the Karluk migration was

ommunicated by C. Walker, formerly of the Institute. The description of

| cations from J. Roos of the Salmon Commission.
In general, the upstream migrations in both the Karluk and Chilko are

D
; éﬂ-very similar to that in the Babine rivers. There is an initial downstream move-
i

‘ment of [ry, a period of holding, and an eventual return upstream. In the
Chilko, [ry emerge at night and move downstream until they reach areas of low
velocity along the river edge where they hold. Seven to 10 days elapse between
he emergence of fry and their movement upstream. Fry moving upstream
average several millimeters longer than downstream migrants.
Figure 23 illustrates the mean daily water temperatures and the seasonal
periodicity of upstream movement in the Chilko River during 1958, 1959, and
960, three representative years. Over the years, it has been observed that the
upstream movement of {ry does not begin in earnest until the mean daily water
i temperature exceeds 4 C and that in most years the run is over or in decline
L'F)efore the mean temperature exceeds 8 C. Ordinarily, water temperatures
ncrease gradually from late April through June with relatively little day-to-day
temperature change. Rarely do temperatures fluctuate over 1 C from one day
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“tuations, the periodicity of upstream movement is bloa_dly peaked anFi unll-

' modal. Upstream movement generally occurs over about 50 days, from Ma)_/ to

mid- or late June. In 1958, when water temperatures were unseasonably high,
the upstream migration began April 27 and ended before thne 1. ) )

As in the Babine rivers, the upstream movement of fry in the Chilko River

- appears to be almost entirely confined to the. river bank. Andrews and GcAcn

(1960) describe the fry as moving upstream in shallow water not more than

by L. V. F. Allen

pecies with

No.
stomachs
examined

, the mean number per day

arensis)

The diel pattern of upstream movement in.the Cl14ilko is cha.racterlzed

~ by a sharp peak of activity at about 0500 hr, a mid-morning depression, and a
period of moderate activity through the mid- and late~ aft.ernoon. Fry are
-'active from about 0300 hr to 2300 hr. This pattern is similar in many respef:ts
~ to that of fry in the Upper Babine River. One feature not observed at Babine
is the occasional movement downstream along the banks of lurge_numl)ers of
fry known to have recently migrated upstream. The reason for this is unknown.
Fry emergence in the Karluk River is also largely noc.turnal. A_[tcr emsx;-

- gence, fry move downstream some distance belore becoming associated with

Stomach contents of birds collected
indicating the abundance of each s

information i

single day and second
Species

Red-necked grebe (Colymbus grisegena)
Barrow's goldeneye (Glaucionetia islandica)
American merganser (Mergus merganser)
Bonaparte gull (Larus bhiladel phia)

Belted kingfisher (Megaceryle alcyon)
Harlequin duck (Histrionicus histrionicus)

Common loon (Gavia immer)
Herring gull (Largus argentalus)
Short-billed gull (Larus canus)
Black tern (Chilidonias nigra)

Ring-billed gull (Larus delaze

TabLe VI,
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are about the same iength ,
newly

banks capture upstream migrants day and night. There is usually
upstream movement of fry from late
one vear, into October. These fry could be trapped
width of the stream and were not readily seen. In neijth
Rivers is there any significant offshore upstream movement of fry. The traps g
Karluk were suspended from a weir which blocked the entire width of the
stream and the fry may have been captured while searching along the weir
for an easy passage through. Such behaviour was often seen in the Babip,
River wherever the passage upstream was practically blocked. The
late-run fry had a mean fork length of 50-55 mm in comparison with the 31 mpy
of the earlier run, These late season migrants
remained for some time in the quiet, weedy
ing up.

An interesting variation in upstream migrations occurs in Morris Crecl, 5
tributary of the Harrison River draining Harrison Lake in the lower Fraser
River area (Andrews and Geen, 1960: Ricker, 1960). Fry emerging into Morris
Creek or entering it from g ibutary, first move downstream
into the Harrison River. Some apparently remain in the sloughs bordering the
Harrison River but others move upstrean into Harrison Lake where they re-
main until smolting.

The upstream movement in the Little River (Andrews and Geen, 1960)

is even more complex. Fry emerging in the Lit(le River are horne downstream
into Little Shuswap Lalke where they remain for several weeks before reentering
the river and migrating upstream into Shuswap Lake. Fry from the South
Thompson River, below Little Shuswap Lake, Pass upstream into Little Shus-
wap Lake and may continue upstream through the Little River into Shuswap
Lake. In addition, there are indications that fry moving downstream from the
Adams River, which enters Shuswap Lake near where the Little River flows
out, are occasionally swept down into the Little River
upstream to reenter Shuswap Lake. Fry in the Little Riv
for some time in Little Shuswap Lake and are larger
movement than Chilko River fish, have been abserved
in water velocities of 30-60 cm/sec.

Some mention should he made of certain streams in which sockeye [ry
are known to hold along the stream edges f[or a time although upstream move-
ment apparently does not occur and the fry eventually move downstream
into lakes. Hartman etal. (1962) describe fry holding along the edges of Hidden
Creek close to where the stream enters Brooks Lake. None of these remained
more than a single day and all of them moved on downstream at nightfall to
be replaced at dawn. Fry are known to frequent the stream edges for longer
periods of time in the Brooks River between Brooks Lake and Naknek Lake
(W. Heard, personal communication). Passage upstream into Brooks Lake is
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In the Fulton River, the spawning of sockeye salmon occurs over a6y
week period from about September 1 to the latter part of October. Spay,

ordinarily peaks during the last week in September but may be delayed, a¢ it

was in 1963, when water temperatures remained unseasonably high. In the

Upper Babine River the spawning period is the latest in the Babine system
extending from about October 1 to the last week in November and occasionally,
into December. Spawning in this river peaks about October 20. The periods g
fry emergence in the two rivers correspond in their order to that of SPawning
in the Fulton River from May to mid-June with a peak during the last week i
May; in the Upper River from early May to at least mid-July with the mid-
point about June 15.

As previously indicated, the seasonal periodicity of downstream sockeye
fry movements in the Fulton River is closely related to spring discharge patterns,
Figure 7 illustrates the seasonal periodicity in 1964 only, but the pattern jg
typical of that during 1962, 1963, and 1965. In each of these years the down.
stream run reached its peak during a period of high discharge, declining precipi-
tously thereafter. In the Upper Babine River, water temperatures seem to have
the greatest influence on seasonal patterns of emergence and downstream
movement.

Northcote (1962) found that water temperature was the single most im-
portant factor determining the current responses of juvenile rainbow trout.
These fish were able to hold position and move upstream only where water
temperatures were relatively high (daily maximum usually 15 C). Northcote
(1962) demonstrated first, that there were consistent differences in the seasonal
temperature regimes of streams inhabited by upstream and downstream popu-
lations and, second, that these were of sufficient magnitude to affect the be-
haviour of fry. Figure 24 compares the seasonal temperature regimes of the
Fulton River and the Upper Babine River during the spring and early summer
of 1964 and 1965. The durations and approximate midpoints of the downstream
fry runs in the two rivers are indicated.

The most obvious difference in the seasonal temperature patterns of the
two streams is the contrast between the smoothly increasing water temper-
atures of the Fulton River and the fluctuating temperature of the Upper
Babine River. However, though water temperatures in the Upper Babine
River exceeded those in the Fulton River during peaks, the mean temperature
of the Fulton River during the period May 1 to July 15, 1964 was higher than
that of the Upper River. The 1965 data do not extend beyond June 21 buta
similar pattern was emerging. A simple comparison ol seasonal temperature
regimes is, however, not entirely satisfactory because of differences in the timing
of emergence and downstream movement in the two rivers. In both 1964 and
1965, Fulton River fry emerged and moved downstream in appreciable numbers
earlier in the season and at lower temperatures than Upper River {ry. If water
temperature were a major factor in determining the current responses of sockeye
fry in the Fulton River it should be demonstrable that the temperatures pre-
vailing during the period of fry emergence were so low as to preclude holding
and upstream movement. The evidence suggests that this is not so.

ning 4

‘F(G. 24. The seasonal temperature regimes (triangl
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In the Upper and Lower Babine rivers [ry have been ol)scryeg h;lc:;l’\\]i
position throughout the night at water temperatures as low asci"”t. Rcivler
upstream migrations occurred at the same temperatures. In t:;e 1.1 \oi entai
major daily upstream runs occur at temperatures of 4 C. Under exper n';' "
conditions, the current response of sockeye fry has'been (m_l nd to be remar I3—4};
consistent over a wide range of temperatures. Keenleyside and Hoar (MJC
observed a marked, positive rheotaxis over a temperature r'augc'of 4to2 C
Brett et al. (1958) found that fry would orient to, and swim wnsh, a 111[0:1:5
background at temperatures from 1 to 24 C, almost the entire range of te

tolers f the species. ]
eralugsrtglj:;:sceesoof argu[:nent. §C WDllldASEtCl“ to be a temp'crau:jre at vlv‘l:;(‘:,l;
~ most sockeye fry could either maintain position along the stxjedr;\ﬁelgl(: o‘:e nove
actively upstream. In the Upper Babine River large numbers 9[ sh ‘1.;1 been
-observed holding and moving upstream at temperatures less than this a‘n
the Chilko River, in some years, mean water temperatures dLu"mg the up’s_ch?)T
fry migration never reach 8 C. At this 1u111|)crz}tlxrc. the 1!{';&/1&'1!}1LII;I,SLIS'lcUilllIZ]\l“:I
cruising speed of juvenile sockeye is approximately ?n,,,,lq L\f.l max pum
sustainable effort at any temperature (Brett et al., 1958). An alh'i yius ;)8 i
Fulton River fry catches for 1964 and 1965 reveals that respectively 28.1%
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anf:l 59.9% of the total fry output passed downstream on days when the

da‘lly water temperature exceeded 8 C. The estimated runs were abo o
million in 1964 and 25 million in 1965. If a significant proportion of LjheUt &
were holding along the banks they would have been readily apparent e fry
of this, none were seen and very few could have been prcse-nt. )

It l_night be argued that it is not simply the absolute water temperat

but the occurrence of sharp fluctuations which effects the holding respons: o
upstream migration in sockeye fry. Northcote (1962) suggest that sudden r‘;md
in l_'emperature may act as a directing factor for rainbow trout fry, orient.‘ses
their movements in an upstream direction. If this kind of mechanism js opemt'ng
Fhen we should expect a much higher degree of holding and upstream migr;rwe
n streams like the Upper Babine River where sharp rises in tempcrn{u;clgn
occur, than in streams such as the Fulton in which temperature changes -u-o
more regular. The evidence suggests, however, that large upstream movemc:ltz

In Spite

of sockeye fry can occur in the absence of extreme temperature surges. In th
Upper River, for instance, fry moved upstream during periods of Astnble aug
even falling water temperatures. In the Chilko River, which has a large up-
stream movement, there are in many years, only relatively minor fluctuations in
temperature during the course of the upstream migration. )

GENERAL DISCUSSION

The published descriptions (Hoar, 1958; McDonald, 1960; Hartman et al.
1962; Heard, 1965) of the behaviour of sockeye salmon fry during emergencé
and d_ownstream migration can be summarized as f[ollows. (1) The fry are
negatively phototactic and during the day most remain either buried in the
gra\{el or hidden in shaded holding areas along the stream banks; (2) with the
coming of darkness those fry which are ready to migrate emerge from their
hiding places and exhibit a marked negative rheotaxis, swimminq.downstrcmn;
(3) downstream migrants act as individuals while migrating nnd‘do not school.
As a result of this pattern of behaviour, newly emerged fry very rapidly leave
}Ile spawning stream and enter the lake nursery. In most instances, the journey
1s probably completed in a single night.

Once in the lake, the behaviour of juvenile sockeye salmon changes radi-
f?a“y. The fish abandon their previously solitary hahits and form schools. Fry
in schools show less cover response and remain, swimming and feeding, in
brightly lit areas. They are positively rheotactic and are able to maintain
position in strong currents (Keenleyside and Hoar, 1954).

Hoar (1958) suggests that these changes in the behaviour of older fry,
co'upled with an increase in size and swimming ability, might explain upstream
mxgrat:ion. The behaviour of upstream migrants in the Babine rivers is, in fact,
very similar to that of downstream migrants after they enter lakes: they form
schools, they move and feed in the open, they react positively to current and
hold position during the night. In addition, fry nmoving upstre:qm are generally
larger than those moving down. However, it is difficul¢ to see how [ry emerging
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emergence and downstream movements.

in a situation such as that in the Lower Babine River could survive unless they

_were immediately possessed of these behavioural characteristics. If, as Hoar

(1958) suggests, they were subject to progressive development and if fry were

“borne downstream before these characteristics appeared, catastrophic mortal-

ities would occur. In the Lower Babine River the major spawning beds are only
a short distance above the adult enumeration weir, an easy night's journey
even if [ry were being borne passively downstream. Some fry are swept through
he weir but millions more reach the river banks and survive to move upstream
into Nilkitkwa Lake. The Babine River studies support Hartman et al. (1962)
who, commenting on the upstream movement of sockeye fry in the Karluk
River, states, “Apparently schooling and the adaptive changes to positive
heotaxis and loss of negative rheotaxis associated with it take place before the
merging [ry reach the sea, or perhaps before they move very far from the redd

sites.” There is apparently a precocious development of behavioural responses

hich, in fry from typical downstream situations, are acquired only after the
fry have left the stream and entered the lake.

Northcote (1962), in his study of the migratory behaviour of juvenile

‘rainbow trout at Loon Lake, B.C., concluded that the differential responses
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of upstream and downstream migrants to current were primarily regulateq by

water temperature. Temperature had a twofold action: it set limits Withj

which upstream migration could occur and it affected the timing and intensitn
of the responses when it did occur. There is no doubt that in the Upper Babip,

River water temperatures did affect the timing and intensity of Upstreg ¥
movement, at least seasonally though apparently not diurnally. Howev:
there is no indication that water temperatures were so low as to absolute1'
preclude holding or upstream migration and fry were seen doing so at temy
peratures ranging from 5 C to 17 C. During the course of the downstream m,

gration in the Fulton River, water temperatures frequently exceeded those at
which large numbers of fry are able to reach the banks and hold position or even
move upstream in other systems and yet this type of behaviour has never been
observed. From this it would appear that water temperature differences, i
themselves, do not determine the ultimate direction of migration.

Northcote was led to reject the hypothesis that there were “. . . genetically
distinct inlet and outlet stocks, each maintaining appropriate innate behaviour
responses which result in movement of young into the lake . . . ." In the case of
sockeye fry, however, this does appear to be the most likely explanation. There
are no consistently observed differences in water temperature or any other
environmental factor which will explain the observed differences in the be-
haviour of downstream and upstream sockeye stocks. There is, in fact, evidence
that under experimental conditions newly emerged sockeye fry from outlet
populations have a greater tendency to move upstream than those from inlet
populations (E. Brannon, personal communication).

The existence of an intermediate type of fry behaviour in which fry hold
for a time along the stream edge but eventually move downstream has been
noted. Possibly the development of upstream migratory habits involves se-
lection for behavioural tendencies which exist to some degree in all stream-
spawning sockeye populations.

In what situations are outlet spawning and the upstream fry migration
which it entails likely to develop ? In the first place an upstream migration must
be a physical possibility. This appears to be primarily a question of water velo-
city. Second, and possibly most important, at the termination of their upstream
movement the [ry must enter a favourable lacustrine environment. The mor-
tality to fry between the time of emergence and the time that they take up lake
residence must be very much greater in upstream than in downstream migratory
stocks due to downstream loss, to intensive predation, and, possibly, to the
effects of intraspecific competition for food during the time when the fry are
confined to a very limited area along the stream edge. These severe mortalities
must be balanced at some period of the life cycle. Qutlet streams are generally
more stable than inlet streams and this probably enhances the egg-to-fry
survival of outlet stocks. Even so, in highly competitive lacustrine environ-
ments already adequately supplied by spawning in inlet streams, the particular
behaviour patterns which facilitate upstream migration may be at a selective
disadvantage.
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NOTES

Lethal Endrin Concentration in the Blood of Gizzard Shad

One of the persistent problems facing pollution biologists ls»ﬂ?e’[“?m_
ification of the materials that cause fish kills throughout the country. hese
;ﬁcaﬁlo are especially troublesome in areas of concentrated populations
SitLmum']Sd‘ustries that compound the possible sources of pollution.‘ In many
and/Olf[ . ctual cause is a slug release of a toxicant that has been diluted and
Cascsdt Le‘ ?and(the location where dead fish and water samples would be collected
. L-‘everal hours after mortality occurred. Autopsy melhod.s ba'sed on
o o s[ fish tissues can provide the information necessary to -xdentxfy the
ana]'yfsestg'(icmt Previous techniques for zinc-caused fish mortality (Mount,
speil x:nd‘ el;drin toxicity to channel catfish (Mount et al., 1A966) have been
g&glished at the Newto-wn Laboratory, Federal Water Pollution Control Ad-
‘mlmsltmt]Lllsls\L.udies being reported, additional information was sought on autopsy
‘tcclm;:ques and the feasibility of using giZZ§rd Shfld, Pora:orr:icﬂz;[i)ctizf;zliléz
LeSueur), as a test species was explored. This species has mT ex : {1
{ d is very common in the eastern half of the United States. [t is flISO requently
E llﬁred in fish kills, apparently being relatively more sensitive t.han other
;r:):gies to many toxicants. Irwin (1965) determined thatqol'):\? spedmlez S;,,ﬁ:,g
gizzard shad is the least resistant to peterlallm refnery effluent, and h

(o be undesirable as a test animal. ) ) )
i ft\lzi(:;lt t;)izzard shad, 8-12 inches 'in length, were col[th;e(I m‘]'f-\{)dn:) }2](:.;
from Rocky Fork Lake in southern Ohio l.?y means of a fish LrgIP(;l[l' ized ! ?_hcsc
Ohio Division of Wildlife for fish popu[a?non est:nuatcs. The s]]m) _(x)\cr?lutri o
traps for up to 24 hr before being placed in holding tanks for the 50-mile trip

5 P = )
* the laboratory. These fish were observed and treated with antibiotic for 2 weeks

before experimentation began. During this time ar'nd the add.xtllr?nallgv;veeks of
exposures, mortality due to causes other than endrin was less l;‘_“{ ,01400 000
The test water was carbon-filtered tap water that was held ina ’,' .
gallon outdoor concrete reservoir for about 2 months before use. lh{s \(’;dtter.
maintained at about 16 C, was passed to a constan t<l}cz\(l box c<i11llll_e(,ltcd ‘_o 'a
serial dilution apparatus (Mount and Warner', 1965) tlml_cs't‘\);’s 1](: tni
endrin concentrations and a control. The chenucnl_charac'teflstms of Lnf |'f5
water were 5.4 mg/liter dissolved oxygen, pH of 7.5, alkalinity ;)I 43Y|/1;:gt/1 e;
as CaCOy, acidity of 3 mg/liter as CaCQj, and h_urdncss <‘>f l_b‘n(]i\\ xf}'@:\
CaCOy. Results were obtained by previously described procedures (America
ic Hea ssociation, 1960). )
PUb]X tl(‘[v(L':]h:l' 13\15';;:;0(1(1 s;\:nples from 39 laboratory-exposed fish were :lnzl'lyz.ed
for endrin. When more than one fish died in a test chamber and there was in-
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