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ABSTRACT

Juvenile steelhead trout (Salmo gairdneri) compete for

access to space and/or food. The distribution of these
resources within a population affects the relative growth
and survival of individuals. Aggression iska means of
competing for these limited resources. This thesis examines
the causes of aggression and growth depensation (size
divergence) in juvenile steelhead.

The sizes of socially isolated juveniles diverged less
with time than those of groups of interacting steelhead,
although average growth rates were equivalent, indicating
that the presence of competitors affects relative growth. A
behavioural mechanism resulting in unequal food acquisition
or growth efficiency is indicated, as rations were in
excess of requirements

Size-matched pairs of steelhead established
hierarchies in which dominants grew 12.3% faster than
subordinates although rations were equal. Therefore factors
other than access to food (possibly stress) play a roledin
growth depensation.

Groups of steelhead grew faster when the inter-feeding
interval was reduced, even though daily ration was
constant. Size divergence over time was unaffected at
intervals ranging from 0.5 to 24~h. Marked increases in
aggression were consistently observed following feeding:

The magnitude of post-feeding peaks was inversely
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correlated with inter-feeding interval. Total daily
aggression and frequgncy of various behaviours were
unchanged.

Learning of feeding times and anticipatory aggression
were demonstrated by recording behaviour on the fifth day
of a feeding schedule and continuing to monitor behaviour
for one day after feeding was discontinued. Alpha and beta
hierarchy positions were stable over a one week period.

Underwater observation of steelhead in hatchery
production facilities confirmed the occurrence of
aggression. Various feeding regimes were presented to
groups of steelhead in these facilities. No differences in
growth, size divergence or fin damage were detected at four
regular feeding intervals. Randomly fed fish showed less
size divergence than regularly fed fish but had eguivalent
growth rates. This reduced growth depensation could result
in a 6% increase in smolt production.

Trout fighting tactics varied depending on the
response of the opponent. Analysis of aégressive attacks
and patterns of fin damage indicate that agonistic
behaviour is the major cause of fin damage observed in
culture facilities. "Mouthfighting", a behaviour novel in

juvenile trout, is reported.
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I. INTRODUCTION

The survival and growth of stream-dwelling salmonids
is largely density dependent due to the effects of
territoriality and aggression (Chapman 1966, McFadden
1969). Young salmonids use aggressive displays and attacks
to obtain a feeding territory, or a share of a food supply
through membership in a hierarchy. Continued stream
residence may be dependent upon success in behavioural
interaction and failure may result in decreased feeding and
growth opportunities, and increased physical damage and
exposure to predators (Chapman 1966). This intraspecific
competition is also of concern to the science of fish
culture. Juvenile steelhead (anadromous rainbow trout,
Salmo gairdneri) and other salmonids are cultured to smolt

-

stage in high density tanks, ponds, raceways and net-pens

to supply food and sport fishing demands for returning
adults. It has been suggested that the problems of growth
depensation', physical damage, stress and disease may be
caused by aggressive behaviour (Chapman 1962, Yamagishi
1962, Fenderson and Carpenter 1971, Slaney and Harrower
1981) and may result in reduced production or in decreased
post-release survival of hatchery raised fish. Thus, an

v — " —— - —— - —— -

'the increase in variance of a size-frequency distribution
with time due to differences in growth rates (Magnuson
1962)




understanding of the nature and determinants of aggression
is important to the management of both wild and hatchery
populations.

Aggression in animals is an adaptive behaviour which

may be considered to have 3 major ends:

1. acquisition of object resources (food, nest material,

shells, hosts) (Chapman 1966),

2. acquisition of other organisms for reproduction

(mates), or labour (slaves) (Dawkins 1982),

3. avoidance of predation by ensuring access to refugia

arid escape routes, or by spacing (e.g. Donnelly and

Dill 1984).

Alternatively, none of these items may be directly
contested, but the space which contains them may be. If
space or some requisite contained in that space, such as
food orkcover, is a limiting factor, competition may be
operating. Ritualized displays may replace direct conflict
for the area containing a resource (Chapman 1966), or
position in‘a hierarchy may be contested (Barnard and Burk
1979). Thus, territorial or hierarchical aggression is an
intermediary economical convention preventing the

uneconomical contest of every food item regardless of



location.

Although cooperative behaviours such as schooling and
fright-huddling (Mason and Chapman 1965) are part of the
behavioural repertoire of juvenile salmonids, most social
interaction consists of agonistic, dominance-subordinance
relations (Noakes 1978). Rank is defined by the outcome of
conflicts for space or a share of space. Territoriality is
defined here as strictly site-dependent dominance;
hierarchies as site-independent interactions. These
definitions are not exclusive and intermediate social
systems exist, such as partial territoriality, where a fish
defends a territory only against fish lower in the
hierarchy (Noakes 1978). Since territory is maintained,
delineated, and identified by the occurrence of aggression,
the level of aggression has been used as a measure of the
strength of territoriality (Dill et al. 1981, McNicol and
Noakes 1984). However, because hierarchies are considered
to be a strong social mechanism for the reduction of
aggression (Barnard and Burk 1979), strength of the
hierarchy may not be reflected in overt aggression. The
theory of behavioural options and strategy in hierarchies
has not been elaborated to the degree that it has for
territorial systems.

The major factors governing the degree of
territoriality or hierarchy that develops appear to be

water current, density and size distribution of the fish,



Observation of wild salmonids shows that territorial
systems tend to occur in riffles among fish of uniform
size. At a critical ﬁpper density, however, some
territories collapse and former territory holders live as
subordinates on or between other ferritories or are ejected
from the systém (Kalleberg 1958, Symons 1971, Slaney and
Northcote 1974). This may indicate the existence of a
minimum critical territory size. In pools, confined spaces
(e.g. aquaria), and among populations of different-aged
fish, hierarchies, despotism and partial territories occur
(Newman 1956, Hartman 1965, Jenkins 1969).

The relationship of aggression and territoriality to
feeding in juvenile salmonids has been recognized and
investigated by a number of authors (e.g, Newman 1956,
Keenleyside and Yamamoto 1962, Mason and Chapman 1965,
Symons 1968, 1971, Slaney and Northcote 1974, Dill 1978a,
Dill et al. 1981, McNicol and Noakes 1984), but equivocal
results have been obtained. For example, some workers
(Newman 1956, Kalleberg 1958, Keenleyside and Yamamoto
1962, McNicol and Noakes 1984) found increases in
aggression after feeding while others (e.g. Symons 1968)
found an overall decrease in aggression after feeding.
While the effect of ration has been investigated, the
timing of food presentation and the key gquestion of how
fish assess their trophic environment have not been

considered.




Of the three causes of territoriality listed, juvenile
anadromous salmonids are mainly affected by numbers one and
three. The main function of stream rearing in the life
history is growth and survival to an appropriate size and
time for smolting. Acquiring territory or rank has been
demonstrated to be strongly associated with survival, and
- an individual's feeding success and growth is élosely
related to its ability to hold a territory. Atlantic salmon

(Salmo salar) that do not hold a territory are attacked by

territory holders if they attempt to feed or hold against

the current (Kalleberg 1958). Brown trout (Salmo trutta)

that could not maintain territories and were artificially
prevented from emigrating lost weight and starved (Le Cren
1965). Chapman (1962) and Méson and Chapman (1965) have

demonstrated that early downstream emigration in juvenile

coho (Oncorhynchus kisutch) is a result of failure to

acquire space through aggressive interactions. Although the
fate of these migrants is unknown it does not appear that
any return to the parent stream as adults. All returning
adult steelhead trout and coho salmon appear to have spent
at least one full year in freshwater, as indicated by scale
readings (Maher and Larkin 1955, Chapman 1958, Bilton
1978). Thus, early migrants may have a limited chance of
contributing to the next generation's gene pool

In hierarchies the amount of food eaten and growth

rate are closely related to position in the dominance



order. Salmonids that hold low ranks éxhibit less growth,
higher mortality and more fin damage than higher ranking
" fish (Brown 1946, Yahagishi 1962). Growth depensation is
generally attributed to differential food intake due to
aggressive competition (Magnusonv1962, Yamagishi 1962) and
indeed in cultured populations is taken as symptomatic of
the occurrence of aggression (Jobling 1985). In addition,
indices of stress, including plasma cortisol concentration,
interrenal nuclear diameter and tailbeat frequency, are
more evident in subordinates in small laboratory
populations of coho parr (Ejike and Schreck 1980).
Territory holders and dominants may suffer less
predation. A refuge and use of habitual escape routes were
observed to be significant features of wild salmonid
territories (Newman 1956, Jenkins 1969, Bachman 1984).
Atlantic salmon parr that had established territories were

less susceptible to brook charr (Salvelinus fontinalis)

predation than parr which had not established territories
(Symons 1974).

The economic defendability theory (Brown 1964) states
that a territdry should only be defended when the energetic
gains of territory ownership exceed the costs. This simple
statement 1s the basis of later, more elegant models
describing and predicting when territories should be held
and what size they should be. That animals are capable of

adjusting territory size in response to changes in food



availability and costs of defense is a fundamental concept
of modern territory theory (Dill 1978b, Ebersole 1980,
Hixon 1980, Schoener<1983). These authors have expanded
upon Brown's (1964) concept of economic defendability by
explicitly considering factors thét influence territory
size such as body size, food density, competitor density

" and travel costs. Hixon (1980) notes the different
territorial requirements of energy maximizers and time
minimizers and predicts that given an increased food
abundance an energy maximizer will contract its territory.
Dill (1978b) and McNicol and Noakes (1984) consider
juvenile coho salmon and brook charr, respectively, to be
energy maximizers. Juvenile rainbow trout and coho salmon
conformed to Hixon's prediction through decreased
aggression with increased food availability (Slaney and
Northcote 1974, Dill et al. 1981); however, these are the
only studies that showed complementary responses of reduced
territory size and decreased aggression. Other studies
leave confusion as to mechanism and the possibility of
alternative effects. To be capable of adjusting territory
size in responée to changes in food density, animals must
be able to evaluate the status of their food supply.
Becéuse juvenile salmonids rely largely on drift, and
hence, on allocthonous food sources (terrestrial or
upstream production) it is unlikely that they are able to

directly assess the production rate or standing crop of



their food supply. It is more likely that past feeding
history or present feeding status cue the behavioural
decisions of salmonids.

Conflicting results in studies of salmonid feeding and
aggression appear to stem from different measures of
aggression, feeding schedules, and densities. The effects
of competitors on growth, and whether through food
monopolization or other mechanisms have not been
determined. How aggressive damage occurs, and the risks and
costs of aggression, have not been determined either.
Research and hatchery feeding schedules and intruder
pressure are typically very different from those found in
nature. Other factors that affect energy budgets and
aggression, competitor density and predator occurrence are
also altered. The ability to monitor food supply is a
requirement for optimal behaviour in a variable environment
(Krebs 1978). Thus, timing of feeding may affect the
perception of environmental quality, and hence, aggression.

Steelhead trout are an important sport fish having
economic and aesthetic value. Due to heavy fishing pressure
and declining habitat they are cultured in hatcheries and,
more recently, in floating lake pens (S.E.P. Annual Report
1979). Phenomena such as growth depensation, fin damage,
disease and general stress which may interfere with
production are likely to be aggression related (Slaney and

Harrower 1981). In culture facilities the discrepancies in



growth rates arising from social behaviour result in high
growth depensation regquiring iabour-intensive grading
(Bardach et al. 1972; Gunnes 1976). Almost no behavioural
investigations have been performed on net-pen stocks of
salmonids, yet there are potentiai benefits.to be gained

from an understanding of aggression and its effects.

Goals:

The purpose of this study was to investigate aspects
of juvenile steelhead growth in relation to social
behaviour and food availability. Figure 1 displays a
conceptual model describing possible factors that could
influence growth variation.

Specifically the goals were:

1. to confirm that aggressive behaviour occurs in pen-held
populations of juvenile steelhead (Chapt. II);
2. to determine if the presence of conspecifics is a major

cause of growth depensation (Chapt. III);

3. to determine if reasons other than ineguitable
distribution of food are responsible for growth

depensation (Chapt. IV);



factors causing growth variability in
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to determine if different distributions of food over

‘time produce changes in aggression and corresponding

changes in growth depensation (Chapts. III and V);

to determine the relationship between observed attack

patterns and observed fin damage (Chapt.VI);

to determine if juvenile steelhead are capable of
learning feeding times and if they exhibit anticipatory

aggression (Chapt. VII); and finally

to test a variety of feeding regimes in net-pen and
hatchery populations in an attempt to reduce growth
depensation and fin damage without a loss in growth

rate (Chapt. VIII).

"



II. PEN OBSERVATIONS.

Methods

To gain a perspective of fish activity in floating
det—pens and to verify the occurrence of aggression,
underwater observations were made in rearing pens at a B.C.
Fish and Wildlife Branch facility at Cowichan Lake,
Vancouver Island. Initially I hoped to analyse the data
quantitatively, but a review of the material indicated that
the number of confounding factors (season, water
temperature, fish size, age and density, dive time and
feeding regime) and the infrequency of behavioural acts,
rendered analysis meaningless. Therefore, only qualitative
descriptions and ranges are presented.

Observations were in four pens (3.66 m X 3.66 m X 3.66
m) suspended within a floating dock, covered with wire mesh
lids and surrounded underwater by a wire mesh predator
screen. Between Oct 28, 1980 and Dec 3, 1981, the site was
visited 5 times with 4-6, 20-40 min dives taking place on
each trip. Fish size ranged from 7 to 58 g, water
temperature from 5 to 18 C, density from 2200 to 4000 per
pen (44 to 80/m?) and feeding interval from 20 min to 2

hours, with supplemental hand feeding during some dives.

12



Observations were made with SCUBA apparatus. A rope
sling supported the observer at a depth of 2 m without
bouyancy concerns. ﬁecause systematic observation and
recording was made difficult by the numbers and speed of
the fish, a reference point (cleér plexiglass with a blue
circle) was suspended in the center of the pen with
monofilament. The first five min of each dive was spent
waiting for the disturbance to subside. Thereafter focal
animals (Altmann 1974) were selected by choosing the fish
nearest to a reference point (the disk or a corner of the
pen) and following it as long as possible. Records were
kept on a'plexiglass slate with a grease pencil and time
intervals were signalled to the observer by an assistant

pulling on the support ropes every 2 min.

Observations:

Upon the diver's entry, juvenile steelhead exhibited a
fright response, dashing about and crowding on the far,
lower side of the pen. At this time especially the diver's
exhalations had an effect on the fish as they moved towards
and away from the diver in synchrony. In some cases it took
over 10 min for the fish to recover. The typical pattern of
fish distribution was characterized by having most of the
fish-milling in the upper central region of the peh. No

characteristic clock-wise or counter clock-wise swimming
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was seen. Most fish swam horizontally and following initial
disturbance came within 60 cm of the observer. Fish in the
lower central area appeared to be the largest fish in the
pen.

Fish were sparsely distributed around the perimeter of

the pen. These fish were mainly stationary and appeared to

" be defending a territory. One fish recognisable by a scar

acted as if it were defending the diver's mask as reference
point for a territory on two successive dives. This
suggests that fish were only able to establish a territory
with a spatial reference point and low intruder pressure,
as observed in streams (Jenkins 1969). Conventional
aggressive acts such as displays, charges, and chases
(Mason and Chapman 1965) by territorial fish were observed,
but no nips were seen in this context, apparently because
intruders responded by fleeing.

Fish in the central area of the pen were densely
packed (approximately 2-3 body lengths separation or less)
and swam at relatively high speed. This inter-fish distance
seemed constant regardless of the absolute numbers and size
of fish. In contrast, the amount of open space about the
periphery of the pen varied.

The following behaviours were observed in the

centrally grouped fish:
1. Parallel swim: two fish would swim next to each other
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(3-6 cm apart) at high speed for a distance of 1-2 m;

2. Chases: one fish.would swim closely and rapidly behind

another, possibly attempting to nip its tail;

3. Charges: a high speed approach directed at another
fish;

4. Bites: one fish would charge towards another generally
from above and nip at the dorsum, usually at the dorsal

fin;
5. Fights: a series of return nips between two fish.

In addition, fish sometimes swam stiffly, with exaggerated
body motion and fins extended. Bites were normally made
downwards after a charge of 2-3 body lengths. Several such
vertical charge-bite sequences may occur ih rapid
~succession. Fish that gave and received nips were often
observed to turn sharply and rapidly downwards producing a
visible flash.

Eroded dersal fins were clearly visible both
underwater and from above the surface. Fish in pens with
relatively little fin damage were inconspicuous when
cbserved from above the surface. In contrast damaged dorsal

fins were visible from above as white lines. During feeding

15



most fish swarmed towards the source to feed but the larger
fish at the bottom remained there where food appeared to
reach them. Activityland biting appeared to increase after
feeding. Within a dive the number of acts recorded per 2
min observation period generally doubled for approximately
5 min following feeding.

Activity changed with season. Fish in winter were
distributed deeper and were more wary. Aggressive acts were
most frequent in late summer (X=10 acts/2 min) and were
negligible in January (X=1.8 acts/2 min). These changes may
have been related to changes in water temperature,
photoperiod, fish size or density.

These dives established that aggression does occur in
floating pens, and that nips occur and are directed towards
the dorsal fin, which is the primary site of fin damage in
hatchery steelhead. Few fish were conventionally
territorial, probably because of spatial uniformity and
high intruder numbers, but aggression occurred during all
months. Flashing observed from above the surface may be
evidence of aggressive activity but could be related to
zooplankton feeding. Some relationship between feeding and
aggressive activity appears to exist. However, the
effectiveness of SCUBA observation was limited by the
amount of time available due to air supply and temperature
considerations, disturbance of fish, and the difficulty of

observing large numbers of fish at this density.
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III. RELATIVE GROWTH RATES OF ISOLATED AND GROUPED FISH FED

AT DIFFERENT INTERVALS

INTRODUCTION

The occurrence of growth depensation in freshwater fish
populations has been observed among wild juvenile coho
salmon (Chapman 1962, Mason 1976), rainbow trout (Larkin et

al. 1950) and largemouth bass, Micropterus salmoides

(Shelton et al. 1979) and is common in hierarchies of
laboratory fish and in hatcheries (Jobling and Wandsvik
1983). In nature, and artificial propagation facilities,
growth depensation may result in significant losses of
production due to cannibalism or failure to achieve a
threshhold size for survival (i.e. "smolt size") and in the
case of hatcheries, in time costs of grading fish. Growth
depensation may arise from genetic variability and/or early
developmental differences, or from social causes such as
food monopolization by dominants, differential energy
expenditures, or social stress resulting from aggression.
Although high relative growth rates are exhibited by
behavioural dominants (Brown 1946, Yamagishi 1962, Li and
Brocksen 1977), the role and mechanism of different social

effects has not been determined.

17



Before considering social causes of growth depensation
some estimate of the genetic/early development component
should be obtained. Although growth depensation is commonly
ascribed to social interaction, the critical comparison of
the growth of individual fish, isblated from social
effects, with the growth of grouped fish has rarely been
; ﬁade, and then only with small sample sizes. '

In this study the growth variability of grouped
juvenile steelhead (assumed to represent the summed effects
of genetic, developmental and social factors) was compared
to the growth variability of a sample of isolated control
fish (assumed to be caused only by genetic and/or
developmental factors). If social interaction is a
significant cause of growth depensation, growth rates of.
grouped fish should be more variable than those of isoiated
controls.

In a second phase of this experiment, growth and
behavioural observations were made of grouped fish fed
equal daily rations, that were distributed differently over
time. This was done to determine the relationships between
food availability, aggression and growth. The growth of
these groups is considered in the present chapter and their
behaviour in Chapter V. Social interaction has been
considered to cause growth depensation by several authors
(Magnuson 1962, Yamagishi 1962, Jobling 1985), and several

studies have shown that food availablity affects aggression

18



and territorial defence (reviewed in Dill 19785). This
chapter examines the effect of the temporal pattern of food
availability, as meaéured by inter-feed time interval, on
growth and growth variation. A range of regular feeding
intervals within a 14-h photoperibd was examined. In
addition a random feeding schedule, and one over a 24-h

" period were presented.

Due to the practical application of growth knowledge
in stream and hatchery management, growth rates were
considered in conjunction with growth variability. An
optimal feeding regime would produce low growth depensation

and a high growth rate.

METHODS

Juvenile steelhead trout (early winter-run Englishman River
stock) were obtained from the Fraser Valley Trout Hatchery
in 1981 and from the Big Qualicum Hatchéry in 1982. All
experiments were carried out at Simon Fraser University.
Due to limited aquarium space it was not possible to run
all trials simultaneously. As a compromise, I attempted to
obtain fish as close to the initiation of feeding as
possible, but due to brood timing this was not always the
case. Table 1 gives the size and approximate age of fish

used. The groups of steelhead usually hatched over a 7 day
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TABLE 1. SOURCE AND USE OF EXPERIMENTAL FISH. ALL FISH
WERE WINTER-RUN ENGLISHMAN R. STEELHEAD.

T 0 A e G " e e G ——— —— — e — - — ——— " T - — . ——— et S A o —— —— - —— S e —

GROUP DATE OBTAINED USE

APPROX. AGE AVG. SIZE (g) T(C)

1 May 29,1981
2 June 23 "
3 July 29 "
4 Aug 9 "
5 June 1,1982
6 July 3 "
7 July 27 "
8 Aug. 11 "

ISOLATED FEEDING
CONTROL + 5 DAYS
#1

GROWTH FEEDING
TRIAL#1 + 24 DAYS
GROWTH FEEDING
TRIAL#2 + 53 DAYS
GROWTH FEEDING
TRIAL#%3 + 123 DAYS
ISOLATED FEEDING
CONTROL + 5 DAYS
#2

GROWTH FEEDING
TRIAL#4 + 20 DAYS
GROWTH FEEDING
TRIAL#5 + 10 DAYS
ISOLATED FEEDING
CONTROL + 25 DAYS
#3(Sequential)

.2082

.4279

1.279

.1422

.2344

.2178

.2988

9.0
10.0

9.0

8.0

9.0

11.0
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period.

Fish were initially held in 136-1, flow-through,
aquaria until it was‘ascertained that they would feed, and
then starved for two days prior to weighing and sorting,
Water temperature throughout all éxperiments;ranged from 8
to 11 C. A 14-h photoperiod (95 1lx at the water surface)
"was used in all growth experiments; otherwise a natural
photoperiod was generally maintained.

Fish were anaesthetized with methanesulfonate, and
weighed to the nearest 0.1 mg on a Sartorius electronic
balance after excess water had been removed with absorbant
paper. Length was measured to the nearest 0.5 mm. After
weighing, each fish was allowed to recover in an isolated
vessel.

Experiments were conducted in 2 banks of 5, 45.5-1,
flow-through aquaria for growth trials 1 and 2 and isolated
control 1; a third bank of tanks was added for growth
trials 3, 4 and 5, and isolated controls 2 and 3. Each tank
had an exclusive dechlorinated water supply and an
adjustable volume feeder (described by O'Keefe et
al.(1979)). Each bank of 5 feeders was powered by a 1/15-hp
electric motor. The feeders were controlled by a three
channel timer capable of independently activating the drive
motors at intervals from 1 to 999 min in 1-min increments.
The feeders could be also be activated at random intervals

read from an internal list of 3000 numbers between 1 and 60
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min. Thus each bank of 5 aquaria could be fed independently
of the other 2, and each tank could be fed an independent
ration size. Overheaa lighting, which was necessary for
videotaping was provided by 3, 75-watt incandescent
floodlight bulbs per bank of tanks (2250 1x at the water

surface).

Isolated controls:

Three controls were conducted in which fish were
socially isolated by black polyethylene on the back and
sides of the aquaria. Ten similar sized fish were selected
for iso}ated control 1, and 15 for controls 2 and 3. Fish
mortalities in control 2 (5 fish) were replaced. Losses in
control 1 and 3 (1 fish each) were not replaced. Tanks were
partitioned to allow equal swimming volume per length of
fish (22.75 1 for fish to 35 mm, 5.68 1 for each additional
Smm length increment to 55 mm). "Silvercup" feed in the
appropriate size was provided ad libitum. This was
operationally defined as a condition in which food was
constantly available floating on the surface. Tank bottoms
were siphoned to remove debris every two days.

In controls 1 and 2 the fish were weighed at the
beginning and conclusion of fhe trial. In trial 3 fish were
weighed at two or three day intervals tokdetermine the

shape of the growth curve. Initially they were weighed by
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the method outlined above, but after three weighings a
technique that did not entail repeated anaesthetization was
adopted. Fish were céptured in a dip net, excess water was
shaken off, and the fish placed in a pre-weighed vessel of
water. The vessel was covered to éontrol evaporationf
Vessel and water weight were subtracted from the totai

" weight to give fish weight. Final weights in all trials
were obtained after two days of starvation to avoid
weighing food remains in the guts. Fish were then
sacrificed and dry weights obtained after oven drying for 3

days at 40 C.

Grouped growth ﬁrial:

Large groups of fish (>150) were starved 2 days,
anaesthetised, and weighed individually. Following
weighing, fish were sorted into groups of 8, on the basis
of similar weight. Cold branding (Everest and Edmondson
1967) was attempted to allow individual recognition but was
unsuccessful as the fish were generally too small to
withstand the technique. Groups were installed in the
45.,5-1 aquaria previously described. Tanks were partitioned
to provide a constant volume of water per unit of fish
length as described for single fish. Some of the larger
fish in growth trial 3 exceeded this requirement (3 tanks).

Screens of 5 mm mesh were placed in each tank 1.5 mm above
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the bottom. This allowed food and feces to pass through and
limited the period of availability of food to slightly more
than the time the raﬁion would float, similar to a
pen-rearing situation. The tank ration was 10% of wet fish
weight per day ("Silvercup" feed in an appropriate size).
Food presentation schedules and the order in which the
* trials were run are giveh in Table 2. Food availability
(time which food floated) for each feeding regime was
approximately equal (Table 3). Fish in growth trial 5 did
not feed well, and results from one tank in each feeding
regime were excluded due to high mortality.

After 5 days of feeding fish were starved for two
days. Wet weight, length, and dry weight were measured as
previously described. Fish that died during this final

starvation period were weighed as discovered.

Growth analysis

Instantaneous growth was treated as behaving as a
power of wet weight (W)
dwW I(VVX

T =

where K and x are constants (Parker and Larkin 1959) and

was calculated as | 33
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TABLE 2. ORDER OF PRESENTATION OF FEEDING REGIMES.

v — - ——— A — —— o — - S —— o " S e - S G G e G . G G — o —

- ————— . ——————— - - —— A M = A e e S — — - T - e — - - G s e —— W ——

1 24h fed thr. after daylight
24h fed 1hr. before dark

2 ' 24h fed 2hr. after daylight
12h fed 2hr. after daylight
- and 2hr. before dark:
3 12h commencing thr. after daylight

4h
2h "

1h "

0.5h  (avg.) random interval
1h fed throughout a 24 h day

- ———_ - ——— e e — - — —— e . e —— i A e S T T e o v R — . ——— .  — —
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TABLE 3. FOOD AVAILABILITY-THE APPROXIMATE TIME THAT FOQOD
FLOATED IN EACH FEEDING REGIME

- - —— - - ——— - ——— e > —— G S - e o i S e e e e A S e e e o e — . — —

FEEDING INTERVAL TIME FLOATING/FEED TOTAL/DAY
24h 18min, 18min.
12h 8.5min, 17min,

4h 4min 16émin.

2h 2.5min 17.5min.

1h ' imin. 14min,
0.5h 0.75sec. 18.8min.
0.5h(random) " "

th (X24) " : 18min.

—— e —— i —— i —— o —— . - —— o —— g — — —— — — 0 e . e S e — — S — G ——tu
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(Iwama and Tautz 1981) where the growth slope Gy indicates
the growth rate independent of fish size. Incorporation of
temperature (T) into‘the model gives the growth coefficient
GC:

Gc _ Gy >T< 1000

allowing comparison of fish grown at different
temperatures.

Growth variability was expressed as the coefficient of
variation, (group standard deviation/group mean dry

wt.)*100. The change in coefficient of variation (CV)

ACV = CV, — CV,

and is abbreviated DCV in the rest of this chapter.

-

RESULTS

Growth rate of fish in isolated control 3 (Fig. 2)
demonstrates the essentially linear nature of growth over a
24-day period.

Three of the initial 40 fish in all controls lost
weight, seven died and five replacements were treated as a
separate group, ie. G, was calculated using a different

C
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Figure 2. Sequential average wet weights of 14 isolated -
juvenile steelhead trout (isolated control 3).

28



value of t. Some isolates did not feed at all and did not
appear to have learned to feed upon hatchery food. The
average growth coefficient of single fish in all controls
was 0.877, comparable to the fastest growth recorded in the
grouped fish treatments (Fig. 3). The average growth
coefficient of grouped fish was 0.347, significantly lower
- than from that of single fish (ANOVA, p<.001); G, for
single tanks ranged from 0.1396 to 0.92. Grouped fish
exhibited a clear trend of higher growth rates at higher
feeding frequencies except at the 0.5-h interval (Fig. 3);
the feeding interval effect was significant (ANOVA,P<.001),
All regimes in growth trial 5 showed low growth rates in
comparison with regularly fed fish (Fig. 3).

The DCV/ 5 days of isolated controls (2.46%) was
significantly less than that of grouped fish (8.02%)
(F-test of squared coefficients of variation, p<.01,
Lewontin 1966). Figure 4 shows the small change of the
coefficient of variation over 24 days in isolated control
3. This was the oldest group of isolates and they appeared
most adapted to feeding. There was no effect of feeding
regime on DCV/5 days (Friedman's test, p>.05) in grouped
fish and no trend is obvious (Fig. 5).

The combination of a significant effect of feeding
interval on growth rate and equivalence of DCV/ 5 days
suggests that, for any growth increment, feeding regimes

producing the fastest growth also produce the least growth
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Figure 3. Average growth coefficient (G;) of groups of
eight juvenile steelhead trout under various feeding
regimes. N (number of tanks) for each interval bracketed:
24h(15), 12h(10), 4h(5), 2h(10), 1h(5), 0.5h(9), random(4),
1hX24(4). Vertical lines represent standard errors. The:
open part of the bar at 0.5 h represents the value for
trial 4 alone.
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Figure 4. Sequential co-efficients of variation of 14

isolated juvenile steelhead trout (isolated control 3)."
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Figure 5. Average change in co-efficient of variation in
groups of eight juvenile steelhead trout over 5 days. N as
in Figure 3.
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divergence. To demonstrate this the ratio DCV/|G.| was

e
plotted against feeding iﬁterval (Fig. 6). There is a
marked, but insignificant trend (Friedmans test, p>.05) of
decreasing relative variation with shortened feeding
interval. Thus, although fish size did not diverge.from the
mean differently over time, weights of fish fed more

" frequently tended to diverge less relative to growth. In
other words the growth of frequently fed fish was less
variable than infrequently fed fish if compared over any
equal size increment. The DCV/|GC| ratios of groups in
growth trial 5 were high relative to those of the regular
regimes.

Mortality was generally low in all feeding regimes
except in growth trial 5 where 20% died during the feeding
phase, and several more died during the 2-day starvation
phase of the experiment (Fig. 7). Within a feeding regime
deaths usually occurred in tanks with the smallest and
occasionally the largest average size. Mid-size range tanks
rarely incurred mortality. High mortality tended to
coincide with low growth rate and high DCV/|GC| suggesting
that all three measures may be associated with a stressed
population, specifically in growth trial 5. Results for
growth trial 5 may thérefore be confounded by this overall

pattern of stress.
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Figure 6. Change in co-efficient of variation relative to

growth in groups of eight juvenile steelhead. N as in
Figure 3.
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Figure 7.The occurrence of mortality in groups of eight
juvenile steelhead. N as in Figure 3. The white bar at the
0.5 represents the value for trial 4 alone.
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DISCUSSION

Differences in growth performance were observed
between isolated single fish and groups of 8 fish. Growth
of single fish was comparable to that of fast growing
groups and the growth rates of isolates were less
divergént. Grouped fish generally grew faster with
increased frequency of feeding and sizes diverged less for
a given growth increment. The last growth trial, which
compared a feeding regime of 0.5-h intervals, a random
interval averaging 0.5-h, and a group fed every hour day
and night showed low growth and high mortality.

The growth and relative size of juvenile fish relative
to competitors is crucial to their future performance
(Chapman 1962). In juvenile salmonids stream residence and
territory ownership are size dependent, and the rank order
of growth rate and access to resources often parallels that
of size (Brown 1946, Mason and Chapman 1965, Yamagishi
1962) due to the success of larger fish in competition
(Abbott et al. 1985). Survival during thé stream-to-ocean
osmotic transition is dependent upon reaching a threshold
size (approximétely 50 g in juvenile steelhead, Houston
1961). In fish culture facilities growth depensation means
that large fish may obtain a disproportionately large share
of resources, growing to an unnecessarily large size at the
expense of a number of smaller fish. The smaller fish may

be lost production if eventual production is limited by a
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size threshold. Examples would include a legally imposed
size limit as in "put-and-take" stocking or a
physiologically impoged osmotic threshold. If size
gradients are large, "unexplained losses" (cannibalism)
(Shirahata 1964) and labour cost associated with grading
fish may be high. In addition, poor physical condition
(emaciation, scale loss, damaged fins and scales) and
elevated physiological stress indices are associated with
low hierarchy standing (Brown 1946, Ejike and Schreck
1980). Thus, particularly in fish culture situations, the
prevention of growth depensation may be as important as
achieving high average weights.

The source of variability in growth rates within
populations has been pursued along several lines of
investigation. Genetic studies of full- and half-sib
salmonids have assigned heritability values of 0.23-0.25 to
growth rates (Gall and'Gross 1978, Refstie and Steine
1878). These studies did\not attempt to account for social
interactién by isolating fish. More freQuently,
environmental and behavioural factors have been
investigated as causes of growth depensation. Competition
for food has been shown to influence levels of aggression
and growth depensation. Several studies have investigated
the energetic expenditures of fish involved in social
interaction and made inferences about growth (Carline and

Hall 1973, Li and Brocksen 1977, Puckett and Dill 1985).
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The occurrence of growth depensation has commonly been
accepted as proof of the existence of energetically costly
social interaction (dobling 1985). However, without
estimates of isolated individual fish growth, it can only
be indirect evidence. The large sbace requirements‘for
individual growth experiments generally prevent the rearing
" of large sample sizes of isolated individuals.

Before detailed consideration can be given to the
present results and their implications, the methods and
underlying assumptions should be discussed. Growth models
used to analyse fish growth have been reviewed by Brett
(1979). The logistic model is often used to represent the
growth of organisms that initially grow quickly then slow
éown or reach-an asymptote, as do determinate growers. The
growth of young, fast growing, non-reproductive,
indeterminate growers has often been analysed with the use
of the exponential model. Growth in both cases has been
measured with a confusing variety of units and methods
(Iwama and Tautz 1981, Jobling 1983). The model of Parker
and Larkin (1959) accomodaﬁes the common observation in L
salmonids of declining growth rate (relative to size) with
time (Shelborn et al. 1973, Elliott 1975). While most
growth models are strictly empirical in that they describe
without necessarily providing a functional explanation of
the processes involved (Brett 1979, Peters 1983), Parker

and Larkin (1959) suggested that the model could be
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partitionea into two major components -genetic and
physiological potential for growth, represented by X, and
ecological opportunifies for growth, represented by K. K
might represent such factors as temperature or ration size.
Iwvama and Tautz (1981) presented a method of compafing fish
growth at different sizes and temperatures.

Because of the physiological consequences of low rank
in a hierarchy (Ejike and Screck 1980), dry weight should
be a more accurate indicator of elaboration of tissue than
wet weight. Characteristic loss of gill ATP-ase efficiency
and impaired renal function in stressed fish impairs their
ability to maintain osmotic homeostasis, and in freshwater
fish results in an influx of water reducing percent dry
matter (Mazeaud et al. 1977). Thus, the use of wet weight
will cause an overestimate of the growth of subordinate
fish. Percent dry weight should also increase with size
independently of social rank due to increases in cell
number and size (Weatherly and Rodgers 1978) and deposition
of calcium as bone. All final dry weighté obtained were
regressed against final wet weight in an attempt to be able
to predict initial dry weight on the basis of wet weight,
However, due to low coefficients of correlation (r=.41 in
growth trial #1) and a reluctance to make assumptions
regarding relative stress levels in the experimental groups
of eight and the larger source groups, wet weight was uged

to express growth rates, in accordance with the model of
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Iwama and Tautz (1981). Individual identification of fish
woula have provided more information and required less
inference about growﬁh rates, however, as noted in Methods,
cold branding failed and fin clipping might have altered
competitive capabilities. |

The size variation of isolated fish, relative to their
"mean size, was low in comparison to that of grouped fish.
The average isolated growth rates were comparable to the
highest grouped growth rates. The measure of DCV/5 days
among the isolates was influenced by the fact that many
isolated fish did not feed as extensively as grouped fish
and that some isolated fish did not feed at all. Thus the
measured DCV for isolates was probably an overestimate of
the variation to be found among feeding and growiné
isolated fish. Non-feeding was probably due to one or both
of two causes. First, fish may not have learned to feed on
hatchery food prior to the start of the experiment. This
would only be the case for very young fish since
non-feeders would not survive to comprisé part of the older
grdups. Secondly, non—feeding may have been caused by
social and stress factors. Fish have been shown to exhibitj
social facilitation in their feeding, learning faster,
feeding more vigorously, and growing faster when grouped
than when isolated (Landless 1976). Thus, isolating fish
that have had prior social experience cannot be said to

have removed all social factors. Rather, after experience,
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-~ isolation may be a condition of social deprivation that
could increase obsefved growth variability. The first two
groups of isolated fish were‘the smallest and youngest fish
used in the study and had a higher incidence of
non-feeders. The age and size of fish in control #3 was
more representative of fish used in group trials. These

- fish showed minimal variability and I conclude that the
results of control #3 are the most realistic. Data
regarding growth variation of isolated individual salmonids
have not appeared in the literature, but general statements
suggest that it is low (Yamagishi 1962, Li and Brocksen
1977). The present study appears to be the first to give
sequential growth data on isolated salmonids. Koebele
(1985) found the growth variation-of isolated juvenile

Tilapia zillii to be lower than that of fish allowed to

interact.

An increase in the coefficient of variation in groups
of fish is generally considered evidence of social
interaction (Magngson 1962, Rubenstein 1981, Jobling and
Wandsvik 1983) However, it is generally not stated that
this argument holds only in the case of an unlimited food
supply. Barnard and Burk (1979) have argued that any
difference in vigour of competing animals in small groups
is magnified by continued success. Hence increasing
variability in growth or any other life history parameter

influenced by energy acquisition, such as survivorship or
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reproductive,output, is inevitable given unequal
capabilities and limited resources. An increase in relative
variability of growth in groups should indicate social
interaction if food is provided in excess. Either
behavioural dominants are excludiﬁg subordinates from food
or subordinates are getting a full ration of food but are

" expending inordinate amounts of energy for maintenance or
activity. The daily ration in the present experiments was

twice that consumed in a single meal by other salmonids

(juvenile sockeye salmon, Oncorhynchus nerka), following up
to 22 h of starvation, and exceeds the satiation range for
most salmonids (Brett 1971). This confirms the importance
of social interactions in determining growth in these
groups of juvenile steelhead. There are numerous examples
of despotic social systems in salmonids where dominants
prevent subordinate feeding (Newman 1956, Keenleyside and
Yamamoto 1962, Yamagishi 1962, Jenkins 1969, Symons 1971),
and these observations were confirmed in this study.

That grouped fish grew faster at higher frequencies of
food presentation, even with constant total gation; can be
expected. Fish presented with excess food once per day were
only able to eat until their stomach was full. Fish
presented with food continually throughout the day, in the
absence of competitive interference, would theoretically be
able to fill their stomachs initially and then continue to

eat at a rate equal to the gastric evacuation rate.
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Shelborn et al. (1973) found that continuous feeding for a
15-h day produced significantly greater growth in sockeye
juveniles than feedihg to satiation 3 timesvper day.
Evidence of differing digestive efficiencies at maximum
stomach lbading and during starvation (Jobling 1982)
indicates that tﬁe relationship between food intake and

" growth is not linear.

Poor growth performance in some groups was due to
depressed growth rates relative to isolated fish. Fast
growing groups had growth rates that were eqguivalent to
isolates'. High variability in grouped fish was due to
depressed growth rates of individuals, even to the extent
of weight loss and death. Even in tanks whose populations
grew slowly or lost total weight, dominant individuais
achieved growth rates matching those of isolates and
dominants in fast growing groups. Although growth
depensation in crustaceans can result from increased growth
rates of larger individuals relative to isolates (Ra'anan
and Cohen 1984), the opposite is the common observation in
fish. Jobling (1985) argues that a positive relationship
between growth rate and size within a group is evidence of
competitive social interactions.

DCV/5 days was not significantly affected by feeding
regime. However, the growth differences discussed suggested
looking at growth depensation relative to the magnitude of

size change. In this case there was an obvious (although
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insignificant) effect of feeding interval. Because more
frequent feeding provided statistically equivalent DCV/t in
conjunction with incfeasing growth rates, frequently fed
fish were actually diverging less in size over a given
growth increment, i.e. for an eqﬁal size increase, more
frequently fed fish would exhibit less growth divergence.
However, it will take the different groups different times
to grow that increment.

Growth depensation is usually measured relative to
time. This assumes that growth does not vary in the
populations being compared. Organisms adding biomass with
the same variance would be expected to produce differing
changes in the co-efficient of variation if grown at
different rates for an equal time period. Eguivalent values
of DCV/t only reflec£ equal divergence if referring to
normally distributed populations growing at the same rate.
Comparing rates of divergence for equal time periods
relative to the size change (DCV/|G,|) allows a more
comprehensive evaluation of the population growth., This
approach may be of more value to fish culturists where
growth divergénce relative to growth (and feed expended)
may be more important than growth divergence relative to
time.

Random and round-the-clock feeding gave poor
performance in both DCV and growth rate. This may in part

have been due to the entire group not getting a good start
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on hatchery food or being generally stressed. The
concurrent 0.5-h regular feeding regime with fish from the
same group also perfbrmed poorly and mortality in this
trial was considerably higher than in other trials. Because
fish that were losing weight woula be more likely to die
their loss would decrease the measured coefficient of
" variation. Randomly fed fish may have been less efficient
at utilising food due to being unable to learn the delivery
schedule. Results in Chapter VII indicate considerable
‘accuracy in learning feeding times, and studies of demand
feeding behaviour in rainbow trout show that only a short
time is required for learning (Landless 1976). Regularly
fed fish exhibited anticipatory behaviour immediately prior
to feeding (Chapter VII) which may enable them to utilise
food more efficiently. It was not possible to determine
whether fish fed in the dark, but build up of uneaten food
in the tanks suggests they did not. This may explain part
of the poor performance of fish fed throughout a 24-h day,
since their effective total ration would be lower.

| It is notable that high growth rates coincided with
low DCV/IGCI and low mortality. This may indicate that all
three parameters are general indicators of stress or health
in a growing population.

In conclusion, this section of the study has shown

that social interaction plays an important role in

determining the relative magnitude of growth rates and is
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probably the major cause of growth depensation in juvenile
steelhead. Temporal distribution of food also plays a role
in determining growth rate éhd variability. The implication
of these results to fish culture is that growth should be
maximised by frequent feeding,'atvleast once per hour.
Variability in relation to growth will also be minimised by
frequent feeding. Controlling these variables

satisfactorily should also reduce mortality.
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IV, THE RELATIVE GROWTH OF LOMINANT AND SUBORDINATE FISH ON

EQUAL RATIONS

INTRODUCTION

This experiment tests the hypothesis that relative
dominance status dictates the relative growth of fish fed
equal rations. Growth depensation due to differential
growth rates is a common feature of fish populations,
particularly in captivity (see Chapter III), and dominant
fish .exhibit superior growth rates relative to subordinates
(Brown 1946, Yamagishi 1962, Li and Brocksen 1977, Carline
and Hall 1973). A significant portion of this variation can

L Ll aa

be attributed to differential access to food. Dominants may
defend point food sourcé; or areas of high prey encounter
rate (Yamagishi 1962, Wankowski and Thqrpe'1979, Rubenstein
1981), thus interfering with the feeding of subordinates.
Increased rations reduce growth depensation (Magnuson 1962,
Koebele 1985), but high variation persists (Yamagishi
1962). These studies found that increasing the spatial
dispersion of food, making it more difficult or costly to
defend and equalizing access, leads to decreased growth

variation.
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An alternative cause of growth depensation is that
subordinates may convert food to biomass (gross growth
efficiency; Webb,(1978)) less efficiently than dominants.
Newman (1956) and Kalleberg (1958) suggested that reduced
growth efficiency could be due td higher subordinate
activity levels, Carline and Hall (1973) suggested that
subordinates had higher metabolic rates, and Jobling and
Wandsvik (1983) postulated an "undefined psychological
stress" as a cause of growth depensation.

The complex of physiological conditions that occur in
fish challenged by sub-optimal environments is generally
referred to as the "stress syndrome" (Mazeaud et al. 1977).
Some of these physiological parameters (e.g. increased
corticosteroid production and disturbed glucose metabolism)
have been correlated with position in a dominance hierarchy
(Erickson 1967, Noakes and Leatherland 1977, Ejike and
Schreck 1980) and can be expected to influence metabolic
rate.

I hypothesize that the energetic costs of relatively
"stressed" subordinate fish should be higher than those pf
the dominant. These added costs should result in reduceé
growth relative to the dominant even if access to and
consumption of food is constant. As a result subordinates
should show a lower growth efficiency.

Access to food was controlled in size- and age-matched

pairs of juvenile steelhead by separating fish briefly at
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feeding time, enabling them to consume equal rations. This
enspred that the dominant had no advantage in obtaining
food. It was predictéd that dominants should grow faster
than subordinates; this difference should be a measure of

the metabolic cost of subordinancé.

METHODS

Juvenile steelhead were obtained from the sources described
in Chapter III. Fish for the present experiment were
selected concurrently with the weighing of large numbers of
fish as described in Methods, Chapter III. During the
sorting process pairs most similar in size and length were
set aside for use in this experiment. The twelve pairs
obtained differed by no more than .0002 g (<.001%) and 1 mm
(usually within 0.5 mm).

Paired fish were placed in 45.5-1 aquaria equipped
with a removable, central, opagque divider. Dechlorinated
water entered and drained from opposite ends of the tank
and flowed through the tanks sequentially. Fish were
randomly placed on the inlet or outlet side of the divider.
Identifying characteristics of fish, such as fin and parr
markings, were recorded during a 24-h acclimation period.
The barrier was then removed and the fish allowed to

interact. Dominance was assessed by the ability to deliver
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unreciprocatgd nips, unrestricted use of both sides of the
tank, and typical rank colo;ation (Abbott et al. 1985).
Fish that met all thfee criteria were considered dominant.
Fish were fed equal maintenance rations (2-3% wet weight,
live Tubifex spp.) during a short separation period until
dominance was determined, usually within 2 days.

The experimental feeding regime ensured that there was
no possibility of the dominant receiving a larger ration
than the subordinate. Food organisms (various sizes of

brine shrimp Artemia salina, fruit fly Drosophila

melanogaster, and onion fly Hylemaya antiqua) were placed

in size-matched pairs. Fish were separated by lowering the
central divider and the subordinate was fed one prey item.
If that prey was eaten ;hen the dominant was presented with
the matching prey. This was continued until either the
subordinate or the dominant refused a prey item. Thus, the
only possible disparity in ration level was that the
dominant could refuse one prey item after the subordinate
had fed. This occurred in 12 instances of a total of 798
feedings, with brine shrimp as the prey in each case. Fish
were separated for less than 5 min per feeding period.

Fish were usually fed twice per day at 1000 and 1400 \
h. Initially, behavioural observations were made for 10 min
immediately after the fish were reunited. After 11
observations of the first pair (these observations are not

included in the data set) this was changed to 10 min before
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and after separation. When several pairs were run
concurrently only one tank was observed per feeding. Nips;
charges, chases, displays, and crosses of the tank
centerline were recorded using a Datamyte 800 event
recorder. The last behaviour was assumed to be a measure of
ability to use tank space and search for food; it is also a
crude index of activity level. Holding position and
presence or absence of typical salmonid subordinate
coloration were noted, and instances of fin damage were
recorded. Experiments were ended when three observers
independently identified the same fish as larger.

Fish were then separated, starved for two days to
eliminate gut contents, and final measurments taken as in
Chapter III. For the calculation of dry weight increases,
paired fish were assumed to have equal percent dry weight
at the beginning of the experiment, i.e. both fish were

assigned the mean of their final percent dry weights.

RESULTS

Ten of twelve dominant fish grew faster than their‘paired
subordinate whether growth was measured as wet or hry
weight increase (Table 4), although the 10 fish with
greater wet weight increases were not the same 10 fish with

greater dry weight increases. The average daily growth of
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TABLE 4.GROWTH INCREMENTS OF PAIRED JUVENILE STEELHEAD
IN GRAMS (* INDICATES PAIRS WHERE SUBORDINATES GREW FASTER
THAN DOMINANTS)

PAIR# WET WEIGHT DRY WEIGHT DAYS OF
INCREASE INCREASE GROWTH
DOM. SUB DOM. SUB.
v L2387 .1824  .0a15 .0306 a0
2 .2914 .2104 .0536 .0377 46
3 2196 .1656 0382 .0309 29
4 .2157 .2063 .0413 .0368 29
5 2005 .1995 .0370 .0375 * 29
6 1629 .1689 * 0275 .0303 * 29
7 2180 .1992 .0384 .0361 29
8 3391  .3261 .0645 .0593 37
9 .3565 .3717 * .0687 .0664 37
10 .3465 .2970 .0621 .0528 37
11 .1390 .1169 0240 .0194 37
12 .0826 .0762 0133 .0113 27
X .2342 .2100 .0435 .0374 33.8
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dominants was 0.51% initial dry wt/day greater than the
average daily growth of subqrdinates (Wilcoxon
matched-pairs signedAranks test, P<.05; Table 5). The
growth rates of dominant pair members were 12.3 % (range
~-9.9 to 46 %) greater on average than the growth rates of
their subordinate tank mates. Nine of twelve dominants
-contained a greater proportion of dry matter at the end of
the experiment than did their paired subordinates (Table
5), but the difference was not significant (Wilcoxon test,
p<.05).

Dominants made greater use of the tank area by
crossing the centerline of the tank more frequently, and
committed more aggressive acts than subordinates (Wilcoxon
test, p<.05, Table 6). Subordinates received more fin
damage than dominants (Fig. 8). Patterns of fin damage were
similar to those described in Chapter VI, with most damage

being to the dorsal and pectoral fins.

DISCUSSION

This study has predicted, and demonstrated,
dominance-related differences in growth. Paired fish of
virtually equal size fed equal rations grew at different
rates; the average dominant grew faster by 0.51 % dry body
weight/day, representing a 12.3 % advantage over the

average subordinate in growth efficiency.
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TABLE 5.GROWTH RATES AND FINAL PERCENT DRY WEIGHTS OF
PAIRED JUVENILE STEELHEAD (* INDICATES PAIRS WHERE
SUBORDINATES GREW FASTER THAN DOMINANTS OR HAD GREATER
% DRY WEIGHTS)

PAIR# GROWTH RATE % DRY WEIGHT
$DRY WT./DAY

—— s ——— ————— ——— o — g —— o —

DOM SUB. DOM SUB
1 3.72 2.74 17.3  16.9
2 3.71  2.62 18.3 18.0
3 5.90 4.80 17.6 18.4 *
4 6.72 5.99 18.9 18.1
5 5.34 5.41 *% 18.5 18.7.%*
6 3.81 4.19 * 17.1 17.6 *
7 5.83 5.48 17.4 16.8
8 3.70 3.40 18.8 18.4
9 3.38 3,27 18.9 18.2
10 3.60 3.06 17.9 17.8
11 2.63 2.12 | 17.1 16.8
12 2.10 1.80 16.1 16.0
X 4.21 3,70 17.8 17.64
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TABLE 6.AGGRESSIVE AND GENERAL ACTIVITY OF PAIRED JUVENILE
STEELHEAD

PAIR AGGRESSIVE ACTS CROSSES
DOM. SUB DOM, SUB

v 24 206 85 2.8
2 25.9 8.4 17.6 4.7
3 10.4 0.8 12.5 8.3
4 11.6 3.2 15.8 2.9
5 11.4 1.8 12.7 1.9
6 3.5 1.5 3.5 1.8
7 3.9 0.1 4.0 0.2
8 11.8 6.8 3.8 1.9
S 4,2 0.8 2.4 0.4
10 8.3 1.8 0.8 0
11 2.8 0.3 2.0 0.4
12 1.7 1.0 9.6 0.9
X 9.8 2.4 7.7 2.1
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Figure 8. The occurrence of observed instances of fin
damage in juvenile steelhead trout judged to be dominant
and subordinate.
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The similarity of size and age at the start of
experiments minimized any difference in growth potential
due ‘to heredity or eérly developmental conditions, since
both members of a pair had achieved the same growth under
the same rearing conditions. As both members of a pair were
the same age (within 7 days) this also suggests similar
initial metabolic efficiencies. Previous social experience
may strongly affect future competitive performance (Frey
and Miller 1972, Francis 1983, Abbott et al. 1985), but
individual recognition and previous experience within these
pairs is unlikely due to the large hatchery source
populations. Differential foraging ability or direct
interference competition were not permitted to play a role
due to the method of separate food presentation.

Koebele (1985) reared trios of juvenile Tilapia zilli

which were fed equal rations while briefly separated. The
growth variance of trios was the same as that of socially
isolated individuals, but they displayed less variance than
grouped fish that were competing for food. However, no
predictions regarding relative growth and behavioural
status were tested and behavioural observations were not
reported.

Increased activity did not cause the low growth rates
of subordinate steelhead. Behavioural observations of this
study and others (Kalleberg 1958, Mason and Chapman 1965)

indicate that increased movement associated with aggression
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and feeding are not generally correlated with subordinance.
In fact, unless forced to faster currents, subordinates
generally are less aétive than dominants. Li and Brocksen
(1977), Carline and Hall (1973) and Ejike and Schreck
(1980) found that high levels of éctivity and aggression
were correlated with high food intake and growth

- efficiency. Jobling and Wandsvik (1983) hypothized that
"psychological stress" might cause starvation or reduced
appetite. Highly stressed fish have been observed to cease
feeding (Chapt. V) and subordinate fish have been shown to
voluntarily reduce food intake (Abbott et al. 1985). In the
present study subordinates always maintained an appetite,
‘and consumed increasing amounts of food over the course of
the experiment; it could not be determined if voluntary
intake was lower than that of the dominant, however.

The most likely explanation for the results is that
dominant status is associated with reduced costs, or
conversely, that subordinate status is associated with
increased costs. Rowell (1974) argues that a dominant is in
a normal unstressed condition and that subordinate
behaviour represents the measurable result of dominance
interactions. Since dominant growth rates were comparable
to maximum salmonid growth rates recorded in the literature
(Brett 1971), and those of grouped fish recorded in other
experiments (Chapt.‘III), depression of subordinate growth

rates appears to be the likely cause of size divergence.
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Aggressive activity of dominants is reflécted in the
greater amouﬁt of damage sustained by subordinates. Repair
of this damaged tissue shoula entail an added cost for
subordinates.

Several behavioural and physiological indicators of
stress are likely to be associated with higher energetic
costs. Higher gill ventilation and fin beat rates suggest a
higher rate of energy utilization or reduced energetic
efficiency (Ejike and Schreck 1980). Efficiency of gill and
renal osmotic functions is impaired as a result of
increased corticosteroid production (Mazeaud et al. 1977),
suggesting that more energy must be expended to maintain
homeostasis. The increased blood glucose levels resulting
from mobilization of liver glycogen indicate that more.
energy is being used (Mazeaud et al. 1977), and high
lactate levels indicate that glucose is being metabolised
by relatively inefficient anaerobic pathways (Beggs et al.
1980).

An attempt to indirectly monitor stress parameters in -
this study was to measure percent dry weight. Due to
decreased osmotic efficiency stressed freshwater fish may
have a higher water content than non-stressed ones. For
example, Ejike and Schreck (1980) and Fagerlund et al.
(1981) have shown that dominants have higher percent dry
matter content than subordinates. Most dominants in the

present study had higher percent dry weights as expected,
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but the difference was not statistically significant.

How closely the stress levels of the experimental fish
correspond to those of fish in natural conditions is not
known. The fish did not appear to be stressed as severely
as fish in hierarchies (Chapts. IiI & V) where some
subordinates were observed to cease feeding and die. The
subordinates did not suffer great physical damage, and were
not held at high densities. Several studies of wild
stream-dwelling salmonids and fish in stream channels
suggest wild fish may be under stress. Subordinate juvenile
coho salmon or floaters (non-territorial) have less access
to food, may be forced to hold in disadvantageous
positions, and are continually at risk of attack (Puckett
and Dill 1985). Such situations and high density conditions
resulting from low stream flows and hierarchy formation in
pools may produce high levels of stress in the wild.

The advantage of territory ownership or primary
hierarchy position, both examples of dominance, have been
shown both theoretically and experimentally (reviewed @y
Gauthreaux 1978). Increased success at food, space andrmate
acquisition are examples of advantages of high social
position. Most studies have concentrated upon these
resource benefits that accrue to dominants, but dominant
juvenile salmonids will engage in aggressive activity even
when there is no apparent advantage in terms of resource

acquisition. Examples include satiated dominants preventing
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subordinates access to food, and foregoing feeding to
engage in aggression (Kallegerg 1958, Mason and Chapman
1965). The present résults indicate that models based on
time or calories transacted in feeding or defense of
territories (Dill 1978b, Hixon 1980, Schoener 1983)
underestimate the advantage of territory ownership. These
" models assume that costs rise with the size of territory
held. Changes in the net benefit of territoriality due to
relative stress levels of fish could influence territory
size and even the decision of whether or not to attempt to
hold territory. The importance of initial success in
competitive interactions (Mason and Chapman 1965, Abbott et
al, 1985) also justifies a bias towards territoriality.
These results offer some explanation of why animals will
spend apparently inordinate amounts of time and energy to

gain dominance.
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V. THE EFFECT OF FEEDING FREQUENCY ON AGGRESSIVE BEHAVIOUR

INTRODUCTION

Brown (1964) established the conditions under which a
feeding territory should be defended: "If there is little
to be gained by aggression and much to be lost then
territorial behaviour will be selected against." °
Territories should be defended only when the gains
(benefits) outweigh the losses (costs). This concept of
economic defendability has formed the basis of theory

predicting when a territory should be defended and what
size it should be. A large bedy of evidence demonstrating
the flexible space requirements of feeding territory
holders, including juvenile salmonids, has since
accumulated (reviewed by Dill 1978b), and several models
that detail more specific facets of territoriality have
been developed. A major contribution is that of Schoener
(1971) who distinguished between foragers that attempt to

maximize their rate of energy intake during foraging

(Energy maximizers) and those that attempt to minimize the

, S
amount of time required to obtain a finite amount of energy

(Time minimizers). Dill (1978b) considers juvenile coho.

salmon to be energy maximizers and McNicol and Noakes
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(1984) argue that juvenile brook charr are also energy
maximizers.

A simple, primafy prediétion of this theory\is that as
energy maximisers juvenile salmonids that do not have full
stomachs should increase their aggressiveness or territory
size in response to a decrease in food availability.
However, confirmation of this prediction has been
surprisingly elusive. Dill (1978a) was able to demonstrate
only an increased charge speed in a detailed investigation
of several components of aggression, and Dill et al. (1981)
showed an increased reactive distanée at low food levels.
The work of Slaney and Northcote (1974) and Mason (1976)
best suggests a long term decrease in aggression if food
availability increases under natural conditions. However,
aggression has been found to increase (Newman 1956,
Kalleberg 1958, Keenleyside and Yamamoto 1962, McNicol and
Noakes 1984) or decrease (Symons 1968, Slaney and Northcote
1974) depending on the feeding ration, timing of feeding,
measure of aggression or time of measurement. The general
pattern of these results suggests a short term increase in
aggression (possibly proportional to meal size) and a long
term decrease in aggression in response to increased food
availability. These contradictory responses are probably
due to differing measures of aggression and food
availability and discrepancies in parameters that have been

altered with the intent of changing food availability.
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If increased food availability results in decreased
total aggression and aggressive peaks that are proportional
to meal size, this sﬁggests some consistent relationship
between the peaks and valleys of the time course of
aggression. How this time course fesponds to feeding has
not been detailed and doing so is a major goal of this
" chapter.

In attempting to modify aggression by changing aspects
of food presentation, investigators have used several
definitions of food availability, none of which are known
to be accépted by fish. Food availability for drift-feeding
salmonids is best expressed as a rate involving a quantity
per time or area. Previous research has involved time
periods varying from 1 feeding/week (Keenleyside and
Yamamoto 1962) to 1 feeding/15 min (Slaney and Northcote
1974). Depending on what time period fish use to assess
food availability, infrequent feedings could be perceived
as long periods of starvation. Thus when investigators have
altered ration, feeding interval can be a confounding
variable. Regular, infrequent feeding regimes are unlikely
to resemble the availability of food in the wild, where
irreqgular or clumped availability may be expected. Dill
(1978a) and McNicol and Noakes (1984) have both identified
the fish's assessment time period as crucial information

for further work.
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In addition to the unceftainty of the time pefiod used
by fish to aésess their food supply, the sensory mechanism
by which fish assess the avéilable food is unknown.
Péssibilities include memory of past feeding activity over
time, gut fullness or‘physiological measures such as blood
parameters (Teitelbaum 1966).

This study attempted to assess the time period and
mechanism of assessment by feeding a constant daily}ration
of food and varying the frequency of feeding. If the
frequency of feeding activity is used to assess food
availability, then total daily aggression should vary with
the frequency of feeding bouts. If some other mechanism
monitors food availability over longer periods (i.e. one
day) total daily aggression should remain constant under
constant daily rations. This does not exclude the
possibility that fish also monitor short-term food
availability. However, fine-scale measurement of the time
course of aggression following feeding should show these
other trends.

Behaviour under different feeding regimes was examined
concurrently with the growth experiments of Chapter III.
The random and 1-h (X 24h) feeding regime were included as
possibly being more similar to availability patterns in the
natural environmentin certain aspects. Intensive
behavioural sampling was conducted to determine the exact

time course of aggression following feeding.
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METHODS

All fish groups, treatments, and environmental variables
are as described in Chapter III. On the fifth day of
feeding, black and white videotape recordings were made. A
- large sheet of white plastic was suspended in front of the
the tanks on the morning of day 1, and appropriately spaced
holes were cut to allow filming without disturbing the

fish.

Growth Trials 1&2:

. In these trials only one camera mounted on a tripod
was available. By raising and lowering the camera a
vertical pair of tanks was filmed for one minute each and
then the tripod was moved laterally to film the next pair
of tanks. Movement between tanks required 15 to 30 s.
Samples were not evenly distributed over time, but were
clustered about feeding periods as activity changed most
guickly at this time. During the middle of the day when no
feedings occurred and the fish were relatively inactive,
several 2-min samples were taken for each tank. Thus, each
point in a time course of aggression for a feeding regime
represents the average of five tanks over a 12.5 to 15-min

period in the case of 1-min samples, and over a 22.5 to 25
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min period in the less frequent case of 2-min samples.

Growth Trial 3:

A third bank of tanks was added for this trial.
Shelves were built on a wheeled cart to support the video
camera at the height of the banks of tanks. The camera was
moved to each shelf to film all tanks in a vertical row for
30 s each and then the apparatus was wheeled laterally to
cover the next vertical row. Movement between tanks
required approximately 5 to 10 s. Thus each point in a time
course of aggression represents the average of 5 tanks over

approximately 9 min.

Growth Trials 4&5:

In these trials three cameras were obtained and placed
on each shelf of the camera stand. All three tanks in a
vertical row could then be filmed ana and lateral movement
required approximately 5-10 s. Each sample therefore
required appreximately 3 min to obtain. Tanks were sampled
within the 5-min period before each feeding and the 5-min
period after feeding and at the mid-point between feeds.
The randomly fed tanks were sampled on the same regime as

the regular half hour regime. Results from one tank in each
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regime in growth trial 5 were excluded due to high

mortality.

Behaviour Analysis:

Videotapes were viewed and behavioural events recorded
on a Datamyte 800 event recorder. Each sample was viewed
several times with the use of slow motion and stop-action
to obtain the following measures:

1. The number of fish performing aggressive acts;

2. The number of fish receiving aggressive acts;

3. The percent of total sample time in which aggressive

acts occurred.
The following aggressive behaviours were recorded:
1. Nip- either visible or probable jaw contact;
2. Charge- a very fast approach of greater than 1 body

length (if less than one body length it was ususally

included as a nip){
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3. Approach- a slow movement directed towards another

fish;

4. Chase- a high speed continuation of a charge or

approach and in which the recipient flees.

Due to high variation in average daily aggression
between tanks within a feeding regime, for presentation of
time course data, each tank score was normalised to the

daily tank mean. These scores were then averaged.

RESULTS

il ca 2Tl VO LaViao e

All groups were observed feeding on the first day
following weighing. Usually a dominant fish was stationed
in the upper central portion of the tank and subordinates
held about the edges and corners of the tank. When more
than one fish was acting in an aggressive fashion (this
tended to occur after feeding) the tank appeared to be
divided vertically with the alpha fish above. Thus, it
appeared as if the dominant fish were maintaining
territories.

Subordinate fish sometimes swam under the mesh on the

bottom of the tank. This caused a certain amount of
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disturbance as the mesh had to be lifted to retrieve the
fish. The fish involved were usually small relative to the
tank average and, by‘their colour and behaviour, often
appeared to be stressed.

Although fish in all tanks were observed.to feed on
the first day of the experiment, the tanks containing the
- smallest and largest fish of each feeding regime did not
appear to adapt to the experimental regime reédily; fewer
fish were observed to feed and they exhibited more symptoms
of stress such as rapid gill ventilation and fin beat and
dark colouration. Fish did not appear to change their
behaviour in response to observer activity, or the brighter
lights used during filming. However, fish were observed to
respond to the sound of the fish feeder motor when other

tanks were fed.

Total daily behaviour:

There were few differences between regularly fed
regimes in their daily aggression measured as: aggressive
acts per fish per 30 s, per cent time engaged in
aggression, nips per fish per 30 s, charges per fish per 30
s, chases per fish per 30 s, approaches per fish per 30 s,
average number of aggressors (Figs. 9-15; p values are
given in the figure legends). No consistent trend is

apparent. Values for aggression rates in growth trial 5
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Figure 9. Frequency of aggressive acts of eight juvenile
steelhead under various feeding regimes. (1hX24h & 4h, &
24h different at the .05 level, ANOVA, Dunn -Sidak a
posteriori method). N as in Fig.3. Vertical lines represent
standard errors. The white bar at 0.5 h represents the
value for trial 4 alone.
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Figure 10, Per cent time engaged in aggression by groups of
eight juvenile steelhead under various feeding regimes.
(24h & 12h, 4h, 2h, 1h, & 1h(X24hr) different at the .05
level, ANOVA, Dunn-Sidak method). N as in Fig. 3. Vertical
lines represent standard errors,
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Figure 11. Frequency of nips in groups of juvenile
steelhead. (1h(x24h) & th, 2h, 12h, & 24h; .5h & 4h; random
& 24h) different at the .05 level, ANOVA, Dunn-Sidak

method). N as in Fig. 3. Vertical lines represent standard
errors.
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Figure 14. Frequency of approaches in groups of eight

steelhead. (Random, 1h(X24h) & .5h all different from all
other regimes at the .05 level, ANOVA, Dunn -Sidak method).
N as in Fig. 3. Vertical lines represent standard errors.
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Figure 15. Average number of aggressors observed per 30 s
in groups of eight steelhead. (24h & 12h, 4h & 2h different
at the .05 level, ANOVA, Dunn -Sidak method). N as in Fig.
3. Vertical lines represent standard errors.
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were most frequently different from (higher than) those

associated with reqular feedings.

Time courses:

In all feeding regimes (Figs. 16-28) there was a
significant increase in the number of aggressive acts
following a feeding. In 74 of 113 observed feedings the
number of aggressive acts at the sampling point immediately
post-feeding was higher than in the immediate pre-feeding
sample (sign test, p=.019, Table 7). Considering individual
feeding regimes only the 0.5-h interval and the 1-h
interval (over 24 h) did ﬁot show increases in the number
of aggressive 5cts followihg feeding. The 2-, 4- and 24-h
interval feedings showed peaks after all feeds. The small
sample sizes for regimes that had 4 or less feedings per
day make statistical tests meaningless, but the coincidence
between aggressive peaks and feeding times is obvious
(Figs. 16 to 21). Per cent time engaged.in aggression
increased following 73 of 113 feedings (sign test, p=.019),
but intensity, measured as the ratio of nips to all acts,
did not increase significantly following feeding (sign
test, p=.425). The number of aggressors increased following
feeding 75 times in 113 observed feedings (sign test,
p=.019). When feedings are infrequent, low scores

immediately prior to feeding were recorded (i.e. Figs. 16,
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Figure 16. Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 1, fed once/day (at’
vertical line). Normalised to tank means.
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Figure 17. Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 1, fed once/day (at
vertical line). Normalised to tank means.
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Figure 19. Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 2, fed 2x/day (at
vertical lines). Normalised to tank means.
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Figure 20, Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 3, fed 2x/day (at ‘
vertical lines). Normalised to tank means.
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juvenile steelhead in Growth trial 3, fed at 4-h intervals
(at vertical lines). Normalised to tank means.
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Figure 22. Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 3, fed at 2-h intervals
(at vertical lines). Normalised to tank means.
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Figure 23. Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 4, fed at 2-h intervals
(at vertical lines). Normalised to tank means.
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Figure 25. Average time course of aggression in 5 groups of
juvenile steelhead in Growth trial 4, fed at 0.5-h
intervals (at vertical lines on overlay). Normalised to

tank means.
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TABLE 7.

THE FREQUENCY OF INCREASE OF VARIOUS MEASURES OF

AGGRESSION FOLLOWING FEEDING UNDER DIFFERENT FEEDING
REGIMES (OCCURRENCE OF INCREASE/TOTAL FEEDINGS OBSERVED).
P VALUES FROM SIGN TEST IN PARENTHESES.

- — - ————— - —————————— ——— o’ —— A - - ———— T — — A > ———— - ——— o - - - —

% TIME

NIPS/ACTS

# OF

AGGRESSORS

3/3(.125)
3/4(.25)

3/4(.25)

11/14(.022)

9/13(

’

.022)
27/50(.16)
10/13(.035)

7/12(.193)

2/3(.25)
3/4(.25)
2/4(.375)

9/14(.122)

6/13(.209)

o/ \ e

20/50(.102)
9/13(.087)

6/12(.226)

3/3(.125)
3/4(.25)

4/4(.062)

11/14(.022)

\D
~
w
—~~
.
(@]
8]
s8]
~

28/50(.16)

11/13(.01)

6/12(.226)

—— - e v —— - ————— —_——— — - ——— " f———— . — ————— = —— A ——— — S — e ——— - —— -

ACTS
FEEDING
INTERVAL
24hr 3/3(.125)
12hr. 3/4(.25)
4hr 4/4(.062)
2hr 14/14(<.001).
thr 11/13(.01)
.5hr 21/50(.102)
random 11/13(.01)
24 hr, 7/12(.193)
1/hr
OVERALL 74/113
(.019)

57/113
(.425)

75/113
(.019)
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17, and 18). This did not concur with subjective
imp;essions of the observers (J.C.A and R. Hotson); on a
finer time scale it appeared that aggression and overall
activity increased prior to feeding time. Daily and twice
daily feeding regimes were also characterised by high
levels of aggression just after the lights came on in the

- morning and just before they went off in the evening (Figs.
16 to 20). Some of the figures indicate that the sound of
fish feeders operating over adjacent rows of tanks may have
initiated aggression, as small peaks at these time are
observed (Figs. 21-22),

The average height of peaks of aggressive acts
following feeding, measured from the sample immediately
before feeding to the point where the sign of the slbpe
first becomes negative, showed a non-significant trend
(ANOVA, p=.171) of decreasing peak height with increasing

frequency of feeding (Fig. 29).

DISCUSSION

There were few differences in total daily aggression
attributable to feeding regime as measured by a variety of

aggressive indices. When differences occurred they most

frequently involved random and 24-h schedules. Within a day

there were marked variations in levels of aggression. Peaks
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Figure 29. The height of peaks of aggression (normalised
units) in groups of steelhead under various feeding

regimes. Units as in Figs. 16-28. The open bar at .05 h
represents the value of trial 4 alone.
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were temporally associated with feeding, and the size of
the peaks, méasured by the number of aggressive acts,

tended to decrease as the frequency of feeding increased
and the amount of food present at each feeding decreased.

That total daily aggression is constant when daily
ration is constant does not contradict a hypothesis that
. aggressive levels are based on an assessment of daily
ration. That fish did not alter their total levels of
aggression in response to temporal variation in
availability suggests that the stimulation of the presence
of food observed by Kalleberg (1958), Keenleyside and
Yamamoto (1962) and Mason (1966) is overruled by some
internal mechanism that assesses food availability over a
relatively long time period. If fish responded to sounds of
feeding in adjacent tanks this may blur differences between
adjacent regimes within the same trial, but differences
between separate trials should still be apparent.

In the 1-h(x24) regime it is not known if steelhead
were feeding at night or with the same efficiency as during
the day.kThe buildup of uneaten food observed below the
mesh on the bottom of the tank would indicate that less
feeding occurred at night. So also do the low growth, high
variability, and high mortality observed in these fish
(Chapt. III). The observed high levels of aggression are
therefore consistent with the hypothesis that aggressive

maintenance of feeding territories should increase with
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decreasing levels of food availability (Slaney and
Northcote 19?4, Dill 1978b, Hixon 1980).

| The short-term changes in the amount of aggression
observed indicate that juvenile steelhead also assess food
availability over shorter time periods. The observation of
these changes in the random feeding regime indicates that
. this is a response to the feeding itself and not simplyhdue
to learning of feeding times (see Chapt. VII). Since
. changes occurred almost immediately after food
presentation, and in some cases before it, and since the
fish normally fed for several minutes, this fine-scale
mechanism is probably not an internal mechanism that
detects the amount of food eaten but rather a sensory
assessment of the presence of food in the environment.
Figure 29 suggests that the height of aggressive peaks’maQ
be proportional to meal size, as observed by Mason (1966)
in coho salmon. The apparent breakdown of the pattern at
0.5-h intervals may indicate a minimum length to aggressive
periods. |

Why juvenile steelhead should respond in opposite

fashions to long term and short term food availability is
unknown. The major discussion of short term increases in
aggression following feeding has centered on attempting to
explain post-feeding peaks as an artifact of experimental
method, rather than investigating any possible adaptive

significance (Keenléyside and Yamamoto 1962, Symons 1968).
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While a perception of increased food availability may cause
a territory holder to maintain a smaller territory, the
same environmental change should influence a non-territory
holder to attempt to hold a territory. Within a closed
experimental system feeding shouid therefore result in at
least a temporary instability since more fish are active,
and hence more likely to come into proximity, and more fish
are provided with incenﬁive to gain a territory.
Subordinate juvenile steelhead have been shown to have very
little chance of overthrowing dominant individuals (Abbott
et al. 1985). There should be very little incentive to
challenge a dominant when there is no additional food
available. A condition when there is more food available
than a dominant can use or defend may offer better chances
of success. The ability of these fish to learn a regular
feeding schedule with considerable accuracy may reinforce
this behaviour; the learning of the timing of presentation
of food is logically indistinguishable from the learning of
the time of no food, and there would be little incentive to
increase social standing if it is known that there are no
immediate rewards to be obtained.

From the point of view of the dominant it may be
relatively wasteful of energy to defend a feeding territory
when it known that there will be no food in it for a
considerable period of time. Alternatively, it may be more

efficient to defend a territory on a full stomach when the
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reéources are available énd the perceived size of the
defender is larger (Abbott et‘al. 1985). If there is more
food present than can be eaten by a dominant, a dominant
can still increase its relative fitness by preventing
competitors from feeding after it is satiated (Wilson
1975). In both cases, the long periods of almost total
inactivity observed during the long inter-feed intervals of
the infrequent feeding regimes would suggest that some food
is necessary to make aggression a worthwhile expenditure of
energy by either dominants or subordinates.

Any discussion of strategies of aggression is hampered
by lack of knowledge of how aggression is initiated. In the
salmonid literature aggressive acts are implicitly scored
and reported as a characteristic of an interaction
initiated by the dominant. Ethologists have long realised
that social behaviours are often arranged in complicated
reaction sequences (Tinbergen 1951) in which appropriate
responses are required for the full complement of
behaviours to be exhibited. In this respect it is presently
unknown to what extent the delivery of an aggressive act is
a result of the dominant's internal motivational state or
to what extent it is a response to an action committed by
the subordinate.

Rowell (1974) considered whether the dominant or
subordinate was the cause of aggression in primate

hierarchies. Reasoning that you "can't chase someone who
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won't flee", she calls upon observations of "provocative
cringing” apbarently eliciting attacks from otherwise
uninvolved dominants. Little is known of the ethological
function of salmonid subordinate behaviours such as
"hunching" (Abbott et al. 1985) and displaying dark
coloration. It has not been effectively shown that they
fulfill the classic ethological function of deflecting or
reducing dominant aggression and it is possible that they
may identify subordinates as susceptible to attack;
hunching subordinates were attacked more freguently than
fish in a normal posture. Rowell also contends that
dominant behaviour is more similar to the normal behaviour
of individuals and that it is the subordinate which alters
its behaviour. A difficulty in this‘approéch identified by
Wade (1978) is that the characteristics of a relationship
do not lie in either of the individuals alone (i.e. can you
flee if no one's chasing you?). However, Wade does
acknowledge that the subordinate may have some degree of
control over the interaction,

Another explanation of increased aggression following
feeding is provided by the theoretical and experimental
work of Ebersole (1980). Although an energy maximiser's
territory size is generally considered to decrease under
conditions of increased food availability (Dill 1978b,
Hixon 1980), a static, decreasing or increasing territory

size may result depending on the shape of the cost curve
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relative to the benefit curve (Schoener 1983). An increase
is likely to’be the case when the benefits of a larger
territory increase faster than costs, such as travel.
Depending on the decision rules used by subordinates in
attempting to acquire territory, the artificial
predator-free confines of experimental facilities may meet

this criterion.
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VI. PATTERNS OF AGGRESSIVE ATTACK IN JUVENILE STEELHEAD'

INTRODUCTION

As aggressive animals functioning within a dominance
system, juvenile steelhead require a mechanism by which
contests are decided and the dominance system mediated.
Animals may settle disputes by direct, possibly damaging
fighting (escalated fighting) or by more economical,
ritualised forms of aggressioﬁ (conventional fighting)
(Maynard Smith and Parker 1976). Displays are used as means
of competing for a resource or dominance position in a
non-damaging manner, but these can, however, escalate into
direct physical combat (Parker 1974). Juvenile steelhead,
in common with most other juvenile salmonids, employ visual
displays of form, colour, and movement.‘In escalated
conflicts these displays are replaced by fighting in the
form of nips (Chapman 1962).

Since Hoar's (1951) comparative work on juvenile

Oncorhynchus spp., the behaviour of several species of

salmonids in both aguaria (Newman 1956, Keenleyside and

—— - ———— - ————————

'A version of this chapter is in press, Can. J. Fish.
Aguat. Sci. 1985,
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‘Yamamoto 1962, Yamagishi et al. 1981) and streams
(Kalleberg 1956, Chapman 1962, Jenkins 1969) has been

observed and described. Behaviour of Salmo gairdneri was

- first described by Stringer and Hoar (1955), and Hartman
(1965) decribed the behaviour of stream dwelling juvenile
steelheéd. However, with the exception of work on reactive
distance (Cole 1976, Dill 1978a, McNicol and Noakes 1984),
the form of these behaviours has not been quantified.
Nipping is potentially the most damaging behaviour and
parameters of this behaviour may be indicative of the costs
of aggression which, if sufficiently high, may reduce
growth. Salmonids of hatchery origin commonly have damaged
fins (Slaney and Harrower 1981) which may affect post
stocking survival, increase the likelihood of disease, or
make fish less acceptable to consumers.

The purpose of this study was to measure the
direction, site and result of nipping in juvenile steelhead
trout and to compare patterns of aggression to observed
patterns of fin damage. A serendipitous observation of
"mouth-fighting", a previously unrecorded behaviour in

trout, is also reported and described.
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METHODS

Observations were made of groups of 8 aquarium-held
juvenile steelhead. These fish comprised growth trials 1
and 2 of the growth experiment described in Chapter III.
Videotaping of these groups is described in Chapter V. Data
from the two groups were pooled for analysis.

One hundred random points on videotape were selected
and the tape monitored until an aggressive bout occurred. A
bout was characterized by the occurrence of a nip. If both
fish delivered nips the bout was classified as reciprocal,
and if only one of the pair delivered nips, non-reciprocal.
Bouts were considered to have ended when the fish ceased to
orient to each other.

Previoué to administering a nip a fish would pause,
orient towards the recipient and then charge, generally in
a straight line. Slow motion and stop action were used to
isolate the point of initiation of a charge. A straight
line was then passed through the eye and tail of the
aggressor. The point where this line contacted the
recipient was recorded according to the diagram in Fig. 30
(inset) and assumed to be the point at which the aggressor
aimed it's nip. Slow motion and stop action were used to
isolate the point of contact in each bout. The body section
on which a fish received a nip was recorded as with aim

site. Charges that missed actual contact were included if
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part of a series of completed attacks. Eighty
non-reciprocal bouts comprising 175 aims and 157 nips, and
20 reciprocal bouts yielding 76 nips and 79 aims were
viewed.

The resulting distributions of aims or nips were
compared to a model distribution. For the model I assumed
that any point on the fish had a random, or equal, chance
of being scored. Thus, the relative area of each body
section in Fig. 30 (inset) equalled the expected relative
number of scores (aims or hits) for that body area.

The two dimensional nature of videotape analysis may
have introduced error into the results. While measurement
of attack contact area should be relatively unaffected,
variation of position in the third dimension .would affect
the accuracy of measurement of aim site. However, there
should not be any consistent directional bias. Aims that
occurred when the attacker was at an extreme angle towards
or away from the plane of the screen were disregarded.

Fin damage of fish in growth trials 1,2,4, and 5
(Chapter III) was recorded at the conclusion of the growth
experiments by examining them under a dissecting
microscope. Growth trial 3 was omitted as these fish showed
obvious fin damage when they were obtained from the
hatchery. If fins were split or more than 1/3 of a fin was
estimated to be missing, damage was classed as minor. When

more than 1/3 of a fin was estimated to be missing damage
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was classed as severe. Scale loss and damage to the head

(including jaws and gills) were scored for occurrence but

not for severity.

RESULTS

In reciprocal bouts both aims and nips were most
frequently directed at the dorsal fin and anterior area of
the body. The distribution of both aims and nips were
different from the random model (X2,P<.001) but were not
significantly different from each other at the .05 level
(Fig.30). Non-reciprocal aims were most frequently directed
at the posterior areas of the body and at the dorsal fin
(Fig. 31). The distribution was significantly different
from random (X?,P<.001) and also different from the
distribution of aims in reciprocal bouts (X2%,P<.001). Nips
in non-reciprocal bouts were primarily recorded at the
caudal fin and with decreasing frequency on the anterior
regions. This was significantly different from a random
distribution, the pattern of non-reciprocal aims, and of
reciprocal nips (X?,P<,001 in each case).

In both grouped gfowth experiments the dorsal fin
suffered the highest occurrence of minor damage. The
pectoral and caudal fin were the second and third most

damaged (Fig. 32). The occurrence of severe damage followed
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a similar pattern. No cases of damage to the anal fin were
recorded. In both cases the distribution was significantly
different from random (X2?,P<.001).

Mouth fighting: In the course of videotaping growth

trials 1 and 2 as described in Chapter V, fish were
observed to exhibit a previously undescribed behaviour. On
- three occasions, two of which were on camera, fish ended a
prolonged, reciprocal conflict by grasping each other's
jaws and. then "wrestling" by pulling, pushing and twisting.
This was termed "mouth fighting" (Fig. 33). These
interactions occurred between vigorous similar-sized fish
that appeared to have been contesting dominancé of the
tank. Mouth fighting occurred after intense bouts of
fighting involving 37 and 77 nips/combatant (videotaped
bouts). These nips were directed mainly at the head and
pectoral fins as the fish circled. In two instances pairs
ceased nipping while facing one another and then closed and
locked jaws. This was done at a lower speed than when
charging. In a third case the mouth locking occurred
quickly in the course of a series of mouth-to-mouth nips.
Fish remained locked for 27, 53, and 63 s. After releasing,
one fish would swim away snapping its jaws and shaking its
head and assume a quiescent position near the surface of
the tank with other subordinates. In the course of analysis
of subsequent videotapes three more instances of mouth

fighting were observed; all followed a similar pattern.
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Figure 33. Mouth fighting in juvenile steelhead. Outlines
traced from video tape. h
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DISCUSSION

In reciprocal aggressive bouts juvenile steelhead aim and
nip sites corresponded closely and were concentrated on the
dorsal fin and anterior body regions. Non-reciprocal bouts
showed a pattern of aims directed at the dorsal and caudal
fins but nips were concentrated more towards the posterior
of the body.

The differences observed may simply be due to the
retreat of one fish in the non-reciprocal bduts. Swimming
away from the attack would cause the nip to contact behind
the aim site. Alternatively, juvenile steelhead may employ
.different fighting tactics depending on the response of the
opponent. The different reciprocal and non-reciprocal aim
sites suggest such a change in tactics as aim site should
be relatively unaffected by target movement. Recipients
rarely moved until the attack was initiated. It cannot be
determined absolutely whether head or tail nips are more
damaging but because nips to the head may cause damage to
the gills, eyes, and mouth parts, they may be more
dangerous and thus represent escalation. Fish were often
observed to shake their heads after receiving nips there.

Literature reports of juvenile salmonid fighting
behaviour generally describe nips as being directed at the

caudal area, e.g. by juvenile coho salmon (Chapman 1962),



and by Atlantic salmon (Keenleyside and Yamamoto 1962).
Stringer and Hoar (1855) statéd that nips usually occurred
close to the base of the tail in Kamloops (rainbow) trout
but acknowledged that this may be due to the rapid retreat
of the recipient. Gibson (1981) observed biting at the
flanks and caudal peduncle in four species of juvenile
salmonid. Newman (1956) reported that fighting rainbow
trout and brook charr would attempt to grasp the pectoral
or dorsal fin of the opponent. It was noted that these fish
were held at high density and that return nips were common,
a situation corresponding to the reciprocal bouts of this
study.

Orientation and damage to the dorsal fin may be
expected if the dorsal fin is more conspicuods, mofe
accessible, easier to grasp or more delicate than other
fins. The juvenile steelhead dorsal fin may be spotted,
have a reddish hue and a white border at the tip, making it
conspicuous. As such it may function in conflict as an
aggressive releaser. Many juvenile salmonids show an erect
dorsal fin in aggressive displays and a depressed fin in
submissive postures (Newman 1956, Keenleyside and Yamamoto
1962, Chapman 1962, Jenkins 1969).

The complete absence of damage to the anal fin may
indicate that it has little signal function or is for some
reason less susceptible to attack. Dominant fish tended to

hold in the center of the tank at mid-depth or higher.
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Thus, many attacks were oriented downwards. Underwater
observation of pen-held juvenile steelhead showed the most
common attack to be a charge of two to three body lengths
to nip the dorsal fin of a deeper fish (Chapter II)., If
this is the common attack behavidur it would make contact
with the anal fin unlikely.

Several reciprocal bogts featured a previously
undescribed behaviour of juvenile trout. Mouth locking,
although a common aggressive and courtship behaviour in
centrarchids and cichlids (Greenberg 1947, Baerends énd
Baerends-van Roon 1950), is not common in salmonids.
MacPhee (1961) reported that both juvenile coho salmon and

largemouth bass (Micropterus salmoides) locked jaws while

dominance was fifst being established, presumably when
intensity of aggression was high. R. Konopacky (Idaho
Cooperative Fishery Unit, University of Idaho, Moscow, ID,
pers.comm.) observed mouth-to-mouth contact of juvenile

chinook salmon Oncorhynchus tshawytscha as territories were

being estabished iq a circular stream channel. Well
conditioned, dominant steelhead in the present study were
observed to have red lower jaws which may have a display
function. It is not known if this behaviour is relatively
damaging to the combatants, but it appeared to be effective
in ending the bout.

Fin damage in laboratory aquaria was concentrated on

the dorsal fins as would be expected from the observed
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attack behaviour. This damage was similar to that observed
in floating pen rearing facilities (Chapters II and VIII),
Fin damage has been reported as a problem frequently
affecting the culture of fish intended for commercial sale
or for stocking in a sport fishery (Nbvotny 1980, Moring
1982). Dorsal fin size has even been used to distinguish
‘wild ffom hatchery steelhead (Washington State Dept. of
Game, 1984 sport fishing regulations). Fin damaged fish
have a low angler acceptance (Whitlock 1974), probably
display lower growth if stressed or if energy is being
expended on repair of damaged tissue, and have greater
susceptibility to bacterial fin disease (Schneider and
Nicholson 1980). Damaged dorsal fins on lake pen-held fish
were visible as white lines on their backs. Fish in pens
with little fin damage were relatively hard to detect. This
may lead to differential predation following stocking. In
addition the loss of fins may result in decreased
manoeuverability.

Fish culture literature has generally attributed
reduced fins to erosion or "rubbing" (Schneider and
Nicholson 1980, Gibson 1981, Moring 1982). While Boydstun
and Hopelain (1977) observed startled steelhead rubbing
their sides on net pens, it is hard to see how dorsal fins
would commonly contact abrasive surfaces. Given the
correspondence between attack sites and observed fin damage

in aquaria and floating pens in this study, aggressive
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interaction may be the major cause of fin damage in

hatchery salmonids.
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VII. HIERARCHY STABILITY AND ANTICIPATORY AGGRESSION

INTRODUCTION

The postulate that social behaviour results in different
growth rates within a group due to an inequitable
distribution of resources requires that observed aggressive
behaviour be consistently non-randomly distributed amdngst
individuals. This will result in dominants accruing
benefits and subordinates suffering losses. For aggression
to cause growth depensation in the week-long growth tests
of Chapter II, it is necessary to assume that a fish with a
high aggressive output in a 30 s observation period would
be likely to show high aggression, relative to other fish,
in any other observation period, i.e., that position in the
hierarchy is constant over time. Constancy of social order
in juvenile salmonids has been shown in both experimental
and natural situations (Newman 1956, Yamagishi 1962,
Jenkins 1969, Bachman 1984). However, due to my inability
to recognize individual fish, it was not possible to
establish in Chapter V that the same fish functioned as
dominants in each observation period, or that dominance

hierarchy coincided with size rank.
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Implicit in the hypothesis that feeding causes
aggression is(the assumption that aggression follows
feeding. Work by Adron et al. (1973) and Landless (1976)
shows that salmonids are capable of learning feeding times.
If this is the case in the present study, then some of the
observed aggression may have been due to the anticipation
- of feeding.

One purpose of this experiment was to investigate the
stability of dominance hierarchies of eight juvenile
steelhead (as used in Chapts. III and V) within a sampling
day and also on a day-to-day basis. More specifically, the
purpose was to determine the likelihood of a dominant in
one sample continuing as a dominant in other samples,
during the same day or week, and also to determine whether
they grew faster than the subordinates. A second purpose
was to establish whether food—linked aggression was due
solely to the presentation of food or if fish were behaving

aggressively in anticipation of a learned feeding time.

METHODS

Excess fish (approx. 100) of group 8 (Chapt. III, Table 1)
were maintained in a 136.2-1 flow-through aquarium for 30
days. Fish were fed Silvercup commercial food twice daily,

with occasional live food, under 96-1x illumination on a
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natural photoperiod. The fish used were thus approximately
55 days old'and socially experienced at the start of the
experiment. After a 2-day starvation period to eliminate
food from the gut, 50 fish were anaesthetised with MS 222
and their wet weights and lengths measured. Eight fish of
similar weight (.6564-.9368 g) were selected from isolated
recovery vessels, and examined for identifying features.
Those that were not distinctively marked (3) were
re-anaesthetised and cold branded as described by Everest
and Edmondson (1967). To minimise damage, a number "1" was
applied at varying angles at the same location on one side
of the fish. After isolated recovery overnight, branded
fish did not appear to act differently from unbranded fish
(branded fish were subsequently ranked first and second in
the hierarchy). The eight experimental fish were installed
in a 45-1 flow-through aguarium at 10 C under a 11.5-h
photoperiod (96 1lx). Fish were fed twice daily at 1100 and
1500 h. Total ration of Silvercup was 10% of wet fish
weight. Fish were screened from movement in the room and
fed remotely.

On the first day after fish were placed in the
experimental tank they were observed for 20 minutes and
aggressive acts recorded for each fish individually on a
Datamyte 800 event recorder as in Chapter V, In addition,
it was possible to record lateral and frontal displays.

Recorded characteristic marks and brands were found
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satisfactory for individual identification. On day 5
individual rates of aggression were recorded during 28,
5-min observation periods throughout the day. On day 6 the
fish were not fed but individual aggressiveness was again
recorded during 28, 5-min periods} Observation pe;iods were

at irregular intervals throughout the day but clustered

- about the two feeding periods. Fish were then starved 2

additional days, anaesthetised and re-weighed. Although no
food was presented on day 6 the term "feeding time" will

still be used.

RESULTS -

Summed ranks of each fish on days 5 and 6 are plotted
against rank on day 1 in Figure 34. Rank on day 1 is based
on the total number of aggressive acts given by each fish
in the 20-min observation period. On days 5 and 6, rank
within each 5 min interval was based on the number of
aggressive acts performed, and overall hierarchy position
for day 5 and day 6 was assigned according to the sum of
ranks attained during each day's 28 observation periods. A
comparison of ranks between sample periods on each of these
days showed that individual fish were strongly associated
with characteristic hierarchy positions (Friedman 2-way

analysis of variance, P<.001) on both days.
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juvenile steelhead.
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Although the overall distribution of rank was
different frém day 5 to 6 (X?,P<.01), positions 1 (alpha)
and 2 (beta) were held by the same fish. A similar
situation exists with regard to the changes from the
preliminary rank assessment on day i: alpha and beta
positions were held by the same fish 4 and 5 days later,

- but otherwise only position 7 (on day 5) and 4 (day 6) were
again held by the same fish. The alpha and beta fish grew
faster than the other fish (Table 8).

Aggression on day 5 showed two peaks immediately
following feeding (Fig. 35A). Aggression appeared to
increase slightly before both feedings bﬁt decreased when
food was present. At this time fish were occupied searching
for and consuming pellets. Aggression dropped to minimal
levels within 2 h following both peaks.

On day 6, major aggressive peaks occurred
approximately 0.5 h before "feeding"” and major drops in
aggression coincided with the normal feeding times. At this
time the fish were nosing about on the bottom, yawning,
snapping, and holding near where food would arrive.
Aggression increased immediately following "feeding" time
and then remained high throughout the day (total recorded
aggression for day 5 was 2174 acts and for day 6, 4827
acts). The first "prefeed" aggressive peak resulted largely
from fighting between fish in hierarchy positions 5 and 3,

and between fish in positions 1 and 3. At one point the
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TABLE 8. INITIAL WEIGHT AND GROWTH RATES OF EXPERIMENTAL
FISH.

RANK INITIAL WEIGHT FINAL S$INCREASE/ G
ON (g) WEIGHT DAY | S

DAY6

. 838 .98as 3.5 0105
2 .9368 1.0505 2.43 .0075
3 6564 .7102 1.64 0046
4 7229 .7569 .94 .0027
5 9234 1.0188 2.07 .0064
6 .6807 .6800 -.02 ~.00006
7 .7026 .6998 -.08 ~.0002
8 .9134 .8790 -.75 -.0024
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latter two engaged iﬁ 4,61 min of continuous reciprocal
nipping, and the data point at time 3.75-h (Fig. 35B)
underestimates the true number of acts. The second
"prefeed" peak represented the persecutioh of one fish by

several higher ranking fish.

DISCUSSION

The alpha and beta positions in a hierarchy of 8 fish were
found to be stable between sampling periods within one day
and from day-to-day over a period of 6 days. All positions
in the hierarchy were associated with particular fish on
each of the two days on which periodic sampling was
conducted. Several investigators have reported the
stability of observed hierarchies in salmonids and these
results support the conclusion that hierarchy positions,
especially alpha and beta, are persistent.

Newman's (1956) observations of a mixed species
population of wild salmonids showed hierarchy positions to
be unchanged over a period of 15 days. The outcome of
interactions between juvenile coho was found to be
predictable in groups of up to five fish (Chapman 1962).
Yamagishi (1962) recorded dominance position in 2 groups of
6 rainbow trout for 6 weeks during which only 4 and 9

position reversals occurred. Jenkins (1969) observed
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manipulated and natural populations of trout (S. gairdneri
and S. trﬁtta) in streams and found rank, size, and spatial
position to be strongly associated and predictable for
individuals. In 3 groups observed over one month, 95%, 97%
and 98% of outcomes of encounters were predictable based on
the assigned ranks of each fish., Bachman (1984), although
rejecting conventional explanations of social interactions
based on territory or hierarchy formation, found success in
aggressive interactions and position fidelity to be
consistent for individuals.

Although hierarchy stability cannot really be
estimated over the‘short time scale analysed here, the
results generally agree with previous studies in showing
that the relationship between individuals is not randdm,
and that alpha and beta positions are extremely stable.
Relatively low stability in the lower ranks of this group
may have been affected by the choice of fish of similar
weights. This would be expected to reduce stability.

That growth advantages accrued to high ranking fish is
clearly illustrated in Table 8. This has also been a common
observation, with Yamagishi (1962), Carline and Hall (1973)
and Li and Brocksen (1977) establishing close relationships
between dominance, food intake and weight gain in juvenile
salmonids. Because even slightly larger fish have a higher
probability of winning initial encounters (Abbott et al.

1985), weight ranking in Chapter 111 probably reflected
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behavioural rank.

Aggréésion rose prior to fhe regular feeding time on
both days 5 and 6 indicating that the fish were able to
monitor time and learn that some event (presumably the
introduction of food) was associated with a particular
time. Pre-feed levels of aggression on.day 6 were extremely
high. The first of these peaks cannot be considered an
experimental result as no manipulation had taken place to
this point. The continuous nature of the aggression during
the first peak makes this point appear to be an anomaly.

During "feeding" time on both days there was a drop in
aggressive activity. On day 5 this was due to the fish
being pre-occupied with feeding. On day 6 the fish were
observed engaged in search behaviours normally‘associated
with feeding. The fishes' timing was exact within the
accuracy used in daily feeding.

Aggression rose following the normal "feeding" time
whether or not food was presented. This had a time course
similar to that of the 12—h’feeding regimes shown in
Chapter V and generally similar to other time courses when
inter—-feed intervals were greater than 1h. The major
difference between post-feeding aggression on days 5 and 6
was that the day 6 peaks were not as high and did not
extinguish; as a result total daily aggression was more
than twice as high. Although previous investigators have

differed on whether feeding causes overall aggression té
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increase (Néwman 1956, Yamagishi 1962, Keenleyside and
Yamamoto 1962) or decrease (Symons 1968, 1971, Slaney and
Nofthcote 1974), all authors working on the time course of
aggression have reported a post-feeding peak. Only Mason
(1966) working on coho salmon, reported an‘anticipatory
rise and an actual drop during feeding. Mason also reported
that the level of post-feeding aggression was proportional
to the amoﬁnt fed. Present observations of higher
aggressive peaks when fish were not fed do not support
Mason and are consistent with Slaney and Northcote's (1974)
findings.

This experiment established that fish observed as
dominants in successive samples in Chapter V were likely to
be the same fish, and that it was likely that the dominant
fish had been enjoying the material advantages of dominance
over the period of the growth experiment. In fact, all
positions in the hierarchy were stable from
sample-to-sample if not day-to-day, and alpha and beta

positions were stable over 6 days.
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VIII. TESTS OF FEEDING REGIMES IN HATCHERY FACILITIES

INTRODUCTION

The effect of fish behaviour on the production of
juvenile salmonids in hatcheries has received little
attention. The problems of size of facilities, numbers and
density of fish are compounded by the speed of movement and
difficulty of identifying and tracking individuals. The
science of ethology, excepting the study of colonial
insects, is generally practised upon individuals, small

groups, or easily separable subgroups (Altmann 1974). Fish
culturists have rarely been able to observe their animals
and so have been required to observe the large scale, final
effects of their activities, e.g. conversion of food and
mean weight. As a result they are unable to separate any
social effects. Most major aguaculture texts (e.g.‘Bardach
et al. 1972) fail to supply any mention of social behaviour
beyond certain instances of cannibalism and growth
depensation in Penaiid shrimps.

Intensive culture of salmonids has been shown to have
strong and marked effects upon fish behaviour that may be

important when fish are removed to a wild situation.

Differences in vertical orientation, predator avoidance,
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reaction to cover and substrate choice, food choice and
recognition, and aggressive patterns of wild and hatchery
fish 'have all been recorded and may have far reaching
effects on survival and growth (Schuck 1948, Miller 1958,
Vincent 1960, Moyle 1969, Fenderson and Carpenter 1971,
Sosiak et al. 1979). However, social behaviour may also
influence the crop of fish at the hatchery facility,
whether measured as hatchery production or as survival to
the fishery or spawning. Possible effects in large scale
facilities include slower growth rates, increased growth
variabilty, and stress affecting growth or susceptibility
to disease.

Growth variation may be of particular importance in
fish culture. Disparity in size may be an advantage where
fish are harvested directly from the hatchery depending on
market demands. In systems where fish are released to the
wild, a threshhold size is often required. For a "put and
take" fishery (no assumed or desired survival (Everhart et
al. 1975)) only those fish above the legal size limit are
useful products, therefore, the less the variance, the
lower the average size required to maximise the number of
catchable fish. Reduction of variance may be especially
important to anadromous fish that have a threshold size for
resistance to salt water and successful smolting, including
coho and steelhead (Houston 1961). Depending on the

processing of hatchery harvested fish, fin damage may be
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disregarded, but planted hatchery fish as identified by
damaged fins are held in low esteem by sport fishermen
(Whitlock 1974).

Following a laboratory investigation into the effect
of feeding regime on growth and aégressive behaviour
(Chapts. III and V), the effects of feeding regime on
" growth, size variance and fish quality in pen-reared and
hatchery populations of juvenile steelhead were tested.
Although experiments in aquaria were designed to indicate
the nature and mechanism of the effects, the results may
not be transferable to full size production facilities.
Several aspects of scale would suggest this; while fish
numbers and dimensions may be proportional to the size of
the pens, absolute size and swimming space are changed
greatly, allowing longer chase and flee distances. The
greater numbers probably preclude individual recognition
and resulting hierarchy stability (Barnard and Burk 1979).
The number of intruders is increased and the area is much
larger than any economically defendable‘territory (Dill
1978b); in fact, food is sometimes dispersed over a larger
area than a conventionally defended territory. These
reasons are enough to suggest that fish in pens may respond
differently from small aquarium populations and it was
considered necessary to test several feeding regimes in

pens.
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Selection of feeding regimes was influenced by several
constraints., First, the maximum growth required by
production facilities dictated normal high rations. The
information in the literature (reviewed in Chapt. III)
suggests frequent feeding to achiéve high growth which
agrees with results obtained here (Chapt. I11). Current
" British Columbia Fish and Wildlife Branch practice involves
feeding at 20-min to 2-h intervals (P. Slaney, B. C. Fish
and Wildlife Branch, pers comm). It was decided to test the
extremes of this range and two alternative feeding methods
in pens: (1) very frequent feeding (5-min intervals), and
(2) feeding throughout the day and night (2-h interval
times 24). Night feeding was selected -in the event that
fish are able to feed at very low light levels. In the
hatchery, random intervals averaging 30 min (range 1 to 60)
were compared with a control of a regular 30 min feeding
interval. The effects of these regimes in production

facilities were examined by measuring growth and dorsal fin

damage.

METHODS

Pen Experiments:
Experiments were conducted from Oct. 1 to Dec. 1, 1982

in four, 2.44 m x 2.44 m x 2.44 m floating net pens at the
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Canadian Forces Base Chilliwack bridging ponds adjacent to
the Chilliwack River. Four groups of 1250 Chilliwack River
winter-run steelhead (1982 brood) were removed from 2275-1
circular tanks at the Fraser Valley Trout Hatchery and
transported by truck to the bridging ponds. Two pehs
designated as A-1 and A-2 wére covered by a shed. Two other
pens, B-1 and B-2, were covered with black polyethylene
sheeting to keep the ambient light levels as similar as
possible. Fish in pen A-1 were fed at 30-min intervals, A-2
.at 5-min intervals, B-1 at 2-h intervals for 24-h,and B-2
at 2-h intervals for a 12-h day. All pens recieved equal
total daily rations delivered from suspended hoppers closed
with a circular plate. Spinning of the plate at feeding
time scafteredlfeed over most of the surface of the pens.
Rations of Silvercup feed were determined using Iwama and
Tautz's (1981) growth equation for a 2.2:1 food to biomass
conversion ratio. Water temperatures ranged from 9 to 6 C
and daylength from 11.67 to 8.45 h.

Weekly sampling was conducted on 60 fish per pen. Fish
were captured by lifting the net at one corner of the pen
to concentrate the fish; the approximate number were then
dipped out and transferred to 77-1 containers. Fish were
transported by truck, approximately 250 m to buildings
where power was available.

Fish were anaesthetised in 2,phenoxy-ethanol and

weighed on a Mettler P-1200 dual range electric balance.
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Fork length and length of the first dorsal fin ray were
measured and a subjective estimate of dorsal fin damage was
made. Damage (estimated fin loss) was ranked on an integer
scale of: 0, no damage; 1, 0 to 25% damage; 2, 25 to 50%

damage; 3, 50 to 75% damage; and 4, 75 to 100% damage.

Hatchery Experiments:

Experiments were conducted from Nov, 15 to Jan. 10,
1982 in 2250-1 circular flow-through tanks at the Fraser
Valley Trout Hatchery. A random feeding interval was tested
against a regular feeding interval at the Fraser Valley
Trout Hatchery. The regular feeding regime consisted of 0.5
kg Silvercup feed per day distributed every 30 min. The
random regime consisted of an equal ration distributed with
an average interval of 30 min and a range of 1 - 60 min.
Natural lighting prevailed and the temperature was a
constant 9.6 C. Samples were taken approximately weekly by
netting 60 fish which were handled and measured in the same

manner as the pen-held fish.
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RESULTS

Pen Experiments:

The initial average sizes of fish groups assigned to
pens were significantly different from one another (ANOVA,
p<.05), possibly indicating an unconscious bias in
technique or sampling error. The final weights were also
significantly different (ANOVA, p<.05) but throughout the
experiment weights were similar, had a similar range and
generally appeared to follow a similar growth pattern (Fig.
36). The relative ranking of groups was also inconsistent,
all groupé except the 5-min interval regime were ranked
first on at least one occasion and all groups were ranked
last on at least one occasion. In addition, éll groups lost

weight during at least one period. Thus, nc feeding group

-~

exhibited superior growth. Growth coefficients (G ranged

c
from .49 to .79.

The size variance of all groups increased with time.
Variances were homogeneous at all except two sample dates
(Oct. 25 and Nov. 22) (F max test, p>.05), hence the use of
ANOVA for testing differences of the initial and final
means. Coefficients of variation were tested by an F max
test of squaréd coefficients of variation, as suggested by
Lewontin (1966). No significant differences were noted
except on October 25, the date of maximum range (p<.05,.

Fig. 37). Again no consistent trend was obvious. The weight
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of individua; fish in each of»the final samples was
normally distributed (Kolmogofov—Smirnov test, p>.05).
Dorsal fin heights generally declined with time (Figqg.
38). Fins were generally highest in pen B-2 and shortest in
pen A-2., Significant differences‘occurred, but again no
clear pattefn presents itself. The subjective measure of
fin damage generally agreed with the objective measure but

revealed less distinction between regimes.

Hatchery Trials:

Both groups had very similar initial weights and grew
at similar rates. Weights were not significantly different
at any subsequent‘time (Student's t test, P>.65) although
the random group had a significantly higher final weight
(p< .05, Fig. 39). Growth coefficients were highﬁ 1.17
(regular) and 1.25 (réndom). Initial weight loss of the
randomly fed group coincided with a feeder malfunction.
Size variances increased with weight and remained
heterogeneous (F max test, p<.05): the weights of randomly
fed fish were less variable than those of regularly fed
fish (Fig. 40). Coefficients of variation diverged steadily
after the first half of the experiment and were
significantly different for the last sample dates (F test
of squared co-efficienté of variation, p<.05, Fig. 40).

Both final samples were normally distributed
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(Kolmogorov-Smirnov test, p>.05).

Fin size of randomly fed fish was always smaller than
that of regularly fed fish by 0.2 to 1.2 mm (Fig. 41); the
difference was significant on three occasions (Student's t

test, p<.05). Subjective measure of fin damage revealed

less distinct diffferences.

DISCUSSION

Pen Experiments:

A test of four feeding regimes in floating net pens
did not reveal any clear, consistent superiority or trends
in measures of growth (weight), growth variation, or dorsal
fin damage. Growth coefficients (Gc) were low compared to
those measured at various B.C. salmonid production
facilities (Iwama and Tautz 1981). However, the fish were
behind hatchery weight goals at the start of the experiment
and would not have reached a threshold of approximately 50
g by the smolting period. The initial differences in weight
at the beginning of the experiment was due to the entire
contents of a hatchery circular tank being transferred to a
single pen. Although the original tanks had received
similar treatment, differences obviously existed. These"

differences did not dictate the subsequent growth
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performance as relative ranking changed frequently.

The interpretation of the 2-h interval (X 24 h)
feeding regime presents certain problems. Hours of daylight
decreased from 11.67 to 8.45-h over the course of the
experiment. After a loss of weight in the first wéek,
consistently high growth rates were recorded until the last
2 samples. This regime could therefore be advantageous if
daylight hours are greater than some threshold. Since other
pens were fed for 12 h/day, 24-h feeding could be an
advantage when daylength is greater than 12-h, espeéially
if fish are fed more than can be processed in 12-h. Since
the 24-h regime received approximately 1/2 of it's food
during the daylight hours, this may suggest an improved
digestive efficiency to maintain equivalent growth of, more
probably, overfeeding in the 12-h pens.

The lack of major differences between the pens may be
a result of the age of the fish. Gunnes (1976) found that
grading Atlantic salmon prior to 6 months of age reduced
subsequent size variability. These fish may have
established certain growth characteristics prior to this
experiment. The reduction in activity and growth due to
seasonal effects also may account for the small differences

noted.
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Hatchery:

The randomly fed group performed better than the
regularly fed controls. Final weight was significantly
higher even though the initial weight was lower. Growth
variation increased faster in‘regularly fed fish and was
significantly higher. Fin damage, measured by dorsal fin
height, was greater in the randomly fed group, thus
contradicting any simple hypothesis that the amount of fin
damage and growth variation should be related in the same
manner to aggression.

Growth performance of both groups was excellent
relative to recorded growth coefficients of steelhead in
other B.C. production facilities (Iwama and Tautz 1981).
Projection of this growth rate until April would give an
average size of 89 g, considerably above the normal
smolting threshold. Assuming that a normal distribution of
size persisted, only 10% of the randomly fed smolts would
be below 60 g, as opposed to 16% of the regularly fed
smolts (Fig. 42). This would occur even without any further
increase in coefficient of variation. If coefficient of
variation also increased owing to random feeding over the
entire freshwater growth period, the difference in
performance would be magnified. It is to be expectéd that
this will increase production of smolts with no loss of
total size, but there are other factors to be considered in

this type of analysis. These are discussed in Chapter IX.
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Figure 42. The projected size distributions, at smolting
age, of random and regularly fed juvenile steelhead. The
vertical line represents a size threshold for successful
smolting. The hatched area represents the difference in
smolt production.
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Any recommendation of random feeding on this basis
i& assumes that the saving achieved by uniform growth is
greater than losses due to reduced dorsal fins. No work
detailing the quantitative effects of reduced dorsal fins
on survival is known, but thevabsolute difference between
the two groups is only about 1 mm and the modal subjective
measure of fin damage for both groups was in the 50%
erosion category. The difference in this case may not be
biologically significant. Only five categories were used in
the subjective measure of fin damage; since this entails
the observer making a guess as to how much dorsal fin
should be there, a greater number of categories is not
realistic. Since group averages were closely clustered in
similar ‘categories the actual measurement of dorsal fins is

recommended for better discrimination of differences.
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IX. CONCLUSIONS

This series of experiments has attempted to reveal
some of the relationships between feeding and growth
characteristics, particularly variability, and between

feeding and aggression, in juvenile steelhead. Specifically

this study has found that:

1. aggression occurs in floating lake rearing pens and
laboratory research shows that this behaviour is
responsible for observed patterns of fin damage

(Chapts. II and VI);

2. grouped fish display greater growth variation than

socially isolated fish (Chapt. III};

3. social aspects other than differential food intake are
responsible for some growth variability (Chapt. IV);
4, 1increased feeding frequency causes greater growth and

less variability relative to the growth rate (Chapt.
I1I);

5. timing of feeding does not affect total levels of
aggression but does cause short term changes in

aggression around feeding (Chapt. V);
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6. the high ranking positions in small hierarchies are
relatively stable and correlated with a high growth

rate (Chapt. VII);

7. juvenile steelhead can accurately learn their feeding

times (Chapt. VII); and

8. the growth and growth variability of pen-held juvenile
steelhead was unaffected by the the experimental
feeding regimes, but under a random feeding regime
growth was increased and growth depensation decreased
relative to avregularly fed control group in hatchery

circular tanks (Chapt. VIII).

The purposes of this concluding discussion are: to
consider the usefulness of present models of optimal
territory size for the purpose of generating predictions
that are testable in situations as complex as the wild
environment of juvenile salmonids; to ihvestigate the
function of aggression as a mechanism of resource
allocation; to examine the relevance of the experimental
situation to wild fish; and to demonstrate the importance
of reducing growth depensation in hatchery production.

Schoener's (1983) publication was titled "Simple
models of optimal feeding territory size; a

reconciliation.” While the models themselves are

148



mathematicly simple and brief, the predictions are not
necessarily simple (Fiqure 6c, Table 1, Schoener 1983), and
the problem of testing the array of predictions, or of
choosing the right model to fit a particular test situation
are anything but simple. Predictions based on food'density
alone are simple enough (but see Ebersole 1980), but
because food density and intruder pressure are
inter-dependent, food density can rarely be isolated as a
determinant of territory size in natural systems. Most
studies of salmonid aggression have been cohfounded by a
complex of different intruder regimes superimposed upon
different experimental feeding regimes. In addition the
existence of a continuum from territories to hierarchies
raises the question of whét ig intruder pressure? Kalleberg
(1958) and Puckett and Dill (1985) have described salmonid
"floaters" that exist on and between territories; they are
allowed to remain there as long as they exhibit
non-threatening, non-aggressive behaviour. Thus it is clear
that intruder pressure is not just a quéstion of numbers
but also a matter of the initiation of certain behaviours
by the intrudérs. This returns us to the question
considered by Rowell (1974) and Wade (1978) (discussed in
Chapt. V): Is it the dominant or subordinate that initiates
aggression? Full understanding of territorial behaviour, in
salmonids at least, must await the resolution of this

guestion.
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The reasoning behind experiments ih Chapters III and
IV, and much of the relevant literature, is that
"aggression causes growth depensation, therefore, more
aggression should cause more growth depensation". This was
explicitly stated by Magnuson (1962) and Yamagishi (1962).
More recent authors, while accepting that social
interactions are a major cause of growth depensation, have
not monitored aggression (Jobling 1982, 1983, Koebele
1985). The reduction of aggression and more economical
distribution of resources is generally considered a benefit
of hierarchies. Rowell (1974) challenged this viewpoint,
asserting that the reduction of aggression observed as
hierarchies formed in new groups was a reduction from
unnatur.ally high levels to a normal situation. Wade (1978)
argued against this assertion and Barnard and Burk (1979)
provided additional theoretical evidence that a well
developed social order is the most efficient means of
dividing resources.

Since the experimental apparatus was so different from
the natural surroundings of juvenile steelhead, it is
necessary to consider whether the results hold any
- relevance for natural situations. Fish in this study were
probably more stressed than is usual in the wild. Fish and
"other animals tend to have hyperactive adrenals when in
captivity and in hierarchies (Rowell 1974). This and the

inability to emigrate could have forced behavioural
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decisions not normally observed. However, I contend that
the experimental environment bears similarities to certain
normal juvenile steelhead habitats. Personal observation
shows that immediately after hatching, steelhead
approximately 25-30 mm in length‘are found in shallow
margins of streams where there is low water velocity. The
boulders or gravel there create small pockets along the
shoreline that are almost isolated from the main stream.
During heavy hatches of steelhead, up to six individuals
may occupy a pocket at a density greater than in these
experiments. For example, on May 25,1985 a sheltered
cutting in the bank of the Stamp River was observed to
contain upwards of 40 juvenile coho salmon (25-40 mm long)
in a space approximately 1.3 m long, 0.4 m wide and up to
0.35 m deep. The end of this backwater, partially isolated
from the main body, contained 11 fish in an area 0.4 m
long, 0.2 m wide and 0.1 m deep. In 5 min, 37 aggressive
acts (as defined earlier) occurred. The density in this
case is considerably greater than in the experimental
apparatus and the frequency of aggression comparable.
Northcote (1962) reports similar aggregations of juvenile
rainbow trout along the margins of streams at night.
Mortaiity rather than growth depensation is likely to be
the result of these early interactions, as Chapman (1962)
and Mason and Chapman (1965) have documented the importance

of success in early encounters. High density and
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confinement can also occur when side channels dry up and
fish are concentrated in isolated pools by old cut banks or
root wads. For example, I have observed a group of
approximately 20 juvenile coho salmon in a pool (1.2 m in
diameter and 0.3 m deep) 50 m from the mainstem of the
Stamp River. These fish persisted from May at least until
" September, 1984. Similar situations exist for steelhead.
This high density and lack of stream drift create marginal
feeding conditions that are similar to the present
experimental set up. I conclude from these field
observations that natural conditions similar to those
created in these experiments exist, at least for short but
crucial periods.

Anadromous fish smolt through a physiological size
window. Fish below the lower size threshold are unlikely to
survive the transition to salt water and either die or
remain in freshwater. Salmonids that are above the upper
threshhold may have an increased chance of male precocial
maturity (Bilton 1978) with early return to the home stream
at a smaller than normal size (Maher and Larkin 1955,
Parker and Larkin 1959). Small steelhead smolts when reared
in lake-pens or hatcheries are thought to remain in
freshwater, rather than migrate to sea (Slaney and Harrower
1981). Any of these instances may be considered lost
production from the‘viewpoint of fishery management. Figure

43A shows two normal curves with the same means and
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Figure 43. The effect of moving the smolt size threshold on
relative numbers of fish produced by populations with
different variance. A is from Fig. 42. B represents the"
difference in production obtained with a changing size
threshold, i.e. the advantage of random feeding.
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different variances. The advantage (difference in number of
smolts above a size threshold) of a low coefficient of
variation depends on the proximity of the size threshold to
the mean. The difference in number of smolts lost is given
in Figure 43B. If the group average does not exceed the
threshold size the group with the higher variation will
actually be at an advantage. A family of curves following
this pattern exists with the mégnitude of the values
dependent on the relative levels of variation in the two
groups. A similar but inverted line could represent the

effect of an upper threshold.

Recommenaations:

All the results from the laboratory experiments
suggest that juvenile steelhead should be fed frequently
for optimal growth and minimal size variability. The fact
that a clear cut pattern of aggressive peaks breaks down at
feeding intervals less than one hour indicates some change
at the behavioural level, but the significance of this is
not understood.

Because juvenile steelhead learn feeding times
accurately and exhibit anticipatory aggression, random
feeding may eliminate this portion of aggression. The
feeding regimes of growth trial 5 are inconclusive

considering the high mortality rate of this group and their
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generally stressed appearance. Random feedings show
potential for further investigation due to the success
achieved in hatchery experiments, although the logistics of
feeding fish randomly may be impractical as random
capabilities are not generally fdund on commercial fish
feeders. A pseudo-random regime such as frequent, irreqular
hand feeding as a supplement to a regular regimé may have a
beneficial effect.

Production scale experiments with feeding regimes
should be initiated at an early stage in the fish's life.
Since fish are growing fastest (in % weight increase) at
this time there should be the greatest potehtial for
significant changes.

Although not specifically tested here, food should be
distributed over a wide area to prevent concerted defence
of a point source. Although it was not possible to find a
correlation between growth depensation or aggressive damage
and feeding regime, the potential post-release mortality
due to the effects of fin damage indicate that it could be
a major cause of production losses. Field studies on the
effect of damaged fins on post-release survival should be
undertaken to quantify the effect and determine the

potential benefit of reduction of fin damage.
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