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The effect of visual isolation on territory size and
population density of juvenile rainbow trout
(Oncorhynchus myekiss)

l. Imre, J.W.A. Grant, and E.R. Keeley

Abstract: Visibility is thought to affect the territory size of visually oriented animals but there have been few
experimental tests of the hypothesis. We re-examined the relationship between visibility and territory size in juvenile
salmonids to test the hypothesis that increasing habitat heterogeneity results in a reduction in territory size and
consequently in higher population densities. Equal densities of young-of-the-year rainbowGnmatrifynchus myki¥s

were stocked in two experimental treatments with low visibility and a control treatment with high visibility. Visibility
was decreased by placing large stones or plywood dividers onto the substrate of experimental stream channels. As
predicted, the size of individual territories decreased with decreasing visibility of the habitat. However, the treatments
did not differ significantly in population density or growth rate of the fish. While this study confirms the inverse
relationship between habitat visibility and territory size, the decrease in territory size did not produce an increase in
population density of juvenile salmonids.

Résumé: La visibilité affecte, croit-on, la taille du territoire chez les animaux qui s’orientent par la vue, bien qu'il y
ait peu de vérifications expérimentales de cette hypothése. Nous avons examiné de nouveau la relation qui existe entre
la visibilité et la taille du territoire chez des jeunes salmonidés dans le but d’éprouver I'hypothese selon laquelle une
hétérogénéité accrue de I'habitat réduit la taille du territoire et, par conséquent, permet des densités de population plus
élevées. Nous avons établi des densités égales de jeunes truites arc-@mcarhynchus mykiysle I'année dans deux
sites expérimentaux a visibilité réduite et un site témoin a visibilité élevée. De grosses pierres ou des panneaux de
contre-plaqué placés sur le substrat des ruisseaux artificiels ont servi a diminuer la visibilité. Tel que prédit, la taille
des territoires individuels diminue lorsque la visibilité dans I'habitat est réduite. Cependant, il n’en résulte pas de
différences dans la densité de population, ni dans le taux de croissance des poissons. Bien que notre étude confirme
'existence d’une relation inverse entre la visibilité dans I'habitat et la taille du territoire, la réduction de la taille du
territoire n'entraine pas d’augmentation de la densité de population chez les jeunes salmonidés.

[Traduit par la Rédaction]

Introduction ented animals via three mechanisms. First, low visibility

. . . . : may physically constrain an animal to defend a smaller area

1935’“?6" territory .ﬁ'zemedeIS (rewevged 'trr‘] Schggr:gr 1ﬁassimply because it cannot see intruders at a distance. Second,
) have primarily been concerned with predicting howy, e istance at which a central-place forager can detect prey

territory size changes in relation to two fundamental factorS'may be reduced so that there is no benefit to defending a

food abundance and intruder pressure. Consistent with thg e feeding territory in a low-visibility habitat. Third, in a
pr_ed|ct|ons of these models, territory size typically In.Cre‘e‘sesl;ow-visibility environment, territory holders may have to in
\ivggl(.deﬁ_reas?gggod d;ﬂs'tyée-g-' Stimson 1973'SIDI“ etal. rease their patrol rates to detect and drive out intruders
North 'X°1ng74_ l\/)l an |ntrl|J leg7pgg§rspre (59989 aney .gnéEason and Stamps 1992). Any delay in detecting intruders
orthcote » Myers et al. , [neas ) in @ wideij jead to a greater loss of resources to the intruder and an

valrietyd(zif_ taxa. tood abund g tor densityncrease in the cost required to expel the intruder, who
n addition to food abundance and competitor density,, ick|y pegins to feel “at home” on the territory (e.g., Krebs
Eason and Stamps (1992) hypothesized that the visibility Ogf982). Such increases in the cost of defense will decrease
the environment will affect the territory size of visually -ori the optimal territory size (see Schoener 1983, 1987).

Although several previous studies have suggested that
abitat visibility affects territory size (reviewed in Eason and
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Stamps 1992), the experimental evidence to test this hypoth
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116469 esis is scarce. Perhaps the best evidence is that juvenile liz
. _ ards @Anolis aeneusdefend smaller territories in a low- as

. Imre = and J.W.A. Grant. Department of Biology, compared with a high-visibility environment (Eason and

K:/Ioncordlia Ugi‘;'%réit{}vllgf’g dedMaisonneuve Boulevard West, stamps 1992). In addition, Kalleberg (1958) noted that-addi

ontreal, Q , ‘-anaga. : tion of large stones to a section of a stream aquarium re
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Idaho State University, Pocatello, ID 83209, U.S.A sulted in a decrease in the size of territories and an increase
' ' T in the density of juvenile Atlantic salmorsalmo salay. The
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caused by visual isolation between neighbouring fish. Alter 5.6 in Gordon et al. 1992). Gaps between cobbles were filled
natively, the salmon may have been using the stones aswith coarse gravel (32-64 mm) to provide a relatively
velocity refuge (Bachman 1984), allowing them to minimize smooth, natural substrate with minimal visual isolation for
their cost of swimming while having access to a high rate offish. The water depth and velocity were measured (at 50%
drifting aquatic invertebrates (e.g., Jenkins 1969; Fauscbf the water depth, using a Flo-Mate velocity meter, model
1984; Fausch 1993). Kalleberg’s (1958) findings are particu2000, Marsh—McBirney Inc., Frederick, Md.) at three loca
larly important for salmonid ecologists because, if true, theytions along three transects perpendicular to the water flow
represent a novel way to increase population density (se@-ig. 1). The mean water velocity and mean water depth in
Grant et al. 1998). each channel was used as a replicate for statistical analyses.
We examined the relationship between visibility, territory Water temperature was measured twice daily (at 07:30 and
size, and population density using young-of-the-year-rain16:00) and was maintained at mean + standard deviation
bow trout ©ncorhynchus myki¥sas our test species. Spe 12.4 + 0.9°C. End screens were checked and cleaned-of de
cifically, we tested the prediction that decreasing visibility bris three times a day. The flow rate in the channels was
will result in smaller territories and a higher population den checked several times daily, and adjusted if necessary.
sity. We attempted to distinguish between the potential ef Each of the 12 channels was subjected to one of three
fects of visibility and a velocity refuge by adding either treatments (i.e., 4 replicates per treatment): two treatments
large stones, like Kalleberg (1958), or plywood dividers,with low visibility (cobble and divider, see below) and a

which provided only visual isolation. control treatment with high visibility. In the cobble treat
ment, we placed 22 stones (100-165 mm in diameter, 60—

Materials and methods 100 mm in height) on top of the substrate, but fully sub
merged, in a grid arrangement (Fig. 1). This treatment,

Experimental subjects which was similar to one used by Kalleberg (1958), -pro

On 15 May 2000, 70 pairs of mature rainbow trout werevided both visual isolation and velocity refuges. In the di
collected from the Blackwater River and stripped of spermvider treatment we inserted 22 vertical plywood rectangles
and eggs. The gametes were transported in chilled containet§00 mm long, 200 mm high, and 3 mm thick) into the sub-
to the Fraser Valley Trout Hatchery (49°0N) 122°16.4W) strate parallel to the water flow to provide visual isolation
near Abbottsford, B.C., where they were held overnight in &ut no velocity refuge (Fig. 1). The control treatment had the
4°C holding room. On 16 May 2000, the eggs from 4-5basic substrate that provided little or no velocity refuge or
females (10 000 — 15 000 eggs) were intermixed with thevisual isolation. The treatments were assigned to the chan-
sperm from 4-5 males. This process was repeated 14 mofels to remove any potential effects of the channel position.
times, to create a total of 15 groups of embryos. Embryo&ach treatment appeared once in the upper, middle, and
were held in 7°C water until they reached the eyed stage dpwer position in the first three columns of channels. The
development. Then they were held at 9.5°C until they hadipstream—downstream treatment order in the fourth column
absorbed their yolk sac. was the same as in the first column. After placing the cob-

On 27 June 2000, approximately 2600 fish were haphazbles and the plywood structures into the stream channels,
ardly sampled from the 15 groups of juvenile rainbow troutwater velocity was measured again across the same transects.
at the Fraser Valley Trout Hatchery. The experimental-sub Stream channels were stocked with 213 fish (mean +stan
jects were moved to the Cultus Lake Laboratory (4998,3 dard deviation fork length 2.59 + 0.09 cm), corresponding to
122°1.4W) and held in a fiberglass trough at 13°C until a percent habitat saturation of 82.4% (Grant and Kramer
they were distributed into the experimental stream channel$990). This stocking density (46.3 individualsAnapproxi
on 28 June 2000. Fish were fed with dry pelleted fish foodmated the conspecific density that juvenile salmonids would
(grade 1 Nutra PIf§ Moore Clark, Surrey, B.C.) before and experience shortly after emergence (see review by Grant and

during the experiment. Kramer 1990). Fish were assigned randomly to stream-chan
nels in groups of 25 individuals.
Experimental set-up Since stream-dwelling salmonids feed primarily on drift

We used 12 experimental stream channels constructed dng aquatic invertebrates (e.g., McNicol et al. 1985; Keeley
the outdoor compound of the Cultus Lake Laboratory. Eacland Grant 1995), food was presented to fish in a manner
channel wa 5 m long, 0.92 m wide, and 0.40 m deep. Ghan similar to stream drift. The daily ration of food was spread
nels were organized into four columns of three in a blockedevenly on the belt (20 cm wide, 50 cm long) of an automatic
staircase design (see Keeley 2000). The channels were intdvelt feeder (Zeigler Bros. Inc., Gardners, Pa.), that delivered
connected with plastic troughs; the outflow of each channethe food 0.5 m from the upstream end of the stream channel
was screened to prevent the escape of fish. at a constant rate over a period of 12 h (07:00-19:00) to

To simulate the shade provided by riparian cover characsimulate the invertebrate drift during daytime hours. Fish re
teristic of headwater streams and to prevent mortality fronteived a daily ration of 1.44 g of food per stream channel,
aerial predators, channels were individually covered withapproximating the maximum abundance of drifting aquatic
sheets of burlap supported by a wooden frame 1.32 m abovavertebrates encountered by juvenile salmonids in natural
the top edge of each channel. The experimental set-up arsireams (Keeley 2000). Food particles naturally occurring in
water supply are described in more detail by Keeley (2000). the lake water were filtered out at the inflow with a 25®-

To provide natural water flow conditions for the fish, the nylon mesh.
bottom of the stream channels was covered with one layer of At the end of the 10-day experiment (8 July 2000), fish
small (64-128 mm) and large (128—-256 mm) cobbles (tablevere removed from the stream channels and killed with an
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Fig. 1. General outline of an experimental stream channel.
Crosses within circles indicate the position of the cobbles or di
viders added to provide velocity refuge and (or) visual isolation
in the experimental treatments; solid squares show the location
of the water velocity and depth measurements in all treatments.
Arrow at top of channel indicates direction of water flow.
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overdose of anaesthetic (Eno, SmithKline Beecham,
Oakville, Ont.), as required by the rearing permit issued by
the British Columbia Ministry of Fisheries. The final pepu
lation density in each channel was recorded. To obtain mean
fork length and mean weight for each channel, 50 individu
als per channel were haphazardly subsampled and measured.

Data collection

We checked each channel three times daily. Any individu
als resting against the downstream end screens were eonsid
ered to be emigrants and were removed, anesthetized, and
their number, fork length (to the nearest mm), and weight (to
the nearest 0.01 g) were recorded. Every second day, 10 fish
from each channel were videotaped to compare the body
size of residents and emigrants. The actual body length val
ues were extracted from video images as described in Keeley
(2000).

To estimate the local population density in the area where
the behavioural data were collected, an observer (I. Imre)
counted the number of fish in a 12mguadrat (1.09 x
0.92 m) positioned 0.8 m from the upstream end of the €¢han
nel. Prior to counting, the observer waited for 5 min to allow
the fish to return to their initial swimming station and-re
sume their foraging activity (see Grant and Noakes 1987).
Fish were counted in each channel on either day 8 or 9 of
the experiment.

Behavioural data necessary to calculate territory sizes were
collected by videotaping a 0.5 x 0.5 m area in the upper half
of each stream channel for 30 min with an S-VHS video
camera (on a tripod) inserted through the opening between
two consecutive sheets of burlap. The area used for video-
taping was within the 1-faquadrat used for fish counts and
was located in the same position in all channels. The first
5 min of each taping session were not used for the reason
mentioned above. Only focal individuals (Martin and
Bateson 1993) participating in at least five aggressive 4inter
actions over the observation period (25 min) were used for
territory size calculations. Territorial fish initiated aggressive
interactions and foraging attempts from a single, central, fo
cal point. Aggressive distance was defined as the distance
between the focal point of the fish and the position of an in
truder when it elicited a chase. Foraging distance was the
distance between the focal point of the fish and the position
where a food item was captured. We measured 5-10 aggres
sive distances and 20 foraging distances per focal individual.
The actual distances were calculated in relation to grid lines
drawn 10 cm apart on the walls of the channels and a rope
(marked at 10-cm intervals) located in the centre of each
channel. Territory size based on aggressive data was-calcu
lated as the area of a circle, using the mean aggressive dis
tance as the radius (Keeley and Grant 1995; Keeley and
McPhail 1998; Keeley 2000). The minimum convex polygon
method (Schoener 1981) was used to calculate the size of
95% foraging areas to confirm the patterns of territory size
based on aggressive interactions, as some focal individuals
were observed defending their territories only five times.
The videotaping sessions were completed during the eighth
and ninth day of the experiment.

From the videotapes, we computed the rates of foraging
and aggression. To test whether fish with larger territories
were able to keep competitors farther away, and henee de
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fend a larger foraging zone, we measured (to the -nearorously excluded all intruders from their territory. In high-
est mm) the distance to the nearest neighbour in each afensity situations, fish stations were often layered one over
three directions: upstream, left, and right. We did not useanother in the water column.
data for neighbours downstream of the focal fish, because Territory size based on aggressive behaviour decreased
they rarely chased in that direction (also see Keeley angith increasing local population density (Figa,3ANCOVA
McPhail 1998; Keeley 2000). From these data the mean disr;, ;, = 13.28,P = 0.007). After statistically controlling for
tance to the nearest neighbour was calculated for each focgie effect of population density, territory size (Table 1B) dif
individual. fered significantly among treatments (Figa, BANCOVA

A mean value for each channel (based on 3-5 focatindiF, , = 18.31,P = 0.001). As predicted by the visual isela
viduals) was used as a datum when comparing the territoryion hypothesis, territory size was significantly larger in the
size, aggression rate, foraging rate, and distance to the neajontrol treatment than in the low-visibility treatments (eon

est neighbour among treatments. trast analysis between adjusted medisg = 36.55,P <
0.001), but territory size did not differ significantly between
Statistical analyses the divider and cobble treatments (contrast analysis between

One-way analysis of covariance (ANCOVA; with local adjusted meanB, gy = 0.004,P = 0.95). The interaction be
population density obtained from quadrat counts as a cotween territory size and local population density was also
variate) was used to test for differences in territory size andhot significant (ANCOVA:F, ¢; = 0.49,P = 0.63). In total,
foraging area among treatments. Foraging and aggressidghe ANCOVA model accounted for 85.5% of the variation in
rates, final fork length, final weight, fork length of territorial territory size: territory size (f) = intercept — 0.00020%
fish, distance to nearest neighbour, local population densitjocal density (no-1f), where the intercept equals 0.0256,
(obtained from quadrat counts) during the experiment, an®.0183, and 0.0182 for the control, divider, and cobble treat
final population density in the different treatments werements, respectively.
compared using a one-way analysis of variance (ANOVA). Foraging area based on a 95% minimum convex polygon
A pairedt test was used to compare the fork length of resi-also decreased with increasing local population density
dents and emigrants (data paired by channel and samplingig. 3, ANCOVA Fug = 6.81,P = 0.031) and differed
date), the fork length of territorial fish and other residents inamong treatments (Fig.bS ANCOVA Fp,q = 6.06, P =
the same channel (data paired by channel), and the length 9f025). Foraging area (Table 1B) was larger in the control
chases directed towards obstacles vs. open areas (data paitgshtment than in the other two treatments (contrast analysis
by individual). The assumption of normality was assessethetween adjusted mearf; g = 10.12,P = 0.013), and did
using the Kolmogorov—Smirnov test (with Lilliefors proba- not differ between the cobble and divider treatments (con-
bilities). Levene’s test was used to test the assumption of harast analysis between adjusted medfsg = 2.50, P =
mogeneity of variances. All statistical tests were performed.15), supporting the patterns in territory size. As earlier, the
Wlth Statistica 5.0 (StatSoft Inc. 1995). The critical level of interaction between foraging area and local population den-
significance was set at 0.05. sity was not significant (ANCOVAF, g; = 2.63,P = 0.15).
The ANCOVA model accounted for 65.7% of the variation
in foraging area: foraging area fjr= intercept — 0.0000554
Results local density (no-1mf), where the intercept is 0.00936,

The average water deptF o = 0.36,P = 0.71) and cur 0.00834, and 0.007_41 for the control, divider, an_d cobk_)le
rent velocity Fpq = 2.53,P = 0.13) did not differ signifi treatments, respectively. Neither measure o_f territory size
cantly among the three treatments (Table 1A). The watef@dgressive data=0.04,P = 0.81,n = 40; foraging data =
velocity was, however, lower immediately downstream of0-16,P = 0.32,n = 40) was related to the size of territorial
the cobbles, resulting in a tendency for the overall water vefiSh. perhaps because of a narrow range in body length (2.4-
locity to be lower in the cobble treatment. 3.7 cm). Rates of aggression (Table 1, q) = 0.97,P =

In all three treatments, the fish had a similar distribution0:42) and foraging (Table 185, o = 0.33,P = 0.73) did not
pattern. Few fish were within 0.5 m of the upstream end bediffer significantly among treatments.
cause of the absence of food and the turbulence of the water. Most focal fish in the low-visibility treatments, and some
The density of animals was highest just downstream of thén the control treatment, had obstructions (i.e., divider,-cob
food-dispensing location, and then gradually decreased tdle, or side of the channel) in one or two of the three direc
wards the downstream end of each channel. tions (upstream, right, and left), in which aggression

The number of fish trying to emigrate (Fig. 2) was high occurred frequently. To determine how these obstructions in
during the second and third day of the experiment, but deflgenc_ed territory size, we Qompared the chase distances in
clined thereafter. Floaters, defined as fish that do not feedirections towards obstructions vs. directions with no ob
from a fixed focal point (Puckett and Dill 1985), were pres Structions. Chases in directions with ob_structions (mean %
ent at the beginning of the experiment, but were rarely obstandard error = 5.7 + 0.51 cm) were significantly shorter
served at the end. Most fish had a single, centrally placedpairedt;, = 3.68,p = 0.002,N = 15) than chases in direc
focal point from which foraging attempts and aggressive in tions with no obstructions (mean + standard error 6.9 +
teractions were initiated. However, not all individuals were0.56 cm).
equally aggressive; the observed frequency of aggression The distance to the nearest neighbour did not differ signif
ranged from zero, where individuals held a station buticantly among treatment$f o = 3.40,P = 0.08) but tended
avoided interactions with adjacent fish, to high (maximumto be smaller in the low-visibility treatments (Table 1B). At
aggression rate 2.3 interactions-m)nwhere focal fish vig  the level of the individual, however, fish with larger territo
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Table 1. Descriptive statistics (mean + standard error 4) for abiotic and biotic variables in the control, divider,
and cobble treatments used to test the effect of visual isolation on territory size and population density in juvenile
rainbow trout Oncorhychus myki$s

(A) Abiotic variables. Control Divider Cobble

Water depth (cm) 11.6 £ 0.44 11.9 £ 0.33 11.5 + 0.29
Water velocity (cm-3) 5.3 £ 0.43 5.1+ 0.22 4.4 +0.14
(B) Biotic variables.

Territory size (aggressive data) (&m 162.0 + 16.2 83.2 +11.0 104.9 + 17.7
Territory size (foraging data) (cth 67.8 + 4.78 56.0 + 2.20 53.0 + 6.52
Aggression rate (interactions-mi 0.43 + 0.06 0.63 + 0.13 0.58 + 0.11
Foraging rate (attempts-ni) 6.2 £ 0.46 6.8 £ 0.57 6.3 £ 0.46
Local population density (quadrat counts, noAm 46.6 £ 5.1 49.3 £ 6.8 38.1+5.38
Final population density (no-Tf) 259+21 27.1+15 23.3+22
Final fork length (cm) 3.2 +£0.03 3.2 £0.03 3.2 £0.02
Final body weight (g) 0.28 + 0.004 0.29 + 0.013 0.28 + 0.007
Fork length of territorial fish (cm) 29+0.11 3.0 £ 0.05 2.9 £ 0.06
Distance to nearest neighbour (cm) 108+ 1.1 7.9 £ 0.25 9.8 £ 0.83

Fig. 2. Mean number (z standard deviation) of fish caught on end Fig. 3. Relationship between local population density obtained
screens over the duration of the experiment in the confg) ( from quadrat counts and territory size based angggressive
divider (), and cobble 4) treatments. data and If) foraging data for the control{, solid line), divider
(M, long-dashed line), and cobbl® ( short-dashed line)

2 treatments. The regression lines are from the analysis of
a5t covariance (ANCOVA). The lines for the divider and cobble
'T% treatments are virtually identical ira).
N L
= 35
< L
LE 25 —
S 15 g
Z <
5t &E&] o
o L] bt oas Dmd cadh ok <
5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ >
1 2 3 4 5 6 7 8 9 10 S
. =
Day of experiment E
=

ries were able to keep neighbours farther away= (0.54,

P = 0.0004,n = 39). Despite differences in territory size,
there were no significant differences among treatments-in fi
nal population density (Table 1B, o; = 1.01,P = 0.40) or (b)

local fish density obtained from quadrat counts (Table 1B,
F[Z,g] = 098, P= 041) N/-\ 0.008f¢
Overall, fish increased in fork length by ~0.6 cm (23.2% \E/
of their initial fork length) over the duration of the experi g 0.0077
ment. Resident fish did not differ significantly in their final &  gogt—-.
fork length (Table 1BF, o; = 0.004,P = 0.99) or final body :0
weight (Table 1BF, g = 0.21,P = 0.82) among treatments. = 0.005{ B
Resident fish were significantly longer than fish collected "5
from end screens (paireigs = —3.60,P < 0.001). Focal fish & 0.004; L
used for territory size calculations did not differ in fork LT? 0.003!
length among treatments (Table 1B, o, = 0.96,P = 0.42), Tl
but surprisingly, focal fish were smaller than the average res 0 L s s . s . s s
ident in each channel (pairag, = 4.10,P = 0.002). 25 30 35 40 45 50 55 60 65

. . )
Discussion Local population density (no-m )

This study contributes to a small but growing body of lit with low visibility, juvenile rainbow trout defended territo
erature (reviewed by Eason and Stamps 1992) indicating thaies that were 0.5 to 0.6 the size of those in the high-
visibility influences space use. In a seminatural environmentisibility control. The similarity in territory size between the
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divider and the cobble treatment suggests that visual-isola In summary, our study supports the idea that territory size
tion rather than a velocity refuge accounts for the reductiordecreases with decreasing visibility. Territorial juvenile fain
in territory size of focal fish. Interestingly, the average terri bow trout in the low-visibility environments held territories
tory size of juvenile Atlantic salmon S@lmo salay that were ~37.5-50% smaller in size than territories held in
(Kalleberg 1958) andAnolis aeneuslizards (Eason and the high-visibility control environment, but population den
Stamps 1992) in low-visibility environments also decreasedsity did not differ among treatments.
to approximately half the size observed in high-visibility- en
vironments. To produce an equivalent decrease in territor
size as observed in our study (i.e., 37.5-50% decrease
would require a 3.1- to 5.2-fold increase in food abundance We are grateful to S.O. Steingrimsson, C.A. Johnson, I.L.
(Grant et al. 1998). Hence, habitat visibility appears to be aGirard, L. Weir, and C. Breau for their comments on this
powerful way of manipulating territory size. study. J.S. Scroggie and M. Phillpotts helped with prepara

Rainbow trout in the high-visibility environment defended tion of the experiment. We thank D. Larson and K. Scheer at
territories that were on average 67% of the size predicted byhe Fraser Valley Trout Hatchery for supplying our experi
an interspecific relationship for stream-dwelling salmonidsmental subjects and B. Stanton at the Chilliwack River
(Grant and Kramer 1990) and approximately 20% of the sizedatchery for the loan of equipment. Further thanks are due
defended by wild juvenile steelhead of comparable sizeo E. Parkinson (B.C. Ministry of Fisheries) and to Cultus
(Keeley and McPhail 1998). The relatively small territories Lake Laboratory (Department of Fisheries and Oceans) for
observed in our study were likely the result of the high ini their generous logistical support. The manuscript benefited
tial stocking density and the high daily food ration (Keeley tremendously from the constructive criticism offered by C.
2000). As in previous studies (e.g., Slaney and Northcoté&owan and an anonymous reviewer. The research was-finan
1974; Dill et al. 1981; Keeley 2000), territory size decreasectially supported by an operating grant from the Natural Sci
with increasing local population density. Surprisingly, weences and Engineering Research Council of Canada
found no relationship between territory size and body size(NSERC) to J.W.A. Grant, and a grant from Forest Renewal
perhaps because of a narrow range in body size. B.C. to E.R. Keeley. I. Imre was supported by a Natural Sci-

Like juvenile lizards (Eason and Stamps 1992), juvenileences and Engineering Research Council postgraduate fel-
rainbow trout seemed to avoid visual barriers, so that théowship and the David J. Azrieli graduate fellowship (from
barriers were typically near the perimeter of their territories.Concordia University) during this study.
Nevertheless, these barriers still constrained the size of their
territories because their chase distances were shorter in dll_.‘ f
rections toward an obstruction. Similarly, brown trout eterences
(Salmo truttg swimming near or between woody debris had Bachman, R.A. 1984. Foraging behaviour of free-ranging wild and
shorter chase distances than conspecifics interacting in a hatchery brown trout in a stream. Trans. Am. Fish 3d& 1-32.
control treatment without woody debris (Sundbaum andDill, L.M., Ydenberg, R.C., and Fraser, A.H.G. 1981. Food abun-
Néaslund 1998). dance and territory size in juvenile coho salm@n¢orhynchus

In our study, focal fish with larger territories were able to  kisutch). Can. J. Zool59: 1801-1809.
keep neighbours farther away, but this effect did not translat&ason, P.K., and Stamps, J.A. 1992. The effect of visibility on ter
into significant differences in local or final population den  ritory size and shape. Behav. EcGt. 166-172.
sity. This is in contrast to other studies that have shown drausch, K.D. 1984. Profitable stream positions for salmonids: re
link between territory size and population density of juvenile lating specific growth rate to net energy gain. Can. J. Z6a.
salmonids (Grant and Kramer 1990; Grant et al. 1998; 441-451. _ _ _ _ _
Keeley 2000). In this study, population density did not differ Fausch, KD 1993. Experimental analysis qf microhabitat selection
among treatments, perhaps because fewer than half of the 8Py iuvenile steelheadQncorhynchus mykigsand coho salmon
24 individuals on the videotapes were aggressive at al dur (O._ kisutch) in a British Columbia stream. Can. J. Fish. Aquat.
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were sufficiently aggressive to warrant the calculation of 2uSch. K-D., and Northcote, T.G. 1992. Large woody debris and

. . - o . salmonid habitat in a small coastal British Columbia stream.
their territory size. Not all individuals of salmonid popula . o
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