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We examined the old, but untested hypothesis that territory size limits the maximum population density of sal- 
monids in streams. We used published data to derive an interspecific regression of territory size (m') on fork 
length (cm) (log,, territory size = 2.61 log,, length - 2.83, p2 = 0.87, n = 23). Growth and mortality trajectories 
of salmonid cohorts from eight experimental studies were compared to the maximum-density regression, the 
inverse of the territory-size regression. In shallow habitats, such as riffles and raceways, the cohort trajectories 
followed the maximum density regression quite closely and were consistent with the territory-size hypothesis. 
In addition, natural densities in eight other studies did not exceed the predicted maximum density and tended 
to fall within the 95% C.L. of the maximum-density regressiow. Data from shallow habitats, therefore, provide 
strong support for the territory-size hypothesis. A linear logistic response model showed that the probability of 
observing density-dependent growth, mortality, or emigration increased significantly with increasing values of 
an index of habitat saturation, developed from the territory-size regression. Our results suggest that the territory- 
size regression has practical value for predicting the maximum densities of stream-dwelling salmonids i w  shallow 
habitats and the occurrence of density-dependent population responses. 

Nous avons 6tudie l'ancienne hypoth&se non verifiee selon taquelle la supedisie du territoire limite la densite 
maximale de population des salmonides dans les cours d'eau. Nous avons utilise les donnees existantes afin de 
dkriver une &gression interspkcifique de la superficie du territoire (m') 3 la longueur 3 la fourche (cm) 
(log,, superficie du territoire = 2,61 log,, longueur - 2,83, r' = 0,87, n = 23). Les trajectoires de croissance 
et de mortalit6 de cohortes de salmonides provenant de huia etudes experimentales ont 6t4 comparees 2i la 
regression de densit6 maximale, I'inverse de la regression de la superficie du territoire. Dans le cas $'habitats en 
eau peu profonde avec courant rapide, les trajectoires des cohortes suivaient la regression de la densit6 maximale 
assez etroitement et elles etaient conformes 3 Ifhypothese de la superficie du territoire. De plus, les densites 
naturelles dans hamit autres etudes ne depassaient pas la densite maximale prevue et avaient tendance 3 se trouver 
dans I'intervalle de la limite du sehail de cowfiance de 95% de la regression de la densite maximale. Les donnees 
concernant les habitats en eau peu profonde appuient donc fortement Ithypoth&se de la superficie du territoire. 
Un rnod&le de repon* logistique Iineaire a montre que la probabilite d'observer une croissance, une mortalit6 
ou une emigration dependante de la densite augmewtait significativemeptt avec les valeurs croissantes d'un indice 
de saturation de I'habitat, 6Iabor4 2 partir de la r4gression de la superficie du territoire. I I  semble, dfapr$s nos 
r6sultats, que la regression de la superficie du territoire a.une valeur pratique pour prevoir la densite maximale 
des salmonid6s dans les habitats avec cours d'eau p u  profondes et I'occurence des reactions de la population 
dkpendante de la densite. 
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uvenile salmonids in streams co only defend feeding ter- 
ritories (Dill et al. 198 1; M c N i  t d. 1985; h c k e t t  m d  
Dill 1985). This territorial behaviour has been hypothesized 
play a role in limiting population density (e.g. Chapmm 

1966; Allen 1969; Mortensen 1977; Elliott 1984a). If a rnini- 
mum territory size exists, then territoriality w i l l  l imi t  maximum 
population density because excess individuals that do not 
acquire a territory presumably die or emigrate. The best evi- 
dence that territoriality can l imi t  the population density o f  mi- 
mals comes from studies o f  breeding birds (for a review, see 
Patterson 1980; Gauthier and Smith 1987). Similar evidence 
for stream-dwelling salmonids is lacking, but flat-topped stock- 
recruitment curves (see Solomon 1985 for a review) are at least 

'Resent address: Department sf Biology, Concordia University, 
I455 bIvd. de Maisonneuve Quest, Montreal, @6. N3G 1M8 Canada. 

consistent with the hypothesis that territoriality limits popula- 
tion density. 

There is not necessarily a logical link between territoriality 
and the limitation o f  population density. I f  territory size is 
inversely proportional to population density and there is no 
minimum t e n h r y  size, then k ~ t o f - i a l i t y  would play no rofe 
in limiting density. Behdgviowal ecological studies o f  stream- 
dwelling salmonids are more consistent with the view that ter- 
ritory size is flexible rather than rigid. Not  al l  individuals defend 
territories (MeNicol et d. 1985; h c k e t t  m d  Dill 1985; Grant 
and Noakes 1988), and when they do, territory size is influ- 
enced by the abundance o f  food and intruder pressure ((Slaney 
and Northcote 1974; Dill et al. 198 1 ; McNicol  and Noakes 
1984). In addition, territoriality in animals often ceases at high 
population densities (see Wilson 1975, p. 296297) when the 
costs exceed the benefits o f  defence. Juyenile salmonids may 
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conform to this generalization because they appear to switch 
from territorial to schooling behaviour when population den- 
sities are sufficiently high (Kallekrg 1958; Kawanabe 1969). 

Despite scepticism (e.g. NoAes and Grant 1986) about the 
hypothesis that temitory size limits population density (here- 
after, the tewiitory-size hypothesis), the resolution of this 
question has important management implications, because the 
temitory-size hypothesis predicts maximum population densi- 
ties which should not be exceeded by stocking or escapement 
quotas. In a stimulating paper, Alien (1969) suggested a unique 
way to test the ten-itory-size hypothesis. The inverse of a 
regression of tenitory size on body size (the maximum-density 
regression) predicts the rnaximum density of a salmonid pog- 
ulation that is composed of a single size-class. Allen (1969) 
could not test the territory-size hypothesis rigorously because 
he lacked sufficient territory-size data. However, his data sug- 
gested that space was not limiting because only 2-28% of the 
habitat appeared to be occupied by territories. But, instead of 
rejecting the territory-size hypothesis, Allen concluded that 
only 2-2096 of the habitat has the right environmental features 
for the territories of any single size-class of fish. 

Many studies have investigated the effects sf population den- 
sity on growth, mortality, or emigration rate (e.g . Le Cren 1973; 
Egglishaw and Shackley 1977; Mortensen 1977; Elliott 1984a) 
or tested the general idea that space may limit salmonid pop- 
ulation density (e.g . Chapman 1962; Mason 1969). However, 
no study has attempted to test quantitatively the hypothesis that 
territory size limits density. Therefore, our purpose was to re- 
examine this old question using a large database. We had three 
specific objectives: (1) to develop an interspecific regression of 
temtory size vs. b d y  size for juvenile strem-dwelling sal- 
monids, (2) to test quantitatively the territsry-size hypothesis 
by comparing population-density data from the literature with 

TABLE 1. Territory sizes sf  sueam-dwrelliq salmowids. 

N u m b 9  Speciesb Conditions" nd 

the maximum-density regression, and (3) to determine whether 
the maximum-density regression can predict the occurrence of 
density-dependent changes in growth, mortality, or emigration. 
Our study included data for seven species: coho salmon (Oneor- 
hynckus kisutch) , chinook salmon (0.  tshawytscha), rainbow 
trout (0.  mykiss, formerly h$CP&mo gairdneri), cutthroat trout 
(0.  clarki formerly Salms clarki) , Atlantic salmon (Salmo 
salar), brown trout (5. &rutla), and brook trout (Salveliaeus 
jontinalis) . 

A110meh-y of Territory Size 

Methods 

We searched the literature for data relating territory size to 
body size of strem-dwelling salmonids, starting with Dill 
(1978). We included only studies where temitory size was 
measured directly and did not include those where territory size 
was inferred from the inverse of population density. Some 
authors did not explicitly say how territory size was measured, 
but most appeared to use a version of the minimum-convex- 
polygon method (Schmner 1981). Wela studies reported 
territory sizes for fish under different conditions, such as high 
or low intruder pressure or high or low food density, a datum 
was included for each environmental condition, rather than 
calculating an average territory size. Because errors in the 
estimate of M y  size are much less than in territory size, we 
used the least-squares method to regress territory size on body 
size. 

The interspecific regression was compared to a regression 
for brook trout (Grant et al. 1989). The brook trout regression 
underestimated temtory size because it was based on average 
territory radius rather than the convex-polygon method. As 

Territory Fork 
area length 
b 2 b  ~ource 

F 
F 
ST-high ration 
ST-%ow ration 
ST 
ST 
ST 
A 
A 
A 
ST-low prey 
ST-intermediate prey 
ST-high prey 
a 
A 
A 
A 
F-high intruder pressure 
F-low intruder pressure 
ST-riffles 
ST-pools 
ST 
F 

Stradmeyer and Thorpe 1987 
Stradmeyer md T h o p  I987 
Symons 1971 
Symons 1978 
Kallekrg 1958 
KaHleberg 1958 
Kallebg 1958 
Stringer md Hoar 1955 
Stringer and Hoar 1955 
Stringer md Hoar 1955 
Slmey and Northcote 1934 
SBmey and Northcote 1974 
Slaney md Northcote 1974 
Ymagishi 1962 
Stringer and Hoar 1955 
Stringer md Hoar 1955 
Stringer and Hoar 1955 
Dill et d. 1981 
Dl1 et al. 1981 
Mason 1969 
Mason 1969 
McNicol and Noakes 198 1 
McNico1 et al. 1985 

*Numbers refer to data in Fig. 1. 
'S.S. = Atlantic salmon; S. t .  - brown trout; 0.m. = rainbow trout; 0 . k .  = coho s h s n ;  S.$. = brook trout. 
"F = field, unconfined fish in a natural stream; ST' = stream tank with directional water currents; A = aquarium with wesale dhctional water 

currents. 
*n = number of fish observed. 
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Fork  length (em) 
FIG. I .  Interspecific relationship between territory area (m2) and fork 
length (cm) for stream-dwelling salmasnids; numbers refer to data in 
Table 1. The equation sf the least-squares ~ g ~ s s i o n  is log,, area = 
2.61 log,, length - 2.83, $ = 0.87, n = 23, P<0.001; 95% C.L. 
for the slope and intercept are 2.15-3.07 and - 3.19 to - 2.46, respec- 
tively. The dashed line is the territory-size regression for brmk trout 
(Isg,,gfea = 2.48 log,,leng$h - 2.84, B;! = 0.70, n = 23, P<O.C@Z; 
95% C.L. for the slope is 1.74-3.22; data from Grant ek al. 1989). 
The brook trout data were multiplied by I .&I to make them cornpaable 
to the interspecific data. For the sake of graphical presentation, the 
uncorrected regression is shown @-intercept = - 3.05). 

Grant et al. (1989) discuss, the latter method. gave a result that 
was 1 .a times larger thaw the former, so territory sizes of brosk 
trout were multiplied by 1.64 to correct for this bias. 

To calculate a general mass (g) vs. fork length (cm) 
regression for stream-dwelling salmonids, we used regressions 
in Carlander (1969) supplemented with those in Brett and Glass 
(l973), Gee et al. (1978b1, Englert et al. (19821, and Elliott 
(1 985). A mean slope and intercept were calculated for each of 
sockeye sa%msn, rainbow trout, cutthroat trout, Atlantic 
salmon, brown trout, and brosk trout. The overall regression 
was calculated as the mean for the six species: log,, mass - 
3 -03 log,, fork length - 1 -93. 

Results 

We found territory-size data for five species in 10 different 
studies (Table I).  Territory size (m2) increased with increasing 
body length (em) (Fig. 1): 

log,, m a  = 2.61 log,, length - 2.83. 

Given the diverse environmental conditions under which the 
studies were conducted, body size explained a surprisingly high 
percentage of the variation in territory size. There were no 
obvious differences among species in territory size, but there 
was an order-of-magnitude variation about the line that 
appeared related to environmental conditions. For example, 
points 1 1 , H 2, and H 3 reflect an inverse relation between food 
density and territory size (see Slaney and Northcote 1974), 
whereas points 18 and 19 reflect the inverse relation between 
intruder pressure and territory size (see Dill et al. 198 I). 

Also shown in Fig. 1 is the territory size - body size regres- 
sion for young-of-the-year brook trout (Grant et a]. 1989). No 
significant differences occurred between the slopes of the 
regressions (ANCOVA, B = 0.80), and the intercept of the cor- 

rected brook bout regression was almost identical to the inter- 
cept of the interspecific regression, and was well within its 95% 
C.L. ( - 3.17 to - 2.46). The similarity of the two regressions 
gave us more confidence in the validity of the interspecific 
regression. We used the interspecific regression to test the 
territory-size hypothesis because it includes data for five sf the 
seven species in our study. 

Discussion 

Territory size increased as a power function of body length 
raised to exponents between 2.48 and 2.61 (Fig. 1). Because 
body mass (M) increases in proportion to fork length raised to 
the ower of 3.03, territory size increased in proportion to 
~ 0 . ~ ~ - ~ . ~ ~  (2.4813.03 - 2.6 113.03). In salmonids, metabolic 
rate is proportional to M raised to exponents between 0.75 and 
I -10 (Brett 1965; Brett andl Glass 1973; Schrnidt-Nielsen 1984) 
rather than the ubiquitous exponent sf 8.75 (Peters 1983). 
Therefore, Fig. 1 was consistent with the hypothesis that juve- 
nile salmonids increase their territory size as they grow in pro- 
portion to their increasing energetic requirements. 

Unlike sdmonids , the home rangelterritory size - body mass 
relationships for birds, mammals, and lizards have greater 
exponents than their correspnding metabolic rate - body size 
relationships (Harestad and Bunnell 1979; Calder 1984; 
Lindstedt et al. 1986). Damuth (1981) suggests that the greater 
than expected slopes occur because the number of conspecifics 
that share a home range increases with increasing body size, at 
least for herbivorous mammals. Salmonids are unique in a num- 
ber of ways that may account for the apparent difference in the 
allometry of their territories. They defend relatively two- 
dimensional territories near the stream bottom, md yet feed 
throughout the water column ow drifting aquatic invertebrates. 
Hence, the productivity of a salmonid territory will be directly 
proportional to the cross-sectional m a  of the territory or the 
square root of territory area. However, larger salmonids tend 
to occupy faster and deeper water (Chapman and Bjomn f 969), 
both of which will increase the food production of a territory. 
In addition, range overlap will be independent of body size 
because salmonids defend relatively exclusive territories. Thus, 
even if salmonid territory size increases in direct proportion to 
metabolic requirements, it is not clear how they should scale 
to body size. 

Juvenile salmonids defend territories of about seven body 
lengths in diameter (Grant et al. 1989). Compared to data for 
birds (Schoener 1968), salmonid territories [log,, area (m2) = 
0.86 log,, M (g )  - 1.171 are five orders sf magnitude smaller 
than bird territories [log,, area (m2) = 1.14 log,, M (g) 
-b 4.001. The only other data available for po&iHothems, sug- 
gest that the home range size of lizards (log,, area (mZ) = 
8.95 log ,, M (g) + 3.12) are four orders of magnitude lager 
than salmonid territories (Turner et al. 1969). Thus, the terri- 
tory-size hypothesis predicts that the maximum densities of 
stream-dwelling salmonids will be much higher than those of 
most animals of comparable size (see Peters 1983, chapter 10). 

Some of the variation about the interspecific reg~ssisn may 
reflect species differences, different methods of measuring ter- 
ritory size, md stochastic variation related to small sample 
sizes. The mean quare error a b u t  the interspecific regression 
was 0.066 compared to 8.089 for the brook trout regression in 
Fig. 1 and 0.253 for a brook trout regression for 110 less fre- 
quently aggressive fish (Grant et al. 1989). Hence, there was 
considerable variation about the brook trout regressions, even 
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Fork  length 
FIG. 2. Hypothetical population density data from single samples (d~ts )  
or from following cohorts through time ( m w s )  in relation to the 
maximum-density regression (solid line) and its 95% C.L. (dotted 
lines), predicted by the inverse of the territory-size regression. The 
data in (a) strongly support the hypothesis that territoriality limits den- 
sity, whereas those in @) falsify the hypothesis, and those in (c) sug- 
gest the hypothesis is irrelevant. 

when the effects of species and methodology were removed. 
We suspect this variation is real and is related to factors such 
as food density, intruder pressure, current velocity, and water 
depth. Including these factors in a multiple regression would 
potentidly decrease the variation about the dlometric regres- 
sions, but the data are not currently available to do this. 

Territory Size and the Limitation of Population 
Density 

Predictions of the Territory-Size Hypothesis 

When a single size-class of fish occupies a habitat, the 
territory-size hypothesis predicts that their maximum density 
will %Be the inverse of their territory size predicted from the 
territory-size regression. To test this prediction, we compared 
population density data from the literature to the maximum- 
density regression (i.e. the inverse of the territory-size 
regression): 

lsg,, density = - 2.61 log,, fork length 9 2.83. 

In Fig. 2 we show how we would use three hypothetical data 
sets to test this prediction. The mows represent cohorts of fish 
that are sampled repeatedly through time. An mow moving 
horizontally to the right indicates growth of fish with no 
mortality whereas m mow moving vertically down indicates 
mortality or emigration with no growth. Dots represent single 
population samples. 

The territory-size hypothesis predicts that a cohort beginning 
above the regression will move steeply down and then follow 
a trajectory along the maximum-density regression (Fig. 2a), 
that a cohort beginning below the regression will initially move 
horizontally and then follow a trajectory along the maximum- 
density regression, and that individual data points will cluster 
about the maximum-density regression within the 95% C.L. 
The territory-size hypothesis would be falsified by a cohort that 
begins and remains above the maximum-density regression, by 
a cohort that begins below a d  crosses above the regression, or 
by individual data p in ts  consistently above the upper 95% C.L. 
(Fig. 2b). Cohorts that begin below and do not approach the 
maximum4ensity regression (Fig. 2c) do not falsify the 
hypothesis but suggest that it is irrelevant. Other factors such 
as food, predation, or the quality of habitat must be limiting 
density. We would draw a similar conclusion if individual data 
points were consistently below the Iower 95% C.L. of the 
maximum-glensity regression. 

The simple graphical test of the hypothesis (Fig.. 2) cannot 
be used when more than one size-class of fish is present in the 
habitat unit that is sampled for population density. Instead, we 
used the territory-size regression to calculate an index of habitat 
saturation. For fish of size i, maximum density (Di max) was 
calculated from the maximum-density regression; this 
maximum density was defined as 180% saturated. For 
populations with n cohorts or size-classes present at one time, 
percent habitat saturation (PHS) was calculated as: 

n 

PHS = 100 2 D,JDi max, 
d =  i 

where Di is the actual density (per m2) of size-class i ,  Ti is the 
territory size (m2) for size-class i predicted from the territory 
size - body size regression, and 1.29 is a correction factor that 
is needed to remove bias introduced when the data were log,, 
transformed (Sprugel1983). If different size-classes do not have 
overlapping territories, due either to habitat segregation by size 
or to defence against all size-classes, then the territory-size 
hypothesis predicts that the maximum BHS will be 100. 
However, if territories of different size-classes overlap, i.e, no 
defence between size-classes, then PHS could be greater than 
100. 

The abundance of salmonids in streams is often reported as 
biomass (g.rne2) or production (g.m-2-yr- I) ,  neither of which 
can be used to test the predictions in Fig. 2. However, if log,, 
maximum density (no. .m-2) = 2.83 - 2.61 log,, fork length 
(cm) (i.e. the inverse of the territory-size regression in Fig. 11, 
and log,, mass = 3.03 log,, fork length - 1.93 (see Methods) 
then log,, biomass ( g ~ r n - ~ )  = 0.42 log,, fork length + Q.90. 
This implies that the biomass sf salmonids in cultures of 
uniformsize will increase with body length. For salmonids of 
23 ern, the largest fish in our interspecific regression (Table 11, 
the predicted biomass is 30 g.m-2. We can use this as a rough 
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Fork length (em) Fork length (cm) 
FIG. 3. (a) Population density md mean size of 0 f brown trout stocked in cages or screened sections of streams and recovered 133 d later (h 
Cren 1965, 1973). Lines join the initid population to the recovered population. The heavy line is the maximum-density regression with 95% 
C.L. for individual predicted values. (b) Total population density and mean size of juvenile coho sdmon md steelhead trout stocked and recovered 
in artificial stream channels (Fmser 1969). Lines join the initial and final populations after a 163 d experiment. 

estimate of the predicted maximum biomass of salmonids in 
sthems. 

Methods 

The clearest data for testing the hypothesis come from expr-  
imentd studies that follow a single cohort of fish though time. 
These studies typically provide relatively uniform habitats arad 
accurate estimates of fish size and density. Experimental stud- 
ies are presented in detail in the results if a single size-class of 
fish was stocked at a variety of densides and followed for at 
least 1 mo. Studies are presented in less detail if more than one 
size-class of fish was used, the fish were stocked at a single or 
small range of densities, or the fish were followed for less than 
B mo. 

Non-expe~mental data are also important because they 
reflect densities of fish under natural conditions. These obser- 
vational data are of three types: local-habitat densities, average- 
stream densities, md average-stream biomass. Local-habitat 
densities are the most relevant of the three types for testing the 
hypothesis. Because of habitat patchiness, some areas of the 
stream bed will be unsuitable for stream-dwelling sdmonids in 
general or for a particular size-class of fish. By focussing on 
smaller sampling units, local-habitat densities restrict the size 
range of fish per sample, which facilitates graphical testing of 
the hypothesis (i.e. Fig. 2). Hw addition, srndler sampling units 
increase the range and hence maxiwnaam densities encountered 
(Krebs 1989, chapter 3); the latter are important for testing the 
hypothesis. 

Most local-habitat densities in the literature are from focd- 
animal observations (ABtmmw 1974). By definition, these stsatxi 
exclude unused md low-density habitats, thereby providing the 
maximum densities in suitable habitats. As part of a study of 
the social behaviour of young-of-the-year bwOk trout (see Grant 
and No&es 1988), the number of conspecifics was counted 
within a 1 m' area around the focal fish. We searched the lit- 
erature for similar data for other species. 

Because average stream-density data are less satisfactory for 
testing the predictions of Fig. 2, we included only those orig- 
inally presented by Allen (1969) and the exceptional 1'3-yr data 
set for Black Brows Beck (Elliott 1984a, 1984b, 1985, 198'9, 
1988). 

Because they ignore the distribution sf mass among individ- 
udals, average-stream biomass were the least relevant of the thee 
types of observational data for testing the predictions of Fig. 2. 
Hence, we rely primarily on data in a recent review by M a n  
and Peamczak (1 986). 

Results 

Experimental studies 
Le Cren (1965,1973) - Le Cren stocked brown trout a h i n s  

into small screened sections of a natural stream and counted 
the survivors 133 d later. The trout fed on natural food that 
drifted into the sections. Le Cren's original da~.provided strong 
evidence of a flat-topped stock-recruitment curve, which Zed 
him to conclude that territorial behavioanr was responsible for 
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Fork length (cm) 
FIG. 4. Population density and mean size s f  juvenile coho salmon in 
(a) 3 riffles and (b) 3 p o l s  of an artificial stream channel (Mason and 
Chapman 1965). The lines follow the number of fish in each csm- 
partment over a 4-mo e x ~ ~ e n t .  The numbers refer to riffles 1, 2, 
and 3 and p % s  1, 2, and 3 respectively (1 is upstream, 3 is down- 
stream). The solid md dotted lines are a in Fig. 3. 

the density-dependent stma%iion. Ee Cren reported weights but 
not lengths of fish so we used Elliott's (1984b) relationship for 
brown tout to estimate length. 

When Ee Cren's data are replotted with our maximum- 
density regression, they provide strong support for the tmi- 
tory-size hypothesis (Fig. 3a). When initid densities were 
above the line, the number of survivors was just below that 
predicted by the maximum-density regression. W e n  initial 
densities were well below the line, the cohort trajectories were 
virtually horizontal. 

Raser (1969) - Fraser stocked a mixture of juvenile coho 
salmon and rainbow trout into stream channels from which they 
could not emigrate, and counted the survivors 164 d later. The 
cause of death was unknown. The fish fed on natural drift enter- 
ing and produced within the channel. Growth rate and survival 
rate of fish decreased with increasing density. 

Fraser" data (Fig. 3b) were consistent with the hypothesis 
in Fig. 2a. At the three highest stocking densities, the cohort 
trajectories paralleled the maximum-density regression. When 
the stocking density was well below the line, the cohort trajec- 
tory was horizontal. 

Mason and Chapman (1965) - Mason and Chapman stocked 
300 coho salmon alevins into two stream channels that were 
each divided into six habitats: three riffles alternating with three 
pools. The coho salmon could move freely among the habitats 
or emkrate from the channel. Food entered the channel as nat- 
ural drift at the upstream end (riffle 1 ,  p 1  1); drift density 
decreased downstream as the fish removed drift from the water. 
The number of fish was followed for 4 mo. Only data for the 
left channel are presented in detail (see their table 111). The 
alevins in the right channel emerged from the gravel asynchro- 
nously, and therefore were considered in less detail below. Fork 
length was estimated from data in their table V. 

Mason and Chapman's (1965) data for the three riffles 
(Fig. 4a) and three pools (Fig. 4b) are replotted with our 
regression. There were no significant differences among the 
slops of regressions through the seven data sets (P = 0.65, 
ANCBVA), but the intercepts were different (P < O.QQO1 ). 
The adjusted mean density for riffle H was not significantly 
different from the maximum-density regression (P = 0.97, 
ANCBVA) and provided strong support for the territory-size 
hypothesis. Adjusted mean densities for riffle 2 and 4 were less 
than the maximum-density regression (P = 0.027 and 0.0082, 
respectively), demonstrating the infuence of food availability 
on population density. 

Data for pools 1 and 2 falsified the territory-size hypothesis 
since the adjusted mean density of coho salmon was greater 
than the maximum-density regression (P = 0.BX)OI and 0.025, 
respectively). The densities of coho salmon in pool habitats of 
Mason's (1969) experiments (not shown) were also above the 
upper 95% C.E. Food availability was also important in pools 
as population density decreased from pool 1 to pool 3 
(P = 0.0O03, ANCOVA). 

Mason and Chapman's (1965) data also illustrate the impor- 
tance of measuring local-habitat density rather than average- 
stream density for composite habitats. Even within this small 
stream channel (7.6 x 0.9 m), the density varied by an order 
of magnitude between pool 1 and riffle 3 (Fig. 4a, 4b). 

Mason (1976) - Mason's influential study attempted to 
determine whether food or space limited the density of stream- 
dwelling salmonids during summer. Mason stocked juvenile 
coho salmon into small screened sections of a natural stream 
under two feeding regimes: natural fwd only or natural food 
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FIG. 5 .  Popu1ation density and mean size of coho salmon stacked and 
recovered from screened sections of a natural stream (Mason 1976). 
Solid circles show populations recovered from sections supplemented 
with food; the open circles show control populations. The solid lime 
is the maximum-density regression with the lower 95% C.E. 

supplemented with a daily ration of 15% per day. Fish were 
allowed to emigrate from the sections, md the number of sur- 
vivors was recovered after either 50 or 62 d. 

Supplemental feeding of coho salmon increased the growth 
rate md density of fish remaining in the sections compmd to 
control populations (Fig. 5). Mason concluded that food md 
not space limited the density of juvenile coho. However, his 
results were also consistent with the territory-size hypothesis 
because the density of fish recovered from the two highest 
stocking densities were very close to the maximum-density line. 
Repeating these experiments at higher stocking densities md 
f d  densities would provide a stronger test of the territory- 
size hypothesis. 

Other experimental studies - A number of authors stocked 
juvenile salmonids in stream tanks at high density, allowed 
some to emigrate, md reported "final" densities when emi- 
gration had ceased. We have collected these data in Fig. 6. To 
allow us to present all the data in one figure, the data are 
expressed as percent habitat saturation (PHS). 

The data were generally consistent with the predictions since 
13 of 16 recovered populations were within the 95% C.L. Ten 
sf 16 populations were below saturation, but this did not differ 
from chance (P>0.20, two-tailed binomial test). The variation 
in PHS of the final populations was probably due to factors 
other thm just space. For example, all 18 fish emigrated from 
the low food + high cover treatment of Wilzbach's (1985) 
experiment. Of particular interest are the two data points of 
Fausch (1 984). His initial densities were close to the upper 95% 
C.L. and although emigration occurred, the final densities were 
well above 188 PHS, but within the C.E. However, 87% of 
the fish remaining in the stream channels lost weight during his 
experiment. Thus, fewer fish than expected emigrated, but they 
showed the effects of space-related competition by losing 

S R 
FIG. 6 .  Percent habitat saturation for juvenile salmonids stocked (S) 
and non-emigrants recovered (R) in experimental labratory studies. 
Numbers refer to data from (1) Faasch (1984~), (2) right riffle 1 and 2 
from Mason and Chapmm (1965), (3) Wilzbach (1985), (4) Slaney 
and Northcote 19741, and (5) Stein eet al. (1 972). The solid line rep- 
resents a PHS s f  100; the dotted lines are the approximate 95% C.L. 
fmm the maximum-density regression. 

weight. These fish would presumably s t m e  to death in a 
longer-tern experiment that allowed no emigration. 

Obsemationab studies 
Local-habitat density - Population density of young-of-the- 

year brook trout from three streams in southern Ontario are 
plotted in Fig. ('3 (J. W. A, Grant, unpubl. data); the range in 
size is due to growth over the summer. Young-of-the-year trout 
rarely used the same microhabitat as older age-classes in these 
streams, so the data represent the total standing crop in these 
habitats. No density exceeded h e  upper 95% C.L. The density 
of small fish (<4 cm) was more often (('36%) below the lower 
95% C.L. than was the density of large fish (15%). The tra- 
jectory of the points was consistent with the predictions of 
Fig. 2a. The density of small bout did not appear to be limited 
by territory size, whereas space appeared to be more limiting 
for large young-of-the-year trout. 

Other visual estimates of local-habitat density from the lit- 
erature are shown in Fig. 8. Most of the points are within the 
95% C.L. of the maximum-density regression. Of note are the 
data of hcket t  and Dill (1985) who observed "floaters" living 
between the territories of other fish (point 4). If these floaters 
are excess fish that cannot acquire a permanent territory, then 
the population density of territorial fish alone (point 3) should 
be close to saturation. The large range in density of territorial 
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FIG. 7. Population density of young-of-the-year brook trout estimated from focal-mimd observations 
in three southern Ontario streams. Each int represents the mean density of f d in one stream. The 
range in size is due to growth over the summer. Solid and dotted lines as in Fig. 3. 

fish suggested that floaters might not alway 
cannot acquire a territory because of a lack 
are individuals that adopt an alternative foraging strategy. The 
total density sf  territorial fish plus floaters (point 5) was close 
to the regression line, supporting this latter interpretation. 

Average-stream density - Allen (1969) collated density data 
for salmonids in streams from the literature. These data (Fig. 9) 
represent higher than average densities because Allen rejected 
studies where densities were so low as to suggest that factors 
other than space were limiting. 

Sixteen of the 20 data points were belo 
and the mean PHS was 1 8.6 (range = 4. 
acwrately rqreseet higher than averagedensities of salmonids 
in the wild, then we would conclude that other factors such as 
food, spawning habitat, or predation must normally limit these 
populations. However, we think these data underestimate the 
actual density of fish in usuable habitat because Allen (1 
deliberately combined data for separate stream sections to 
obtain average densities for large areas of stream. Furthermore, 
Allen plotted data for different size-classes in the same area 
separately. Different size-classes in the same area should be 
summed unless they occupy different microhabitats and den- 
sities are reported separately for those microhabitats. Bther- 
wise, one needs an estimate of the total space used by all size- 
classes in the area sampled for population density. When we 
summed the densities of different size classes in an area, only 
four of 10 points fell below the lower 95% C.L., the mean PHS 
was 37.2 (range = B 1.3-7 1.91, and none were above the upper 
95% C .  L. Hence, Allen's revised data were generally csnsis- 
tent with the territory-size hypothesis. 

1984a) measured the density sf juvenile brown trout 
rows Beck, England for 17 consecutive years. There 

was strong density-dependent mortality within the first 2 mo 
after emergence when young trout were establishing feeding 
territories (Elliott 1984). When we replotted these data (Fig. 18) 
the density of emerging alevins was close to the regression. 
The steep drop in density refleets the strong density-dependent 
mortality observed by Elliott, after which the cohort trajectory 

follows the lower 95% C.L. of the maximum-density line. The 
drop in density after emergence is qualitatively consistent 

~thesis, but these data underestimate 

present at a time. 
To present graphically more tlam one c~hor t  at a time, we 

plotted PHs for all fish that were present at one time (Fig. 11); 
this was possible for 14 yr. For the ay/June md Aug ./Sept . 
samples, we summed the BHS for the O f ,  1 +, and 2 f  
cohorts. Elliott did not sample the B + and 2 + cohorts dufing 
the emergence of 0 +  fish, so we assumed that BHS for these 

e between emergence in A 
sampling in May/June, i.e. that any growth dufing this short 
period was offset by mortality. The decrease in BHS between 

the densit y-dependent mortality 
ted for the high density of alevins in 
population responded to 

ncreased in BHS between 
and Aug./Sept. Eleven cohorts remained below saturation at 
the Aug ./Seat. census (B = 0.057, two tailed binomial test). 

All the points in the MaylBune and AugJSept. smples were 
within the 95% C.L. and clustered cllosel 
size line. Hence, Elliott's data appear to p 
for the hypothesis. 

Biomass data - An extensive review 
is beyond the scope of this paper, but Mmn 
who recently reviewed salmonid producti 
cluded that an approximate ceiling in production occurs at a b u t  
30 gom - 2y- ' . Assuming an average production/biomass ratio 
of 1.30 (Mann and Penczdc this translates to a maximum 
biomass of 23 not ow our predicted maximum 
of 30 g*m-2. We are a f two studies that exceed 
30 g ~ m - ~ .  Sand Creek, Wyoming, had a biomass of 
63.4 g-m-'; the biomass in t remaining 43 streams surveyed 
by Binns and Eiserman (19 was less than 30 gems2. The 
biomass of brown trout in the Horokiwi stream apparently 
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FIG. 8. bcd-habitat densities (mean and range) of stream-dwelling 
salmonids from visual surveys. The numbers refer to data from the 
following papers: (I) Chapman (1962), (2) Wdowski asld Thsrpe 
(1979), (3) tenitorid fish, hckett and Dill (1 9851, (4) floaters, hckett 
and Bill (1985), 45) tenitorid fish f floaters, hckett and Dill (1985), 
(61 nomstenitorial fish, hckett and Dill (1985), (7) McNicol et al. 
(1 9851, and (8) Stradmeyer and Thorpe (1987). Solid and dotted lines 
as in Fig. 3. 

exceeds 50 g*rne2, but Le Cren (1969) suggests that this value 
is an overestimate. Given the approximations in the calcula- 
tions, neither estimate is far above the suggested maximum. 
Moreover, higher values would be expected if fish were lager 
than 23 cm or if pools were common at a site (see below). 

The territory-size hypothesis was clearly falsified in the pool 
habitats of Mason's (Mason md Chapman 1965; Mason 1969) 
stream channel. The coho salmon in these po i s  were distrib- 
uted thoughout the water column (also see Fausch and White 
1986), but were found only near the substrate in riffles (see 
figures 9 and 10 in Mason (1969)). This falsification suggests 
that the hypothesis is not applicable in three-dimerasiond hab- 
itats such as pools. Apparently, more fish than predicted by the 
maimurn-density regression can occupy sites if the fish are 
distributed in thee dimensions. If the same pattern occurs in 
natural streams, then we would predict high standing crops of 
salmonids in pool habitats. There is some evidence of this: sal- 
mnid  biomass was positively come1ated with the percentage 
s f  stream area that was composed sf pools (Bowlhy and Roff 
1986) and pool volume (Nickelson et a]. 1979 in rausch et do 
1988). 

Fork length (em) 
FIG. 9. Average-stream density for resident populations of s m m -  
dwelling salmonids from table 1 of Allen (1969). Solid and dotted 
lines as in Fig. 3. 

B 

E 
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FIG. 1 Q. Average-stream density (mean and SD) s f  brown trout in Black 
Brow's Beck (Elliott B984a, 1984b, 1985). Successive points follow 
cohorts from emergence as alevins, to 0 + in May, to 0 f in August, 
to 1 + the folowimag May, to B + the following August. Solid and 
dotted lines as in Fig. 3. 

W e n  the compksons are limited to shallow habitats, many 
of the experimental data (e.g . Fig. 3, 4a) and field data (e.g . 
Fig. 7, 8, B 1) were cornsistent with the territory-size hypothesis 
and no data provided a clear falsification. However, more field 
estimates of local fish density in usable habitat are needed to 
test the hypothesis more rigorously. 

Can. 9. Fish. Aquat. Sci., V01. 47, 6990 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

N
IV

 O
F 

W
IS

C
 M

A
D

IS
O

N
 o

n 
05

/3
0/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



TABLE 2. Studies reporting density-dependent or no density-dependent responses in relation to percent habitat saturation (PHs) calculated from 
the territory-size regression. 

PHS Response" 
Age- 

Sourcea class" Speciesc Comparison Mean Rmge G M E 

0.k. 
0.k. 
0.k. 
S.S. 
S.S. 
S. t. 
S.r. 
S.t. 
0.k. 
O.k., 0.m. 
S.S. 
S.S. ,  0.m. 
0.m. 
S.f. 
S.t. 
S.b., S.S. 
S. t. 
S.S. 
S.S. 
Set. 
0.m. 
0. k. 
0. k. 
0.k. 
0 . k .  
0.k. 
0.k. 
0.k. 
0.k. 
0.k. 
0.k. 
0.k. 
0.k. 
s .f. 
S.S. 
SJ. 
S.S. 
S.S. 
0.k. 
0.k. 
0 .  k. 
0.k. 
Sf. 
S.f. 
0.m. 
0.m. 
0.m. 
O.k., OQl. 
O.k., 0.t. 
O.K., 0.t. 
O.k.,  0.r. 
O.k., 0.o. 
0.c. 

single density 
single density 
single density 
different yeas 
different densities 
different years 
different yeas 
single density 
single density 
different densities 
different stream sections 
effect of S.S. on 0.m. 
single density 
different years 
effect sf 3.3. on 3.r. 
different yeas 
different years 
effect of S.t. om S.S. 
different yem 
different densities 
different densities 
single density 
single density 
single density 
single density 
different densities, unfed 
single density 
single density 
single density 
single density 
single density 
single density 
single density 
different yews 
different densities 
different stream sections 
different stream sections 
different stream sections 
single density 
single density 
single density 
single density 
different years, Hunt Creek 
different densities 
single density 
single density 
equilibrium density 
single density 
single density 
single density 
single density 
single density 
single density 

"1 = Chapman 1962; 2, 3 = Egglisholw and Shackley 1977, 1980; 4, 5, 6, 7, 8 = Elliott 1984a, 1984b, 1985, 1987, 1988; 9 = Fausch 
1984; 10 = Fraser 1%9; 1 1, 12 = Gee et al. 1978a, b; 13 = H e m  and KynaarB 1986; 14 = Hunt 1974; 15, 16 = Kennedy and Strange 1980, 
1986; 17, 18 = Le Cren 1965, 1973; 19 = Li and Brocksen 1977; 20, 21 = Mason 1969, 1976; 22 = Mason and Chapman 196%; 23 = 
McFadden et d. 1967; 24 = Mills 1969; 25 Mortensen 1977; 26 = Randall md Chadwick 1986; 27 = Wuggles 1966; 28 = Shewr 1961; 
29 = Slaney md Northcote 1974; 30 = Skein et al. 1972; 3 1 = Wilzbach 1985. 
bM = more than one age-class. 
"0.k. = coho salmon, 0.d. = chinook salmon, 0.m. = rainbow trout, 0 . c .  = cutthroat trout, S.S. = Atlantic salmon, S.t. = brown trout, 

and S.f. = brook trout. 
dG = growth rate, M = mortality rate, E = emigration rate; + = a significant decrease in p w t h  rate or an increase in mortality rate with 

increasing density or more than 18% of the fish emigrated; - = no significant changes in growth or mortality rate with changes in density or 
less than 80% of the fish emigrated. 
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Apri l  May- B u g . -  
June Sept .  

FIG. 1 1 .  Percent habitat saturation of brown trout (age 0 + , B -k and 
%+) in Black Brow's Beck (Elliott 1984a, 1984b, 1985%. Solid md 
dotted lines as in Fig. 4 .  

Although the data show that the territory-size regression can 
Be used to predict maximum densities of stream-dwelling sal- 
monids, this cannot be taken as evidence that territoriality is 
the actual mechanism that limits density. Not all individuals 
defend territories in the field (Puckett and Dill 1985; Grant and 
Noakes 1988) or even in some of the experimental studies that 
provided strong support for the territory-size hypothesis (e.g. 
riffle 1 , Mason and Chapman H 965; Slaney and Northcote 1974; 
Fausch 1984). Hence, population density reported in many 
studies probably includes floaters or other individuals that do 
not defend space. We suspect that territoriality pea se is not the 
mechanism that limits density, but rather that territory size pre- 
dicts the spatial requirements of stream-dwelling salmsnids, 
whether the space is defended or not. In territorial brook trout, 
foraging areas were similar to defended areas (Grant et al. 
2989). Nonterritorial brook trout in the same streams had some- 
what smaller foraging areas than territorial fish (Grant 1990), 
but their foraging areas may be sufficiently similar in size to 
be adequately predicted by the territory-size regression. When 
these spatial requirements are not met, density-dependent 
growth, mortality, or emigration should occur. 

Territory-Size Hypothesis and Density-Dependent 
Responses 

Predictions 

The territory-size hypothesis predicts the maximum densities 
of sfream-dwelling mlrnoids. As a cohort approaches this 
saturation point, the hypothesis predicts that individuals will 
cease growing, emigrate or die. If space is the only factor 
affecting growth, emigration, and mortality, then the territory- 
size hypothesis predicts that these responses will be dewsity- 
independent at densities below the lower 95% C.L. of the 

maximum-density regression. As the habitat becomes 
increasingly saturated, the probability of observing density- 
dependent responses increases until it reaches % .O at a habitat 
saturation of 100%. If factors other than space affect growth, 
emigration, md mortality, then density-dependent responses 
can occur at densities less than the lower 95% C.L. of the 
maximum-density regression. However, the qualitative 
prediction of the territory-size hypothesis w i l  still hold: the 
probability of observing a density-dependent response increases 
with increasing density or habitat saturation. It is also important 
for fisheries managers to know at what densities or levels of 
habitat saturation these responses occur. 

Methods 

To test the predictions of the territory-size hypothesis, we 
searched the literature for studies that reported either density- 
dependent or no density-dependent responses. A density- 
dependent response was defined as a statistically significant 
(lY8.05) decrease in growth rate or increase in mortality rate 
with inc~asing density, or as emigration by more than 10% of 
the fish. 'No emigration9 was defined as less than 10% of the 
initial fish leaving to guard against a few individuals reacting 
abnormally to laboratory conditions or a low level of density- 
independent emigration in the field. Emigration was the most 
sensitive measure of density-dependent responses because we 
could score a response for a specific value of PHS. In contrast, 
we could only assess density-dependent growth or mortality by 
a significant change in the response at different values of BHS. 

Mimy of the populations could be scored (yes or no) for more 
than one of the three potential responses: growth, mortality, 
and emigration. To insure independence of the data, a popu- 
lation contributed only one data point if it showed the same 
response for all measure$ Populations that showed ambiguous 
responses (e.g. two yes, one no; one yes, two no; one yes, one 
no) contributed two data points: one yes and one no. 

Results 

Table 2 lists studies that report either density-dependent or 
no significant density-dependent responses in relation to PWS. 
Because we could not score the strength of a density-dependent 
response for all studies, we treated it as a categorical response: 
yes or no. There we as yet too few data to draw strong conclu- 
sions about whether growth, mortality, and emigration respond 
differently to increases in BHS. One interesting trend was that 
three studies that reported strong density-dependent mortality 
reported no density-dependent growth (McFadden et al. 1967; 
Gee et al. 1978a, b; Elliott 1984a, b). 

We used PHS to predict whether or not density-dependent 
responses occurred: a datum was included for each row in 
Table 2. Because PHS is a continuous variable and density- 
dependence is a categorical variable, we analyzed the data using 
a linear logistic response model (Fienberg 1980; also called 
logistic regression, %AS Institute Inc. 1982). As predicted by 
the territory-size hypothesis, the probability of observing a 
density-dependent response increased with increasing mean 
PHS (Fig. 12). The logistic response function correctly pre- 
dicted the response in 81% (46/5"$ of the cases (Fig. 12). 

The inflection point in the response function represents the 
equal probability of observing density-dependent and no 
density-dependent responses. The BHS at the inflection point 
(27.2) was remarkably close to the lower 95% C.L. of the max- 
imum-density regression (PHs = 27 3). At a PHS of BOO, the 
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Percent  h a b i t a t  sa tura t ion  
FIG. '12. Linear Iogistie response mdel relating the probability of observing a densitydependent 
response (growth, msrasality, or ernigatisn) in relation to percent habitat saturation (PHs). The line is 
In (plB - p )  = 4.07 Boglo BHS - 5.84, wheep = probability of observing a density-dependent response 
( x 2  = 12.16, n = 57, df = 8 ,  P<O.OOI). The inflection pint ( P  = 0.5) is at a PPH of 27.2; the 
mows show the approximate 85% C.L. of the territory-size regression. Individual data pints are shown 
(P = O or P = '1.0). 

logistic response function predicted that the probability of 
observing a density-dependent response was 0.91. 

Discussion 

The accuracy with which mean PHS was able to predict the 
wcwence of density-dependent responses (8 1 96) was encour- 
aging because PHs is a measure only of the spatial saturation 
of the habitat; we deliberately ignored other important factors 
like habitat productivity and predation which undoubtedly affect 
growth, mortality, and emigration. In addition, we have ignored 
the quality of the habitat and assumed that d l  space used by 
the fish is equivalent. The predictive power of PHS would prob- 
ably increase if one could apply the technique only to suitable 
habitat (sensu Bovee 1982) for a given species or life stage or 
incorporate other factors in a multiple regression. 

The close correspondmce between the inflection point in the 
logistic regression and the lower 95% C.L, suggested that the 
territory-size regression delimits a zone of space-related com- 
petition. We believe that the territory-size regression and the 
concept of BHS have applied value for sdmonid biologists. 
Percent habitat saturation may be a valuable index for com- 
paring the density or standing crop between streams or within 
streams over years. Abundance is traditionally expressed as 
density (no. s x n -  ') or as biomass (gam- 2) ,  thus ignoring the size 
of the fish. Biomass data integrate the number and size of fish 

would not be the case: more space is used by two 1-8 fish than 
by one 2-g fish. PHS provides an index that integrates the num- 
ber, size, and space requirements of salmonid fish. 

The territory-size regression and PHS can be used as rough 
guides for setting maximum stocking densities for strearn- 
dwelling salmonids in relati~n to body size. For example, the 
logistic response function suggests that stocking fish into a 
stream where the PHS of the resident populations is greater than 
27 will likely cause a density-dependent response in either the 
stocked or resident population. 

The territory-size hypothesis predicts that a cohort of stream- 
dwelling salmonids in a saturated environment will experience 
a reduction in population density as individuals increase in size. 
This "self-thinning9' phenomenon has k e n  widely studied in 
plants (Westoby 1984) and recently in sessibie marine inver- 
tebrates (Hughes and Griffiths 1988). Double logarithmic 
regressions of average plant mass vs. plant density often, but 
not always, have a slope close to -312 (Weller 1987). Based on 
energetic allometries, Begon et al. (1986) have argued that 
mobile animal populations should exhibit a self-thinning slope 
of - 413. Bur empirical regressions suggested a slope of - 1.16 
for stream-dwelling saimonids. If log,, density = 2.83 - 
2.6 1 log,, fork length, and log,, mass = 3.03 log,, fork length 
- 1.93, then log,, mass = 1.35 - 1.16 log,, density. The 
validity of this salmonid thinning line remains to be tested. 

Conclusions 
but assume that the distribution of mass among individuals is Body length explained 87% of the variation in territory size 
not important. The territory-size hypothesis predicts that this of juvenile salmonids in streams, despite differences in species, 
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envkomentd conditions, and methods of measuring territory 
size. We used the inverse of this regression, the maximum- 
density regression, to test the hypothesis that territory size lim- 
its the maximum density of juvenile salmonids in streams. In 
shallow habitats such as riffles md raceways, no data clearly 
falsified the hypothesis and most either strongly supported or 
were consistent with the territory-size hypothesis. We suspect 
that territoriality is m t  the mechanism that actually limits den- 
sity, but rather that territory size predicts the spatial require- 
ments of stream-dwelling salmonids, whether the space is 
defended or not. 

An index of habitat saturation (PHS), which was developed 
from the territory-size regression, was able to predict the occur- 
rence of density dependent growth, mortality, or emigration in 
81% of the cases. The predictive power of the territory-size 
regression a d  PHS was surprisingly strong because both 
assume that space is the only factor influencing density; we 
deliberately ignored other important factors like habitat pro- 
ductivity and predation. The territory-size regression md PHs 
should be valuable tools for predicting maximum population 
densities, the occurrence of density-dependent population 
responses, and stocking densities of stream-dwelling sdmonids . 
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