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Synopsis

Coexistence of many size groups of conspecifics in habitat patches may complicate resource partitioning and increase
intraspecific interactions. The objectives of my study were to determine partitioning of habitat among age groups
of rainbow trout,Oncorhynchus mykisgoexisting in pool habitat of a headwater stream, and to determine the
role of intraspecific competition for such resource partitioning. The trout population showed size and age specific
patterns of habitat use, and trout selected locations based on depth and longitudinal position. This habitat use pattern
decreased intraspecific overlap among the trout age groups for use of pool space. | used a removal experiment to
determine if two-year old trout constrained habitat use by the smaller conspecifics. Although the experimental
results imply that recent intraspecific competition was not present, the absence of competitive exclusion was not
clearly demonstrated because of low experimental power. While this study identified habitat partitioning among
the trout age groups, it remains unclear whether biotic interactions or size specific requirements were causing the
habitat use patterns.

Introduction In contrast, conditions suitable for fish growth and
survival are limited in headwater streams. Whitewater
Fish size groups typically segregate among riffle, run, and pool typically alternate, producing what can be
and pool in large streams where these habitats exist.considered a patchy distribution of optimal habitat in
Larger fish are found in pools while smaller fish an otherwise suboptimal environment (Fretwell 1972,
are found in shallower habitat such as run and riffle Wiens 1976, Fraser & Sise 1980). Fish may either coex-
(Bohlin 1977, Schlosser 1982, Mahon & Port 1985, istin pools or occupy unsuitable habitat and experience
Moyle & Vondracek 1985, Greenberg 1991, Aadland lower survival (Fretwell 1972, Fraser & Cerri 1982, Van
1993, Mullen & Burton 1995). The mechanism caus- Horne 1982) and growth rates (Ostfeld 1992). Conse-
ing larger individuals to use different habitats than their quently, many size groups of fish may concentrate in
smaller conspecifics may be related to interference pools of headwater streams. Under such presumably
competition (Jenkins 1969, Bohlin 1977, Van Horne constant environmental pressures, a population may
1982, Kincaid & Cameron 1985, Freeman & Stouder evolve a space use pattern that minimizes the nega-
1989) or predation (Schlosser 1988, Power et al. 1989, tive effects of many size or age groups of conspecifics
Harvey & Stewart 1991). Nevertheless, segregation coexisting and competing for space (Schoener 1977,
by fish size and age among habitat types minimizes Connell 1980).
intraspecific niche overlap by increasing resource par- The upper reaches of the North Fork San
titioning (Schlosser 1987). Gabriel River support a population of rainbow trout,
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Oncorhynchus mykissYoung-of-the-year, yearling, = microhabitat among the trout age groups and availabil-
and two-year old trout are primarily confined to pools, ity. | measured trout use of microhabitat by perform-
which are separated from one another by high gradienting snorkeling surveys. For each pool, | entered the
reaches of swift, turbulent water. The study presented in stream then crawled upriver to the downstream bound-
this paper had two objectives. The first objective was ary of the pool to minimize the chance of frightening
to determine partitioning of habitat among the coex- trout. Trout location was marked on the pool chan-
isting trout age groups. The second objective was to nel bed using a set of sequentially numbered mark-
determine causal mechanisms underlying any observeders. Total trout length and vertical distance above the
habitat partitioning. channel bed (focal height) were estimated to the near-
est 1 mm. Estimates of trout length and focal height
were frequently calibrated with a hand held ruler and
Study stream comparison of substrate particles of known length. The
) ] ] _dive survey proceeded from downstream to upstream
The North Fork San Gabriel River is located in  for each pool; trout usually swam downstream past
the Angeles National Forest, California (34N, me after | marked their location, thereby decreasing
1175030'W). The North Forkis asecond order stream the chance of making repeated observations on the
that originates at an elevation of about 1000m, and same individual. Trout obviously frightened were not
flows 7 km through a narrow canyon to its confluence nclyded in observations. A total of 150 microhabitat

with the West Fork. This study was conducted in a gpservations were made. | revisited each microhabi-
0.7 kmreach of the North Fork located atan elevation of {5t marker after snorkeling and measured streamflow

about 800 m and about 6 km upstream of its confluence y,e|ocity (cm sect) and water column depth (cm) with
with the West Fork. Instream habitatin the study reach an glectronic flow meter. Measurement of streamflow
was high gradient and shallow with turbulent stretches yg|qcity was made at the trout focal height.

of water interspersed with pools. Boulder and cobble  The gistribution of depths and water velocities avail-
substrate were usually exposed in white water habitats, ap|e to trout was estimated by measuring streamflow
and were present along with gravel, sand, and smaller ye|ocity and total depth at randomly selected chan-
particles in mostpools. White aldédinus rhombifolia  ne| cross-sections. At least two cross-sections were
and arroyo willowSalix lasiolepisshaded the riverin  pjaced in each pool, but three cross-sections were used
most areas | observed. Accumulations of small woody j relatively long pools. A minimum of 12 velocities

debris, less than 10 cm in diameter, were common along ang depths were measured along each cross-section at

the stream banks. Discharge averaged 0.08eu* equally spaced intervals. Streamflow velocity was mea-
during the study. Water clarity averaged 3.5m. Mean gsyred at4 cm above the channel bottom, the modal focal
water temperature was 140 height determined during preliminary surveys. A total

of 629 depths and water velocities were measured.

Methods
Measurement of longitudinal position
I combined measurement of microhabitat (depth and
velocity) use and availability, and longitudinal position | measured the longitudinal position held by trout to test
of trout in randomly selected poois = 13). Length  the null hypothesis of no segregation among the trout
of the pools ranged from 3.3 to 9.7 m. Mean pool width age groups. Trout position was estimated by dividing
ranged from 2.9 to 7.6 m. All measurements were per- each pool into three zones then noting the presence
formed during the summer (July) when densities of of trout in each of the zones. The pool zones were: a
young-of-the-year and older trout are expected to be at downstream zone that | termed the tail, a middle zone,
their highest, and competitive interactions and resource and an upstream head zone. The head zone was usually
use overlap among trout age groups are probable.  the deepest part of the pool, and exhibited the high-
est proportion of surface turbulence and bubble screen
Measurement of microhabitat use and availability (entrained air). Boulder and cobble were predominate
along the margins at the head of pools. The tail was
I collected microhabitat use and availability data to the shallowest area of the pool, and bubble screen and
test the null hypothesis of no difference in use of surface turbulence were minimal if present. Substrate
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in the tail was mostly small gravel and sand particles. Fausch & White 1981). Although no enclosure was

The physical characteristics of the middle zone were used during the removal experiment, | observed no
intermediate between those of the head and tail. The two-year old trout in the pools during repeated sur-

number of markers placed on the pool channel bed dur- veys performed after removal. | expected no change in
ing microhabitat use measurements, and therefore thetrout density among the experimental pools during the
number of trout and their estimated lengths, were tallied relatively short two-day rest period.

for each of the zones. The positions held by trout were

divided by pool length to express longitudinal position  pata analysis

as a continuous variable. Hereafter | refer collectively

to microhabitat and longitudinal position as habitat. ~ a length-frequency distribution was prepared using the
trout lengths (mm converted to cm for analysis) esti-

Removal experiment mated during the_ snorkel survey. Length obse_rvations
were separated into young-of-the-year, yearling, and
two-year old groups, based on the age group peaks.
Separation of age groups was validated with the anal-
ysis of scales using standard methods (Jerald 1983).

Test of significant (type | error rate 0.05) differ-
ences among trout age groups in use of depth and veloc-
ity and in availability was determined using one-factor
univariate analysis of variance (ANOVA). Tukey's a
posteriori test was used to determine which level means
were different from one another.

Simple linear regression was used to describe and
model the relationship between trout length and use
of microhabitat. | examined plots of residuals against

| performed a removal experiment to test the null
hypothesis that two-year old trout did not constrain use
of microhabitat by their smaller younger conspecifics.
My rationale was that the younger conspecifics would
detect the absence of two-year old trout and occupy
deeper water locations toward the pool head. A differ-
ence in microhabitat use by the younger trout after |
removed the two-year old trout would indicate inter-
ference competition.

The removal experiment involved three equally
replicated(n = 2) treatments: removal, electrofish-
ing treated, and untreated. Experimental pools were =" _ i
randomly selected from the pools where habitat use €Stimated predicted values to assess the appropriate-
and availability measurements were performed. Treat- "€SS of the_ regressions; outliers were identified based
ment type was assigned randomly. The removal treat- ON Studentized residuals (Montgomery & Peck 1992,
ment involved capturing and removing two-year old Wilkinson et al. 1994). | used stepwise regression to

trout using a backpack electrofisher. A 0.5cm stretch assess the contribution of longitudinal position and
mesh blocknet was placed at the downstream bound_depth at locations used for explaining variation in trout
ary of each pool before electrofishing to prevent trout €Ndth. I used one-factor univariate ANOVA to test for

emigration. No blocknet was placed at the upstream differences in longitudinal position among the trout age
pool boundary because the high gradient habitat prob- grOl;]ps. | he nul
ably prevented trout from migrating out of the pool in 1€ one-sample t-test was used to test the nu

this direction. The area of each pool was electrofished NYPOthesis of no difference in mean microhabitat avail-

beginning at the downstream boundary and then slowly ability before and afte_r re_moval of two-year old trout.
moving upstream. | removed all two-year old troutfrom | Us€d one-factor univariate ANOVA to analyze the

each pool (atotal of six trout, length range 15 to 20 cm). fémoval experiment data using as the response vari-
I knew in advance to remove fish of this length because able the difference in means of microhabitat use before
preliminary analyses based on scale readings indi- 2d after removal.

cated that trout 15 cm and longer exceeded one year of

age. The treated treatment involved electrofishing but

removing no trout. No electrofishing or trout removal Results

was conducted for the untreated treatment. Two days

were allowed to elapse before repeating microhabitat Size and age composition

use and availability measurements at the experimental

pools. The duration of this rest period was within the Small (<14 cm total length) trout numerically domi-
range used by other investigators (two hours Freemannated the pools. Three trout age groups were observed
& Stouder 1989, 24 hours Harvey 1991, five days and mostindividuals were young-of-the-year (41%) or
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yearling (43%), with some two-year old trout (16%). 30 Y oung-of-the-year

The mean total lengths for each of the age groups
were: young-of-the-year, 6.9cm; yearling, 12.4cm; c:f 20
and two-year old, 16.0cm. g
=2
e 10
Use of habitat - 0
The trout population showed age and size associated 0 10 20 30 40 50 60 70 80 90
differences in use of habitat. Depths at locations used Depth (cm)
among the age groups and those available were differ-
ent (Figure 1; ANOVA: R4, = 26.46, p < 0.0005). 30 Yearling
The multiple comparison test indicated young-of-the- o
year used shallower depths than did yearling and two- 2 20
year old trout (Tukey’s test: both comparisons<p g
0.0005). Two-year old and yearling trout used loca- g 10
tions with similar depthgp = 0.679). Yearling and I
two-year old trout used depths that were deeper (both 0
comparisons p< 0.0005) than what would have been 0 10 20 30 40 50 60 70 80 90
used if depth had been randomly selected. The depths
used by young-of-the-year were similar to availabil- Depth (cm)
ity (p = 0.627). Water velocities at locations used by
the age groups and those available were not different 30 Two-year old
(Figure 2; ANOVA: K44 = 0.169, p= 0.917). 2
The regression showed depths at locations used were & 20
related to trout length (Figure 3; ks = 13851, p< =)
0.0005). The variation in water column depth explained o 10
by the model was about 49%, and use of depth -
increased about 2.9 cmfor each 1.0 cmincrease of trout 0
length. In contrast, water velocities at the locations 0 10 20 30 40 50 60 70 80 90
used were not related to trout length (lF = 0.397, Depth (cm)
p = 0.530).
The ANOVA of longitudinal positions held by trout 30 Available
indicated the age groups distributed non-randomly o
within the pools (Figure 4; ANOVA: F;, = 6.347, 2 20
p = 0.005). On average, young-of-the-year held posi- =
tion close to the pool tail, whereas two-year old trout 3 10
held position close to the pool head. Yearlings held i3
an average longitudinal position in the middle zone. 0
The multiple comparison test indicated yearling trout 0 10 20 30 40 50 60 70 80 90
held pool positions that were similar to young-of-the- Depth (cm)

year(p = 0.160) and two-year old trou¢p = 0.367).

Young-of-the-year held positions that differed from Figure 1 Depths at locations used by young-of-the-year=
positions held by two-year old troup = 0.004). 61), yearling(n = 65), and two-year old troutn = 24), and
Stepwise regression indicated longitudinal position and available microhabitatn = 629). Values are percent frequency
depth at locations used explained a significant amount of occurrence.

of variation in trout length (for the individual vari-

ables, depth use: = 69.430, p < 0.0005; lon- Effect of two-year old trout removal

gitudinal position: F= 12241, p = 0.001), and

therefore longitudinal position was not a redundant Availability of velocity and depth was similar (Table 1;
variable. velocity: t = —0.118, p= 0.911; depth: t= 0.907,
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Figure 2 Water velocities at locations used by young-of-the-year
(n = 61), yearling(n = 65), and two-year old trouin = 24), and
available microhabitatn = 629). Values are percent frequency
of occurrence.

p = 0.406) before and after | removed two-year old
trout. Therefore, a shift in microhabitat use by young-
of-the-year or yearling trout was not the result of
changes in availability.
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Figure 3 Regression of water column depth = 145, ¢ =
0.492, Y = 18769+ 2.898X) and water velocityn = 150

use measurements against estimated length of trout. Five outliers
removed from the regression of depth.

Removing two-year old trout from pools had no
effect on use of microhabitat by the smaller con-
specifics (Table 2). Although young-of-the-year and
yearling trout used locations characterized by slower
water velocities after two-year old trout removal, the
velocities used by trout among the experimental treat-
ments were similar (young-of-the-year ANOVA: §—
2479, p = 0.231; yearling ANOVA: K; = 1.479,

p = 0.357). Young-of-the-year and yearling trout used
shallower depth locations, a direction not predicted,
after two-year old trout were removed. The use of
depth by trout among the experimental treatments,
however, was similar for young-of-the-year (ANOVA:
F,3 = 1.795, p= 0.307) and yearling trout (ANOVA:
F,; = 0.414, p= 0.694).
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Table 2 Effect of removing two-year old trout on use of veloc-

ity (cm sec?) and depth (cm) microhabitat by young-of-the-
year and yearling trout. Values are differences in means of
microhabitat use, and were always calculated as before means—
after means for each experimental treatm@nt 2); negative
values indicate an increase in use of that particular microhabi-
tat variable after two-year old trout removal. The n values are
the pooled number of trout used to compute a particular mean

o
(o))
]

o
a1
I

©
N
Il

Longitudinal position
o
w

difference.
0.2 1
Treatment Young-of-the-year Yearling
0.1 velocity depth n velocity depth n
0 : Removal 2.97 716 9 13.39 4.70 7
) Removal 4.17 1.29 12 6.51 449 17
Young-of- Yearling  Two-year Treated 091 -213 7 086 724 7
the-year old Treated —2.95 11.07 17 570 —454 13

Untreated 211 -0.a18 17 -7.27 —-7.90 23

Figure 4 Average longitudinal position held by the three age Untreated 754 —1905 6 6.16 442 9

groups of trout(n = 150). A relatively small value indicates
position held near the pool head, whereas a large value indicates
position near the pool tail.

The results of the removal experiment imply that
recent competitive exclusion was not responsible
for microhabitat use by yearling and young-of-the-

Table 1 Diff i ilability of veloci e : .
able ffterences in availability of velocity (cm year conspecifics. This finding contradicts the notion

sec!) and depth (cm) microhabitat before and after

two-year old trout removal. The mean difference was (Bohlin 1977, Van Horne 1982, Kincaid & Cameron
always calculated as before means—after means for 1985) and evidence from manipulative experiments
each pool; negative values indicate an increase in avail- (Jenkins 1969, Freeman & Stouder 1989) that larger
ability of that particular microhabitat variable after individuals displace their smaller conspecifics in the
two-year old trout were removed. competition for space or food. In my study, young-
Pool type Velocity Depth of-thg-year showed little overlap in habitat use with
mean diff. mean diff. yearling and two-year old trout, suggesting that
Removal 516 103 mtrgspec!flc competltlon was mlnlmlzeq by ontoge-
Removal 012 183 netic habitat shifts. | expected competitive release by
Treated 2.47 1.23 yearling trout, however, because they showed consid-
Treated -1.19 2.66 erable overlap in habitat use with two-year old trout.
Untreated 1.67 —4.64 Low statistical power associated with the experimen-
Untreated 1.52 4.98 tal study design may have prevented detecting a shift

by the yearling trout. A posteriori power analysis (Zar
1996) indicated the one-factor ANOVA of the yearling
Discussion depth use data had about 50% power (50% chance of
committing type Il error) to detect a minimum change
Results showed the trout population used habitats thatof 10 cm. The removal experiment results should be
decreased intraspecific overlap in use of pool space therefore interpreted with caution.
among the age groups. This may be a life history style  The distribution and magnitude of surface water
for individuals of a population living in headwater velocities in the pools and potential size related dif-
streams where suitable living space is spatially patchy. ferences in foraging ability may presently dominate
An ontogenetic habitat shift such as the depth use habitat selection in the trout population. My under-
pattern | determined seems common in stream fisheswater observations indicated young-of-the-year, year-
(Schlosser 1982, Baltz & Moyle 1984, Schlosser 1987, ling, and two-year old trout held positions in slow
Baltz et al. 1991) and may reflect either biotic interac- water next to faster water, and selected food items
tions or size specific habitat requirements. from the faster water overhead of their position. This
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behavior of stream-dwelling trout is thought to maxi- not present, the absence of competitive exclusion was
mize food intake while at the same time minimize the not clearly demonstrated because of low experimental
cost of obtaining food (Jenkins 1969, Fausch 1984). power. The limited statistical power is therefore a con-
Size associated differences in foraging ability may cern for reaching conclusions. While this study iden-
cause small fish to exploit food from different but tified habitat partitioning among the trout age groups,
adjacent environments as compared to large individ- it remains unclear whether biotic interactions or size
uals (Mittelbach 1981); young-of-the-year may have specific requirements were causing the habitat use
occupied the pool tail because they can forage most patterns.

efficiently in the slower surface water that character-

ized pool tails. Increased visual acuity (Mittelbach

1981) and swimming ability relative to smaller con- Acknowledgements

specifics, may have allowed the larger trout to be the

only age group that can detect and capture prey in the Thisresearch was conducted as part of the requirements
faster, turbulent water that characterized the surface of for the Master of Science degree at the California State
pool heads. Results of analyses performed on water Polytechnic University, Pomona. My wife Susan pro-
velocities at locations used and those available sug- vided field assistance for data collection. The thesis
gest subsurface water velocities were not responsible committee members (Jon Baskin, Steve Bryant, Tom
in segregating the trout age groups. Furthermore, the Haglund, and Dave Moriarty) provided comments on
distribution of velocities available to trout (measured an earlier version of the draft manuscript. Bret Harvey,
at 4 cm above the channel bed) were similar at the pool Doug Novinger, and Phil Unger provided recommen-
head and tail (two-sample t-test=t —0.031, df = 6, dations for revision, which | subsequently incorporated
p = 0.977). Thus, size related differences in abilities into the manuscript.

of trout to forage in the surface water may partially

explain the size and age specific segregation. The role )

of predation in structuring the habitat partitioning is References cited

also of interest.

The size specific segregation observed in the trout Aadland, L.P. 1993. Stream habitat types: t_heir fish assem-
population may be a response to a historical, selective ?'g‘ogego%”d relationship to flow. N. Amer. J. Fish. Manage. 13:
preda.tio.n risk. The. use o.f d‘?pth by trout in my study Baltz, D.M.. & P.B. Moyle. 1984. Segregation by species and
was_S|m|Iar to the bigger fishin deepe_r water F_"'?‘tte_m of size classes of rainbow tro@almo gairdneriand Sacramento
habitat use reportedly caused by a size specific risk of  sucker,Catostomus occidentaliin three California streams.
predation (Power 1987). Young-of-the-year trout may  Env. Biol. Fish. 10: 101-110.
have used the shallowest depths and depths similarBaltz, D.M., B. Vondracek, L.R. Brown & P.B. Moyle. 1991.
to availability because small fish are selected against :esi?;?:lg;?:g?farsmfr?eﬁagts? Sg{'ic“fz%b{gzi“f%" troutin
. . . . . FISN. . : — .
in deep water by large predatory fish (Power 1987, Bohlin, T. 1977. Habitat selection and intercohort competition of
Schlosser 1988). Two-year old trout used the deepest juvenile sea-troualmo trutta Oikos 29: 112—117.
depths and depths that were deeper than what wouldconnell, J.H. 1980. Diversity and the coevolution of competitors,
have been used if depth had been randomly selected. or the ghost of competition past. Oikos 35: 131-138.

This suggests an overall value of depth to the larger Fauscr_], K.D. 1_984. Profitable stream position; for salmonids:
trout for avoiding wading and diving predators, which relating specific growth rate to net energy gain. Can. J. Zool.
select large prey in shallow water (Power et al. 1989 62: 441451,

. - . .’ Fausch, K.D. & R.J. White. 1981. Competition between brook
Harvey & Stewart 1991). A size specific predation risk trout (Salvelinus fontinalisand brown trout$almo truttg for

may partially explain the size dependent depth distri-  positions in a Michigan stream. Can. J. Fish. Aquat. Sci. 38:
bution observed in the trout population. 1220-1227.

Overall, the study results showed that size and Fraser, D.F. & R.D. Cerri. 1982. Experimental evaluation of
age specific patterns of habitat use by young-of-the- predator-prey relationships in a patchy environment: conse-

: ~ _ quences for habitat use patterns in minnows. Ecology 63:
year, yearling, and two-year old trout are mecha 307-313.

nisms by which the trout population partition space in  graser, p.F. & T.E. Sise. 1980. Observations on stream minnows
pools. Although the removal experimentimplies recent  in a patchy environment: a test of a theory of habitat distribu-
intraspecific competition from two-year old trout was tion. Ecology 61: 790-797.



400

Freeman, M.C. & D.J. Stouder. 1989. Intraspecific interactions Ostfeld, R.S. 1992. Small-mammal herbivores in a patchy

influence size specific depth distribution@ottus bairdi Env. environment: individual strategies and population response.
Biol. Fish. 24: 231-236. pp. 43-74.In: M. Hunter, T. Ohgushi & P.W. Price (ed.)

Fretwell, S.D. 1972. Populations in a seasonal environment.  Effects of Resource Distribution on Animal-Plant Interactions,
Princeton University Press, Princeton. 217 pp. Academic Press, San Diego.

Greenberg, L.A. 1991. Habitat use and feeding behavior of thir- Power, M.E. 1987. Predator avoidance by grazing fishes in tem-
teen species of benthic stream fishes. Env. Biol. Fish. 31: perate and tropical streams: importance of stream depth and
389-401. prey size. pp. 333-351n: W.C. Kerfoot & A. Sih (ed.) Pre-

Harvey, B.C. 1991. Interactions among stream fishes: predator- dation: Direct and Indirect Impacts on Aquatic Communities,
induced habitat shifts and larval survival. Oecologia 87: 29-36.  University Press of New England, Hanover.

Harvey, B.C. & A.J. Stewart. 1991. Fish size and habitat depth Power, M.E., T. Dudley & S. Cooper. 1989. Grazing catfish, fish-

relationships in headwater streams. Oecologia 87: 336—342. ing birds, and attached algae in a Panamanian stream. Env. Biol.
Jearld, A., Jr. 1983. Age determination. pp. 301-324.L.A. Fish. 26: 285-294.

Nielsen & D.L. Johnson (ed.) Fisheries Techniques, American Schlosser, 1.J. 1982. Fish community structure and function along

Fisheries Society, Bethesda. two habitat gradients in a headwater stream. Ecol. Monogr. 52:
Jenkins, T.M., Jr. 1969. Social structure, position choice, and  395-414.

micro-distribution of two trout specieS&lmo trutteandSalmo Schlosser, 1.J. 1987. The role of predation in age- and size-related

gairdneri) residentin mountain streams. Anim. Behav. Monogr. habitat use by stream fishes. Ecology 68: 651-659.

2:56-123. Schlosser, 1.J. 1988. Predation risk and habitat selection by two

Kincaid, W.B. & G.N. Cameron. 1985. Interactions of cotton rats size classes of a stream cyprinid: experimental test of a hypoth-
with a patchy environment: dietary responses and habitat selec-  esis. Oikos 52: 36—40.

tion. Ecology 66: 1769-1783. Schoener, T.W. 1977. Competition and the niche. pp. 35-h36.
Mahon, R. & C.B. Portt. 1985. Local size related segregation  C. Gans & T.W. Tinkle (ed.) Biology of the Reptilia, Academic

of fishes in streams. Polskie Archiwum Hydrobiologii 103: Press, New York.

267-271. Van Horne, B. 1982. Niches of adult and juvenile deer mice

Mittelbach, G.G. 1981. Foraging efficiency and body size: a  (Peromyscus maniculatys seral stages of coniferous forest.
study of optimal diet and habitat use by bluegills. Ecology 62: Ecology 63: 992-1003.

1370-1386. Wiens, J.A. 1976. Population responses to patchy environments.
Montgomery, D.C. & E.A. Peck. 1992. Introduction to lin- Ann. Rev. Ecol. Sys. 7: 81-120.

ear regression analysis, 2nd edition. John Wiley and Sons, Wilkinson, L., M. Hill, P. Howe, G. Birkenbeuel, J. Beck & J. Liu.

New York. 527 pp. 1994. Systat for DOS: using SYSTAT, 6th edition. SYSTAT,

Moyle, P.B. & B. Vondracek. 1985. Persistence and structure of  Inc., Evanston. 866 pp.
the fish assemblage in a small California stream. Ecology 66: Zar, J.H. 1996. Biostatistical analysis, 3rd edition. Prentice Hall,
1-13. Englewood Cliffs. 662 pp.
Mullen, D.M. & T.M. Burton. 1995. Size-related habitat use by
longnose daceRhinichthys cataractgeAmer. Midl. Nat. 133:
177-183.



