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Abstract.—Individual spawning populations of Yellowstonc cutthroat trout Omorhynchus clarki 
houvieri differ in life history characteristics associated wi th broad spatial and temporal environ
mental patterns, but relationships between specific life history characteristics of Yellowstone cut
throat trout and physical aspects of the environment are poorly understood. We examined basin-
scale physical characteristics of t r ibutary drainages and subbasins of Yellowstone Lake in relation 
to t iming (peak and duration) of lacustrinc-adfluvial Yellowstone cutthroat trout spawning mi
grations and mean length of cutthroat trout spawners in 27 tributaries to the lake. Stream drainages 
varied along gradients that can be described by mean aspect, mean elevation, and drainage and 
stream si/e. Approximately two-thirds of the variation in the t iming of the peak of the annual 
cutthroat trout spawning migrations and average length of spawners was explained by third-order 
polynomial regressions wi th mean aspect and basin area as predictor variables. Because most 
cutthroat trout ascend tributaries soon after peak runoff, it appears that the influence of basin-
scale physical variables on the dale of the migration peak is manifested by the pattern of stream 
discharge. Spawner length docs not seem to be a direct funct ion of stream size in the Yellowstone 
Lake watershed, and aspect of the tr ibutary basin seems to have a greater influence on the body 
length of cutthroat trout spawners than docs stream si/e. Mechanisms that explain how the inter
action of basin-scale physical variables influence spawner length were not investigated directly; 
however, we found evidence of dis t inct aggregations of cutthroat trout that are related to physical 
and limnological characteristics of the lake subbasins, and there is some indication that lake 
residence may be related to t r ibutary location. 

Fishes exhibit more inlraspecific phenotypic notypic variation in fishes does not seem to be 
variability than most other laxa (Allendorf et al. associated with increased genotypic variability, 
1987). Intraspecific variation of life history char- suggesting a strong linkage to environmental fac
acteristics (e.g., food habits, age composition, tim- tors (Allendorf 1988: Healey and Prince 1995). 
ing of spawning migration, and meristic and mor- There is some evidence of a direct relationship 
phomelric characters) has been documented for between life history and habitat diversity. For ex-
anadromous and potamodromous fishes across ex- ample. Schaffer and Elson (1975) concluded that 
tensive geographic scales (e.g., Leggett and Car- mean age of first spawning for anadromous At
scadden 1978; Sinclair 1988; Jonsson and L'Abec- ianlic salmon Salmo salar was a heritable life his-
Lund 1993) and even within individual drainage tory lrail influenced by river size and that corn-
basins (e.g., Riget et al. 1986; Larson and Mclntire mercial fishing disrupted the natural age compo
1993: Gresswell et al. 1994). However, high phc- shion of spawning runs by removing older age
____ classes. Beacham (1984) found that chum salmon 

Oncorhvnchus keta are morphometrically related 
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brown trout Salmo trutta in Norway. Rigct ct al. 
(1986) reported that three distinctive ecological 
forms of Arctic char Salvelinus alpinus within a 
single large lake in west Greenland exhibited dis
tinctive habitat, feeding, and reproductive char
acteristics. 

Such spatial and temporal variability among fish 
stocks has been recognized for decades in com
mercial fisheries (Sinclair 1988). Pioneering work 
on Pacific salmon Oncorhynchus spp. led to a 
growing appreciation of the importance of intra
specific variability in species persistence and evo
lution (Ricker 1972; Taylor 1991; Healey and 
Prince 1995), and the stock concept has been ap
plied to commercial fisheries management (Larkin 
1981; Sinclair 1988). Despite this information 
base, demographic principles such as the stock 
concept have been applied only rarely to manage
ment of potamodromous salmonids in the United 
States, except in the Great Lakes (Loftus 1981; 
Spangler et al. 1981). Instead, potamodromous sal
monid management has been dominated by put-
and-takc stocking of hatchery fish (Evans and Wil
lox 1991; Krueger and May 1991), and in most 
cases stocked fish have been nonnative species, 
subspecies, or strains (Bchnke 1992). In recent de
cades, however, managers and researchers have be
come increasingly interested in life history vari
ation within and among populations of native po
tamodromous salmonids (Jonsson and Sandlund 
1979; Elliot 1994), and in the importance of 
identifying and protecting this diversity (Allendorf 
and Leary 1988; Dizon el al. 1992; Grcsswcll et 
al. 1994). Concern about the role of land-use prac
tices in the extirpation of indigenous fishes has 
renewed interest in the interaction of habitat and 
salmonid life history (Healey and Prince 1995; 
Reeves et al. 1995). 

Recent efforts to document the status and man
agement of potamodromous forms of cutthroat 
trout Oncorhynchus clarki (Gresswell 1988; Young 
1995) provide one example. Cutthroat trout are 
broadly distributed from coastal rivers in the Pa
cific Northwest to interior streams and lakes of the 
Great Basin and Rocky Mountains (Behnke 1992). 
Earliest fossil records of the species date to the 
Miocene (Stearley and Smith 1993). Since then, 
cutthroat trout have diverged into 14 subspecies 
(Behnke 1988). Differences in life history strate
gies across the range of Ycllowstone cutthroat 
trout Oncorhynchus clarki bouvieri. perhaps the 
most abundant potamodromous cutthroat trout 
subspecies, represent a complex array of responses 

to environmental variation (Varley and Gresswell 
1988; Gresswell 1995). 

At the ecosystem scale, individual spawning 
populations of Yellowstone cutthroat trout differ 
in life history characteristics associated with spa
tial and temporal environmental patterns. Gress
well ct al. (1994) summarized some of the life 
history variables (e.g., abundance and mean length 
of spawning adults and temporal pattern of spawn
ing migrations) that can be used to differentiate 
individual spawning populations of Yellowstone 
cutthroat trout in the Yellowstone Lake drainage. 
The relationship between life history organization 
of Yellowstone cutthroat trout and physical envi
ronment is not adequately understood, however, 
because the information necessary to examine 
these relationships is scarce and environmental 
degradation is widespread. The fishery database of 
the U.S. Fish and Wildlife Service and U.S. Na
tional Park Service for Yellowstone Lake is a no
table exception. Although these data were not col
lected specifically to address population-environ
ment interactions, they represent one of the most 
extensive sources of information on cutthroat trout 
in the world. 

The purpose of this paper is to examine specific 
life history traits of adfluvial cutthroat trout 
spawning populations in Yellowstone Lake rela
tive to physical characteristics of tributary drain
ages and subbasins in the lake. Using fishery data 
collected during the mid-1980s, we sought to an
swer the following questions: What basin-scale 
physical variables differentiate tributary drainages 
in the Yellowstone Lake watershed? What are the 
relationships between physical characteristics of 
tributary drainages and time of the peak in the 
cutthroat trout spawning migration, duration of 
spawning migration, and mean length of cutthroat 
trout spawners from individual tributaries? Is vari
ation in length and growth of mature cutthroat trout 
detectable among subbasins of the lake? Finally, 
what are some of the ecological and management 
implications of the observed life history variation 
of cutthroat trout in the Yellowstone Lake water
shed? 

Background 
Yellowstone Lake supports at least 68 lacus

trine-adfluvial populations of cutthroat trout that 
return to natal streams to spawn (Gresswell et al. 
1994). Homing of spawning cutthroat trout to natal 
streams, return of spawning cutthroat trout to the 
same stream in successive years, and return of ex
perimentally displaced spawners in the same year 
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all have been documented, and straying appears to 
be 3% or less (Ball 1955; Cope 1957; McCleave 
1967). Furthermore, Benson and Bulkley (1963) 
suggested that mature cutthroat trout may exhibit 
fidelity to specific regions of the lake throughout 
the summer. 

Yellowstone cutthroat trout spawn between 
April and August in tributaries to Yellowstone 
Lake (Ball 1955; Cope 1956, 1957; Jones et al. 
1986), and timing (peak and duration) of annual 
spawning migrations varies among streams (Gress
well et al. 1994). Yellowstone cutthroat trout 
spawners remain in tributaries from 1 to 3 weeks 
(Ball and Cope 1961). Although estimates of in-
stream spawning mortality approach 50% in some 
cases (13-48%; Gresswell 1995), ileroparity is 
common (Gresswell and Varley 1988). 

Several weeks after emergence, most larval Yel
lowstone cutthroat trout emigrate to the lake, but 
some may overwinter in their natal streams (Welsh 
1952; Benson 1960). Evidence of extended resi
dence has been observed in some streams (Gress
well et al. 1994). Immature cutthroat trout occupy 
pelagic areas of Yellowstone Lake where zoo
plankton are abundant and predator density is low 
(Gresswell and Varley 1988). Mature cutthroat 
trout generally reside in the littoral zone. Macroin
vertebrates, such as Gammarus lacustris, Hyallela 
azteca, and a variety of aquatic insects dominate 
the diet of larger cutthroat trout in the lake (Benson 
1961; Jones et al. 1990). 

Yellowstone Lake and its watershed have not 
been subjected to large-scale environmental deg
radation because they are in a national park. Hatch
ery supplementation and high levels of angler har
vest during the first half of the Twentieth Century 
led to alterations of Yellowstone cutthroat trout 
population structure and changes in species com
position in the lake. Hatchery operations were sus
pended in the mid-1950s, and harvest has been 
restricted since the early 1970s. A shift in popu
lation structure toward a greater proportion of old
er and larger fish has been documented since the 
implementation of more restrictive angling regu
lations (Gresswell and Varley 1988; Gresswell et 
al. 1994). The relatively low level of anthropo
genic environmental disturbance in the Yellow
stone Lake ecosystem, coupled with a fishery da
tabase that extends back to the laic 1940s, provides 
a unique opportunity to study the interactions 
among basin-scale physical characteristics of trib
utary drainages and life history attributes (i.e., 
spawning migration timing and spawner length) of 
Yellowstone cutthroat trout. 

Study Area 
Physical setting.—At an elevation of 2,357 m, 

Yellowslone Lake is the largest high-altitude lake 
(elevation > 2,000 m) in North America. Surface 
area is about 34,000 ha, and the shoreline length 
is 239 km (Kaplinski 1991). Vegetation in the 
drainage basin (261,590 ha, Benson 1961) is pre
dominately lodgcpole pine Finns contorta forest 
and subalpinc meadows. Tertiary andesite and 
Quaternary rhyolite underlie much of the drainage, 
but Tertiary sedimentary deposits are present in 
several tributary drainages in the southern portion 
of the basin (USGS 1972). Postglacial lacustrine, 
fluvial, and deltaic deposits are common at lower 
elevations within the basin, recording periods 
when lake level was more than 24 m above the 
present surface (Richmond 1976). 

A total of 124 tributaries to Yellowstone Lake 
have been identified (Hoskins 1974, 1975; Jones 
et al. 1986, 1987), but several are ephemeral. With 
a drainage area of almost 110,000 ha, the Yellow
stone River upstream from Yellowstone Lake is 
the largest tributary, draining about 42% of the 
watershed. Because this tributary to the lake's 
Southeast Arm is remote (Figure 1), it has been 
sampled irregularly, and we have omitted it from 
our analysis. Pelican Creek, which enters the lake's 
north end, has the second largest drainage area 
(17,656 ha). Pelican, Chipmunk, Beaverdam, 
Clear, Columbine. Sedge, Arnica, Solution, 
Grouse, and Cub creeks (Figure 1) account for 
31% of the total lake drainage area. Eighty-one 
tributaries have drainage areas less than 100 ha; 
some cover only 5 ha, and they collectively rep
resent 1% of the study area. 

Of the 11 streams with the largest drainages, 9 
empty into the South Arm, Southeast Arm, and 
along the east shore of the lake (Figure 1). Arnica 
Creek and Solution Creek flow into West Thumb. 
None of the tributary drainages larger than 2,000 
ha enter along the west shore of Yellowstone Lake. 
Spawning has been observed in 68 tributaries (Fig
ure 2), but 16 of these are used only in years of 
high stream discharge (Jones el al. 1987). 

Yellowstone Lake comprises a north-soulh-ori
enled main basin and six subbasins (Kaplinski 
1991). The main basin, defined by ihe 80-m deplh 
contour, extends northwest from the Southeasl 
Arm (Figure 3). Wesl Thumb is ihe largesi of ihe 
second-order subbasins. Slrong prevailing winds 
from ihe soulhwcsl generale surface currenls lo-
ward ihe northeaslern shore, bottom currents back 
to the southwest, and upwelling in West Thumb 
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FIGURE 1.—Yellowslone Lake and tributaries. Streams are identified by the first four digits of the 15-digit number 
designated by the system for numbering streams and lakes in Yellowstone National Park (Mahony and Lentsch 
1986). See Figure 3 for lake basins and other features. 

(Bcnson 1961). The northern portion of the lake 
has two subbasins, one south of the Yellowstone 
River outlet, and a second in Mary Bay, a hydro
thermal explosion crater (Wold et al. 1977). Three 
other subbasins. South Arm, Flat Mountain Arm, 
and the channel connecting West Thumb to the 
main lake basin, occupy areas carved by Late 
Pleistocene fluvial and glacial activity (Kaplinski 
1991). South Arm is relatively protected from pre
vailing winds and has two large tributaries, Chip
munk and Grouse creeks. 

Fishes.—Yellowstone cutthroat trout and longnose 
dace Rhinichthys cataractae are native to Yellow
stone Lake (Simon 1962). Redside shiner Richard
sonius balteatus. lake chub Couesius plumbeus, and 
longnose sucker Catostomus catostornus, were intro

duced and have become established during this cen
tury (Gresswell and Varley 1988). Yellowstone cut
throat trout and longnose suckers are distributed 
throughout the lake basin. Redside shiners, lake 
chub, and longnose dace arc limited to shallow areas 
around the shoreline, exclusive of islands. 

In 1994, lake trout Salvelinus namaycush were 
collected for the first lime from Yellowstone Lake 
(Kaeding et al. 1996). In addition to potential com
petitive interactions (e.g., Marrin and Erman 1982; 
Griffith 1988) between the two salmonid species, 
Yellowstone cutthroat trout likely will be the major 
prey of the piscivorous lake trout (Marnell 1986, 
1988; Mclntyrc 1995). Although the presence of 
this aggressive predator may substantially alter the 
abundance and demography of Yellowstone cut
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FIGURH 2.—Drainage areas above Yellowstone Lake (darkest shading) used by adf luvial Yellowslone cutthroat
trout for spawning.

throat trout in the lake (Mclntyre 1995), data used
in our analysis (1979-1992) were collected before
lake trout numbers had increased to a point of
detection. Therefore, we have assumed that the
influence of lake trout on the results and interpre-
tation of this study have been small.

Methods
Physical characteristics.—Basin-scale physical

variables were compiled for 115 tributaries (Table
1). These data were obtained from a geographical
information system (GIS) maintained in Yellow-
stone National Park. Several additional physical
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Yellowstone River
Outlet

Mary Bay

Southeast Arm

wm Main Basin
E^3 Subbasins
* Limnological Stations

a.b.c Gillnetting Yellowstone
River Inlet

FfGi'Rf-; 3.—Creel survey, gill-net, and limnological sampling stations. Yellowstone Lake. Lake suhbasins cor-
respond to bathymetric mapping by Kaplinski (1991) . For management purposes, the lake has been partitioned
(straight lines) into seven areas: ( I ) Mary Bay. (2) Yellowslone River outlet and Bridge Bay. (3) channel connecting
West Thumb to the main lake basin, (4) West Thumb, (5) Flat Mountain Arm and Frank Island. (6) South Arm.
and (7) Southeast Arm.

variables were obtained from U.S. Geological Sur-
vey 7.5-minuie topographic maps (Table 1): lo-
cation of tributary stream mouth; longitudinal trib-
utary profile (slope and intercept; Hack 1957);
stream order and link number (Leopold el al.
1964); main-stem length, slope, and maximum el-
evation; and lengths of stream (km) and percent-
ages of total stream length below the 2.440-m and
2,395-m elevational contours.

Life history characteristics.—Between 1985 and
1987, 27 spawning streams were visited once ev-
ery 2 weeks from late May through July to assess

the progress of the cutthroat trout spawning mi-
gration; each stream was monitored in at least two
of the three study years. Fish were counted in a
100-m reference section by observers walking
along the shoreline (Jones ct al. 1986, 1987; Rein-
hart 1990). An estimate of mean total length of
spawners was obtained from samples of cutthroat
trout collected from each stream by electrofishing
in the reference section during the peak migration
(Jones ct al. 1986, 1987; Table 2). More detailed
data on migration pattern and spawner length were
obtained at Clear Creek, where a weir was used
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TABU-: I.—Physical variables for 115 tributaries of Yel
lowstone Lake obtained from the Yellowstone National 
Park geographical information system (GIS, U.S. National 
Park Service. Yellowstone National Park) and from topo
graphic maps (7.5-minutes series. U.S. Geological Survey. 
Reston, Virginia). 

Variable (source) Method of estimation 

Drainage basin si/.c Estimated by summing area (ha) of 
(GIS) each geological bedrock type within 

the individual stream drainages 
Geological bedrock Recorded as percentage of total drainage 

type (GIS)	 area (ha), the 26 geological types 
were grouped into four major catego
ries: Tertiary andesite. Quaternary 
rhyolite. Quaternary suiiicial deposits 
(detritus, hot-spring deposits, and hy
droihcrmal explosion deposits), and 
sandstone (including sandstone, lime
stone, siltstone. and shales) 

Link number (map) Number of first-order tributaries within 
each stream drainage (Leopold et al. 
1964) 

Location of tributary	 Coordinates of the mouth of each trib
stream mouth (map)	 utary to Yellowstone Lake designat

ed by the universal transverse merca
tor (UTM) grid system (Grubb and 
Eakle 1988) 

Longitudinal profile	 Described by slope and intercept of the 
(map)	 linear regression of linear distance 

from the main-stem source and ele
vation (Hack 1957). Main stem was 
defined as (he longest continuous 
channel in each individual stream 
basin. Distance from the source and 
elevation were recorded in meters at 
each elevational contour along the 
main stem. The natural logarithm of 
distance was the predictor variable in 
the regression, and elevation was the 
response variable 

Maximum elevation Elevation ( m  ) at the main stem source 
(map) 

Mean aspect (GIS) Weighted mean estimated by multiply
ing the midpoint of each 15-degree 
aspect class (ranging from I to 360 
degrees) by the area estimated for 
that class and summing for all class
es; the sum was divided by the total 
area of the drainage 

Mean elevation (GIS) Weighted mean estimated by mult iply
ing the midpoint of each 10-m ele
vation class by the area estimated 
for that class and summing for all 
classes; the sum was divided by the 
total area of the drainage 

Mean slope (GIS) Weighted mean estimated by multiply
ing the midpoint of each 10-degree 
slope class by the area estimated for 
that class and summing for all class
es; the sum was divided by the total 
area of the drainage 

Proportion of stream Length of stream (km) and percentage 
in low-elevation of total stream length below the 
reaches (map) 2.440-m and 2.395-m clevalional 

contours (lake level *= 2,360 m) 
Stream order (map) Designation according to Leopold et al. 

(1964) 

TABLH I.—Continued. 

Variable (source) Method of estimation 

Weighted main-stem	 Weighted mean slope of the main stem 
slope (map)	 for each tributary estimated by mul

tiplying the midpoint between eleva
tional contours (m) and summing for 
all intervals; the sum was divided by 
the total length of the main stem 

Water yield (GIS) Total precipitation for each stream 
drainage basin calculated by multi
plying the midpoint of each 40-cm 
precipitation class (based on a 30
year mean. 1960-1990) by the area 
in the class and summing 

to collect migrating fish in 1987 (Jones etal. 1988). 
All individuals moving upstream were tallied, and 
the lengths (total length, nearest 5 mm) of 75 cut
throat trout spawners were measured daily. Once 
a week an additional 100 cutthroat trout spawners 
were measured (nearest 1 mm) and weighed (near
est 2 g) at Clear Creek. 

The following life history information was ob
tained from each tributary: (1) spawning migration 
peak, measured as mean day of year (counted from 
January 1) when the greatest number of cutthroat 
trout spawners were observed in each tributary; 
(2) duration of spawning migration, expressed as 
mean number of days that cutthroat trout spawners 
were observed in individual spawning streams; 
and (3) mean total length (mm) of cutthroat trout 
spawners sampled in the spawning streams. 

Daily counts of cutthroat trout spawners and 
stream gauge height information collected at Clear 
Creek during a 10-year period between 1979 and 
1991 (1979-1981, 1983-1984, 1987-1991) were 
used to investigate the relationship between mi
gration timing and peak stream discharge. Spawner 
counts were tabulated relative to the date of peak 
discharge, and fish moving on each day (relative 
to the peak discharge) were summed for the entire 
sample. Finally, the proportion of the fish migrat
ing daily was plotted relative to the day of peak 
discharge. 

Analysis.—Statistical analyses were accom
plished by using Number Cruncher Statistical Sys
tems (Hintze 1992). Among-stream distributions 
of physical and life history variables were tested 
for normality (Kolmogorov-Smirnov normality 
lest), and variables that were not normally distrib
uted were transformed to a logarithmic scale 
(l°gio)- Principal components analysis (PCA) was 
used to identify basin-scale physical characteris
tics that were most useful in discriminating among 
115 tributary drainages in the Yellowstone Lake 
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TABLK 2.—Date (day of year counted from January 1) of peak abundance and duration of the annual cutthroat trout 
spawning migration and mean length of cutthroat trout spawners in 27 tributaries to Yellowstone Lake, 1985-1987. 
Streams are numbered as in Figure 1. 

Peak of spawning migration

(day of year) 

Stream Mean Maximum Minimum 

1091 165 168 159 
1095 172 182 163 
1103 184 185 182 
i l l  ! 164 170 158 
1 1 1 3 161 163 159 
1J23 J60 165 154 
1126 157 157 156 
1127 157 157 156 
1138 165 171 155 
1146 167 178 155 
1155 179 198 158 
1164 155 165 149 
1166 158 170 145 
1167 147 155 138 
1168 158 170 145 
1169 166 170 161 
1176 169 177 161 
1177 166 170 161 
1179 158 171 145 
1180 158 171 145 
1182 158 171 145 
1192 162 171 153 
1197 149 171 127 
1198 157 167 147 
1199 150 154 146 
1201 147 154 140 
1203 143 154 131 

watershed. Using data from all tributaries for 
which information was available increased the 
likelihood that results would be representative of 
tributaries in the Yellowstone Lake watershed as 
a whole. Correlation matrices of physical variables 
were used in the analysis to reduce the effects of 
scaling and unequal variances among variables. 
After initial analysis, variables with low compo
nent loadings (<0.40) were eliminated, and the 
remaining variables were reanalyzed via varimax 
rotation (Tabachnick and Fidell 1989). 

Relationships among physical variables and life 
history characteristics for the 27 streams were sub
jected to ecological response surface analysis 
(Bartlein et al. 1986). First-, second-, and third-
order polynomial regressions with one and two 
predictor variables were analyzed in an attempt to 
find the model that explained the most variation 
in the response variable. Predictor variables were 
selected from the set of physical variables that 
displayed the highest component loadings (cor
relation between variables and an individual com
ponent) for each of the first three components of 
the PC A. Specific predictor variables were chosen 
on the basis of relative component loading, ease 

Mean


33

65

28

40

42

35

38

44

43

23

67

37

71

72

26

92

46

52

41

23

55

22

45

31

44

58

96


Duration of spawning

migration (d)


Maximum


42

78

28

40

42

42

42

55

49

29

74

63

74

74

26

169

53

64

63

28

74

25

61

35

47

75

176


Minimum


23

52

27

39

41

27

33

33

35

13

56

22

68

70

26

40

38

40

18

18

45

19

33

26

41

41

40


Mean length (mm)

of spawners

(sample size)


386(8)

382(4,4)2)

376(28)

305(31)

342(27)

363(33)

374(58)

368(11)

331(23)

316(18)

359(122)

354(125)

349(87)

357(69)

349(104)

342 (100)

346(351)

351 (167)

365(45)

346(14)

369(51)

337(28)

358 (54)

357(93)

333(13)

358 (86)

344 (60)


of measurement, and accuracy and precision of 
variable measurement. Separate relationships were 
developed for each of the three response variables 
(mean date of spawning migration peak, mean du
ration of spawning migration, and mean length of 
cutthroat trout spawners). 

Yellowstone Lake.—For management purposes, 
Yellowstone Lake has been divided into seven 
zones (Figure 3) that approximate the subbasins 
described above (Jones et al. 1982; Kaplinski 
1991). Digitized depth profiles for these zones 
were entered into a CIS database at the Pacific 
Northwest Experimental Station (U.S. Forest Ser
vice, Corvallis, Oregon). Mean depth and littoral 
area (percent of lake surface area represented by 
water < 10 m deep) were estimated for each zone 
(Table 3). From 1977 to 1982 limnological data, 
including water transparency (Secchi disc), sur
face water temperature, and pH at 2 m depth, were 
collected at stations in the South Arm, Southeast 
Arm, West Thumb, and Stevenson Island (Figure 
3); these data were obtained in July during thermal 
stratification. 

Creel surveys reflected effects of angling reg
ulations through time and variations in angling in
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TABU. 3.—Mean length and growth index (P) of cutthroat trout captured in gill nets from six of seven management 
/ones in Yellowstone Lake, 1978-1992; mean depth and percent of total area shallower than 10 m. estimated from 
digiti/ed depths provided by Kaplinski (1991) ; mean pH and mean surface waler temperature obtained from four sample 
stations in Yellowstone Lake. 1978-1984; and mean number of cutthroat trout harvested annually from the Yellowstone 
Lake fishery 1978-1992. 

Variable 1 -> 

Mean length of prespavv ner» 
Growth index (P) 
Percent of area < 10 m Jeep 
Mean Ueplh (m) 
pll 
Temperature i C) 
Mean annual harvest 

3X9 
2.62 
1 X.X 
66.5 
7.39 
1 I.I 

2.451 

3X5 
2.66 
17.9 
45.5 
7.39 
11. 1 

I7.XX2 

tensity among /ones. The number of cutthroat trout 
harvested in each of the seven management zones 
was estimated annually by a volunteer postal sur
vey, the Volunteer Angler Report (VAR; Varley el 
ul. 1976). Adjustments for card return bias were 
applied to all estimates, and procedures for data 
collection and estimation were unchanged from 
1978 through 1992. 

Indices of population length structure and rel
ative abundance were determined from fish col
lected by experimental gill nets in six of the seven 
management zones. Gill nets were set in Yellow
stone Lake annual ly from 1978 through 1992 dur
ing the third week of September. Eleven sites (Fig
ure 3) were sampled each year during a 5-d sample 
period, and five nets were set overnight at a site 
once during the sample period. Monofilament nets 
were 38 m long, 1.5 m deep, and comprised 7.6
m-long panels of 19-, 25-, 32-, 38-, and 51-mm 
(bar measure) mesh netting. Nets were set per
pendicular to shore in water 1.5-5-m deep and 
spaced approximately 100 m apart. 

Cutthroat trout from each net were arranged 
from longest to shortest, measured to the nearest 
1 mm (total length), and weighed to the nearest 2 
g. Sex and stage of maturity were determined from 
the gonads; individuals judged to have sufficient 
gonadal development to spawn in the subsequent 
spring were designated as prespawners. Scales 
were collected from the longest fish and from ev
ery third fish in the length-ordered cline. Age was 
back calculated from scales; sample sizes ranged 
from 169 to 347 fish annually. Criteria developed 
by Laakso and Cope (1956) were used to detect 
lack of first year annuli , and age was adjusted up
ward if necessary. Mean length was calculated for 
all fish in an age-group at each sample site. 

Growth parameters were obtained by the Brody
von Bertalanffy procedure (Ricker 1975). The Bro-

Lake management /one 

3 4 6 7 

3X6 
2.57 
9.8 

66.9 
7.39 
1 1 .  1 

2.999 

373 
2.4X 
14.5 
59.7 
7.33 
9.9 

7.101 

414 
2.75 
23.4 
45.0 
7.54 
11.3 
913 

40X 
2.71 
22.5 
55.9 
7.3X 
11.2 
731 

dy growth coefficient (K) and the theoretical 
asymptotic length (L.) were estimated by fit t ing 
mean length for each age-group to a specialized 
form of the von Bertalanffy growth formula (sur
face factor D = 1; Pauly 1984). For among-site 
comparisons, L. was converted to asymptotic 
weight (WJ via a length-weight functional rela
tionship (Ricker 1975) that was determined an
nually from all fish captured at the respective site, 
and the resulting value was combined with K to 
estimate the index of growth performance (P; Pau
ly 1979) for that site and year. 

Analysis of gillnetting data focused on among
zonc differences in length and growth of cutthroat 
trout. To compensate for interannual variation in 
the proportion of immature cutthroat trout cap
tured in gill nets, among-zone comparisons of 
length and growth were limited to prespawners 
(individuals with sufficient gonadal development 
to spawn the following spring). Repeated-mea
sures analysis of variance (ANOVA: Maceina et 
al. 1994) was used for comparisons of mean length 
and growth performance index (P). Lake zone was 
the primary factor of interest. Sample year was 
added to the model as a fixed factor, and netting 
sites were nested within zones. Multiple mean 
comparisons were obtained using Ncwman-Keuls 
procedures. Relationships among fish length and 
growth, zone environment, and angler harvest 
were investigated by calculating Pearson correla
tion coefficients for mean length of prespawners, 
growth index (P), limnological parameters, and 
mean number of cutthroat trout harvested annual
iy. 

Results 
Tributary Drainages 

Stream drainages in the Yellowstone Lake basin 
varied along multivariate gradients of basin-scale 
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TABU- 4.—Component loadings (correlation between 
variables and an individual component) for principal com
ponents analysis (PCA) of cutthroat life history in 115 
Ycllowstone Lake tributaries. The percent of variation ex
plained by individual components after van max rotation 
of physical variables is shown in parentheses under the 
component number. 

Variable 

Drainage basin area 
Andsesite i*A of 

basin) 
Rhyololyte ({< ol 

basin) 
Mean aspect (basin) 
Mean slope class 

(basin) 
Average elevation 

(basin) 
UTMa-east 
ITMJ north 
Stream order 

1 
<33'* I 

PCA component 

(24'* (I4r «) 

0.74 

0.87 

-0.80 

-0.81 

0.93 

Maximum elevation I basin) 0.90 
Total length of tributary 
Slope of profile regression -0.85 
Intercept of profile 

regression 
Weighted mean slope 

(basin) 
Water yield (mean tor 

basin) 
Link number 
Length of stream below 

2,440-m elevation 

-0.85 

0.78 

0.89 
-0.79 

0.91 

1 Universal transverse mcrcalor (coordinates of the stream mouth). 

physical variables (Table 1). Approximately 71% 
of the variation among 115 tributaries was ex
pressed in the first three components of the rotated 
PCA. The first component was dominated by vari
ables associated with stream length and drainage 
basin size (Table 4). Basin elevation and stream 

profile variables characterized the second com
ponent, and mean aspect and location (UTM-east) 
were the primary variables in the third component. 
The fourth component was represented by the lo
cation variable (UTM-norlh), and it accounted for 
an additional 1% of the variation among streams. 

Life history variables measured for fish in the 
subset of 27 spawning streams varied extensively 
(Table 2). Mean length of cutthroat trout spawners 
ranged from 305 to 386 mm. Date of peak spawn
ing ranged from day 143 (late May) to day 184 
(early July) during the study period. Duration of 
spawning migrations averaged about 47 d but var
ied in individual streams from 22 to 96 d. Among-
year variation in migration duration was greatest 
in populations with the longest periods of spawn
ing. 

Drainage area, mean elevation, and mean aspect 
were chosen to represent the first, second, and third 
components as predictor variables for polynomial 
regression analysis (Table 5). Mean elevation and 
aspect of the tributary drainage were directly re
lated to the date of the spawning migration peak, 
but none of the predictor variables produced sta
tistically significant relationships with duration of 
spawning migration (Table 5). In linear regressions 
with single predictor variables, about 50% of the 
variation in date of peak migration was attributable 
to either mean aspect (P < 0.01. r2 = 0.51) or 
mean elevation (P < 0.01, r2 = 0.48) alone (Table 
5). The best predictor of the date of the spawning 
migration peak was a third-order polynomial re
gression of drainage area and mean aspect (P ^ 
0.01. R2 = 0.64). 

The resulting response curve provided a rea
sonable representation of the complex relationship 
between the basin-scale physical variables (drain
age area and mean aspect) and the peak of the 

TABLK 5.—Coefficients of determination (/?-) for first- (linear), second- (quadratic), and third-order (cubic) polyno
mials describing relationships among physical (predictor) variables that characteri/c the drainage basin and life history 
(response) variables that describe attributes of annual Yellowstone cutthroat trout spawning migrations in 27 tributaries 
to Yellowstone Lake. Asterisks denote P < 0.05* or P s 0.01**. 

Date- of peak migration Mean length of spawners Mean duration of migration 
Basin-scale 
variables 

Log ID ha (hec) 
Mean elevation (melv) 
Mean aspeel (ma.sp) 
Hee. melv 
Hec. ma.sp 
Melv, ma.sp 
Hec. melv, masp 

Linear 

0.06 
0.48** 
0.51** 
0.48** 
0.51** 
0.57*" 
0.57 

Quadratic Cubic Linear Quadratic Cubic Linear Quadratic Cubic 

0.06 
0.48** 

0.07 
a 

0.12 
0.02 

0.13 
0.11 

0.33 
<> 

O.(X) 
0.09 

0.02 
0.19 

* 
0.22 

0.52** a 0.07 0.33** 0.36'* 0.06 0.13 j 
0.53** 4 0.12 0.39 a 0.11 0.28 a 

0.54** 0.64** 0.15 0.53** 0.63* 0.08 0.30 0.49 
0.61** a 0.08 0.34 a 0.09 0.21 •' 

h h 0.16 h h 0.12 h h 

•' Correlation matrix becomes singular. 
h Insufficient sample si/.e. 
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Ficii'RK 4,—Ecological response surface predicted by a third-order polynomial regression with drainage basin 
area (login ha) an<J mean aspect as predictor variables and date of peak cutthroat trout spawning migration in 27 
tributaries to Yellowstone Lake as the response variable. 

spawning migration (Figure 4). The response sur
face suggests that in smaller drainages, spawning 
migration peaks earlier in tributaries with a pre
dominately southern aspect than in tributaries with 
a northern orientation. The importance of aspect 
diminishes in larger drainages, however. A trend 
toward later migration peaks accompanies increas
ing drainage size, but the rate of change appears 
to be affected by basin orientation. Thus, peak 
migrations are predicted to occur earliest in small 
basins with a predominantly southeastern aspect; 
large drainages with a predominantly northwestern 
aspect support the latest migration peaks. 

The cutthroat trout spawning migration in Clear 
Creek was directly related to the pattern of stream 
discharge during the spring runoff. When the num
bers of cutthroat trout spawners entering Clear 
Creek daily were summed over time (10 sample 
years between 1979 and 1991) in relation to the 
relative date of peak stream discharge, the majority 
of cutthroat trout spawners migrated upstream af
ter peak stream discharge (Figure 5). During in
dividual years, 87% (1981) to 98% (1987) of the 
cutthroat trout spawners migrated upstream after 
the peak stream discharge (mean, 92%). 

Mean aspect was the only individual predictor 
variable that yielded a statistically significant re
lationship with mean length of cutthroat trout 
spawners (Table 5). Variation in mean length of 

cutthroat trout spawners was best explained by a 
third-order polynomial regression, with drainage 
size and mean aspect as predictor variables (Table 
5; P < 0.05, R2 = 0.63). Mean length of spawners 
appeared to be relatively constant in drainages 
with a southeastern orientation, regardless of 
drainage size, but in north-oriented tributaries 
mean length of spawners was related to drainage 
size (Figure 6). Spawners with the longest total 
length occurred in large drainages with a northwest 
orientation, and spawners with the shortest total 
length were found in small drainages with a similar 
orientation. Mean length of spawners in smaller 
drainages declined as basin orientation shifted 
from southeast to northwest; in large basins, 
spawner length generally increased from the south
east to the northwest. 

Yellowstone Lake 
Among-zone, among-site, and among-year dif

ferences in mean length of cutthroat trout pre-
spawners were significant (ANOVA; P < 0.05), 
but interactions of zone and year were not (P > 
0.05). The shortest prespawners were in zone 4 
(West Thumb), the longest were collected in zones 
6 (South Arm) and 7 (Southeast Arm) (Table 6). 
Mean length of cutthroat trout from zone 4 was 
significantly different from that in zones 6 and 7 
(Newman-Keuls multiple comparison; P < 0.05). 
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FIGURE 5.—Generalized pattern of Yellowstone cutthroat trout spawning migration into the Clear Creek tributary
to Yellowstone Lake. Spawner counts from 1979-1981, 1983-1984, and 1987-1991 were arranged relative to the
peak discharge date (0) in each year of sampling. Fish moving a given number of days before or after the peak
discharge date were summed for the entire period (e.g.. all fish moving 3 d before or 12 d after a discharge peak
were summed across years), and daily sums were converted to percentages of all migrants counted in the 10
sampling years.

_ 450

FIGURH 6.—Ecological response surface predicted by a third-order polynomial regression with drainage basin
area (login ha) and mean aspect as predictor variables and mean length of cutthroat trout spawners in 27 tributaries
to Yellowstone Lake as the response variable.
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TABU 6.—Comparison (re pealed-measures ANOVA) 
of mean length of prespawners and growth index (P) of 
cutthroat trout caught in six of seven management /ones 
in Yellowstone Lake. 1978-1992. 

Mean 
length of Sigmli 

pre- candy Mean 
Sample spawncrs different growth 

Lake /one si/e ( m m ) /oncv1 index (P)b 

4 28 373 7. 6 .48 
2 42 385 6 .66 
3 28 386 6 .57 
1 28 389 .62 
7 14 408 4 .72 
* 14 414 4 .2 .3 .75 

11 Newman-Keuls mult iple means comparisons: /' '- 0.05. 
^Growth indexes did not vary s ign i f ican t ly among lake /ones 

(Newman-Keuls P > 0.05). 

Differences in the growth index among the 
zones of Yellowstone Lake were not significant 
(ANOVA: P > 0.05; Table 6). Differences attrib
utable to effects of netting site and sample year 
were significant (P ^ 0.05), but the interaction 
effect of the zone and year was not (P > 0.05). 

Cutthroat trout length and growth in disparate 
areas of Yellowstone Lake were related to physical 
and limnological characteristics of individual sub-
basins (Table 7). The relationships between mean 
length of prespawners and littoral area (proportion 
of lake surface area represented by water < 10 m 
deep; r = 0.78; P = 0.07), pH (r = 0.77: P = 
0.07), and water temperature (r = 0.73: P = 0.10) 
were all positive. Growth index exhibited positive 
relationships with mean surface temperature (/• = 
0.84: P = 0.04). proportion of littoral area (r = 
0.81; P = 0.05), and pH (/• = 0.75; P = 0.09). 
Coefficients of correlation suggested weak (neg
ative) linear associations between mean angler har
vest of cutthroat trout and both mean length of 

prespawners and the growth index from six man
agement zones (Table 7). 

Discussion 
Our data suggest that physical characteristics of 

spawning tributaries in the Yellowstone Lake basin 
influence life history traits of adfluvial cutthroat 
trout spawners in complex ways. Basin area, mean 
aspect, and elevation of tributary drainages appear 
to affect t iming of cutthroat trout spawning mi
gration. The strongest relationship was described 
by a third-order polynomial regression with drain
age basin area and mean aspect as predictor vari
ables. The shape of the resulting response surface 
implies that the hydrological factors determined 
by basin area and aspect favor spawning in mid-
June (approximate day of year, 165) in most drain
ages (Figure 4). Optimal spawning conditions ap
parently occur earlier in small drainages with 
southeasterly aspect than in northwest-oriented 
drainages with a large drainage area. The predicted 
pattern follows the general progression of snow
melt in the Yellowstone Lake basin, which occurs 
earliest at lower elevations along the western and 
northern portions of the basin (i.e., drainages with 
southeastern and southern aspects). Warmer air 
temperatures at low elevations and direct radiation 
on south-facing slopes influence this temporal and 
spatial progression. For example, peak discharge 
in Pelican Creek, which drains much of the north
ern portion of the Yellowstone Lake basin (south
ern aspect), often occurs 2 weeks before it does 
in Clear Creek, a tributary draining the higher el
evation of the Absaroka Mountains in the eastern 
basin (northwest aspect). Arnica Creek flows into 
West Thumb from the west (southeast aspect), and 
discharge usually peaks by mid-May. 

Because drainage area, elevation, and aspect 

TABU-. 7.—Pcarson correlation coefficients (P in parentheses) between mean length and growth index of cutthroat 
trout prespawners captured in gill nets in six management zones in Yellowstone Lake and limnological variables char
actcri/ing the /ones and the mean number of cutthroat troui harvested annually from each /one. 1978-1992. 

Variable 

 Mean length of prespawners 
2 Growth index (P) 
3 Mean depth (ml 
4 Proportion of area < 10 m 

deep 
5 Mean pH 
6 Mean surface water 

temperature (T") 
7 Mean annual harvest 

Variable 

1 •> 3 4 5 6 

0.9210.01) 
• 0.45 < ().37i -0.62(0.19) 

0.7K(0.07) 0.81 (0.05) -0.61 (0.19) 
0.77(0.071 0.75 (0.09) 0.56(0.25) 0.55 (0.26) 

0.73(0.10) 0.84(0.04) 0.24(0.64) 0.42(0.41) 0.61(0.20) 
-0.53(0.27) 0.19(0.71) 0.41 (0.41) -0.21(0.69) -0.31(0.55) -0.20(0.70) 

1
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strongly affect the annual hydrograph in fluvial 
systems (Morisawa 1968), the influence of phys
ical drainage basin characteristics on migration 
timing is not surprising. Water flow is related to 
the timing of upstream migration for many fish 
species (Jonsson 1991). In Clear Creek, the peak 
of the Yellowstone cutthroat trout spawning mi
gration generally occurs following peak runoff as 
discharge decreases and water temperature in
creases (Jones et al. 1990); during 10 sample years 
between 1979 and 1991, 87-98% (mean, 92%) of 
the cutthroat trout spawners moved upstream after 
the date of the annual peak discharge (Figure 5). 
This pattern appears to be typical of Yellowstone 
cutthroat trout throughout their range (Ball and 
Cope 1961; Thurow and King 1994; Gresswell 
1995). Among-year variation in the timing of an
nual spawning migrations is directly related to an
nual weather patterns that determine the amount 
of annual precipitation and the timing of snowmelt 
and runoff; however, the pattern of discharge 
among tributaries is constrained by the physical 
configuration of the tributary drainages. 

A direct relationship between length of migrat
ing salmonid spawners and stream size (stream 
length and discharge) has been noted in some flu
vial systems (Schaeffer and Elson 1975; Beacham 
and Murray 1987; Jonsson ct al. 1991). It has been 
argued that large rivers require higher energy ex
penditures for fish to reach spawning areas 
(Schaeffer and Elson 1975) and that larger females 
may be better able to dig and cover redds in larger 
rivers (Beacham and Murray 1987). The relation
ship between spawner length and tributary size 
does not appear to be universal, however, and 
L'Abee-Lund el al. (1989) did not find significant 
relationships between mean adult length of anad
romous brown trout and river size. In the Yellow
stone Lake watershed as well, there does not ap
pear to be a simple relationship between spawner 
length and tributary drainage size. None of the 
polynomial regressions with spawner length as the 
response variable and basin size as the only pre
dictor variable were statistically significant (Table 
5). When basin size and mean aspect were com
bined as predictor variables, however, the resulting 
third-degree polynomial explained substantial 
variation in spawner length. 

The relationship between mean aspect of a trib
utary drainage and the length of cutthroat trout 
spawners may not appear to be straightforward, 
but in the Yellowstone Lake watershed, mean as
pect of a tributary drainage reflects stream location 
as well as orientation and exposure to the sun. The 

apparent influence of geographic location of 
streams on the length of spawncrs is consistent 
with observed differences in mean length of cut
throat trout prespawners from different areas of 
the lake. Although the length of prespawning cut
throat trout may be affected by angler harvest in 
the lake, systematic observed differences in fish 
length among subbasins cannot be explained by 
angler harvest alone (Table 7). Furthermore, cor
relations with water temperature, pH, and littoral 
area (proportion of area < 10 m deep) among lake 
zones suggest that growth and length of mature 
cutthroat trout are related to variables within the 
lacustrine environment. Benthic production is gen
erally highest in littoral portions of lakes (Wet/el 
1983), and increased water temperatures encoun
tered in shallow littoral areas can influence fish 
growth through effects on food quality and quan
tity, and by changes in consumption rate and 
growth efficiency (Wootton 1990). In Yellowstone 
Lake, crustaceans and aquatic insect larvae dom
inate the diet of mature cutthroat trout; Bcnson 
(1961) reported that food abundance and repro
duction were related to depth distribution, feeding, 
and movements of these fish. 

Analysis of tagging studies from Yellowstone 
Lake suggests that cutthroat trout spawners remain 
together after returning to the lake following 
spawning. Ball and Cope (1961) summarized an
gler returns of cutthroat trout that had been tagged 
in spawning streams but angled in various parts of 
the lake. When adjusted for variation in angler 
effort among zones (Benson and Bulkley 1963), 
the results suggest that about 75% of the fish 
tagged in streams tributary to the South Arm and 
West Thumb were later recaptured in the subbasins 
fed by these streams. In our study, mean length of 
prespawning cutthroat trout from West Thumb and 
the South Arm differed significantly (Table 6). Al
most two-thirds of the fish tagged in Pelican Creek, 
a tributary to the north shore, were recaptured in 
the northern part of the lake. Distribution of fish 
from Clear Creek (a northeastern tributary) is more 
complicated. The largest single accumulation of 
tagged fish from Clear Creek, almost 50% of the 
fish tagged there, were later caught in the South 
Arm. and they apparently remained together 
throughout the summer. In our study, cutthroat 
trout prespawners from the South Arm were the 
largest fish sampled in Yellowstone Lake, and 
these observations may partially explain why cut
throat trout spawners in Clear Creek typically ex
hibit a longer average length than spawners from 
other major tributaries in the northern portion of 
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the lake (Pelican Creek and Cub Creek; Jones et 
al. 1980, 1982). 

The level of straying among cutthroat trout 
spawning populations in Ycllowstonc Lake is low 
(< 3% annually); however, genetic differences 
among populations (as measured by protein elec
trophoresis and mitochondrial DNA) have not 
been observed (D. K. Shiozawa, Brigham Young 
University, and R. N. Williams, Clear Creek Ge
netics, unpublished data). Apparently, straying and 
a lack of strong environmental selective pressures 
during the relatively short time since Yellowstone 
cutthroat trout reinvaded the Yellowstone River 
drainage after the last glaciation (approximately 
12,000 years ago; Gresswell et al. 1994) have not 
allowed detectable genetic differentiation among 
the cutthroat trout spawning populations. Al
though there is no evidence of genetic differenti
ation among spawning populations in the Yellow
stone Lake watershed, these populations can be 
separated by such phenotypic characteristics as 
mean length, mean age of spawners, and fecundity 
(Gresswell et al. 1994). Because phenotype reflects 
the interaction of genotype and environment, phe
notypic diversity among populations of cutthroat 
trout in the Yellowstone Lake basin may be linked 
to environmental diversity among tributary drain
ages and within Yellowstone Lake (Healey and 
Prince 1995; Frissell et al. 1997). Tributaries to 
Yellowstone Lake vary in stream length, drainage 
basin area, elevation, stream profile, mean aspect, 
and location within the Yellowstone basin. These 
basin-scale factors can influence hydrological pat
tern, temperature regime, sediment loading, woody 
debris distribution, instrcam habitat features, bank 
stability, and other characteristics of streams (Fris
sell et al. 1986; Allan 1995; Imhof et al. 1996). 
Moreover, lake subbasins vary in water depth, pro
portion of littoral area, water temperature, and pH 
(Table 3), and these characteristics can directly 
influence food quality and quantity and thereby 
fish growth (Wetzel 1983; Wootton 1990). 

We have presented evidence that timing of the 
annual Yellowstone cutthroat trout spawning mi
gration and length of cutthroat trout spawners in 
tributaries to Yellowstone Lake are related to phys
ical characteristics of the tributary watersheds, 
specifically to drainage aspect and tributary size. 
Furthermore, in Clear Creek, migration timing is 
associated with seasonal pattern of stream dis
charge. Average length of cutthroat trout spawners 
appears to be related to a complex interaction of 
drainage basin size and location of individual trib
utary streams in the Yellowstone Lake watershed. 

Statistically significant differences in length of 
mature cutthroat trout from different portions of 
the lake suggest that distribution of individuals 
within the lake is not random, and this distribution 
may influence the length of spawners in tributary 
streams. Although average length and growth of 
cutthroat trout appear to be related to their distri
bution in the lake, we cannot infer a direct genetic 
relationship between these life history character
istics and subbasin residence. The observed dif
ferences are probably phenotypic responses to 
variation in food quality and quantity related to 
dissimilarities in subbasin littoral area, surface wa
ter temperature, and other limnological character
istics. 

This study has three important implications for 
fisheries management in freshwater lacustrine sys
tems. First, our results underscore the organiza
tional and developmental complexity of organisms 
in aquatic systems. There were no simple linear 
relationships among physical properties of tribu
taries or lake subbasins and life history charac
teristics of cutthroat trout in Yellowstone Lake. On 
the contrary, it is apparent that life history orga
nization is influenced by a suite of physical vari
ables. Some of these controls (e.g., climate and 
topography) function over broad temporal and spa
tial scales, and others (e.g., weather patterns and 
substrate composition) are focused at the local 
scale for short periods of time. Conditions within 
the natal stream are highly variable when com
pared to those encountered in the disparate areas 
of the lake. Within populations, cutthroat trout 
must adapt locally to the interactions of physical, 
chemical, and biological factors in both habitats. 

Another important implication of this study is 
related to the character of habitat in lacustrine sys
tems at a basin scale. The relatively pristine con
dition of the Yellowstone Lake drainage has con
tributed to the maintenance of habitat diversity that 
has enabled concomitant expression of variation 
in cutthroat trout life history traits. Habitat diver
sity and associated population diversity probably 
have contributed to the persistence of cutthroat 
trout in the Yellowstone Lake basin and supported 
recovery of the fishery from the effects of angler 
harvest and hatchery fish stocking that diminished 
in the 1970s (Gresswell and Varley 1988; Gress
well et al. 1994). Our results underscore the im
portance of maintaining habitat and population di
versity for the persistence of potamodromous 
salmonids. Those management activities that lead 
to environmental simplification and homogeneity 
ultimately may have substantial negative effects 
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on biological organization at the levels of local 
populations and metapopulations (den Boer 1968; 
Harrison and Quinn 1989; Hanski 1991). 

Finally, it is important to acknowledge that the 
influence of management activities will not be uni
form across a watershed. For instance, fishing reg
ulations that govern the number and size of fish 
that can be harvested may affect some areas of a 
lake more than others. This disparity implies that 
decisions probably should be based on more vul
nerable subpopulations of fish rather than on most 
abundant groups or even on basin-wide averages. 
Similarly, the effects of nonnative species intro
ductions may not be distributed equally within a 
lake basin. In Yellowstone Lake for example, re
cent evidence suggests that the highest densities 
of lake trout are found in the portion of the lake 
where length of adult cutthroat trout is the smallest 
(J. D. Mclntyre, Yellowstone National Park, per
sonal communication). Such information can be 
used to better predict the consequences of a par
ticular event or activity and provide insight into 
possible counter measures to reduce negative re
percussions. 
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