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Predictive Models of Fish Species Distribution in
the Blackwater Drainage, British Columbia

MARC S. PORTER,* JORDAN ROSENFELD, AND ERIC A. PARKINSON

British Columbia Fisheries Branch, Research and Development Section,
University of British Columbia, 2204 Main Mall, Vancouver, British Columbia V6T 1Z4, Canada

Abstract.—Management of fish biodiversity and individual fish species requires the ability to
understand and predict expected species distributions. Models predicting species distributions can
provide insight into habitat requirements, help identify unique outlier populations, and determine
potential biodiversity hotspots. Our goal was to determine whether reliable models of species
distributions could be developed for freshwater fish in British Columbia using large-scale macro-
habitat data. We surveyed 48 stream sites in a British Columbia drainage with high species diversity
(the Blackwater River) and developed statistical models based on macrohabitat variables to describe
fish species distributions. Classification rates (i.e., the proportion of sites correctly classified by
the model) of our logistic regression models based solely on map-based variables were generally
high (73–90%) for most fish species found in the Blackwater River drainage. Including field-
measured variables produced significantly better models for most species, but improvements in
classification rates were generally marginal. Application of the Blackwater River species models
to data from a geographically distant drainage (the Similkameen River) was not successful (i.e.,
classification rates were poor for all shared species). Classification rates for species in the Sim-
ilkameen River drainage were improved considerably by using the same macrohabitat variables
to generate logistic models that were unique to that watershed. Combining data for the two wa-
tersheds also generated significant logistic regressions. Quality of these combined models was
significantly improved for most species by incorporating a categorical variable that presumably
captured broad differences in habitat conditions between the watersheds; however, classifications
were poorer than models specific to individual drainages. Further refinements to quantify variation
in habitat conditions among watersheds should permit the development of regional fish distribution
models as a layer in geographic information systems. In conjunction with map-based macrohabitat
information, distribution models could provide a powerful diagnostic and predictive tool for im-
proving watershed planning and management practices.

Conserving fish biodiversity requires reliable
information on distribution and habitat use by in-
dividual fish species. This is especially true for
species that are at risk because they exist in low
numbers, are endemic or disjunctively distributed,
or are sensitive to the effects of agriculture, ur-
banization, and forestry (McPhail and Carveth
1992; Cannings and Ptolemy 1998). Although dis-
tributions and habitat requirements are known for
most game species in British Columbia, those of
many nongame species are poorly documented.
Therefore, systematic definitions of fish species
distributions and habitat use are critical if man-
agement of fish and fish habitat are to be effec-
tively integrated into land-use planning (Parkinson
et al. 1996).

The identification of habitat features that char-
acterize fish distributions and abundance has long
been an objective of fisheries research, but the fo-
cus has largely been on salmonids (e.g., Bjornn
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and Reiser 1991; Meehan and Bjornn 1991). Much
of this work has attempted to characterize habitats
through small-scale approaches such as stream
reach or habitat unit inventories (e.g., Fausch and
Northcote 1992; Nickelson et al. 1992). It may be
more important, for planning purposes, to deter-
mine fish distributions and responses to habitat
based on a larger-scale geomorphic approach (Nel-
son et al. 1992; Rieman and McIntyre 1995; Kruse
et al. 1997). Previous research has shown that
large-scale geomorphic variables (e.g., elevation,
channel slope, stream size) can be used as reliable
predictors of fish species occurrences (Gorman and
Karr 1978; Lanka et al. 1987; Nelson et al. 1992;
Rieman and McIntyre 1995; Kruse et al. 1997;
Watson and Hillman 1997). The development of
incidence functions based on large-scale variables
could be an important tool for fisheries and for-
estry managers, allowing them to predict the pres-
ence or absence of particular fish species, even
where little detailed habitat or population infor-
mation is available (Rieman and McIntyre 1995;
Kruse et al. 1997). Models predicting species dis-
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FIGURE 1.—Location of stream sites surveyed within the Blackwater River drainage. Inset indicates the locations
of the Blackwater River drainage (A) and the Similkameen River drainage (B) in British Columbia.

tribution can also identify habitat requirements,
unique outlier populations, and potential biodi-
versity hotspots. Although predictions of pres-
ence–absence will need to be verified with ground
surveys, predictive models can help focus inven-
tory and management activities on areas where
species are considered likely to occur and may
allow managers to anticipate the possible conse-
quences of large-scale habitat change.

Our purpose was to quantify macrohabitat use
by individual fish species in the Blackwater River
drainage, a representative high-diversity water-
shed in central British Columbia, and to identify
the physical variables that are most important in
discriminating between stream sites with and with-
out individual fish species. Our primary objective
was to predict the presence of different fish species
at a site and to develop predictive habitat models
that are suitable for interfacing with GIS-based
planning and information systems. We developed
logistic regression models using a combination of
map-based features (e.g., watershed gradient,
drainage area) and data collected in the field (e.g.,
bankfull width, stream temperature) to determine
the level of information necessary to reliably pre-
dict fish species distributions. We then tested the
derived relationships with data collected indepen-
dently from a distant watershed (the Similkameen
River drainage), to determine the utility of such
models for management purposes.

Study Area

The Blackwater River is on the Fraser Plateau
of British Columbia’s central interior (Figure 1)
and drains an area of approximately 12,400 km2

(Water Survey of Canada 1989). Climate in the
area is dry for British Columbia; winters are cold
and summers short (Griffith 1991). The existing
forest in the drainage is predominated by lodge-
pole pine Pinus contorta, white spruce Picea glau-
ca, and black spruce Picea mariana; Interior doug-
las fir Pseudotsuga menziesii is included in the wet-
ter areas. Varied degrees of timber harvesting (in-
cluding extensive clear-cut logging) and limited
agriculture in valley bottoms occur throughout
much of the Blackwater drainage. At least 19 spe-
cies of fish are known to occur within the Black-
water drainage, making it an ideal watershed to
assess habitat use by multiple species.

Methods

Data collection.—Fish were sampled during
summer low-flow periods (July–September) at 36
sites in 1996 and 12 sites in 1997 (Figure 1). We
surveyed a mixture of small, intermediate, and
large streams to cover the full range of flowing-
water habitats in the drainage. Sampling sites were
of variable size but included all naturally occurring
habitat units (e.g., riffles, pools, runs, glides, cas-
cades, etc.) present within a stream reach (defined
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TABLE 1.—Physical habitat variables used to characterize sites in the Blackwater River drainage, British Columbia.
Map-based variables were estimated from 1:50,000 topographic maps. Field-based variables were estimated from mea-
surements at a site by a field crew in 1996 and 1997.

Variable Type Description

Drainage area (km 2) Map-based Total area (61 km2) from which water drains into the stream
upstream of the survey site

Watershed gradient (%) Map-based Drop in elevation over length of stream from headwaters to site
of sampling (60.5%)

Reach gradient (%) Map-based Drop in elevation (60.5%) over length of reach encompassing
survey site (defined by 30.5-m (100-ft) contour change brack-
eting site)

Elevation (m) Map-based Site elevation (615 m) as determined from topographic maps or
handheld Geographic Positioning Systems units or both

Distance from a lake .4 ha (km) Map-based Linear distance (60.1 km) from site to nearest large lake, follow-
ing the natural meanders of the stream

Distance from the Fraser River (km) Map-based Linear distance (60.1 km) from site to the nearest major river
(Fraser River), following the natural meanders of the stream

Lake area in drainage (ha) Map-based Total surface area (60.1 ha) of all lakes present within the de-
fined drainage area

Sinuosity Map-based Channel meander length over down-valley linear distance
Site gradient (%) Field-based Drop in water-surface elevation (60.5%) over total length of

stream channel surveyed
Bank-full width (m) Field-based Average width (60.1 m) of the bank-full channel (defined by the

presence of permanent rooted vegetation)
Bank-full depth (cm) Field-based Average depth (61 cm) from the height of the bank-full channel

to the channel bottom
Maximum wetted depth (cm) Field-based Deepest point (61 cm) in stream channel
Maximum temperature (8C) Field-based Highest temperature (60.18C) recorded at site by hourly tempera-

ture-logger readings
Degree-days (8C·days) Field-based Area under curve of mean daily temperature versus time over a

single year

in Johnston and Slaney 1996). Fish were collected
at all sites using a Smith–Root backpack electro-
shocker. At deeper sites 10-m-long sinking gill
nets with 7.5-cm, 5.0-cm, 2.5-cm, and multipanel
(1.25–3.25 cm) mesh sizes were set parallel to the
current. Gill nets were generally fished for 2–4 h
and were checked regularly during the set to re-
duce fish mortality. Minnow traps, seines (both
pole and beach), trap nets, and angling were also
used where appropriate. All or some of these sam-
pling methods were employed to ensure a high rate
of capture success for all species present at a par-
ticular site. Captured fish were identified to species
in the field, measured in fork length (mm),
weighed to the nearest 0.1 g, and released. Un-
identifiable fish were measured, preserved in 10%
formalin, and later identified in the laboratory.
Species not captured after extensive sampling with
the full range of sampling techniques were as-
sumed to be absent from a site.

Physical characteristics of each site were mea-
sured based on procedures outlined in Newbury
and Gaboury (1994) and Johnston and Slaney
(1996). Fourteen habitat variables (Table 1) were
estimated from 1:50,000 topographic maps or by
direct measurement in the field. Site habitat var-

iables (e.g., bankfull width, drainage area, gradient
measures) were those previously identified as use-
ful indicators of fish species occurrence (Lanka et
al. 1987; Rieman and McIntyre 1995; Kruse et al.
1997; Watson and Hillman 1997), many of which
are also correlated with habitat features at a finer
scale (e.g., current velocity, substrate type, chan-
nel stability, pool–riffle frequencies) that are
known to influence fish distribution and abundance
(Gorman and Karr 1978; Angermeier and Karr
1983; Moyle and Baltz 1985; Lobb and Orth 1991;
Hubert and Kozel 1993).

Data analysis.—Statistical models that could
predict presence–absence of individual species
were developed using binary logistic regression.
Logistic regression was used because of the bi-
nomial nature of the dependent variable (presence–
absence) and because the analysis provides a prob-
abilistic prediction of fish presence. The analysis
is insensitive to differences in fish densities at sites
and was biased only if a fish species present at a
stream site was never detected. We believe we min-
imized this possibility by sampling each site thor-
oughly and by using a suite of different sampling
techniques for both juvenile and adult fish. Lo-
gistic regression analysis, unlike most other mul-
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TABLE 2.—Means (6 SD) of principal habitat measurements for sites in British Columbia’s Blackwater River drainage
at which individual fish species were considered to be present or absent based on summer sampling in 1996 and 1997.

Species Status Na

Drainage
area

(km 2)

Watershed
gradient

(%)

Reach
gradient

(%)
Elevation

(m)

Bridgelip sucker
Catostomus commersoni

Burbot
Lota lota

Chinook salmon
Oncorhynchus tshawytscha

Chiselmouth
Arcocheilus alutaceus

Largescale sucker
Catostomus macrocheilus

Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

18
30
19
29
19
29
14
34
14
34

2,889 6 3,419
593 6 1,320

2,306 6 2,852
895 6 2,230

2,492 6 3,515
773 6 1,366

3,635 6 3,561
556 6 1,227

3,292 6 3,726
697 6 1,363

1.0 6 0.5
2.0 6 1.3
0.9 6 0.5
2.1 6 1.3
1.2 6 0.6
1.9 6 1.4
0.9 6 0.5
1.9 6 1.2
0.9 6 0.5
1.9 6 1.3

0.7 6 0.8
1.3 6 1.0
0.8 6 0.8
1.3 6 1.1
1.2 6 1.1
1.0 6 0.9
0.6 6 0.4
1.3 6 1.1
0.5 6 0.4
1.3 6 1.1

870 6 64
937 6 111
876 6 73
935 6 110
885 6 85
930 6 107
836 6 33
943 6 103
839 6 37
942 6 103

Leopard dace
Rhinichthys falcatus

Longnose dace
R. cataractae

Longnose sucker
Catostomus catostomus

Mountain whitefish
Prosopium williamsoni

Northern squawfish
Ptychocheilus oregonensis

Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

14
34
19
29
17
31
26
22
19
29

3,610 6 3,579
566 6 1,233

2,260 6 2,862
925 6 2,242

1,452 6 3,092
1,455 6 2,278
2,340 6 3,141

406 6 909
2,861 6 3,357

532 6 1,246

1.0 6 0.5
1.9 6 1.3
1.0 6 0.6
2.0 6 1.3
1.6 6 1.3
1.6 6 1.2
1.0 6 0.5
2.3 6 1.4
0.9 6 0.5
2.0 6 1.3

0.5 6 0.4
1.3 6 1.1
1.0 6 1.1
1.2 6 1.0
1.0 6 0.9
1.1 6 1.1
1.0 6 1.0
1.2 6 1.0
0.5 6 0.4
1.5 6 1.1

837 6 31
943 6 103
888 6 75
928 6 113
896 6 91
921 6 106
892 6 86
936 6 112
833 6 38
964 6 95

Peamouth
Mylocheilus caurinus

Prickly sculpin
Cottus asper

Rainbow trout
O. mykiss

Redside shiner
Richardsonius balteatus

Present
Absent
Present
Absent
Present
Absent
Present
Absent

13
35
16
32
40
8

22
26

3,227 6 3,728
795 6 1,588

1,419 6 1,299
1,471 6 3,023
1,643 6 2,718

349 6 726
2,664 6 3,172

430 6 1,231

1.0 6 0.6
1.8 6 1.3
0.9 6 0.5
2.0 6 1.3
1.3 6 0.8
3.2 6 1.9
1.1 6 1.0
2.0 6 1.2

0.6 6 0.4
1.3 6 1.1
0.5 6 0.4
1.4 6 1.1
1.1 6 1.0
1.3 6 1.0
0.5 6 0.4
1.6 6 1.1

837 6 30
940 6 104
854 6 42
941 6 109
911 6 102
919 6 97
853 6 57
962 6 103

a Number of sites species was present or absent.

tivariate procedures, does not require that vari-
ables be normally distributed, linearly related, or
of equal variance within each group (Press and
Wilson 1978; Tabachnick and Fidell 1996). With
two possible outcomes (in this case, presence or
absence) the form of the logistic function is

u uP 5 e /(1 1 e ),

where P 5 the estimated probability, e 5 the in-
verse natural logarithm of 1, and u 5 linear model;
this model is

u 5 A 1 b X 1 b X 1 . . . 1 b X ,1 1 2 2 n m

where A 5 regression constant, bn 5 regression
coefficients, and Xm 5 independent variables.

Before generating logistic regression models,
Pearson correlation matrices were calculated to
test for multicollinearity among the site variables.
Multicollinearity occurs when variables are too
highly correlated, which can result in both logical
and statistical problems in a multivariate analysis
(Tabachnick and Fidell 1996). Because a number
of the variables were highly correlated with each

other, we selected a subset of variables for use in
logistic regression analysis that (1) were relatively
uncorrelated (zrz , 0.7), and (2) had the highest
correlation with excluded variables (as in Eadie
and Keast 1982). Four map-based variables (drain-
age area, watershed gradient, reach gradient, and
elevation) and two field-based variables (bankfull
width and maximum temperature) were identified
as independent habitat dimensions using this
screening process.

To illustrate univariate differences between sites
with and without individual fish species, mean val-
ues (6SD) were calculated for each of the selected
habitat variables. Logistic regression models were
fit for both untransformed and log-transformed
variables; both sets of variables produced similar
results, but the untransformed data produced
better-fitting models and are the only results pre-
sented here. We used SYSTAT LOGIT (Steinberg
and Colla 1991) for all logistic regression analy-
ses.

Statistical significance of the models was as-
sessed using a chi-square test (a 5 0.05). The
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TABLE 2.—Extended.

Species
Bank-full
width (m)

Maximum
tempera-

ture
(8C)

Bridgelip sucker
Catostomus commersoni

Burbot
Lota lota

Chinook salmon
Oncorhynchus tshawytscha

Chiselmouth
Arcocheilus alutaceus

Largescale sucker
Catostomus macrocheilus

31.0 6 15.4
11.9 6 19.3
25.5 6 15.1
14.9 6 21.9
20.2 6 16.9
18.3 6 22.1
39.5 6 22.7
10.6 6 10.9
39.6 6 22.7
10.6 6 10.8

20.8 6 1.5
19.4 6 1.8
20.6 6 1.6
19.7 6 1.9
19.6 6 1.6
20.6 6 1.9
21.2 6 1.0
19.4 6 1.9
21.4 6 0.9
19.3 6 1.7

Leopard dace
Rhinichthys falcatus

Longnose dace
R. cataractae

Longnose sucker
Catostomus catostomus

Mountain whitefish
Prosopium williamsoni

Northern squawfish
Ptychocheilus oregonensis

38.3 6 22.9
11.2 6 12.0
24.2 6 15.0
15.7 6 22.4
17.3 6 17.8
20.0 6 21.4
28.5 6 21.6
7.9 6 10.1

34.0 6 22.4
9.3 6 10.0

21.2 6 1.0
19.4 6 1.8
20.5 6 1.5
19.7 6 2.1
20.6 6 1.4
19.8 6 2.0
20.5 6 1.6
19.2 6 1.9
21.4 6 0.9
18.9 6 1.6

Peamouth
Mylocheilus caurinus

Prickly sculpin
Cottus asper

Rainbow trout
O. mykiss

Redside shiner
Richardsonius balteatus

33.9 6 16.9
13.5 6 18.4
33.9 6 23.8
11.6 6 12.8
20.4 6 20.5
11.2 6 15.8
32.3 6 22.3
7.9 6 7.3

21.0 6 1.4
19.6 6 1.8
21.3 6 1.4
19.2 6 1.6
20.1 6 1.8
19.8 6 0.5
21.0 6 1.3
18.9 6 1.7

goodness of fit of each model was evaluated by
the magnitude of McFadden’s rho-square, r2

(Steinberg and Colla 1991), a summary statistic
indicating the accuracy with which the model fits
the observed data (analogous to the R2 in a linear
regression model). Rho-square values are always
between 0 and 1, and a higher r2 corresponds to
more significant results. Due to the binary nature
of the dependent variable in logistic regressions,
however, correlations between predictors and the
dependent variable are much lower than would be
obtained in a linear regression. Consequently, r2-
values obtained may seem quite low, yet still rep-
resent a good model fit. Rho-square values be-
tween 0.20 and 0.40, for example, are considered
very satisfactory (Steinberg and Colla 1991).
Models were also assessed using the percent clas-
sification (the proportion of sites correctly clas-
sified by the model), a more readily interpretable
criteria. Probabilities for species occurrence were
calculated from the logistic models and compared
with observed values. Predicted probabilities of
0.50 or greater indicated species presence whereas
probabilities less than 0.50 indicated species ab-

sence. A high correspondence between predicted
and observed presence–absence indicated a good
model fit. Classification rates assigned in this man-
ner are somewhat biased because the classified
sites were also used to estimate model parameters;
consequently, true error rates for the species mod-
els are probably higher.

Two sets of logistic regression models were con-
structed for each species, one using solely map-
based variables (drainage area, watershed gradient,
reach gradient, and elevation) and a second in-
corporating the map-based variables and habitat
variables collected in the field (maximum stream
temperature and bankfull width). Our objective
was to assess the relative predictive ability of mod-
els based on map-based versus combined map-and-
field-based variables. A number of different map-
and-field-based models were produced using com-
binations of the different field-collected variables.
Improvement in model quality was formally as-
sessed by a likelihood ratio test (G statistic) that
computes the difference in log-likelihoods for any
pair of nested models (Steinberg and Colla 1991).

To test model performance in predicting fish
species occurrences, logistic regressions generated
from our surveys were applied to an independent
data set derived from fish and habitat surveys in
a geographically distant watershed (the Similka-
meen River; Rosenfeld 1996). The Similkameen
drainage is another high-diversity watershed in
southwestern British Columbia (Figure 1), sharing
at least seven fish species with the Blackwater
drainage. Sampling methods used at sites in the
Similkameen drainage were similar to those em-
ployed in the Blackwater drainage and were con-
sidered sufficient to be reflective of fish species
presence or absence. Habitat information from
these surveys was used to test map-based (habitat
information derived from 1:50,000 topographic
maps) and map-and-field-based logistic models.
Predicted probabilities of 0.5 or greater indicated
probable fish presence, whereas probabilities less
than 0.5 indicated absence. The reliability of in-
dividual habitat predictors across regions was ad-
ditionally tested by generating logistic regression
models for the Similkameen data set by using the
same habitat variables employed in the Blackwater
models, with one exception. Maximum stream
temperatures determined from year-long sets of
data-loggers in the Blackwater drainage were not
available in the Similkameen drainage where a sin-
gle measurement of stream temperature was taken
at time of summer sampling. The quality of model
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TABLE 3.—Summary of logistic regression models describing fish species presence and absence in the Blackwater
River drainage, British Columbia. Models are based either solely on map-derived variables or a combination of map-
and field-derived variables estimated in 1996 and 1997. The significance (P-value) of the model, McFadden’s rho-
squared (r2), model classification rate (percent present, absent, overall), and percentages of sites where individual species
were present and absent (in parentheses) are given for each species. Models incorporating field-derived variables are
presented only if the likelihood ratio test (G-statistic) indicated a significant improvement over the species’ map-based
model.

Species Model type P McFadden’s r2

Classification rate (%) and [% of sites]

Present Absent Overall

Bridgelip sucker
Burbot
Chinook salmon

Chiselmouth

Largescale sucker

Leopard dace

Longnose dace

Map-based
Map-based
Map-based
Map- and field-baseda

Map-based
Map- and field-basedb

Map-based
Map- and field-baseda

Map-based
Map- and field-basedb

Map-based

0.002
0.003
0.013
0.023
0.000
0.000
0.000
0.000
0.000
0.000
0.006

0.276
0.246
0.196
0.295
0.475
0.603
0.399
0.554
0.486
0.559
0.224

72 (38)
68 (40)
53 (40)
65
79 (29)
79
64 (29)
86
79 (29)
71
63 (40)

87 (63)
76 (60)
86 (60)
74
88 (71)
88
85 (71)
77
94 (71)
91
83 (60)

81
73
73
69
85
85
79
81
90
85
75

Longnose sucker
Mountain whitefish

Northern squawfish

Peamouth

Prickly sculpin

Rainbow trout
Redside shiner

Map-based
Map-based
Map- and field-basedb

Map-based
Map- and field-basedb

Map-based
Map- and field-baseda

Map-based
Map- and field-basedc

Map-based
Map-based

0.877
0.000
0.000
0.000
0.000
0.001
0.005
0.000
0.000
0.002
0.000

N/A
0.417
0.545
0.677
0.750
0.332
0.393
0.410
0.835
0.425
0.468

N/A
92 (54)
96
89 (40)
95
62 (27)
85
75 (33)
94
98 (83)
82 (46)

N/A
82 (46)
86
90 (60)
93
89 (73)
83
81 (67)
95
43 (17)
81 (54)

N/A
88
92
90
94
81
83
79
94
90
81

Map- and field-baseda 0.001 0.553 86 89 88

a Best combined model based on inclusion of bankfull width and maximum stream temperature.
b Best combined model based on inclusion of bankfull width only.
c Best combined model based on inclusion of maximum stream temperature only.

fit for these new regressions was assessed by clas-
sification rates for each sampled fish species.

Finally, combined logistic regression models
were constructed for fish species based on map-
based habitat information from both the Similka-
meen and Blackwater drainages. The objective was
to assess whether a common regression for each
species, based on remotely derived information,
could adequately describe presence and absence
across both drainages. We then incorporated a cat-
egorical predictor for ‘‘drainage’’ (Blackwater or
Similkameen) in the combined model to determine
if model fit could be improved by including a gen-
eralized artificial variable that might capture some
of the inherent variation between watersheds.

Results

Habitat models were constructed for 14 species
from a total of 5,190 fish collected at 48 stream
sites in the Blackwater drainage in 1996 and 1997
(Table 2). Three additional species (lake chub Cou-
sesius plumbeus, Pacific lamprey Lampetra triden-
tata, and bull trout Salvelinus confluentus) were

collected from too few sites (N , 5) to perform
meaningful analyses. At least one of the measured
habitat variables differed considerably between
sites with and without fish for all species (Table
2), except for longnose sucker. Significant logistic
regression models based on the four independent
map-based habitat variables (drainage area, wa-
tershed gradient, reach gradient, and elevation)
were produced for each of the fish species sur-
veyed in the Blackwater drainage, again with the
exception of longnose sucker (Table 3). The over-
all classification rates of map-based models ranged
from a minimum of 73% for burbot and chinook
salmon to 90% for leopard dace, northern squaw-
fish, and rainbow trout. Overall classification rates
averaged 82% (66% SD) for the 13 fish species
that generated significant regressions, and the av-
erage r2-value for these models was 0.387 (60.132
SD).

Of 13 map-based models, 11 were better at clas-
sifying sites without an individual species than
sites with the species. This difference in classi-
fying sites with species absent versus present
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TABLE 4.—Overall correct classification rates of fish species occurrence (presence or absence) at sites surveyed in
British Columbia’s Similkameen River drainage in 1995. Results are presented for logistic regression models developed
for the Blackwater River drainage and for models developed using only fish and habitat information from the Simil-
kameen River drainage (but using habitat predictors analogous to those in the Blackwater regressions).

Model N

Overall classification rates of Similkameen sites (%)

Prickly
sculpin

Largescale
sucker

Longnose
dace

Mountain
whitefish

Northern
squawfish

Rainbow
trout

Redside
shiner

Blackwater River
Map-based
Map- and field-based

46
46

65
70

72
73

67 48
53

72
73

65 72
70

Similkameen River
Map-based
Map- and field-based

46
46

93
98

91
98

80 83
85

93
93

78 85
85

ranged from as little as 1% for northern squawfish
to as much as 33% for chinook salmon. Models
for only mountain whitefish and rainbow trout
showed better success at classifying sites having
the species rather than sites without the species.
The discrepancy in these cases ranged from 10%
for mountain whitefish to 55% for rainbow trout.

Likelihood-ratio tests indicated that addition of
field-based variables in the logistic models sig-
nificantly improved model fit for 9 of the 14 spe-
cies. Corresponding increases in r2-values ranged
from 0.061 for peamouths to 0.425 for prickly
sculpin. The best map-and-field-based models
showed an average improvement of 0.136 (60.106
SD) in r2-values versus the corresponding map-
based models for these 9 species. Addition of
bankfull width to the map-based variables gener-
ated the best models for chiselmouths, leopard
dace, mountain whitefish, and redside shiners. In-
clusion of both maximum temperature and bank-
full width variables generated the best models for
chinook salmon, largescale suckers, and pea-
mouths. Addition of maximum stream temperature
alone generated the best model for prickly sculpin.
Logistic regression models for burbot, longnose
dace, and rainbow trout did not improve with the
incorporation of independent field variables. In-
clusion of field variables failed to generate a sig-
nificant regression for longnose sucker.

Model improvement following inclusion of field
variables was not as apparent based on overall
classification (Table 3). Although classification
rates did improve considerably for prickly sculpin
(115%) and redside shiners (17%) with inclusion
of the best field variable predictors, the other spe-
cies showed only a minimal improvement (0–4%)
or reduced rates (i.e., chinook salmon 5 24%,
leopard dace 5 25%). The average (6SD) im-
provement in classification rates across the nine

species was only 2.8% (65.6%) relative to the
models using only map-based variables.

Models developed in the Blackwater drainage
poorly classified seven species in the Similkameen
drainage that were also found in the Blackwater
drainage (i.e., species common to both drainages).
Using the Blackwater map-based models, overall
classification rates ranged from only 48% for
mountain whitefish to 72% for northern squawfish,
largescale suckers, and redside shiners; using the
map-and-field-based models, rates ranged from
53% for mountain whitefish to 73% for largescale
suckers and northern squawfish (Table 4). Average
(6SD) overall classification rates for sites in the
Similkameen drainage were 65.9% (68.5%) for
the map-based models and 67.3% (66.9%) for the
map-and-field-based models.

Logistic regression models developed for these
seven species using habitat information derived
solely from the Similkameen drainage greatly im-
proved classification rates within this drainage.
Using indigenous predictor variables for the Sim-
ilkameen drainage, analogous to those from the
Blackwater models, produced overall classifica-
tion rates for map-based models ranging from 78%
for rainbow trout to 93% for northern squawfish
and prickly sculpin; rates for map-and-field-based
models improved to 98% for prickly sculpin and
largescale suckers (Table 4). The average (6SD)
overall classification rates for sites in the Simil-
kameen drainage using these unique regressions
were 86.1% (66.2%) for the map-based models
and 88.1% (68.2%) for the map-and-field based
models.

Habitat conditions at stream sites within the
Blackwater drainage appeared to broadly overlap
with those found at sites in the Similkameen drain-
age (Table 5). However, sites in the Similkameen
drainage were, on average, significantly colder,
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TABLE 5.—Means (ranges) of habitat variables measured at stream sites in the Blackwater River drainage in 1996
and 1997 and in the Similkameen River drainage in 1995. Probability values of the Mann–Whitney U-test are given.

Habitat variable
Blackwater

sites (N 5 48)
Similkameen

sites (N 5 46) P

Drainage area (km 2)
Watershed gradient (%)
Reach gradient (%)
Bank-full width (m)
Maximum depth (m)
Site elevation (m)
Maximum temperature (8C)a

1,495 (13–11,830)
1.6 (0.3–5.7)
1.1 (0.1–3.8)

19.4 (1.9–100.2)
1.06 (0.23–3.50)
910 (750–1,170)
20.1 (15.8–22.9)

1,133 (2–7,808)
3.0 (0.4–20.3)
3.3 (0.1–11.7)

31.6 (2.5–251.2)
0.91 (0.21–3.90)
790 (150–1,350)
12.8 (7.0–19.0)

0.118
0.042
0.001
0.500
0.242
0.003
0.000

a Maximum temperature for Blackwater drainage sites is based on annual temperature-logger
readings; maximum temperature for Similkameen sites is based on hand-held thermometer read-
ings in late summer.

TABLE 6.—Logistic regression models for fish species found in both the Blackwater River and Similkameen River
drainages using their combined map-based habitat data (N 5 94). Model significance (P), degrees of freedom, and
McFadden’s r2 is given for each species model. The significance (P) of the likelihood-ratio test (G-statistic) is given
for evaluating improvement in each species models by including an artificial variable for ‘‘drainage’’ (Blackwater River
or Similkameen River), as is the significance (P) of the individual ‘‘drainage’’ predictor within the species regression.

Species Model inputa df
Model
P-value r2

P-value
of G-statistic

P-value of
drainage
category

Prickly sculpin

Largescale sucker

Longnose dace

Mountain whitefish

Northern squawfish

Rainbow trout

Redside shiner

Map data
Map data plus drainage
Map data
Map data plus drainage
Map data
Map data plus drainage
Map data
Map data plus drainage
Map data
Map data plus drainage
Map data
Map data plus drainage
Map data
Map data plus drainage

4
5
4
5
4
5
4
5
4
5
4
5
4
5

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.009
0.004
0.000
0.000

0.352
0.401
0.219
0.261
0.308
0.309
0.265
0.318
0.275
0.494
0.147
0.193
0.205
0.235

0.032

0.050

0.806

0.010

0.000

0.040

0.062

0.047

0.077

0.819

0.017

0.003

0.044

0.076

a Map data for each regression includes drainage area, watershed gradient, reach gradient, and elevation.

steeper and lower in elevation than sites in the
Blackwater drainage (Table 5).

Combining the fish present–absent and map-
based habitat data sets from both drainages gen-
erated significant logistic regression models for
each of the seven fish species common to both
drainages (Table 6). Rho-square values for these
combined models were considerably lower than
the respective species models developed with
drainage-specific data, except for longnose dace.
Inclusion of a new categorical variable represent-
ing ‘‘drainage’’ (Blackwater or Similkameen) im-
proved the species models significantly for five of
the seven species, and the ‘‘drainage’’ predictor
itself was either significant or approached signif-
icance in six out of seven regressions. However,
classifications were still poorer than models spe-
cific to individual drainages.

Discussion

Logistic regression models can be used to iden-
tify specific habitat features that are associated
with species presence and to predict the likelihood
of occurrence of individual species. Watson and
Hillman (1997) suggested that basin features such
as watershed size, geology, and valley type provide
the flow regimes and instream channel conditions
(channel size, substrate, etc.) that different species
of fish require for rearing, spawning, and migra-
tion. Individual drainages should therefore exhibit
a specific and predictable array of large-scale
physical characteristics that individual fish species
require. Earlier applications of logistic models in-
dicate that fish distributions can be successfully
explained and predicted based on these macrohabi-
tat variables. Logistic regressions incorporating
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only channel slope and elevation, for example, cor-
rectly classified 87% of cutthroat trout sites in
western Wyoming (Kruse et al. 1997). Watson and
Hillman (1997) also produced a significant logistic
model predicting presence or absence of bull trout
at stream sites in Washington, Idaho, and Montana;
they concluded that watershed-scale physical pro-
cesses and spatial landscape patterns were the most
important factors determining the species’ distri-
bution throughout the western United States.

In this study we developed logistic regression
models for predicting fish species distributions in
the Blackwater drainage based solely on a limited
set of large-scale macrohabitat variables. High
overall classification rates for many species mod-
els indicate that large-scale macrohabitat variables
can be used for predicting the probability of oc-
currence of individual fish species at particular
sites during summer low flows. The ability to de-
rive significant logistic regression models is prob-
ably better for specialist species with narrow hab-
itat requirements. Failure to generate successful
predictive regressions for certain fish species (e.g.,
longnose sucker) suggests that it may be more dif-
ficult to develop incidence functions for highly
generalist species. This could possibly be rectified
by incorporation of additional variables, thereby
more clearly defining the habitat niche of the spe-
cies. This may require the addition of habitat var-
iables that cannot be estimated at a macrohabitat
scale.

Most fish species models were significantly im-
proved by inclusion of field-based variables into
the regressions. However, improvements in pre-
dictive success over strictly map-based models ap-
peared to be small, the average increase being only
1.8% in site classifications across species. Al-
though habitat conditions at a smaller scale (e.g.,
substrate, percent pool, large woody debris abun-
dance, etc.) may be important determinants of fish
abundance (Bowlby and Roff 1986: Jowett 1990;
Watson and Hillman 1997), they may be of limited
importance in determining presence or absence.
Our results suggest that logistic models based sole-
ly on large-scale, map-derived variables may be
sufficient for purposes of predicting fish species
distributions within watersheds and that little may
be gained by collecting field-based information for
prediction purposes.

Our attempt to apply the Blackwater models out-
side the geographic boundaries of the Blackwater
drainage was not successful (i.e., classification
success at sites in the Similkameen drainage was
low). This indicates that the relationship between

large-scale habitat features and fish distributions
may vary across broad land classes. Regional dif-
ferences in landscape morphology are probably too
great to allow wide use of the particular regression
coefficients generated from the Blackwater sites.
However, species regressions generated specifi-
cally for the Similkameen drainage produced much
greater classification rates when applied to these
same sites. This indicates that the selected macro-
habitat variables have appreciable predictive pow-
er across drainages, but may require reestimation
of regression coefficients for each drainage. Al-
ternatively, we determined that combining fish and
habitat data from drainages produced significant
but less accurate models for species common to
both drainages; model classification was improved
by incorporating a simple categorical variable de-
scribing the respective drainages. This approach
could be most useful for rarer species, which might
require sampling from multiple drainages to obtain
sufficient occurrence data to generate models.

Although we modeled fish presence as a func-
tion of distribution at summer base flow, fish may
vary their habitat use seasonally (Shlosser 1982,
1985; Ross et al. 1985; Angermeir and Schlosser
1989), and additional models may be needed to
predict spawning or overwintering distributions.
Logistic models should also be refined to include
factors such as the presence of downstream bar-
riers (Kruse et al. 1997) that may influence species
distributions. Age-specific regressions may also
prove useful because habitat use and associated
distributions may vary greatly between juveniles
and adults of some species (Northcote 1997). Fi-
nally, biotic interactions such as competition and
predation will also influence fish distributions
(Watson and Hillman 1997), and the presence or
relative densities of other fish species could be
incorporated as independent variables in logistic
regression.

Most studies of the effects of land-use practices
on fish populations have been focused at relatively
small spatial scales, usually confined to small- to
moderate-sized stream reaches. However, to un-
derstand the effects of land-use practices on fish
communities, a broader spatial context, such as
watershed basin or subbasin, may be required.
Watson and Hillman (1997) suggested that water-
shed analysis nested within a hierarchical frame-
work of physical processes and management stan-
dards is the best choice for protecting fish biodi-
versity and maintaining the habitat of sensitive fish
species. As part of the longer-term goal of inte-
grated watershed management in British Colum-
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bia, the Blackwater and Similkameen drainages
were selected as test sites for the development of
predictive fish distribution models. The statistical
models generated, using only macrohabitat vari-
ables derived from large-scale maps, appear to ad-
equately explain the individual distributions of
most fish species within these drainages. Although
inclusion of field-based information generally pro-
duced better species distribution models, the pre-
dictive abilities of the models were only margin-
ally improved. Further refinement of regression
parameters could lead to the development of pre-
dictive models, which, based strictly on remotely
derived variables, could map out provincial fish
distributions based on probability of occurrence.
Regional-scale models, based predominately on
geomorphic variables and the habitat use of in-
dividual species, can be incorporated into geo-
graphic information systems, thereby allowing
fisheries managers to assess and anticipate poten-
tial land-use impacts on fish populations. Although
map-based models can enhance our understanding
of fish distributions, it must be noted that classi-
fication success is never perfect, and fish absence
or presence must be verified in the field. With this
is mind, fish distribution models can provide a
powerful diagnostic and predictive tool for im-
proving watershed planning and management
practices.
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