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Abstract 

 
 
Statistical models based on larger-scale geomorphic variables that can be used to predict distribution 
and/or abundance capacity of fish populations are becoming increasingly important tools in conservation 
planning and fish management, especially in areas where little detailed habitat or population information 
is currently available. This project employed habitat and barrier information within the province’s 1:50K 
GIS layers and provincial fish occurrence/abundance datasets to build empirical models to predict both 
the distribution of key fish species and the relative quality of rearing habitat within a defined pilot area – 
the Thompson Ecological Drainage Unit (EDU) – of B.C.’s southern interior region. The intent was to 
generate information and modeling approaches that can assist broad-scale planning processes for forest 
management and help optimize associated field inventories. Models to predict the occurrence of Chinook 
salmon, coho salmon, bull trout and rainbow trout in Thompson watersheds and macroreaches were 
developed using binary logistic regression analysis and a hierarchical modeling approach that controlled 
for spatial dependency.  The ‘best’ species models for analyses were selected using Akaike Information 
Criterion (AIC) and the ‘best’ probability thresholds for accepting fish occurrence were selected using 
Cohen’s Kappa statistic. Classification and regression tree analysis (CART) was used to define broad 
habitat categories of habitat capacity; the ‘intrinsic potential’ of stream macroreaches to support higher 
juvenile fish densities of different species. We were able to generate intermediate to high accuracy 
statistically valid models for predicting distribution in watersheds and macroreaches (selected area) of the 
Thompson EDU for the four species at the 1:50K scale. We were also able to split our fish abundance 
response into low, medium and high habitat capacity categories based on simple geomorphic variables, 
but this habitat splitting was suggestive only and not statistically distinct for any of our species. It is 
becoming increasingly feasible to predict species distribution and abundance using GIS technology and 
statistical models, based on key landscape features that might drive fish species response. Continued 
development and refinement of the broader ecoregionally-based species distribution and habitat capacity 
models that we have piloted here could be of considerable benefit to land managers. Such models will 
help regional managers evaluate the broader distribution of fish species of management concern, the 
potential for future habitat impacts on different fish species, and the possible value of proposed 
restoration activities 



Developing Fish Habitat Models for Broad-Scale 
Forest Planning in the Southern Interior of B.C. 

1. Introduction 

Identification of habitat features that characterize fish distributions and abundance has been a common 
focus of fisheries research. Often this work has been directed towards small-scale approaches such as 
stream reach or habitat unit inventories (Fausch et al. 1988; Levy and Slaney 1999; Lewis and Ganshorn 
2007). These approaches are often very resource demanding and may be too river and/or site specific for 
wide regional use. It has been suggested that it is more important for broad planning purposes to 
understand fish distribution and response to habitat based on spatially larger-scale, geomorphic 
approaches (Lanka et al.1987; Nelson et al. 1992; Rieman and McIntyre 1995; Kruse and Hubert 1997; 
Watson and Hillman 1997; Thompson and Lee 2000; Creque and Rutherford 2005; Ciruna et al. 2007). 
Statistical models based on larger-scale geomorphic variables (e.g., elevation, stream size, channel slope, 
valley constraint, biogeoclimatic zone, etc.) that can be used to predict distribution and/or abundance of 
fish populations are becoming increasingly important tools in conservation planning and fish 
management, especially in areas where little detailed habitat or population information is available. Such 
models essentially serve three main purposes: first, to predict individual species occurrences and/or 
abundances on the basis of habitat variables, second to improve the understanding of broad species-
habitat relationships and third, to quantify habitat requirements. 
 
Modeling of fish distribution in BC at broader scales has been evolving since McPhail & Carveth (1993) 
first described fish distribution and provincial fish communities using eight zoogeographic regions 
(subsequently defined within a GIS, Porter 2004). Since that time, the province’s fish occurrence 
databases have been used to develop empirically-based regression models to describe distributions for 37 
fish species within these zoogeographic regions (Porter & Frid 2004; Porter & Nelitz. 2006). These 
models were tied to watershed polygons defined with the province’s 1:50,000 Watershed Atlas GIS layer 
(the province’s principal strategic planning layer) to allow visual display and assist broader analyses. The 
models have subsequently been incorporated into the Watershed Evaluation Tool (WET) (Nelitz et al. 
2007) being used currently by the BC Ministry of Environment (MOE) to assist in identifying Fisheries 
Sensitive Watersheds (FSWs) for the province. FSWs (Reese-Hansen and Parkinson 2006) are legally 
designated watersheds that are considered to be of high sensitivity and require additional conservation and 
management practices to maintain identified fish values. 
 
A limitation of the 1:50,000 scale distribution models developed earlier for the province, however, is: 1) 
they are based on environmental statistics that are now dated, and have been superseded by improved and 
vetted statistics developed by the province for their Ecological Aquatic Units of British Columbia (EAU 
BC – Ciruna et al. 2007) GIS database, as well as new broad-scale analyses that can link water 
temperature information to watersheds (Nelitz et al. 2008), and 2) they only predict fish occurrences at the 
watershed scale, and not at the nested stream reach scale. In addition, they do not assess the relative 
quality of habitats across 1:50,000 stream reaches. This project employs recent improvements to the 
intelligence of the province’s Watershed Atlas delineated polygon and stream hydrology network, as well 
as more comprehensive provincial fish occurrence and abundance datasets, to build new empirical models 
that might improve prediction of the distribution and relative abundance of key fish species at watershed 
and reach scales within a defined pilot area – the Thompson Ecological Drainage Unit – of B.C.’s 
southern interior region. The long-term objectives of this work are to: 1) provide improved 1:50,000 fish 
distribution models at different resolutions, moving from predictions at the watershed scale to predictions 
at the reach scale, and 2) provide quantifiable measures of relative habitat quality (capacity) at the reach-
scale for priority fish species. The ultimate intent is to generate information and modeling approaches that 
can assist broad-scale planning processes for forest management and help optimize associated field 
inventories. 
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2. Methods 

2.1 Project Workplan 

This project was intended to employ recent improvements to the intelligence of the province’s Watershed 
Atlas watershed polygons and hydrology network and newly developed provincial fish datasets to 
develop improved models for predicting the distribution and relative abundance of key fish species at the 
1:50,000 scale. 
 
To achieve this goal, the project team was guided by the following six tasks: 
 
Task 1 Hold model design meetings, conduct preliminary design, and elicit feedback 

Project team meetings were convened to develop a detailed approach to improved fish habitat modeling. 
Background research, internal team discussions and consultation with fisheries researchers in the MOE 
and other agencies at a workshop (Appendix 1) convened in Nanaimo focused on identifying: 1) a pilot 
study area in the southern Interior (i.e., the Thompson Ecological Drainage Unit), 2) target fish species of 
interest (salmon, trout and char were selected as the focus), 3) critical habitat features to distinguish 
relative habitat values, and 4) habitat features at the watershed and reach scales that could be calculated 
using available data. Indicators to be used were prioritized based on their scientific defensibility and 
availability. Going forward from the workshop it was decided to concentrate our general modeling efforts 
on the Thompson River drainage (defined for our analyses as the Thompson Ecological Drainage Unit) 
with the North Thompson River as the priority area within this drainage. Habitat modeling would focus 
for this pilot on four salmonid species known to occur in the Thompson River drainage: Chinook salmon, 
coho salmon, bull trout (all relatively uncommon species) and rainbow trout (a more common species).  
 
Task 2 Calculate watershed and reach-scale indicators 

Based on the priorities from Task 1, selected watershed and reach-scale indicators were assembled or 
calculated within the defined study area. The province’s recently developed Ecological Aquatic Units of 
British Columbia (EAU BC) (Ciruna et al. 2007) provided a large suite of environmental statistics that 
could be applied to watershed-scale modeling. This was supplemented by watershed-scale assessments of 
thermal regime (MWAT), using recently available results from FSP project Y07-1057. Reach-scale 
variables used for modeling included habitat attributes currently tied to the province’s Macroreach 
hydrology layer (e.g., reach gradient, valley width, sinuosity, etc.) and stream bankfull width (derived 
from GIS analyses undertaken by ESSA using the Digital Elevation Model (DEM) for the province). 
Additionally, an initial assessment of accessibility of upstream habitats to fish (based on information 
existing in the province’s FISS Obstructions GIS layer) was incorporated into the fish distribution 
modeling exercise.  
 
Task 3 Complete statistical analysis of relationships between fish observations and watershed and 

reach-scale habitat features 

Fish occurrences of selected species were extracted from the province’s Known Fish Observations GIS 
layer. Using selected indicators from Task 2, and the provincial fish observations, we snapped this fish 
information to watersheds and macroreaches in the Thompson Ecological Drainage Unit (EDU) and 
developed empirical models to identify variables that best explained distribution of selected species 
within watersheds and nested macroreach stream networks using logistic regression approaches (Kruse 

9 



Developing Fish Habitat Models for Broad-Scale 
Forest Planning in the Southern Interior of B.C. 

and Hubert 1997; Boyce & McDonald 1999; Rich and McMahon 2003; Rashleigh et al. 2005; Fransen et 
al. 2006, McCleary and Hassan 2008). 
 
Task 4 Develop rules-based system for describing relative habitat value 

Using a subset of the reach-scale variables developed in Task 2 in conjunction with existing datasets on 
fish abundance within the Field Data Information System (FDIS) we used Classification and Regression 
Tree (CART) analysis (Breiman et al. 1984) to develop a rules-based system for categorizing the relative 
habitat value of stream macroreaches for each fish species of interest.  
 
Task 5 Determine relative habitat value of stream reaches 

Using the watershed and macroreach-scale modeling of species distribution developed in Tasks 2 and 3 
and the rules based system of classifying habitat capacity from Task 4, we combined this information to: 
1) predict the expected species distribution in watersheds and stream reaches within the selected pilot 
area, and 2) characterize the relative value of these stream reaches as juvenile rearing juvenile habitat for 
the different fish species. Relative juvenile habitat value for each species was characterized using a 
qualitative colour-coded ranking of habitats. Development of habitat-based models for estimating adult 
spawner capacity is already the focus of ongoing analyses by DFO (Parken et al. 2002) and was not 
addressed within this project. 
 
Task 6 Prepare summary report and maps 

To communicate project results, a model summary report was prepared describing the scientific basis for 
completing project tasks, analytical steps, and results of habitat modeling. Digital maps were prepared in 
GIS illustrating the predicted occurrences of fish species in watersheds and stream reaches within the 
study area and the relative value of these stream reaches as juvenile rearing habitat for the different fish 
species.  
 

2.2 Fish Data 

2.2.1 Distribution Models 

B.C. fish species observations (complete as of February 2008) contained in the province’s FISS_OBSPT 
GIS layer were downloaded from the Integrated Land Management Bureau’s Land and Resource Data 
Warehouse. This layer represents a provincial compilation of fish observations from multiple agency data 
sources including the Fisheries Information Summary System (FISS) and the Consolidated Waterbody 
Surveys (CWS). For our purposes of modeling natural fish species distributions, provincial RELEASE 
database records within the layer were excluded from our analyses. Provincial records for the four fish 
species selected for our pilot analyses (Chinook salmon, coho salmon, bull trout and rainbow trout) were 
then clipped out (using ArcGIS) for the Thompson Ecological Drainage Unit (EDU) (Figure 2.1) as 
delineated within the GIS layer for the Ecological Aquatic Units of British Columbia - EAU BC (Ciruna 
et al. 2007). Observation records for these four species in the Thompson EDU are displayed in Figure 2.2. 
Bull trout records displayed here and used for our analyses are a combination of both bull trout and Dolly 
Varden records for the Thompson EDU as Dolly Varden are not considered to occur within the Thompson 
River drainage (E. Parkinson, pers. comm.). These historical Dolly Varden records are therefore assumed 
to be bull trout misidentifications. Bull trout records within Sheridan and Yard Creek (Bridge and 
Deadman Watershed Groups respectively) were considered questionable, as bull trout are not considered 
to occur in this area of the Thompson River drainage (E. Parkinson, pers. comm.), so were removed from 
subsequent model analyses.  
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Figure 2.1. Location of the Thompson Ecological Drainage Unit (greyed area) within British Columbia. 
Underlying watersheds in the Thompson EDU area are delineated within Ciruna et al. 2007. The 
Thompson EDU represented the selected pilot area for development of new fish distribution models for 
this project.  

 

 

Figure 2.2. Locations of known observations (red points) for selected key species in the Thompson Ecological 
Drainage Unit (EDU): Chinook salmon (CH; n = 484), bulltrout (BT; n = 320), coho salmon (CO; n = 
722), rainbow trout (RB; n = 10,989). 
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Of the 917 defined watershed polygons for the Thompson EDU, 433 have been surveyed for fish through 
past provincial agency efforts, 484 watersheds have never been surveyed (see Figure 2.3). Government 
surveys for fish have been undertaken in essentially all larger watersheds in the Thompson EDU, although 
many of the smaller watersheds (not visible at the scale of Figure 2.3) have apparently never been 
surveyed. In the absence of any information on detection probabilities from these past fish surveys, it was 
assumed for our modelling purposes that a government survey in a watershed would be capable of 
detecting any of our four selected fish species, if present. This assumption was considered reasonable for 
these four salmonid species as they are fairly easy to identify, and have been the focus of past government 
survey efforts. For other species, particularly non-salmonids, such an assumption would be highly 
questionable (i.e., a non-detection could not be considered a reliable assessment of absence). Further 
development of improved occurrence/distribution models should seek to account for species-specific 
detection probabilities based on effort and sampling equipment employed (e.g., Thompson and Seber 
1994; Peterson et al. 2002). Attempting to adjust for non-detections of fish actually present in historical 
agency surveys based on detection probabilities will be problematic, however, and represents a unique 
exercise beyond the scope of this current pilot project. 
 

 

Figure 2.3. Location of 1:50K scale watershed in the in the Thompson Ecological Drainage Unit (EDU) that have 
been surveyed by provincial fisheries agencies (red shaded, n = 433) vs. those not surveyed (white 
shaded, n = 484). Total number of watersheds in the Thompson EDU = 917. 

 
Extracted observation records for the four species were then screened for repeat sampling over time at the 
same geographic location. Subsequent filtering within an ArcGIS geodatabase produced a reduced dataset 
of unique sampled locations within the Thompson EDU for each of the four species. These fish species 
records were then joined using ArcGIS to underlying 1:50,000 watershed polygons originally delineated 
within the BC Watershed Atlas and replicated within EAU BC’s Rivers_EAUBC GIS layer (the layer 
used to frame our watershed analyses). The resulting derived GIS layer contained, for each watershed 
polygon delineated for the Thompson EDU, habitat attributes already present within EAU BC (described 
in section 2.2.2) plus watershed-specific coding for each of the four selected fish species (coded 1 = 
species detected in the watershed; coded 0 = species not detected in the watershed). This combined 
information provided the foundation for habitat-based modeling of predicted Chinook salmon, coho 
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salmon, bull trout and rainbow trout distribution across watersheds within the Thompson EDU. Locations 
of the surveyed watersheds for these species are shown in Figure 2.4. 
 
 

 

Figure 2.4. Location of watersheds (1:50K) in the Thompson Ecological Drainage Unit (EDU) with known 
observations (red shaded) of Chinook salmon (CH; n = 85), bull trout (BT; n = 102), coho salmon 
(CO; n = 104) and rainbow trout (RB; n = 392). Total number of watersheds in the Thompson EDU = 
917, number of surveyed watersheds = 433. 

 
To link fish records to particular stream reaches within watersheds ArcGIS was used to snap (with a 5m 
buffer tolerance) all the known fish observation points in the Thompson EDU to adjacent stream reaches 
present in the province’s 1:50,000 scale BC Macro-Reaches GIS layer. A 5m tolerance for snapping was 
considered reasonable to ensure that particular records were indeed associated with a nearby 1:50,000 
delineated stream. A buffer distance greater than this would have generated more joins between fish 
observations and stream macroreaches. However this ran the risk of incorrectly linking macroreach 
attributes to fish observations that were more appropriately associated with nearby small streams that had 
been surveyed for the province’s Field Data Information System (FDIS) surveys. FDIS is focused at the 
1:20,000 scale of mapping and includes many streams not depicted in a GIS at the 1:50,000 scale. Using 
this GIS snapping procedure we were able to link fish observations (indicated as a ‘survey’) to 1518 of 
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the 23,340 macroreaches delineated for the Thompson EDU (Figure 2.5). Of the 1518 macroreaches with 
known fish observations Chinook salmon had been detected at 156, bull trout at 161, coho salmon at 224 
and rainbow trout at 1294 macroreaches (Figure 2.6). 
 

 

Figure 2.5. Location of surveyed (red shading; n = 1518) and unsurveyed (blue shading; n = 21,822) stream 
macroreaches (1:50K) in the Thompson Ecological Drainage Unit (EDU). Total number of 
macroreaches in Thompson EDU = 23,340. Surveyed macroreaches were determined by a GIS 
snapping of known fish observations to closest adjacent 1:50,000 stream macroreach within a 5m 
buffer tolerance (fish observations outside this buffer tolerance were not associated with any 1:50K 
stream macroreach). 
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Figure 2.6. Location of stream macroreaches (1:50K) in the Thompson Ecological Drainage Unit (EDU) with 
known observations (red shaded) of Chinook salmon (CH; n = 156), bull trout (BT; n = 161), coho 
salmon (CO; n = 224) and rainbow trout (RB; n = 1294). Total number of stream macroreaches in the 
Thompson EDU = 23,346, number of surveyed macroreaches = 1518. 

 
Our original intent was to develop predictive models based on information from all macroreaches in the 
Thompson EDU. However GIS processing required to develop bankfull width estimates for macroreaches 
was a more time demanding exercise than anticipated, so given budget constraints for the project we 
limited the pilot test of the reach scale models to a subset of 5 contiguous Watershed Groups in the 
northern and western areas of the Thompson EDU (Upper & Lower North Thompson, Adams River, 
Shuswap Lake, and Upper Shuswap). This represented 10,189 macroreaches (see Figure 2.7) within 355 
watershed polygons with a high concentration of known fish observations. 204 of these watersheds had 
been surveyed and 728 macroreaches. Chinook salmon had been detected in 94 of these surveyed 
macroreaches , bull trout in 141, coho salmon in 177 and rainbow trout in 583. If it becomes possible in 
the future (post this project) to complete bankfull width processing for the remaining stream 
macroreaches in the EDU, then the reach scale models developed for our test area within the Thompson 
EDU could be validated/further refined using known fish observations in other areas of the drainage. 
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Figure 2.7. Location of macroreaches used for reach scale modeling of distribution for Chinook and coho salmon, 
bull trout and rainbow trout within a subsection (Upper & Lower North Thompson, Adams River, 
Shuswap Lake, and Upper Shuswap watershed groups) of the Thompson EDU (grey outline) 
consisting of 10,189 stream macroreaches (blue streamlines) flowing within 355 watershed polygons. 

 
2.2.2 Capacity Models 

Provincial FDIS survey data was obtained from the Ministry of Environment’s Ecosystem Information 
Section. FDIS provides information from the provincial Fish and Fish Habitat Inventory Program 
(Province of British Columbia 2001). FDIS data consists of fish species occurrence and abundance 
information (as obtained from multiple sampling methodologies, for both adult and juvenile fish) and 
associated field-collected stream habitat data from survey locations throughout the province. Our original 
intent was to establish Thompson EDU-specific relationships between a set of geomorphic habitat 
variables collected in the field and juvenile fish abundance from electroshocking data collected for 
Thompson FDIS surveys. However, as we determined that sample size for the Thompson EDU would be 
insufficient to establish Thompson EDU-specific relationships, we instead extracted a larger FDIS dataset 
encompassing sampling within the entire Interior Freshwater Ecoregion for analyses. The Interior 
Freshwater Ecoregion encompasses the Thompson EDU and it was assumed that the relationship of 
abundance to geomorphology would be fairly consistent within this larger homogenous region. Although 
available (and would have provided an even larger sample size) we considered it inappropriate to use 
FDIS abundance data from outside the Interior Freshwater Ecoregion as past studies (e.g., Nicol 2007) 
have indicated that absolute abundances may vary regionally (e.g., Coastal vs. Interior) and would skew 
assessments of relative abundance. The assembled electroshocking abundance data for the Interior 
Freshwater Ecoregion included 81 sites at which juvenile Chinook salmon had been collected, 60 sites 
with coho salmon, 254 sites with bull trout and 1951 sites with rainbow trout. Subsequent juvenile 
abundance vs. geomorphic habitat relationships (Section 3.2.1) were therefore developed at a Freshwater 
Ecoregion scale of analysis. Refinement of these relationships specific to the Thompson EDU would 
require further field sampling, outside the scope of this current project.  
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Coordinate locations of the FDIS surveys were filtered within an ArcGIS geodatabase to select all survey 
records for Chinook salmon, coho salmon, bull trout and rainbow trout occurring within the Thompson 
Freshwater Ecoregion. We further filtered to extract only juvenile fish records (a compilation of fry, 
juvenile, parr and undefined coding in the FDIS datasets) for these species and to a single fish sampling 
methodology used with the FDIS surveys – electroshocking. Our intent was to establish a relationship 
between the relative abundance of juvenile fish as measured by the most consistently reliable and easily 
quantifiable field sampling technique, and simple rearing habitat attributes that could both be measured 
reliably in the field and captured remotely through a GIS platform. Relative abundance being used as a 
metric of potential habitat capacity. Measured habitat attributes are further described in Section 2.3.2. 
Using FDIS information on field-collected bankfull width and shocked distance and the number of 
juveniles captured, densities of fish (#/m2) were calculated for each FDIS survey. Additionally, 
electroshocking times recorded were used in conjunction with number of fish captured to determine 
CPUE (#juvenile fish/hr shocking) at each FDIS survey location. Both represent potential indices of 
relative abundance at different sampling sites. Past research (e.g., Riley et. al. 1993; Peterson et al. 2004) 
has suggested that electrofishing generally underestimates fish abundance and the extent of this negative 
bias is related to factors such as stream characteristics, number of passes, fish species, size, and 
abundance. Although we had information on the number of shocking passes by FDIS survey crews it was 
difficult for us to evaluate how consistent the sampling effort of crews might have been over similar units 
of stream distance. We therefore concluded that the more reliable comparative index of juvenile 
abundance for our analyses was CPUE for each species. FDIS records were further filtered for 
electroshocking times that seemed suspiciously short (less than 30 seconds) to remove any potential 
outliers that could bias CPUE calculations. Streams included in FDIS surveys ranged in size from 0.1m to 
286m wetted width and from 0.3m to 533m channel (bankfull) width. Estimated CPUE (# juvenile 
fish/hour shocked) ranged from 3.4 to 365 for Chinook salmon, 4.6 to 1588 for coho salmon, 1.6 to 602 
for bull trout, and 0.7 to 1165 for rainbow trout. 
 

2.3 Habitat Data 

2.3.1 Distribution Models 

a) Watershed Scale 

The principal habitat information used for modeling fish distribution within the Thompson EDU at the 
watershed scale was obtained from the recently released Rivers_EAUBC GIS layer developed by the 
Nature Conservancy of Canada (NCC) for the Ecological Aquatic Units of British Columbia (EAU BC – 
Ciruna et al. 2007). EAU BC contains a suite of environmental variables (raw and modeled) attributed to 
watershed polygons in the 1:50,000 BC Watershed Atlas that we related to specific fish species 
occurrences in surveyed watersheds. Ciruna et al. 2007 contains the full listing of environmental variables 
contained in EAU BC. We selected a subset of variables for potential use in our watershed models that: 
1) were actually present within the geographic extent of the Thompson EDU, and 2) we considered to 
have a potentially strong influence on fish distributions (based on our understanding of the fish-habitat 
literature). We grouped these variables into broader categories that captured the general influence of the 
specific variables (Table 2.1). Our expectation was that variables within categories could be highly 
correlated. Colinearity among independent variables can lead to inflated predictive power (artificially 
high R2) and regression coefficients that have large variances (Creque and Rutherford 2005). To avoid 
colinearity (Tabachnick and Fidell 1996) Pearson’s correlation coefficients were calculated among the 
watershed habitat measures within each category, and only those that were relatively uncorrelated (│r│< 
0.60) were retained for analyses (Mcleary and Hansen 2008). Where multiple variables within a category 
were correlated, a single representative one was selected that had the highest correlation with excluded 
variables (Eadie and Keast 1982). 
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Table 2.1. Groupings of Ecological Aquatic Units of British Columbia (EAU BC) environmental variables 
selected for potential use in modeling fish species distribution across watersheds in the Thompson 
EDU. 

 
1. Elevation 

a. Mean watershed elevation (MEAN_ELEV) 
b. Minimum watershed elevation (MIN_ELEV) 
c. Maximum watershed elevation (MAX_ELEV) 
d. Standard deviation of watershed elevation (STD_ELEV) 

2. Steepness/ruggedness 
a. Melton’s R (MELTONS_R) 

3. Rainfall and runoff 
a. Mean annual precipitation (PT_ANN_M) 
b. Accumulative precipitation yield (ACC_PPT_YL) 
c. K factor (KFACTOR) 

4. Air temperature 
a. Mean annual air temperature (TEMP_ANN_M) 
b. Maximum July air temperature (MAX_JUL) 
c. Number of degree days above 0o Celsius (DD0) 

5. Watershed size 
a. Upstream drainage area (DRAIN_KM2) 
b. Maximum stream magnitude (MAG_MAX) 
c. Maximum stream order (ORDER_MAX) 

6. Terrestrial habitat1  
a. Percent of watershed area in each BEC zone (BG, CWH, ESSF, 

ICH, IDF, IMA, MS, PP, SBPS, SBS) 
b. Percent tundra (PCT_TUNDRA) 

7. Geology/Nutrient base2 
a. Percent in each underlying geology class (INT_META, VOLCANIC, 

HARD_SEDS, SOFT_SEDS, CARB_SEDS, CHEM_SEDS, 
ALLUVIUM) 

8. Aquatic habitat heterogeneity 
a. Percent wetland (PCT_WETL) 
b. Number of wetlands (NUM_WETL) 
c. Percent lake area (PCT_LAKE) 
d. Number of lakes (NUM_LAKE) 

10. Glacial cooling influence 
a. Percent glacier (PCT_GLAC) 

 
 
 
In addition to the subset of EAU BC variables selected for our watershed models we included recently 
derived (Nelitz et al. 2008) MWAT values linkable to each watershed in the Thompson EDU. It was 
anticipated that inclusion of MWAT would replace the use of some of the EAU BC variables in the model 
as it should be strongly correlated with one or more of these variables, and is more directly linked to fish 
                                                      
1 Although we had hoped to include BEC classes in the analyses there were too many categories to use for 
generation of reasonable models  
2 Although we had hoped to include geology classes in the analyses there were too many categories to use for 
generation of reasonable models. A goal for future models would be to replace these categories with a single remote 
sensed index of average aquatic nutrient productivity within a watershed 
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response. MWAT is the seasonal maximum of a seven-day running average of mean daily water 
temperature. Water temperature was considered a critical element to include in the models as it is known 
to be fundamentally linked to individual fish growth and survival, and species interactions within fish 
communities (Beschta et al. 1987). Temperature is also a key factor limiting the distribution of a variety 
of fish species, particularly salmonids (e.g., Dunham et al. 2001, 2003; Richter and Kolmes 2005). 
MWAT is correlated with both seasonal maximum and mean water temperatures (MWAT dominantly 
occurs from mid-July to late-August); and therefore represents a useful single metric to characterize 
stream temperature regimes. In addition, studies show that MWAT correlates well with various aspects of 
the life history of salmonids (as inferred from bioenergetic modeling) (Sullivan et al. 2000; Nelitz et al. 
2004), and is considered a useful predictor of fish species distributions (e.g., Eaton et al. 1995). 
 
Detailed methods for developing the MWAT estimates applied to Thompson EDU watersheds in this 
project are described in Nelitz et al. 2008. The significant MWAT regression of landscape and climate 
predictors they developed includes: drainage area (A); fractional glacier coverage (fg); fractional lake 
coverage (fl); stream slope (slope); mean basin elevation (Zm); and 2-year flood frequency parameter (K2). 
These data and regression model were used to estimate MWAT across all Thompson River watersheds < 
10,000 km2 for a set reference period. The regression model used in Nelitz et al. (2008) is of the form: 
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with an R2 = 0.63. To represent the variation in MWAT predictions across watersheds, Nelitz et al. (2008) 
used a normal distribution with an average equal to the predicted MWAT value and standard deviation 
equal to that of the cross-validation prediction errors (2.1 °C). Although their model was developed for 
watersheds less than 10,000 km2 we also applied it to the few watersheds in the Thompson EDU that 
exceeded this size. Larger watersheds are generally hotter (higher MWAT), so for our purposes it was 
sufficient that larger watersheds were identified as very hot, and we were accepting of some inaccuracy in 
the actual estimate of MWAT for these larger watersheds. The model is also inaccurate for very small, 
heavily glaciated watersheds, producing MWATs colder than is realistic (M. Nelitz, pers. comm.). But 
again, for our purposes it is sufficient that such watersheds be correctly identified as being exceptionally 
cold, without requiring a completely accurate measurement of that low temperature. 
 
Historical fish sampling by provincial fisheries agencies has generally not been undertaken randomly 
across the watersheds, but as illustrated in Figures 2.8 and 2.9 the distribution of historical fish survey 
locations essentially mirrors the distribution of different key habitat variables (drainage area, mean 
elevation, MWAT) as present throughout the Thompson EDU. Fish surveys also captured the full range 
of potential habitat types with the exception of some of the very smallest, coldest and highest elevation 
watersheds. These are, however, the watersheds most likely not to support fish. 
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Figure 2.8. Distribution of key habitat variables (mean elevation, drainage area, and MWAT) for all watersheds 
within the Thompson Ecological Drainage Unit (EDU) vs. Thompson EDU surveyed watersheds 
within the province’s Known Fish Observations database. Distribution of the smaller watersheds 
(which represent the majority of watersheds in the Thompson EDU) is further illustrated in Figure 
2.10. 
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Figure 2.9. Distribution of drainage area for smaller watersheds (the majority of watersheds) within the Thompson 
Ecological Drainage Unit (EDU) vs. Thompson EDU sampled watersheds within the province’s 
Known Fish Observations database.  

 
b) Stream Reach Scale 

For habitat information at the stream reach scale we used environmental variables embedded within the 
province’s 1:50,000 stream Macro-Reach GIS layer. Stream macroreach variables available from this 
source that could be applied to reach scale models included macroreach length, upstream and downstream 
elevations, sinuosity, valley flat width and gradient. In addition to these, we developed a GIS procedure 
(described in Davies et al. 2007) using a 30-m digital elevation model (DEM) for the province (acquired 
from Geobase3) and precipitation data (acquired from ClimateSource4) to estimate average bankfull 
(channel) width for stream macroreaches in the Thompson EDU. Bankfull width has been shown to be a 
significant predictor of juvenile fish occurrence and abundance (e.g., Rosenfeld et al. 2000, Porter et al. 
2000) and represents a measure of stream size as well as a cumulative indicator of mean annual stream 
flow. Bankfull width is being used currently by Technical Recovery Teams (TRTs) in the Pacific U.S. as 
a remotely derived GIS input for predicting the intrinsic potential of stream habitat for endangered salmon 
and steelhead (ICTRT 2005). 
 
The derivation of bankfull width involved tiling DEM files together using ArcGIS Mosaic to create a new 
raster layer. Elevation values for each elevation station location were extracted from the DEM using the 
“Extract by Points” tool in ArcGIS Spatial Analyst. The “Zonal Statistics” tool in Spatial Analyst was 
then used to calculate the maximum, mean, and medium elevations for each watershed catchment (see 
Nelitz et al. 2008 for more detail). Using the DEM we derived a set of synthetic raster stream networks 
representing the attributes needed to estimate channel gradient, drainage area, the average annual 
upstream precipitation and channel size. The drainage area raster was calculated from the flow 
accumulation grid by multiplying the flow accumulation value by the pixel dimension. Average annual 
upstream precipitation, (i.e., the average amount of precipitation falling annually in a drainage basin 
upslope of its location), was calculated by dividing the annual cumulative precipitation values by the 

                                                      
3 GeoBase home page. Available at: http://www.geobase.ca/geobase/en/index.html 
4 Mean Monthly and Annual Precipitation – Western Canada. Available at: 
http://www.climatesource.com/ca/fact_sheets/fact_precip_ca.html 

http://www.geobase.ca/geobase/en/index.html
http://www.climatesource.com/ca/fact_sheets/fact_precip_ca.html
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drainage area values in each cell. Mean annual precipitation at all points of interest were extracted from 
ClimateSource. 
 
We used the empirical method developed by Davies et al. (2007) to calculate bankfull width of each 
macroreach based on drainage area and precipitation. Davies et al. (2007) use a linear regression of log-
transformed variables. Their models were parameterized by measuring bankfull widths from orthophotos 
of sites randomly selected around Puget Sound. The formula derived by Davis et al. (2007) to calculate 
bankfull width, and which we used is: 
 
(1) , 74.048.0042.0 Ρ= AWb

 
where A is the drainage area (km2) and Ρ is the average upstream precipitation (cm).  
 
We assessed the accuracy of this process by comparing modeled bankfull width predictions to average 
bankfull widths measured in the field at 155 FDIS survey sites within five watershed groups (the Upper & 
Lower North Thompson, Adams River, Upper Shuswap and Shuswap Lake) in the Thompson EDU. FDIS 
locations were snapped using ArcGIS to the closest adjacent 1:50,000 stream macroreach within a 100m 
buffer tolerance to allow this comparison. There was a strong relationship between field-measured and 
modeled bankfull width data (see Figure 2.10), with predicted vs. field-measured average bankfull having 
an R2 = 0.73. This is lower that the R2 of 0.92 reported for bankfull width predictions by Davies et al. 
2007. However our comparison dataset is weaker than used by Davies et al. (2007) as the FDIS surveys 
provide us only a measure of average channel width for a reach and not the actual width at a specific point 
on the stream. Additionally only a few FDIS streams were available to assess predictions for larger 
streams, and none for very large streams (the largest = 44m). Consequently it would be expected that our 
compared relationship would be poorer than reported from the literature, yet appears to indicate that we 
are capturing bankfull width reasonably well though this remote-sensed approach. Davies et al. 2007 
found that the relationship was tighter for smaller streams vs. larger streams (and this appears to be the 
case in our limited test dataset), but this is probably not a serious issue for our habitat classifications as 
some inaccuracy in measurement of the largest streams seems acceptable. 
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Figure 2.10. Comparison of predicted bankfull width vs. measured average bankfull width at FDIS survey sites (n = 
155) in the Thompson River EDU (Upper & Lower North Thompson Adams River, Upper Shuswap 
and Shuswap Lake watershed groups) (R2 = 0.73). FDIS points were snapped to adjacent 1:50,000 
stream macroreaches with a 100m buffer tolerance. 

 
The full list of macroreach-linked variables available for use in our reach scale species distribution 
models is described in Table 2.2. Similar to our assessment of watershed scale model inputs, we 
generated a Pearson correlation matrix to assess colinearity among the variables and selected a relatively 
independent subset for further analyses. 
 
Table 2.2. Macroreach-linked environmental variables available for potential use in modeling fish species 

distribution across stream reaches in the Thompson EDU. 

Reach Scale Environmental Variable BC Macro-Reach Code (MOE) 
Valley Flat Width (m)1 VLFTWID 
Elevation (m) of upstream limit of macroreach UPSTELEV 
Elevation (m) of downstream limit of macroreach DWNSTELEV 
Length of macroreach (m) divided by stream valley length (m) SINUOSITY 
Gradient (%) GRADIENT 
Bankfull (channel) width (m) N/A (ESSA Technologies derived) 

1Valley Flat width was ultimately not included for analysis in our macroreach models as it was not possible to determine 
how well it had been captured in the database as a consistent stream metric at this scale 
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As noted for our watershed-scale modeling, historical fish sampling was not generally undertaken 
randomly across reaches within watersheds. But as illustrated in Figures 2.11 the distribution of fish 
survey locations essentially mirrored the distribution of different key macroreach habitat variables 
(gradient, bankfull width) as present throughout our mapped subset of the Thompson EDU. Macroreach 
surveys also captured the full range of potential habitat types with the exception of some of the most 
extremely high gradients. Fish seem unlikely, however, to be found at such high gradients. 
 

 

Figure 2.11. Distribution of key habitat variables (gradient and bankfull width) for all macroreaches within our 
defined subset (Upper & Lower North Thompson, Adams River, Shuswap Lake, and Upper Shuswap 
watershed groups) of the Thompson Ecological Drainage Unit (EDU) vs. sampled macroreaches 
within this subset from the province’s Known Fish Observations database. 
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2.3.2 Abundance Models 

Fish habitat information for developing abundance models was extracted from the FDIS database. FDIS 
provides information from the provincial Fish and Fish Habitat Inventory Program (Province of British 
Columbia 2001). These sample-based surveys cover whole watersheds (i.e., all lakes, stream reaches and 
connected wetlands within the watershed) as defined from 1:20 000 scale maps and air photos. For 
streams, the surveys measure a suite of reach-scale characteristics including confinement, order, stage, 
cover, LWD, gradient, channel (bankfull) width, wetted width, residual pool depth, depth at channel 
bankfull, temperature, etc. Our intent was to establish broad relationships between juvenile fish 
abundances and a few simple geomorphic habitat variables captured at FDIS sites; but only for habitat 
variables that could also be captured in a 1:50,000 GIS layer using currently available remote sensed 
methods. It was concluded that only reach gradient, confinement and bankfull width represented FDIS 
site level variables that could be also be represented as GIS derived inputs for establishing fish 
abundance-habitat relationships for application at the 1:50,000 scale.  
 
An approach of using field collected fish data and the relationship to a few remotely derivable 
geomorphic variables to predict broad categories of expected juvenile abundance (capacity) in stream 
reaches has been undertaken recently by the Interior Columbia Technical Recovery Team (TRT) in the 
Columbia River Basin. The TRTs have used bankfull width, valley width, and channel gradient as the 
sole predictors of Chinook salmon abundance response (ICTRT 2005). An analogous approach has been 
pursued on other recent projects in the U.S Pacific Northwest (e.g. Agrawal et al. 2005; Burnett et al. 
2007) where a few geomorphic variables (i.e., channel gradient, confinement, and stream flow) have been 
used to model ‘intrinsic potential’ for steelhead, Chinook and coho salmon in stream reaches, and 
subsequently map these expected relationships using GIS. For these latter approaches, relationships as 
determined from published studies were established between juvenile fish abundance and each particular 
stream habitat variable to create a range of index scores along a modeled ‘suitability curve’. Although this 
suitability curve approach has merit where the specific fish-habitat relationships are felt to be well 
understood, we did not feel this level of understanding yet existed in British Columbia for all our selected 
fish species. We instead chose to use the large provincial FDIS dataset to determine empirically if there 
were identifiable breakpoints in juvenile capacity categories (i.e., low, medium, high abundance potential) 
based on our three identified FDIS habitat metrics (gradient, bankfull width, and/or confinement). We 
then subsequently used this information to define broad categories of predicted capacity within 
macroreaches in the GIS-defined 1:50,000 stream hydrology network (as per the approach of ICTRT - 
2005). The abundance categorizations provide an additional level of information to the species 
distribution models, so that stream reaches within the predicted distribution of a species were categorized 
as to the expected relative abundance of juvenile fish within each particular reach, as an index of the 
intrinsic potential of that reach to provide high-quality rearing habitat for the species. The models we 
developed only apply to streams in which the fish species is predicted to occur as FDIS sites with zero 
densities (i.e., no fish of that species detected) were excluded from our CART analysis. 
 
2.3.3 Barriers to Accessing Fish Habitat 

Fish barriers are either natural or human created obstacles that impede the passage of fish. Barriers can 
include natural obstacles such as waterfalls, log jams and high gradients or man-made obstacles such as 
culverts and dams (WDFW 2000, Walsh and Long 2005). These barriers can impede fish movements 
throughout the watershed for both anadromous and resident fish species. Identified obstacles to fish 
passage contained in the province’s FISS_F_OBS GIS layer were downloaded (complete as of February 
2008) from the Integrated Land Management Bureau’s Land and Resource Data Warehouse. This 
Provincial Obstacles to Fish Passage layer presents the locations and attribute information (i.e., obstacle 
type, height, and length) for all known obstacles to fish passage from several fisheries datasets: The 
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Fisheries Information Summary System (FISS); the Fish Habitat Inventory and Information Program 
(FHIIP); the Field Data Information System (FDIS) and the Resource Analysis Branch (RAB) inventory 
studies. It is important to note that not all waterbodies in the province have been surveyed, so there are a 
very high number of obstacles in the real world that are not recorded in this dataset. This provincial layer 
simply reports the perceived obstacles to fish that are known and have been recorded. 
 
Obstruction records for the Thompson EDU were then clipped out using ArcGIS. These potential barriers 
to fish distribution in the Thompson EDU are displayed in Figure 2.12.  

 

Figure 2.12. Potential barriers (black points) to fish passage in the Thompson Ecological Drainage Unit (EDU) as 
identified in the Provincial Obstacles to Fish Passage GIS layer. 

 
Determining whether any particular obstruction represents a real and permanent barrier to movement that 
will ultimately restrict species distributions is a challenging task (especially without associated upstream-
downstream field-collected fish data), as many perceived barriers may only act as semipermeable or 
seasonal obstacles to fish passage dependent on water flow, velocity and depth (Warren and Pardew 
1998). Developing a consistent, broad-based GIS methodology for establishing passage probabilities of 
different species past varied types and heights of barriers is a current focus of work within the MOE (E. 
Parkinson, pers. comm.). For this project we did not attempt to expand on the work of MOE in this regard 
but instead sought only to develop an example of the GIS programming that would allow potential 
restriction of access to stream reaches for different species through incorporation of modeled passage 
probabilities. 
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2.4 Statistical Approaches 

2.4.1 Distribution Models 

a) Watershed Scale 

Models to predict the occurrence of Chinook salmon, coho salmon, bull trout and rainbow trout in the 
Thompson EDU from watershed-scale habitat data were developed using binary logistic regression 
analysis (Tabachnick and Fidell 1996; Hosmer and Lemeshow 2000). Logistic regression is a statistical 
technique which can be used to predict or model a binary response variable (in our case a fish species 
detected vs. not detected) from one or more continuous or categorical explanatory variables. The 
application of logistic regression for our analyses is based on the assumption that species presence is 
indicative of habitat suitability (Wiens 2002). Localized variation in detected species occurrence due to 
temporal factors (e.g., seasonality, species movement, and life stage differences) and/or sampling effort 
are not accounted for in our broad-scale models. 
 
With two possible categorical outcomes (in this case detected vs. not detected) the form of the logistic 
function is: 

P = eu/(1 + eu), 
 
Where P = the estimated probability of occurrence, e = the inverse natural logarithm of 1, and u = linear 
model; this model is: 

u = A + b1X1 + b2X2 +…bnXm 

 
where A = regression constant, bn = regression coefficients, and Xm = independent watershed variables 
 
The resultant probabilities have values ranging from 0 to 1; values approaching 1 suggest a greater 
likelihood of fish presence, and values approaching 0 suggest a greater likelihood of fish absence. The 
logistic regression analysis is insensitive to differences in fish densities at different sampling sites and is 
biased only if a fish species present at a site is not detected (with the assumption that all fish species 
detected are correctly identified). However, since it is difficult to know the extent of this detection bias 
when using such a large historical dataset, with fish collected by multiple groups using varied methods, it 
is likely inappropriate to interpret the predicted values as true probabilities. Used as an index, however, 
the predicted value still represents a useful way to combine multiple habitat variables into a single value 
that indicates the relative likelihood of fish species presence or absence (Fransen et al. 2006). All logistic 
regression models were fit using the LOGISTIC procedure in the Statistical Analysis System (SAS) 
version 9.1 (SAS Institute, Inc. 1999). For our watershed models we included a loge transformation for 
drainage area to normalize variance and a quadratic (x2) transformation of MWAT to account for an 
expected non-linear response by fish to temperature.  
 
We used an information-theoretic approach first developed by Akaike (1973) and further expanded by 
(Burnham and Anderson 1998) for selection of the generated models that best explained the observed 
distribution of fish species in watersheds within the Thompson EDU. We did so because this approach 
gives a formal accounting of the relative plausibility of the estimated models. The procedure we followed 
was first to specify 9 standard candidate models that we tested for each species.  The same ‘initial’ 
candidate models were evaluated for all species, then a variable number of additional models were 
assessed for each species based on whether results of the initial models suggested other arrangements of 
model predictors as useful to explore. The first of the 9 candidate models includes all possible parameters. 
The remaining eight candidate models include both MWAT and drainage area plus one other parameter. 
Drainage area and MWAT were included as a variable in all initial candidate models as past research had 
consistently shown watershed size and temperature to be key predictors of fish occurrence and abundance 
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(e.g., Lewis et al. 2007). The second step was to perform a stepwise regression on all parameters as we 
did not have any apriori argument for choosing between the parameters. We set a probability threshold of 
greater than 0.2 for variable inclusion in additional candidate models. Stepwise regression generated two 
additional candidate models: 1) the model predicted by stepwise regression, and 2) the same model but 
including all 2 way interactions. Two-way interactions of the strongest habitat predictors were evaluated 
to determine if this had any additional influence on model results.  Details of candidate models for each 
species are listed in Tables 3.1-3.4. Not all additional species-specific combinations that we explored are 
included in these tables, only those that we concluded could most plausibly influence fish response.  
 
The information-theoretic approach is described at length in Burnham and Anderson (1998). The 
steps involved in the information-theoretic approach (as outlined in Paulsen and Fisher 2005) are: 

1. identify a candidate set of models a priori, using information on scientifically plausible 
relationships between candidate independent variables and the dependent variable of interest;  

2. estimate the regression models using the same dataset;  
3. for each model, calculate the Akaike Information Criterion (AIC), (Akaike 1973) corrected for 

the number of estimated parameters;  
4. among the candidate models, select the model with the lowest AIC. Subtract the lowest AIC from 

each of the candidate models, yielding a “delta” which will be zero by definition for the model 
with the lowest AIC; and  

5. calculate “AIC weights” for each model, using a simple exponential function of the deltas. The 
weights are normalized to sum to one, and their values can be interpreted as the relative 
probability of each model, given the data and the set of candidate models.”  

 
The AIC statistic is defined as: 
 

AIC = n ln (RSS/n) + 2k, (Eq. 1) 
 
where n is the number of observations, ln is the natural logarithm, RSS is the residual sum of squares and 
k is the number of estimable parameters in the model. The AIC statistic is defined as: 
 

AIC = AIC + 2k(k + 1)/(n – k – 1), (Eq. 2) 
 
and the “delta” AIC weights are calculated as: 
 

 (Eq. 3) 
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where ΔAICi is the ΔAIC value for the ith model in a set of m candidate models. Thus the ΔAIC weights 
sum to 1 (Thompson and Lee 2000). 
 
AIC is a relative ranking statistic. AIC values are interpreted in terms of the magnitude of the differences 
among candidate models rather than the magnitude of any particular value (Thompson and Lee 1999). It 
should be noted that calculated AIC values are specific to the data set that is used to compute them, and 
hence those computed from different data sets are not comparable.  
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The predictive abilities of the selected watershed models were assessed using several goodness-of-fit 
statistics. A commonly used goodness-of-fit statistic is the correct classification rate for presence and 
absence. Traditionally, in habitat models a probability threshold for specifying predicted presence and 
absence is pre-selected (Fielding and Bell 1997) to allow this assessment (e.g., a probability threshold of 
0.5 used by Porter et al. 2000; Fransen et al. 2006; or a threshold of 0.4 used by Trial et al. 1984; Bain 
and Robinson 1988; Freeman et al. 1997, Rashleigh et al. 2005 to increase the accuracy in predicting 
occurrences). Using such pre-defined thresholds, however, can lead to naïve interpretations of model 
accuracy as unequal group sizes (i.e., number of detections relative to the number of non-detections) in a 
logistic regression can influence the correct classification rates, generally being biased towards the larger 
group (Fielding and Bell 1997). A similar number of presences and absences (i.e., 40–60%) is considered 
most desirable for the response variable in a predictive habitat model (Filipe et al. 2004), but this is 
seldom the reality. Olden et al. (2002) has stressed, however, that classification rates should be tested 
against expectations based on chance, as prevalence (i.e., the frequency of species occurrence in the 
dataset) can lead to erroneous perceptions of model predictive performance unless adjusted for. 
 
We therefore calculated Cohen’s Kappa statistic to test whether model predictions where better than 
chance (Manel et al. 2001). The Kappa statistic (Κ) (Titus et al. 1984) expresses the proportion of sites 
correctly classified by the model after removing the effect of correct classification by chance. A Kappa 
value <0.4 is considered poor, 0.4-0.75 good, and >0.75 excellent model performance (Fielding and Bell 
1997, Manel et al. 2001). Rather than using a pre-defined probability threshold we instead established the 
threshold for each species that gave us the best model improvement over chance, as indicated by the 
Kappa statistic (as described in Fielding and Bell 1997). McPherson et al. (2004), however, noted that the 
Kappa statistic can be sensitive to sample size and may be unreliable if one class predominates in the 
sample. To further assess each species model’s ability to discriminate between fish presence and fish 
absence, we computed the area under the curve (AUC) of receiver-operating characteristic (ROC) plots 
(Hosmer and Lemeshow 2000). The AUC, which has a value between 0 and 1, is interpreted as the 
likelihood that a site where fish are present will have a greater index value than a watershed where fish 
are absent. It assesses model performance from model output at all possible probability thresholds at 
which species presence might be accepted (i.e., P>0.0 to P<1.0); a single measure of accuracy that is not 
dependent upon a particular probability threshold (Fielding and Bell 1997). The value of the AUC is 
between 0.5 to 1.0. If the AUC is 0.5-0.7 it represents poor, 0.7-0.9 represents intermediate and > 0.9 
represents high model accuracy (Manel et al. 2001; as used in Fransen et al. 2006; McCleary et al. 2008). 
MacPherson et al. (2004) suggest that the AUC is largely unaffected by differences in prevalence and is 
therefore the most reliable measure available for assessing the overall performance of logistic models. 
When classifying a set of binary data, the classification error will be biased if the same observations are 
used to fit the model as are also used to estimate error. The LOGISTIC procedure in SAS (SAS Institute, 
Inc. 1999) reduces this bias by employing a leave-one-process (jackknifing) procedure whereby one data 
point is left out, the parameters are re-estimated, and the observation is then classified based on the new 
parameter estimates. All predicted probabilities used for assessment of AUC and Kappa were based on 
these cross-validated probabilities. 
 
b) Stream Reach Scale 

Models to predict the upstream distribution of Chinook salmon, coho salmon, bull trout and rainbow trout 
in the Thompson EDU from nested watershed and macroreach habitat data were developed using binary 
logistic regression analysis (Tabachnick and Fidell 1996; Hosmer and Lemeshow 2000) and AIC (Akaike 
1973) for model selection; as for our strictly watershed-based models.  In addition, we incorporated an 
upstream stopping rule (as suggested in Fransen et al. 2006) to remove ambiguities in the probability cut-
point values along the stream macroreach network, and subsequently identify a single-point prediction of 
the upper macroreach extent of the each species’ distribution. 
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A limitation of past models of fish species distribution that have incorporated nested watershed/stream 
reach variables is that they often fail to explicitly take into account the role of spatial dependency as a 
random component (Rich et al. 2003). In many studies, observations will exhibit some form of 
dependency. For example, measurements of different attributes are taken from the same patient; sampling 
is carried out hierarchically; and so forth. This situation exists for our habitat information, where 
macroreaches nested within watersheds will have unique stream habitat characteristics but will share the 
same watershed attributes. This sampling of multiple streams sampled within the same watershed creates 
a “watershed effect” that must be accounted for (Carroll and Pearson 2000), as this dependency of 
individual macroreach response on the surrounding watershed will cause standard errors to be 
underestimated and can potentially bias model coefficients to some degree (Rich et al. 2003). We have 
adjusted for the effects of this watershed dependency on prediction of stream reach occurrence through 
use of recently developed statistical programming within SAS that allows hierarchical modeling for 
generalized linear models. Logistic regression models using our nested watershed/macroreach variables 
were fit using a generalized linear mixed model (PROC GLIMMIX - Littell et al. 2006) in SAS Version 
9.1. For this procedure watersheds were considered to be a random effect and all other predictors were 
fixed effects. Standard generalized linear models (GLMs) apply when the data are uncorrelated and all the 
predictors are fixed effects. The models fit by PROC GLIMMIX extend GLM functionality by 
incorporating correlations among the responses (Condon et al. 2004) 
 
Model development and goodness of fit testing for our stream macroreach models following the same 
procedures outlined earlier for our strictly watershed-based models (i.e., AIC selection of best models, 
and evaluation of model fit and most appropriate thresholds using AUC of the Receiver Operating Curve 
and Cohen’s Kappa statistics respectively). However for the macroreach models we developed our own 
small macro in SAS to generate 10 fold cross validated prediction probabilities. 
 
For our nested macro reach / watershed scale models four standard initial models were used consistently 
across all species for AIC comparisons, in addition to species specific models. These included first a 
model with all watershed and macroreach variables, second a model with only watershed-level parameters 
and third a model with only macroreach variables. The fourth model contained all macroreach variables 
plus watershed variables that had been found significant in the final watershed-only model for each 
species. Unique species-specific model combinations were developed using the standard model that had 
the lowest AIC score for that species as the foundation. Alternative candidate models were then tested in 
which related parameters were grouped and then dropped or added to model. The macroreach groupings 
were variables related to channel form or elevation. Bankfull width was, however, included in all 
candidate macroreach models as stream size has consistently been shown to be a strong predictor of fish 
occurrence and abundance at site scales (e.g., Rosenfeld et al. 2000; Fransen et al. 2006; Lewis et al. 
2007). Details of candidate macroreach models for each species are shown in Tables 3.11 to 3.14. Not all 
additional species-specific combinations that we explored are included in these tables, only those that we 
concluded could most plausibly influence fish response.  
 
Logistic regression values near the upstream extent of a fish species distribution are likely to display 
regions of ambiguity in which the probability index values may vary above and below our selected 
probability threshold (cut-point) for accepting fish presence. Figure 2.13 (taken from Fransen et al. 2006), 
illustrates this hypothetical situation, which could occur for example in a small channel stream where a 
high-gradient reach (which generates a lower probability score, tipping the reach into a predicted absence 
category) is followed by a reach of lower gradient further upstream where the probability value might 
correspondingly increase, thus pushing the reach back into the predicted presence category. To account 
for this situation we established a benchmark stopping rule (as suggested in Fransen et al. 2006) for 
determining whether to include upstream habitat in our prediction of fish species presence where areas of 
ambiguity existed. We selected a conservative approach, which was simply to stop at the upstream extent 
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of the last predicted fish-bearing macroreach for that species (i.e., last macroreach with a probability 
index value above the accepted cut-point for that species). 

 

Figure 2.13. Hypothetical index of fish presence values for an example stream profile plotted against distance from 
stream origin. Based on a cut-point threshold of 0.5 for this example (dashed line) the index suggests 
that a particular fish species will be present far downstream and absent far upstream. However, index 
values fluctuate above and below the cut point value at the midpoint of the stream. A stopping rule 
should be developed to address (as best as possible) this area of ambiguity and select a single-point 
prediction of the upper extent of the species’ distribution (figure from Fransen et al. 2006). 

 
2.4.2 Abundance Models 

For development of species models to predict juvenile abundances at the stream reach scale we chose to 
use a classification and regression tree approach (CART; Breiman et al. 1984). This is a flexible 
modelling technique suitable for the evaluation of explanatory habitat variables that can also identify and 
approximate nonlinear functional responses and complex interactions between variables (De'ath and 
Fabricius 2000). CART is ideally suited for the analysis of complex ecological data because it can deal 
with non-linear relationships in data and complex interactions between variables (De’ath and Fabricius 
2000). In addition, a tree-based model is useful for classification and regression problems where it is not 
possible, or not desirable, to specify in advance the form of important interactions between explanatory 
variables (Lamon and Stow 1999).  
 
CART - Background 

A CART model builds the tree using recursive algorithms to split the data into smaller and more 
homogenous groups with respect to the response variable (in our case abundance, as defined by CPUE). 
At each split, data is partitioned into two mutually exclusive groups, each group being as homogeneous as 
possible, and the splitting exercise is performed again on each new group separately (De’ath and 
Fabricius 2000). Splits are made until all subdivided groups of data are judged sufficiently homogeneous 
with respect to the response variable. Groups that do not have a further split are called terminal nodes. In 
our case they represent streams with approximately the same mean CPUE (abundance), defined by some 
combination of values of the explanatory habitat variables. This process is repeated until the tree is grown 
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to a size where individual groups are as homogeneous as possible with respect to the response variable, at 
which point the tree can be pruned back if desired (Lamon and Stow 1999).  
 
CART - Procedure 

CART procedures (Therneau & Atkinson 1997) available in the R programming language were used to fit 
regression trees to the catch per unit effort (CPUE ) response variable for the FDIS electroshocking data 
from the Interior Freshwater Ecoregion. CPUE is an index of abundance, defined for our purposes as the 
number of juvenile fish (Chinook, coho, bull trout or rainbow trout) encountered per hour of 
electroshocking time. The geomorphic variables collected in the field for FDIS surveys and evaluated in 
our CART analyses were: average bankfull width (m); average channel gradient (%); and two non-ordinal 
confinement classes (Relatively Constrained – a merging of the FDIS confinement codes entrenched and 
confined; or Relatively Unconstrained – a merging of the FDIS confinement codes Frequently Confined, 
Occasionally Confined or Unconfined ). The use of two valley constraint classes for modeling stream 
habitat potential is consistent with Burnett et al. 2007. Subjective confinement codes used within FDIS 
would be converted (if found to be important in the CARTs) to quantitative measures of constraint for 
evaluation within a GIS, such that Relatively Constrained would be represented by a valley 
width:bankfull width ratio < 8.87 and Relatively Unconstrained would be represented by a valley 
width:bankfull width ratio > 8.87 (as per the valley-width index developed in Burnett et al. 2007). 
 
We used standard stopping criteria based on a complexity parameter (CP) =0.01 or 0.005 to build what 
we expected to be an initially overlarge tree for each species; where the complexity parameter defines the 
minimum change in deviance required to allow a split. We applied a 10-fold cross-validation procedure to 
prune each species’ tree back to the most parsimonious structure. This type of validation is useful when 
no test sample is available for comparison (Statsoft 2007). In this process ten random subsamples, as 
equal in size as possible, are formed from the full dataset (the learning sample). A regression tree is then 
fit to each set ten times, each time omitting one of the subsamples from the tree building process, where 
the omitted subsample was used as the test sample for cross validation. Each subsample is therefore used 
nine times in the learning sample, and once in the test sample. The cross validated cost (CV cost) of each 
tree is calculated, where the cost is the cross-validated error rate of the tree. The smallest tree within 1SE 
of the minimum predicted error should then be selected (De’ath and Fabricius 2000). However this 
standard process failed to distinguish clear splits within our CART analyses, indicating that both high and 
low CPUE responses can overlap within our range of habitat categories. We therefore relaxed our CP 
criteria to allow greater freedom for the CART process to generate splits around smaller differentiations 
in CPUE. CP criteria for selecting CART trees therefore varied by species. 
 
2.4.3 Barriers to Accessing Fish Habitat 

Passage probabilities for fish at identified barriers in the Provincial Obstacles to Fish Passage were 
derived from barrier assessments being developed currently at MOE (E. Parkinson, unpubl). This 
developing criteria includes a larger set of possible conditions that could affect passage probabilities. For 
this exercise we have simplified the criteria into only four passage probabilities (for all species) based 
solely on obstacle height (Table 2.3). Further work by MOE/MOF will continue to develop more specific 
criteria for passage probabilities, which will allow further refinement of this approach in the future. 
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Table 2.3. Passage probabilities for fish at varied obstruction heights that were used to adjust modeled fish 
species distributions in a subsection of stream macroreaches within the Thompson EDU. This 
subsection included the Upper & Lower Thompson, Adams River, Shuswap Lake and Upper Shuswap 
watershed groups. Passage probabilities were adapted (and simplified for this exercise) from ongoing 
work at MOE. 

Obstacle Height Probability of Passage* 
< 2m 1.0 

2 – 3.9m 0.6 
4-10m 0.4 
>10m 0.0 

* Probabilities used here were for initial exploratory purposes in our analyses 
and no attempt has been made to adjust for different swimming/jumping 
abilities of our four focal species or for other conditions that might 
differentially affect passage. Refinement of fish passage probabilities at 
barriers is a continuing focus of research at MOE/MOF. 

 
 
Passage probabilities (as an illustrative example) were used to adjust occurrence probabilities in stream 
macroreaches upstream of each identified barrier, such that: Passage probability * Occurrence probability 
(original) = Occurrence probability (adjusted) (e.g. 0.8 * 0.6 = 0.48). If more than one barrier existed 
within a macroreach the barrier with the lowest passage probability was used for occurrence calculations. 
The resultant adjusted probabilities might or might not further restrict the predicted distribution of a 
species throughout the upstream macroreach network.  
 
Note that the spatial resolution for this analysis was the macroreach. It was not therefore possible to adjust 
occurrence probabilities for areas upstream of the barrier within the same macroreach, but only for the 
next connected macroreach (which will be a variable distance upstream of the barrier). GIS programming 
to allow finer scale sectioning of macroreaches (discussed in Section 4) would allow adjustment of 
distribution probabilities at, or close to, the actual spatial location of identified barriers. 
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3. Results 

3.1 Distribution  

3.1.1 Watershed Scale Models 

The results of the AIC evaluation of candidate watershed models for Chinook salmon, coho salmon, bull 
trout and rainbow trout are presented in Tables 3.1 to 3.4. Of the 9 watershed habitat variables used in our 
models 7 were selected as final model predictors for Chinook and coho salmon, 6 for bull trout and 3 for 
rainbow trout. Final models for each species were much higher weighted than other potential candidate 
models. Habitat variables and model coefficients of the AIC selected best-fit logistic models for each 
species are presented in Table 3.5. All final species watershed models were considered to represent 
intermediate or high model accuracy based on AUC values. Chinook salmon had the highest AUC value 
at 0.901, coho salmon second at 0.899, bull trout third at 0.894 and rainbow trout with 0.842. Species 
model AUC values are summarized in Table 3.10.   
 
Species curves for Kappa values are illustrated in Figure 3.1 and tabular summaries of changing Kappa 
value increments in relation to modelled probability thresholds for each species are presented in Tables 
3.6 to 3.9. Kappa curves for Chinook, coho and bull trout displayed a similar pattern, steadily ascending 
to an asymptote at a Kappa above 0.4 and then gradually descending. The rainbow trout Kappa curve 
alternatively ascended erratically and descended rapidly with no defined asymptote, and never at any the 
desired Kappa minimum of at least 0.4. These patterns were reflected in the summary Kappa tables where 
Chinook, coho and bull trout each had a considerable range of potential probability thresholds where 
Kappa values indicated good model prediction of occurrence over chance, with the best statistical Kappa 
for Chinook at a probability threshold of P = 0.32, coho at P = 0.46, and bull trout at P = 0.36. For 
instances where the same highest value of Kappa was obtained at different probability thresholds we 
selected the probability that generated the highest model sensitivity (i.e., correct classification of species 
occurrences). Rainbow trout, however, did not generate a series of probability thresholds that would be 
considered good predictors over chance. The highest Kappa of 0.36 at a probability threshold of 0.72 was 
close to the desired minimum Kappa criteria of 0.4 but would still be considered a poor predictor over 
chance. This result is however not that surprising given the widespread occurrence of rainbow trout across 
watersheds within our study area. Such distribution models will only be informative where there are clear 
differences in a species use of habitats that can be assessed and quantified. Modeling differential habitat 
use of highly ubiquitous species like rainbow trout will likely be difficult, at least at a coarser watershed 
scale. Final model diagnostic summaries (AUC and Kappa values) are presented for each species in Table 
3.10, as well as the statistically ‘best’ model probability threshold used for initial mapping purposes. 
 
GIS derived maps of the predicted occurrence of Chinook salmon, coho salmon, bull trout and rainbow 
trout in Thompson EDU watersheds are shown in Figures 3.2 to 3.5. For the first three species, maps 
based on the selected statistically ‘best’ threshold are bracketed by maps displaying predicted species 
distributions if probability thresholds were alternatively selected to maximize model specificity or 
sensitivity respectively, while still maintaining acceptable Kappa criteria. The number of watersheds in 
which these species are predicted to occur could change markedly dependent on a potential need to relax 
statistical Kappa criteria based on management priorities while still retaining reasonably good overall 
models (e.g., to improve ability to be sure of correctly identifying stream habitats that support Chinook or 
conversely to improve ability to correctly identify streams that Chinook do not use). For rainbow trout 
only the single highest Kappa based probability threshold is presented in the map. This ‘best’ model 
predicted rainbow trout absence in a small subset of watersheds within the Thompson EDU.  
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Table 3.1. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed habitat variables for predicting Chinook salmon occurrence in Thompson 
EDU watersheds. Watershed models were ranked in terms of the difference (ΔAIC) between their AIC 
score and the lowest score. The yellow highlighted model represents the candidate model with the 
highest ΔAIC weight (i.e., greatest relative plausibility given the data). This model was selected for 
predicting Chinook salmon occurrence in watersheds. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2, mean elevation, Melton’s R, K factor, 
maximum stream order, percent wetland, percent lake 

9 2.88 0.19 

Log drainage area, MWAT, mean elevation 3 44.20 2.03 E-10 
Log drainage area, MWAT, Melton’s R 3 40.73 1.16 E-6 
Log drainage area, MWAT, K factor  3 56.20 5.05 E-13 
Log drainage area, MWAT, maximum stream order 3 58.37 1.70 E-13 
Log drainage area, MWAT, percent wetland 3 32.07 8.80 E-8 
Log drainage area, MWAT, percent lake 3 33.91 3.50 E-8 
Log drainage area, MWAT, (MWAT)2 3 48.63 2.23 E-11 
Log drainage area, MWAT 2 57.11 3.20 E-13 
Log drainage area, MWAT, (MWAT)2, mean elevation, Melton’s R, percent 
wetland, percent lake (all 2 way interactions) 28 13.78 8.22 E-4 
Log drainage area, MWAT, (MWAT)2, mean elevation, Melton’s R, percent 
wetland, percent lake 7 0 0.81 

Log drainage area, percent wetland, percent lake  3 20.46 2.94 E-5 
Log drainage area, mean elevation, Melton’s R  3 29.27 3.57 E-7 

 

Table 3.2. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed habitat variables for predicting coho salmon occurrence in Thompson EDU 
watersheds. Watershed models were ranked in terms of the difference (ΔAIC) between their AIC score 
and the lowest score. The yellow highlighted model represents the candidate model with the highest 
ΔAIC weight (i.e., greatest relative plausibility given the data). This model was selected for predicting 
coho salmon occurrence in watersheds. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2, mean elevation, Melton’s R, K factor, 
maximum stream order, percent wetland, percent lake 

9 1.95 0.27 

Log drainage area, MWAT, mean elevation 3 62.35 2.08 E-14 
Log drainage area, MWAT, Melton’s R 3 45.98 7.45 E-11 
Log drainage area, MWAT, K factor  3 63.52 1.70 -16 
Log drainage area, MWAT, maximum stream order 3 71.96 1.70 E-16 
Log drainage area, MWAT, percent wetland 3 47.77 3.06 E-11 
Log drainage area, MWAT, percent lake 3 52.01 3.66 E-12 
Log drainage area, MWAT, (MWAT)2 3 71.79 1.86 E-16 
Log drainage area, MWAT 2 74.48 4.85 E-17 
Log drainage area, mean elevation, Melton’s R, K factor, maximum stream 
order, percent wetland, percent lake (all 2 way interactions) 28 8.95 8.21 E-3 
Log drainage area, mean elevation, Melton’s R, K factor, maximum stream 
order, percent wetland, percent lake 7 0 0.72 

Log drainage area, mean elevation, Melton’s R, maximum stream order 4 26.99 9.91 E-7 
Log drainage area, percent wetland, percent lake 3 32.14 7.54 E-8 
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Log drainage area, K factor 2 62.68 1.77 E-14 

 

Table 3.3. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed habitat variables for predicting bull trout occurrence in Thompson EDU 
watersheds. Watershed models were ranked in terms of the difference (ΔAIC) between their AIC score 
and the lowest score. The yellow highlighted model represents the candidate model with the highest 
ΔAIC weight (i.e., greatest relative plausibility given the data). This model was selected for predicting 
bull trout occurrence in watersheds. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2, mean elevation, Melton’s R, K factor, 
maximum stream order, percent wetland, percent lake 

9 3.78 1.23E-01 

Log drainage area, MWAT, mean elevation 3 51.54 5.23E-12 
Log drainage area, MWAT, Melton’s R 3 21.79 1.51E-05 
Log drainage area, MWAT, K factor  3 31.25 1.33E-07 
Log drainage area, MWAT, maximum stream order 3 51.33 5.79E-12 
Log drainage area, MWAT, percent wetland 3 29.56 3.10E-07 
Log drainage area, MWAT, percent lake 3 50.85 7.38E-12 
Log drainage area, MWAT, (MWAT)2 3 51.45 5.45E-12 
Log drainage area, MWAT 2 50.34 9.50E-12 
Log drainage area, mean elevation, Melton’s R, K factor, percent wetland, 
percent lake (all 2 way interactions) 21 5.01 6.61E-02 
Log drainage area, mean elevation, Melton’s R, K factor, percent wetland, 
percent lake  6 0.00 8.11E-01 

Log drainage area, mean elevation, Melton’s R, maximum stream order 4 25.39 2.48E-06 
Log drainage area, percent wetland, percent lake 3 75.45 3.36E-17 
Log drainage area, K factor 2 52.70 2.93E-12 

 

Table 3.4. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed habitat variables for predicting rainbow trout occurrence in Thompson 
EDU watersheds. Watershed models were ranked in terms of the difference (ΔAIC) between their AIC 
score and the lowest score. The yellow highlighted model represents the candidate model with the 
highest ΔAIC weight (i.e., greatest relative plausibility given the data). This model was selected for 
predicting rainbow trout occurrence in watersheds. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2, mean elevation, Melton’s R, K factor, 
maximum stream order, percent wetland, percent lake 

9 11.47 1.10E-03 

Log drainage area, MWAT, mean elevation 3 7.78 6.92E-03 
Log drainage area, MWAT, Melton’s R 3 7.83 6.75E-03 
Log drainage area, MWAT, K factor  3 6.97 1.04E-02 
Log drainage area, MWAT, maximum stream order 3 5.79 1.88E-02 
Log drainage area, MWAT, percent wetland 3 7.15 9.49E-03 
Log drainage area, MWAT, percent lake 3 7.99 6.23E-03 
Log drainage area, MWAT, (MWAT)2 3 6.76 1.15E-02 
Log drainage area, MWAT 2 6.11 1.60E-02 
Log drainage area, MWAT, maximum stream order (all 2 way interactions) 6 0.42 0.28 
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Log drainage area, MWAT, maximum stream order (drainage*MWAT 
interaction) 4 7.72 7.15E-03 

Log drainage area, MWAT, maximum stream order (order*MWAT interaction) 4 0.37 0.28 
Log drainage area, MWAT, maximum stream order (drainage*order interaction) 4 7.18 9.36E-03 
Log drainage area, MWAT (drainage*MWAT way interactions) 3 0.00 0.34 

 

Table 3.5. Selected best-fit logistic regression models for predicting occurrence of Chinook salmon, coho salmon, 
bull trout, and rainbow trout in watersheds within the Thompson Ecological Drainage Unit (EDU). 

Species Habitat Variables Coefficients (SEs) P 
Chinook salmon Intercept 

Loge(Drainage Area) 
Mean Elevation 
Meltons R 
Percent Wetland 
Percent Lake 

-27.502 (4.245) 
1.620 (0.216) 

-0.004 (0.001) 
9.234 (2.786) 

-0.461 (0.195) 
-0.251 (0.059) 

<0.001 
<0.001 
<0.001 
<0.001 

0.020 
<0.001 

Coho salmon Intercept 
Loge(Drainage Area) 
Mean Elevation 
Meltons R 
KFactor 
Order Maximum 
Percent Wetland 
Percent Lake 

-34.606 (5.639) 
2.116 (0.341) 

-0.003 (0.001) 
11.267 (3.057) 
11.874 (5.321) 
-0.793 (0.373) 
-0.332 (0.182) 
-0.257 (0.062) 

<0.001 
<0.001 
<0.001 
<0.001 

0.020 
0.030 
0.070 

<0.001 
Bull trout Intercept 

Loge(Drainage Area) 
Mean Elevation 
Meltons R 
KFactor 
Percent Wetland 
Percent Lake 

-29.000 (4.207) 
1.254 (0.189) 
0.002 (0.001) 
7.044 (2.628) 

20.761 (5.282) 
-0.696 (0.231) 
-0.115 (0.049) 

<0.001 
<0.001 

0.005 
0.007 

<0.001 
0.003 
0.002 

Rainbow trout Intercept 
MWAT 
Loge(Drainage Area) 
MWAT * loge(Drainage Area) 

42.940 (19.264) 
-3.622 (1.5201) 
-2.662 (1.106) 
0.232 (0.087) 

0.026 
0.017 
0.016 
0.008 
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Figure 3.1. Shape of Kappa curves for Chinook salmon, coho salmon, bull trout and rainbow trout for varied 
probability thresholds inputs for logistic models developed for watersheds in the Thompson Ecological 
Drainage Unit. Kappa values <0.4 are considered poor, 0.4-0.75 good, and >0.75 excellent model 
prediction over chance. 
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Table 3.6. Classification analysis for predicted occurrence probabilities for the best-fit logit watershed model for 
Chinook salmon in the Thompson Ecological Drainage Unit (EDU). Yellow highlighted probability 
represents threshold(s) providing ‘best’ improvement in occurrence prediction over chance. Green 
highlighted probabilities could generate relatively good models (Kappa>0.4) based on choice of 
desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.0 0.0 0.00 
0.02 97.6 32.5 0.15 
0.04 97.6 46.3 0.24 
0.06 94.1 54.6 0.29 
0.08 92.9 62.9 0.36 
0.10 90.6 69.3 0.42 
0.12 89.4 72.4 0.45 
0.14 87.1 75.9 0.48 
0.16 85.9 78.2 0.50 
0.18 84.7 79.3 0.51 
0.20 81.2 81.6 0.52 
0.22 75.3 83.6 0.51 
0.24 74.1 83.9 0.50 
0.26 72.9 85.9 0.53 
0.28 70.6 87.1 0.53 
0.30 69.4 88.2 0.54 
0.32 69.4 88.8 0.55 
0.34 64.7 89.1 0.52 
0.36 62.4 91.1 0.54 
0.38 60.0 91.4 0.52 
0.40 60.0 92.0 0.53 
0.42 58.8 92.2 0.53 
0.44 57.6 93.1 0.54 
0.46 55.3 93.7 0.53 
0.48 55.3 94.3 0.54 
0.50 54.1 94.8 0.54 
0.52 51.8 95.7 0.54 
0.54 51.8 96.3 0.55 
0.56 50.6 96.3 0.54 
0.58 49.4 96.6 0.53 
0.60 45.9 97.4 0.52 
0.62 42.4 98.0 0.50 
0.64 42.4 98.6 0.51 
0.66 41.2 98.6 0.50 
0.68 36.5 98.9 0.45 
0.70 36.5 98.9 0.45 
0.72 32.9 99.1 0.42 
0.74 31.8 99.4 0.42 
0.76 31.8 99.4 0.42 
0.78 29.4 99.4 0.39 
0.80 29.4 99.4 0.39 
0.82 25.9 99.4 0.35 
0.84 24.7 99.4 0.33 
0.86 21.2 99.4 0.29 
0.88 17.6 99.4 0.24 
0.90 15.3 99.7 0.22 
0.92 12.9 100.0 0.19 
0.94 12.9 100.0 0.19 
0.96 12.9 100.0 0.19 
0.98 8.2 100.0 0.13 
1.00 0.0 100.0 0.00 

1 Model sensitivity defined as the percent of ‘Chinook’ occurrence watersheds correctly classified 
2 Model specificity defined as the percent of ‘no Chinook’ occurrence watersheds correctly classified 
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Table 3.7. Classification analysis for predicted occurrence probabilities for the best-fit logit watershed model for 
coho salmon in the Thompson Ecological Drainage Unit (EDU). Yellow highlighted probability 
represents threshold(s) providing ‘best’ improvement in occurrence prediction over chance. Green 
highlighted probabilities could generate relatively good models (Kappa>0.4) based on choice of 
desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.0 0.0 0.00 
0.02 99.0 30.4 0.17 
0.04 98.1 40.7 0.24 
0.06 97.1 48.6 0.30 
0.08 96.2 56.2 0.36 
0.10 94.2 61.1 0.39 
0.12 89.4 64.4 0.40 
0.14 87.5 68.7 0.43 
0.16 87.5 71.1 0.46 
0.18 86.5 73.3 0.48 
0.20 86.5 74.8 0.50 
0.22 84.6 76.3 0.51 
0.24 83.7 77.5 0.52 
0.26 80.8 78.7 0.51 
0.28 76.9 82.4 0.53 
0.30 76.0 83.6 0.54 
0.32 73.1 84.8 0.54 
0.34 68.3 86.9 0.53 
0.36 64.4 87.8 0.52 
0.38 63.5 88.4 0.52 
0.40 63.5 89.4 0.53 
0.42 61.5 91.2 0.55 
0.44 60.6 92.1 0.55 
0.46 58.7 93.3 0.56 
0.48 56.7 93.6 0.55 
0.50 53.8 94.2 0.53 
0.52 52.9 94.5 0.53 
0.54 51.0 94.5 0.51 
0.56 51.0 94.8 0.52 
0.58 48.1 95.4 0.50 
0.60 47.1 96.0 0.50 
0.62 45.2 96.4 0.49 
0.64 41.3 96.7 0.45 
0.66 40.4 97.0 0.45 
0.68 39.4 97.3 0.45 
0.70 37.5 97.9 0.44 
0.72 36.5 97.9 0.43 
0.74 32.7 98.2 0.39 
0.76 31.7 98.2 0.38 
0.78 31.7 98.2 0.38 
0.80 29.8 98.5 0.36 
0.82 27.9 98.8 0.35 
0.84 26.9 98.8 0.34 
0.86 25.0 98.8 0.31 
0.88 20.2 99.4 0.27 
0.90 18.3 99.7 0.25 
0.92 13.5 99.7 0.19 
0.94 11.5 100.0 0.17 
0.96 9.6 100.0 0.14 
0.98 7.7 100.0 0.11 
1.00 0.0 100.0 0.00 

1 Model sensitivity defined as the percent of ‘coho’ occurrence watersheds correctly classified 
2 Model specificity defined as the percent of ‘no coho’ occurrence watersheds correctly classified 
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Table 3.8. Classification analysis for predicted occurrence probabilities for the best-fit logit watershed model for 
bull trout in the Thompson Ecological Drainage Unit (EDU). Yellow highlighted probability 
represents threshold(s) providing ‘best’ improvement in occurrence prediction over chance. Green 
highlighted probabilities could generate relatively good models (Kappa>0.4) based on choice of 
desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.0 0.0 0.00 
0.02 99.0 29.9 0.16 
0.04 98.0 44.1 0.26 
0.06 98.0 50.8 0.32 
0.08 97.1 57.7 0.37 
0.10 95.1 62.2 0.41 
0.12 92.2 65.6 0.42 
0.14 90.2 68.6 0.45 
0.16 87.3 70.1 0.44 
0.18 83.3 71.6 0.44 
0.20 81.4 74.3 0.46 
0.22 80.4 76.7 0.48 
0.24 79.4 80.1 0.52 
0.26 77.5 80.7 0.51 
0.28 76.5 81.9 0.52 
0.30 76.5 83.1 0.54 
0.32 75.5 84.0 0.54 
0.34 74.5 86.1 0.57 
0.36 74.5 86.7 0.58 
0.38 71.6 87.6 0.57 
0.40 68.6 88.5 0.56 
0.42 67.6 89.4 0.57 
0.44 65.7 90.3 0.57 
0.46 64.7 91.8 0.58 
0.48 58.8 92.1 0.54 
0.50 55.9 93.4 0.53 
0.52 52.9 93.4 0.51 
0.54 51.0 93.7 0.50 
0.56 48.0 94.0 0.47 
0.58 47.1 94.3 0.47 
0.60 46.1 94.3 0.46 
0.62 45.1 95.2 0.47 
0.64 43.1 96.4 0.47 
0.66 43.1 96.7 0.47 
0.68 38.2 97.0 0.43 
0.70 36.3 97.6 0.42 
0.72 32.4 97.6 0.38 
0.74 26.5 97.6 0.31 
0.76 23.5 97.9 0.28 
0.78 20.6 98.2 0.25 
0.80 16.7 98.2 0.20 
0.82 14.7 98.8 0.19 
0.84 11.8 99.1 0.15 
0.86 8.8 99.1 0.11 
0.88 5.9 99.4 0.08 
0.90 5.9 99.4 0.08 
0.92 4.9 99.7 0.07 
0.94 3.9 99.7 0.05 
0.96 2.9 100.0 0.04 
0.98 2.0 100.0 0.03 
1.00 0.0 100.0 0.00 

1 Model sensitivity defined as the percent of ‘bull trout’ occurrence watersheds correctly classified 
2 Model specificity defined as the percent of ‘no bull trout’ occurrence watersheds correctly classified 
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Table 3.9. Classification analysis for predicted occurrence probabilities for the best-fit logit watershed model for 
rainbow trout in the Thompson Ecological Drainage Unit (EDU). Yellow highlighted probability 
represents threshold(s) providing ‘best’ improvement in occurrence prediction over chance. All 
rainbow trout models had Kappa<0.4, so would be considered to provide poor model prediction over 
chance. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.0 0.0 0.00 
0.02 100.0 0.0 0.00 
0.04 100.0 0.0 0.00 
0.06 99.7 0.0 0.00 
0.08 99.7 0.0 0.00 
0.10 99.7 2.4 0.04 
0.12 99.7 2.4 0.04 
0.14 99.7 2.4 0.04 
0.16 99.7 4.9 0.08 
0.18 99.7 7.3 0.12 
0.20 99.7 7.3 0.12 
0.22 99.7 7.3 0.12 
0.24 99.5 7.3 0.11 
0.26 99.5 7.3 0.11 
0.28 99.5 7.3 0.11 
0.30 99.5 9.8 0.15 
0.32 99.5 9.8 0.15 
0.34 99.5 9.8 0.15 
0.36 99.2 9.8 0.14 
0.38 99.2 9.8 0.14 
0.40 99.2 9.8 0.14 
0.42 99.2 12.2 0.18 
0.44 99.2 12.2 0.18 
0.46 99.0 12.2 0.17 
0.48 99.0 14.6 0.21 
0.50 99.0 14.6 0.21 
0.52 99.0 14.6 0.21 
0.54 98.7 14.6 0.20 
0.56 98.7 14.6 0.20 
0.58 98.7 17.1 0.23 
0.60 98.7 17.1 0.23 
0.62 98.7 19.5 0.26 
0.64 98.7 19.5 0.26 
0.66 98.2 22.0 0.28 
0.68 98.0 24.4 0.30 
0.70 98.0 24.4 0.30 
0.72 97.7 31.7 0.37 
0.74 96.9 31.7 0.35 
0.76 96.2 31.7 0.32 
0.78 93.1 34.1 0.27 
0.80 89.3 43.9 0.27 
0.82 85.5 43.9 0.21 
0.84 83.2 53.7 0.24 
0.86 79.1 63.4 0.25 
0.88 76.3 68.3 0.24 
0.90 69.4 75.6 0.20 
0.92 65.1 80.5 0.19 
0.94 58.7 85.4 0.16 
0.96 50.3 92.7 0.14 
0.98 36.5 100.0 0.10 
1.00 0.0 100.0 0.00 

1 Model sensitivity defined as the percent of ‘rainbow trout’ occurrence watersheds correctly classified 
2 Model specificity defined as the percent of ‘no rainbow trout’ occurrence watersheds correctly classified 
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Table 3.10. Final classification analysis for the selected statistically best fit watershed models for Chinook salmon, 
coho salmon, bull trout and rainbow trout in the Thompson Ecological Drainage Unit (EDU). All final 
species models selected were considered of intermediate to high overall model accuracy, where an 
AUC of 0.5-0.7 represents poor, 0.7-0.9 represents intermediate and > 0.9 represents high model 
accuracy. Selected ‘best’ probability thresholds were considered to provide good performance over 
chance for Chinook, coho and bull trout but not for rainbow trout; where a Kappa value <0.4 is 
considered poor, 0.4-0.75 good, and >0.75 excellent model prediction over chance. 

Species AUC Probability Threshold Kappa 
Chinook salmon 0.901 0.32 0.55 
Coho salmon 0.899 0.46 0.56 
Bull trout 0.894 0.36 0.58 
Rainbow trout 0.842 0.72 0.37 
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Figure 3.2. Predicted occurrence of Chinook salmon in watersheds within the Thompson Ecological Drainage Unit (EDU) based on varied probability 
thresholds. The center map threshold (P=0.36) represents the ‘best” overall improvement over chance, the left map threshold (P=0.10) represents a 
‘good’ model with highest sensitivity, the right map threshold (P=0.70) represents a “good’ model with highest specificity. Green watersheds = 
species present, red watersheds = species absent. 
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Figure 3.3. Predicted occurrence of coho salmon in watersheds within the Thompson Ecological Drainage Unit (EDU) based on varied probability thresholds. 
The center map threshold (P=0.46) represents the ‘best” overall improvement over chance, the left map threshold (P=0.12) represents a ‘good’ 
model with highest sensitivity, the right map threshold (P=0.72) represents a “good’ model with highest specificity. Green watersheds = species 
present, red watersheds = species absent. 
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Figure 3.4. Predicted occurrence of bull trout in watersheds within the Thompson Ecological Drainage Unit (EDU) based on varied probability thresholds. 
The center map threshold (P=0.) represents the ‘best” overall improvement over chance, the left map threshold (P=0.) represents a ‘good’ model 
with highest sensitivity, the right map threshold (P=0.) represents a “good’ model with highest specificity. Green watersheds = species present, red 
watersheds = species absent. 
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Figure 3.5. Predicted occurrence of rainbow trout in watersheds within the Thompson Ecological Drainage Unit 
(EDU). This probability threshold (P=0.72) represents the single ‘best” overall improvement over 
chance. Green watersheds = species present, red watersheds = species absent. No watershed models for 
rainbow trout were considered ‘good’ predictors over chance, based on a desired Kappa value > 0.4. 
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3.1.2 Stream Reach Scale Models 

The results of the AIC evaluation of candidate macroreach models for Chinook salmon, coho salmon, bull 
trout and rainbow trout are presented in Tables 3.11 to 3.14. Of the 13 watershed and macroreach habitat 
variables used in our models 6 were selected as final model predictors for Chinook salmon, 7 for coho 
salmon, and 2 for bull trout and rainbow trout. Final models for each species were much higher weighted 
than other potential candidate models. Habitat variables and model coefficients of the AIC selected best-
fit logistic models for each species are presented in Table 3.15. All final species macroreach models were 
considered to represent intermediate model accuracy based on AUC values. Coho salmon had the highest 
AUC value at 0.862, Chinook salmon second at 0.857, rainbow trout third at 0.830 and bull trout with 
0.787. Species model AUC values are summarized in Table 3.20.   
 
Species curves for Kappa values are illustrated in Figure 3.6 and tabular summaries of changing Kappa 
value increments in relation to modelled probability thresholds for each species are presented in Tables 
3.16 to 3.19. Kappa curves for Chinook and coho displayed a similar pattern, steadily ascending to an 
asymptote at a Kappa above 0.4 and then gradually descending. The bull trout Kappa curve alternatively 
ascended steeply and achieved a distinct asymptote (but below our minimum 0.4 criteria), then descended 
steeply to a bottomed out 0 Kappa from a probability threshold of 0.66 onwards. The rainbow trout Kappa 
curve slowly to a peak Kappa at a probability threshold of 0.76 and then descended rapidly. These 
patterns were reflected in the summary Kappa tables where Chinook, coho and rainbow trout each had a 
considerable range of potential probability thresholds where Kappa values indicated good model 
prediction of occurrence over chance alone, although high rainbow trout Kappas were clustered at a 
considerably higher probability threshold than for Chinook or coho. The best statistical Kappa for 
Chinook was at a probability threshold of P = 0.22, coho at P = 0.34, and rainbow trout at P = 0.74. For 
instances where the same highest value of Kappa was obtained at different probability thresholds we 
selected the probability that generated the highest model sensitivity (i.e., correct classification of species 
occurrences).  The considerable differences in the Kappa pattern for rainbow trout is reflective of its 
much greater prevalence in the dataset than is the case for Chinook or coho, and illustrates how the Kappa 
statistic works to improve model performance over chance based on whether the dataset is dominated by 
occurrences or absences. Bull trout, however, did not generate a series of probability thresholds that 
would be considered good predictors over chance. The highest Kappa of 0.37 at a probability threshold of 
0.34 was close to the desired minimum Kappa criteria of 0.4 but would still be considered a poor 
predictor over chance. Final model diagnostic summaries (AUC and Kappa values) are presented for each 
species in Table 3.20, as well as the statistically ‘best’ model probability threshold used for initial 
mapping purposes. 
 
GIS derived maps of the predicted occurrence of Chinook salmon, coho salmon, bull trout and rainbow 
trout in Thompson EDU watersheds are shown in Figures 3.7 to 3.10. For Chinook, coho and rainbow 
trout, maps based on the selected statistically ‘best’ threshold are bracketed by maps displaying predicted 
species distributions if probability thresholds were alternatively selected to maximize model specificity or 
sensitivity respectively, while still maintaining acceptable Kappa criteria. The number of macroreaches in 
which these species are predicted to occur could change markedly dependent on a potential need to relax 
statistical Kappa criteria based on management priorities while still retaining reasonably good overall 
models. For rainbow trout adjustments in Kappa criteria had some but limited affect on the overall 
distribution map, indicating again the inability of the model to clearly differentiate habitat for such a 
common species, even when the Kappa criteria are relaxed. For bull trout only the single highest Kappa 
based probability threshold is presented in the map. This ‘best’ model predicted bull trout presence in a 
limited array of macroreaches within the selected area of the Thompson EDU. 
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The defined ‘best’ distributions for each species were adjusted by incorporating our hypothetical passage 
probabilities (based on height of identified barriers along the macroreach network ) that in some cases 
shifted the macroreach probability thresholds below the defined cutpoint for the species. The results of 
this GIS-derived adjustment to our statistically ‘best’ distribution models are displayed for each species in 
Figures 3.11 to 3.14. For some species this resulted in only a small restriction of the originally predicted 
distribution, based on the location of identified barriers and the resultant adjustment to upstream 
macroreach occurrence probabilities. For rainbow trout inclusion of passage probabilities resulted in a 
marked restriction of the general widespread distribution predicted strictly on habitat features. 
 
Table 3.11. Model selection results for a candidate set of logistic regression models containing various 

combinations of watershed and macroreach habitat variables for predicting Chinook salmon 
occurrence in Thompson EDU macroreaches (selected subset). Macroreach models were ranked in 
terms of the difference (ΔAIC) between their AIC score and the lowest score. The yellow highlighted 
model represents the candidate model with the highest ΔAIC weight (i.e., greatest relative plausibility 
given the data). This model was selected for predicting Chinook salmon occurrence in macroreaches. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, upstream elevation, downstream elevation, 
sinuosity, gradient, bankfull width 

13 1967.63 0 

Upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 5 1838.36 0 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, bankfull width 9 142.43 1.18 E-18 
Log drainage area, mean elevation, Melton’s R, percent wetland, percent lake,  
upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 10 1905.60 0 
Log drainage area, mean elevation, Melton’s R, percent wetland, percent lake, 
bankfull width 6 0 1 
Log drainage area, mean elevation, Melton’s R, percent wetland, percent lake, 
downstream elevation, bankfull width 7 1618.06 0 

 

Table 3.12. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed and macroreach habitat variables for predicting coho salmon occurrence in 
Thompson EDU macroreaches (selected subset). Macroreach models were ranked in terms of the 
difference (ΔAIC) between their AIC score and the lowest score. The yellow highlighted model 
represents the candidate model with the highest ΔAIC weight (i.e., greatest relative plausibility given 
the data). This model was selected for predicting coho salmon occurrence in macroreaches. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, upstream elevation, downstream elevation, 
sinuosity, gradient, bankfull width 

13 1609.32 0 

Upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 5 1203.481 4.65 E-262 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, bankfull width 9 22.37 1.39 E-05 
Log drainage area, mean elevation, Melton’s R, K factor, percent wetland, 
percent lake, upstream elevation, downstream elevation, sinuosity, gradient, 
bankfull width 

11 1557.80 0 

Log drainage area, mean elevation, Melton’s R, K factor, percent wetland, 
percent lake, bankfull width 7 0 1.0 
Log drainage area,  mean elevation, Melton’s R, K factor, percent wetland, 
percent lake, downstream elevation, bankfull width 8 1486.64 0 
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Table 3.13. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed and macroreach habitat variables for predicting bull trout occurrence in 
Thompson EDU macroreaches (selected subset). Macroreach models were ranked in terms of the 
difference (ΔAIC) between their AIC score and the lowest score. The yellow highlighted model 
represents the candidate model with the highest ΔAIC weight (i.e., greatest relative plausibility given 
the data). This model was selected for predicting bull trout occurrence in macroreaches. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, upstream elevation, downstream elevation, 
sinuosity, gradient, bankfull width 

13 397.72 4.33 E-87 

Upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 5 104.43 2.11 E-23 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, bankfull width 9 241.94 2.90 E-53 
Log drainage area, mean elevation, Melton’s R, K factor, percent wetland, 
percent lake, upstream elevation, downstream elevation, sinuosity, gradient, 
bankfull width 

11 384.84 2.71E-84 

Log drainage area, mean elevation, upstream elevation, downstream 
elevation, sinuosity, gradient, bankfull width 7 325.84 1.75E-71 
Log drainage area, upstream elevation, downstream elevation, sinuosity, 
gradient, bankfull width 6 112.96 2.96E-25 

Sinuosity, bankfull width 2 0 1 
Upstream elevation, downstream elevation, gradient, bankfull width 4 103.12 4.05 E-23 
Upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 5 410.91 5.92 E-90 

 

Table 3.14. Model selection results for a candidate set of logistic regression models containing various 
combinations of watershed and macroreach habitat variables for predicting rainbow trout occurrence 
in Thompson EDU macroreaches (selected subset). Macroreach models were ranked in terms of the 
difference (ΔAIC) between their AIC score and the lowest score. The yellow highlighted model 
represents the candidate model with the highest ΔAIC weight (i.e., greatest relative plausibility given 
the data). This model was selected for predicting rainbow trout occurrence in macroreaches. 

Candidate Models Number of 
parameters ∆AIC ∆AIC 

weight 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, upstream elevation, downstream elevation, 
sinuosity, gradient, bankfull width 

13 288.99 1.77 E-63 

Upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 5 61.18 5.19 E-14 
Log drainage area, MWAT, (MWAT)2 , mean elevation, Melton’s R, K factor, 
percent wetland, percent lake, bankfull width 9 250.24 4.58 E-55 
Log drainage area, MWAT, upstream elevation, downstream elevation, 
sinuosity, gradient, bankfull width 7 204.48 3.95 E-45 

Upstream elevation, downstream elevation, sinuosity, gradient, bankfull width 5 351.11 5.73 E-77 
Sinuosity, bankfull width 2 0 1 
Upstream elevation, downstream elevation, gradient, bankfull width 4 58.44 2.04 E-13 
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Table 3.15. Selected best-fit logistic regression models for predicting occurrence of Chinook salmon, coho salmon, 
bull trout, and rainbow trout in stream macroreaches within a subset of watershed groups within the 
Thompson Ecological Drainage Unit (EDU). 

Species Habitat Variables Coefficients (SEs) P 
Chinook salmon Intercept 

Mean Elevation 
Meltons R 
Loge (Drainage Area) 
Percent Lake 
Bankfull Width 

-0.8017 (4.415) 
-0.0032 (0.001) 
6.3084 (4.014) 
0.0502 (0.210) 

-0.1038 (0.058) 
0.0713 (0.011) 

0.856 
<0.001 

0.117 
0.811 
0.072 

<0.001 
Coho salmon Intercept 

Mean Elevation 
Meltons R 
KFactor 
Loge (Drainage Area) 
Percent Wetland 
Percent Lake 
Bankfull Width 

-9.5073 (3.488) 
-0.0022 (0.001) 
6.2114 (3.324) 

13.8237 (5.485) 
0.4504 (0.161) 

-0.0473 (0.247) 
-0.0935 (0.0421) 
0.0495 (0.009) 

0.007 
0.003 
0.062 
0.012 
0.005 
0.848 
0.027 

<0.001 
Bull trout Intercept 

Sinuosity 
Bankfull Width 

-2.035 (0.547) 
0.3648 (0.487) 
0.0228 (0.007) 

<0.001 
0.454 

<0.001 
Rainbow trout Intercept 

Sinuosity  
Bankfull Width 

2.0376 (0.4761) 
0.0530 (0.4154)  

-0.0365 (0.0072) 

<0.001 
0.899 

<0.001 
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Figure 3.6. Shape of Kappa curves for Chinook salmon, coho salmon, bull trout and rainbow trout for varied 
probability thresholds inputs for logistic models developed for macroreaches in a subset of watershed 
groups within the Thompson Ecological Drainage Unit. Kappa values  <0.4 are considered poor, 0.4-
0.75 good, and >0.75 excellent model prediction over chance. 
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Table 3.16. Classification analysis for predicted occurrence probabilities for the best-fit logit macroreach model for 
Chinook salmon in a subset of watershed groups within the Thompson Ecological Drainage Unit 
(EDU). Yellow highlighted probability represents threshold(s) providing ‘best’ improvement in 
occurrence prediction over chance. Green highlighted probabilities could generate relatively good 
models (Kappa>0.4) based on choice of desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.00 0.00 0.00 
0.02 98.86 19.61 0.06 
0.04 95.45 42.93 0.15 
0.06 92.05 58.13 0.24 
0.08 85.23 67.31 0.29 
0.10 79.55 74.20 0.33 
0.12 78.41 78.45 0.38 
0.14 72.73 81.27 0.39 
0.16 67.05 83.92 0.39 
0.18 64.77 87.10 0.43 
0.20 63.64 89.05 0.46 
0.22 60.23 90.64 0.47 
0.24 56.82 91.70 0.47 
0.26 53.41 92.58 0.46 
0.28 51.14 93.29 0.46 
0.30 47.73 94.70 0.46 
0.32 46.59 95.58 0.47 
0.34 45.45 95.94 0.47 
0.36 43.18 95.94 0.45 
0.38 43.18 96.47 0.46 
0.40 39.77 97.00 0.44 
0.42 37.50 97.00 0.42 
0.44 34.09 97.35 0.40 
0.46 32.95 97.70 0.39 
0.48 31.82 97.70 0.38 
0.50 31.82 98.06 0.39 
0.52 31.82 98.06 0.39 
0.54 27.27 98.23 0.34 
0.56 26.14 98.41 0.34 
0.58 26.14 98.59 0.34 
0.60 25.00 98.59 0.33 
0.62 25.00 98.59 0.33 
0.64 22.73 98.76 0.30 
0.66 22.73 98.94 0.31 
0.68 19.32 98.94 0.27 
0.70 19.32 98.94 0.27 
0.72 19.32 98.94 0.27 
0.74 18.18 98.94 0.25 
0.76 18.18 98.94 0.25 
0.78 15.91 98.94 0.22 
0.80 15.91 98.94 0.22 
0.82 15.91 98.94 0.22 
0.84 14.77 98.94 0.21 
0.86 13.64 99.12 0.19 
0.88 9.09 99.12 0.13 
0.90 5.68 99.12 0.08 
0.92 5.68 99.29 0.08 
0.94 4.55 99.65 0.07 
0.96 2.27 99.65 0.03 
0.98 0.00 100.00 0.00 
1.00 0 100 0 

1 Model sensitivity defined as the percent of ‘Chinook’ occurrence macroreaches correctly classified 
2 Model specificity defined as the percent of ‘no Chinook’ occurrence macroreaches correctly classified 
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Table 3.17. Classification analysis for predicted occurrence probabilities for the best-fit logit macroreach model for 
coho salmon in a subset of watershed groups in the Thompson Ecological Drainage Unit (EDU). 
Yellow highlighted probability represents threshold(s) providing ‘best’ improvement in occurrence 
prediction over chance. Green highlighted probabilities could generate relatively good models 
(Kappa>0.4) based on choice of desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.00 0.00 0.00 
0.02 100.00 7.17 0.04 
0.04 100.00 20.32 0.11 
0.06 98.77 25.50 0.14 
0.08 96.91 39.04 0.22 
0.10 94.44 49.00 0.29 
0.12 88.27 56.37 0.31 
0.14 86.42 63.55 0.37 
0.16 85.19 69.92 0.44 
0.18 81.48 73.90 0.46 
0.20 80.25 76.49 0.48 
0.22 79.63 77.09 0.48 
0.24 79.01 79.48 0.51 
0.26 77.78 80.88 0.52 
0.28 76.54 82.27 0.53 
0.30 72.84 83.27 0.52 
0.32 72.22 85.66 0.55 
0.34 69.75 87.85 0.56 
0.36 67.90 88.84 0.56 
0.38 65.43 90.24 0.56 
0.40 62.35 91.43 0.56 
0.42 60.49 91.43 0.54 
0.44 58.64 91.83 0.53 
0.46 56.17 92.43 0.52 
0.48 54.94 92.83 0.52 
0.50 54.32 93.23 0.52 
0.52 53.09 94.22 0.52 
0.54 50.00 94.42 0.50 
0.56 46.30 94.62 0.47 
0.58 43.83 94.82 0.45 
0.60 38.27 95.82 0.41 
0.62 34.57 96.81 0.39 
0.64 30.25 96.81 0.34 
0.66 29.01 97.41 0.34 
0.68 25.93 97.61 0.30 
0.70 24.07 97.81 0.29 
0.72 21.60 97.81 0.26 
0.74 20.99 97.81 0.25 
0.76 19.75 98.01 0.24 
0.78 16.05 98.21 0.19 
0.80 15.43 98.21 0.19 
0.82 15.43 98.21 0.19 
0.84 14.20 98.21 0.17 
0.86 13.58 98.41 0.17 
0.88 13.58 98.61 0.17 
0.90 11.73 98.80 0.15 
0.92 9.26 98.80 0.11 
0.94 6.17 99.20 0.08 
0.96 4.94 99.20 0.06 
0.98 3.09 99.20 0.03 
1.00 0.00 100.00 0.00 

1 Model sensitivity defined as the percent of ‘coho’ occurrence macroreaches correctly classified 
2 Model specificity defined as the percent of ‘no coho’ occurrence macroreaches correctly classified 
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Table 3.18. Classification analysis for predicted occurrence probabilities for the best-fit logit macroreach model for 
bull trout in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU). 
Yellow highlighted probability represents threshold(s) providing ‘best’ improvement in occurrence 
prediction over chance. Green highlighted probabilities could generate relatively good models 
(Kappa>0.4) based on choice of desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.00 0.00 0.00 
0.02 100.00 0.37 0.00 
0.04 100.00 2.98 0.01 
0.06 100.00 7.64 0.03 
0.08 98.36 17.50 0.07 
0.10 90.98 35.01 0.13 
0.12 87.70 52.51 0.23 
0.14 84.43 61.45 0.29 
0.16 74.59 72.07 0.34 
0.18 69.67 74.67 0.34 
0.20 67.21 77.28 0.35 
0.22 61.48 79.33 0.34 
0.24 57.38 81.38 0.34 
0.26 53.28 83.61 0.34 
0.28 52.46 85.10 0.35 
0.30 48.36 87.71 0.36 
0.32 46.72 89.01 0.36 
0.34 42.62 91.25 0.37 
0.36 40.16 92.18 0.36 
0.38 33.61 92.55 0.30 
0.40 28.69 94.04 0.28 
0.42 23.77 94.97 0.24 
0.44 21.31 95.72 0.22 
0.46 17.21 95.72 0.17 
0.48 14.75 96.09 0.15 
0.50 13.11 97.02 0.14 
0.52 8.20 98.14 0.09 
0.54 7.38 98.51 0.09 
0.56 7.38 98.51 0.09 
0.58 6.56 98.70 0.08 
0.60 4.92 99.44 0.07 
0.62 2.46 99.44 0.03 
0.64 1.64 99.44 0.02 
0.66 0.00 99.63 0.00 
0.68 0.00 100.00 0.00 
0.70 0.00 100.00 0.00 
0.72 0.00 100.00 0.00 
0.74 0.00 100.00 0.00 
0.76 0.00 100.00 0.00 
0.78 0.00 100.00 0.00 
0.80 0.00 100.00 0.00 
0.82 0.00 100.00 0.00 
0.84 0.00 100.00 0.00 
0.86 0.00 100.00 0.00 
0.88 0.00 100.00 0.00 
0.90 0.00 100.00 0.00 
0.92 0.00 100.00 0.00 
0.94 0.00 100.00 0.00 
0.96 0.00 100.00 0.00 
0.98 0.00 100.00 0.00 
1.00 0.00 100.00 0.00 

1 Model sensitivity defined as the percent of ‘bull trout’ occurrence macroreaches correctly classified 
2 Model specificity defined as the percent of ‘bull trout’ occurrence macroreaches correctly classified 
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Table 3.19. Classification analysis for predicted occurrence probabilities for the best-fit logit macroreach model for 
rainbow trout in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU). 
Yellow highlighted probability represents threshold(s) providing ‘best’ improvement in occurrence 
prediction over chance. Green highlighted probabilities could generate relatively good models 
(Kappa>0.4) based on choice of desired sensitivity vs. specificity. 

Probability Threshold Sensitivity 1 Specificity 2 Kappa 
0.00 100.00 0.00 0.00 
0.02 99.62 0.00 -0.01 
0.04 99.62 0.00 -0.01 
0.06 99.62 3.91 0.06 
0.08 99.62 3.91 0.06 
0.10 99.62 5.47 0.08 
0.12 99.44 7.81 0.11 
0.14 99.44 8.59 0.12 
0.16 99.44 9.38 0.13 
0.18 99.25 10.16 0.14 
0.20 99.25 10.94 0.15 
0.22 99.25 13.28 0.18 
0.24 99.06 14.84 0.20 
0.26 98.68 15.63 0.20 
0.28 98.68 15.63 0.20 
0.30 98.49 15.63 0.20 
0.32 98.31 15.63 0.20 
0.34 98.31 16.41 0.21 
0.36 98.31 16.41 0.21 
0.38 98.31 17.19 0.22 
0.40 97.74 17.19 0.21 
0.42 97.55 18.75 0.22 
0.44 96.80 18.75 0.21 
0.46 96.42 22.66 0.25 
0.48 95.67 25.78 0.27 
0.50 94.73 28.13 0.28 
0.52 94.54 33.59 0.34 
0.54 93.79 39.06 0.38 
0.56 93.41 42.97 0.41 
0.58 93.41 44.53 0.42 
0.60 93.41 46.88 0.45 
0.62 92.47 49.22 0.45 
0.64 92.09 53.13 0.48 
0.66 90.77 58.59 0.50 
0.68 90.21 60.94 0.51 
0.70 89.27 63.28 0.51 
0.72 88.14 66.41 0.51 
0.74 87.19 68.75 0.52 
0.76 86.06 71.88 0.52 
0.78 83.80 73.44 0.50 
0.80 81.73 77.34 0.49 
0.82 78.72 78.13 0.45 
0.84 74.95 79.69 0.41 
0.86 71.94 82.81 0.40 
0.88 63.09 84.38 0.31 
0.90 50.85 88.28 0.23 
0.92 33.52 92.97 0.13 
0.94 12.81 98.44 0.05 
0.96 0.56 99.22 0.00 
0.98 0.00 100.00 0.00 
1.00 0.00 100.00 0.00 

1 Model sensitivity defined as the percent of ‘rainbow trout’ occurrence macroreaches correctly classified 
2 Model specificity defined as the percent of ‘rainbow trout’ occurrence macroreaches correctly classified 
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Table 3.20. Final classification analysis for the selected statistically best fit macroreach models for Chinook 
salmon, coho salmon, bull trout and rainbow trout in a subset of watershed groups within the 
Thompson Ecological Drainage Unit (EDU). All final species models selected were considered of 
intermediate overall model accuracy, where an AUC of 0.5-0.7 represents poor, 0.7-0.9 represents 
intermediate and > 0.9 represents high model accuracy. Selected ‘best’ probability thresholds were 
considered to provide good performance over chance for Chinook, coho and rainbow trout but not for 
bull trout; where a Kappa value <0.4 is considered poor, 0.4-0.75 good, and >0.75 excellent model 
prediction over chance. 

Species AUC Probability Threshold Kappa 
Chinook salmon 0.857 0.22 0.47 

Coho salmon 0.862 0.34 0.56 

Bull trout 0.787 0.34 0.37 

Rainbow trout 0.830 0.74 0.52 
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Figure 3.7. Predicted occurrence of Chinook salmon in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU) 
based on varied probability thresholds. The center map threshold (P=0.22) represents the ‘best” overall improvement over chance, the left map 
threshold (P=0.18) represents a ‘good’ model with highest sensitivity, the right map threshold (P=0.44) represents a “good’ model with highest 
specificity. Green macroreaches = species present, red macroreaches = species absent.
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Figure 3.8. Predicted occurrence of coho salmon in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU) 
based on varied probability thresholds. The center map threshold (P=0.34) represents the ‘best” overall improvement over chance, the left map 
threshold (P=0.16) represents a ‘good’ model with highest sensitivity, the right map threshold (P=0.60) represents a “good’ model with highest 
specificity. Green macroreaches = species present, red macroreaches = species absent.
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Figure 3.9. Predicted occurrence of bull trout in macroreaches in a subset of watershed groups within the 
Thompson Ecological Drainage Unit (EDU) based on varied probability thresholds. This probability 
threshold (P=0.34) represents the single ‘best” overall improvement over chance. Green macroreaches 
= species present, red macroreaches = species absent. No macroreach models for bull trout were 
considered ‘good’ predictors over chance, based on a desired Kappa value > 0.4.
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Figure 3.10. Predicted occurrence of rainbow trout in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU) 
based on varied probability thresholds. The center map threshold (P=0.74) represents the ‘best” overall improvement over chance, the left map 
threshold (P=0.56) represents a ‘good’ model with highest sensitivity, the right map threshold (P=0.86) represents a “good’ model with highest 
specificity. Green macroreaches = species present, red macroreaches = species absent.
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A B 

Figure 3.11. Predicted distribution of Chinook salmon in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit 
(EDU) based on A) the statistically ‘best’ probability threshold for occurrence, plus B) incorporated predicted passage restriction upstream of 
identified barriers. Green macroreaches = species present, red macroreaches = species absent. 
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Figure 3.12. Predicted distribution of coho salmon in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU) 
based on A) the statistically ‘best’ probability threshold for occurrence, plus b) incorporated predicted passage restriction upstream of identified 
barriers. Green macroreaches = species present, red macroreaches = species absent. 
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Figure 3.13. Predicted distribution of bull trout in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU) based 
on A) the statistically ‘best’ probability threshold for occurrence, plus B) incorporated predicted passage restriction upstream of identified 
barriers. Green macroreaches = species present, red macroreaches = species absent. 
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Figure 3.14. Predicted distribution of rainbow trout in macroreaches in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU) 
based on A) the statistically ‘best’ probability threshold for occurrence, plus B) incorporated predicted passage restriction upstream of identified 
barriers. Green macroreaches = species present, red macroreaches = species absent.
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3.2 Abundance 

3.2.1 Stream Reach Scale Models 

Three key geomorphic metrics (mean channel width, mean reach gradient, and confinement class) are 
measured within FDIS surveys and were evaluated in relation to CPUE for our CART models. For our 
analyses CPUE represents a measure for defining categories of relative abundance, as a measure of 
potential habitat capacity. The observed relationship of the measured habitat metrics to electroshocking 
CPUE of juveniles of each species within sampled Interior region streams is illustrated in Figures 3.15 to 
3.17. CPUE was greatest in smaller streams for all species, particularly for coho and rainbow trout. Coho 
was only captured in smaller streams while the other species were also captured in the largest streams 
within the FDIS database. CPUE in the larger streams was highest for bull trout and rainbow trout, while 
rainbow trout displayed the highest general CPUE of any of the species. All species were present across 
the range of stream gradients in the FDIS database, with rainbow trout and coho showing the highest 
CPUE in low gradient streams. Bull trout showed the highest CPUE in higher gradient streams. There 
was no discernible difference in CPUE within different confinement classes defined by FDIS surveys, 
either within species or across species.  
 
Cross validation plots of the combined habitat predictors within our classification and regression tree 
analysis (Figure 3.18) failed to identify statistically distinct separators of CPUE response for any of the 
four species using standard splitting criteria. As indicated in Section 3 we therefore relaxed our 
complexity parameter (CP) criteria to allow greater freedom for the CART process to generate splits 
around smaller differentiations in CPUE. The results of this CART splitting for CPUE categories are 
illustrated for each species in Figure 3.19. All species split into relatively distinct CPUE categories at 
varied gradient and channel width differentiations. Channel confinement did not appear as a significant 
predictor of CPUE categories for any species, even with more relaxed CART splitting criteria. Box plots 
in Figure 3.20 illustrate how distinct the defined CPUE categories are in reality. Median values are quite 
distinct for some of the categories within species, as is the extent of the range of possible CPUE response. 
This, for our purposes of evaluating potential capacity based on habitat, is actually more important than a 
specific abundance prediction (i.e., we are interested in the potential maximum capacity of a habitat class 
not a tight prediction of abundance for a particular instance). But there is also considerable overlap in 
response that makes clear category separations problematic. As sample size for coho salmon in the 
Interior Freshwater Ecoregion was quite small (n = 60) we ran an additional CART analysis for the full 
provincial FDIS electroshocking dataset to compare patterns. While some level of ecoregional variation in 
absolute abundances would be expected and likely affect the response it was encouraging that the overall 
provincial splitting along the habitat features showed similarities to that illustrated for the smaller Interior 
dataset, with the first CPUE split being made at almost the same gradient criteria (3.05% vs.3.25%).  
 
However for coho and other species we must consider that our habitat capacity classifications are at best 
suggestive of definable differences in CPUE response, and are not statistically significant. Greater 
separation of these CPUE classifications could come about through increased directed sampling to better 
clarify these habitat differences. Or perhaps more immediately feasible, to introduce into the analysis 
additional predictor habitat variables (that must be simple and obtainable through remote sensing) that 
could better define habitat differences influencing abundance at the reach scale. 
 
The species CPUE categories developed through our CART analyses were used to define intrinsic habitat 
capacity categories for each macroreach within the defined distribution of a species using the derived 
algorithms listed below. 
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Three juvenile rearing habitat capacity categories (LOW, MEDIUM, HIGH): 
 

CHINOOK 
 

1) If Gradient < 3.25% and Bankfull Width >= 15m Then LOW 
2) If Gradient < 3.25% and Bankfull Width <15m Then MODERATE 
3) If Gradient >= 3.25% and Bankfull Width >=2.6m Then MODERATE 
4) If Gradient >= 3.25% and Bankfull Width <2.6m Then HIGH 
5) If Channel Type = Lake Then LAKE 

 
BULL TROUT 

 
1) If Bankfull Width < 3.05m Then LOW 
2) If Bankfull Width >= 3.05m and Bankfull Width <=3.35m and Gradient < 9.75% Then LOW 
3) If Bankfull Width >= 3.05m and Bankfull width <=3.35m and Gradient >= 9.75% Then 

MEDIUM 
4) If Bankfull Width >3.35m, Then HIGH 
5) If Channel Type = Lake Then LAKE 

 
COHO 

 
1) If Gradient >= 3.25% Then LOW 
2) If Gradient <3.25% and Gradient >2.45% Then HIGH 
3) If Gradient <=2.45% and Bankfull Width <1.75m Then LOW 
4) If Gradient <=2.45% and Bankfull Width >=1.75m Then MEDIUM 
5) If Channel Type = Lake Then LAKE 

 
RAINBOW TROUT 

 
1) If Gradient <0.85% Then LOW 
2) If (Gradient >=0.85% and <7.4%) and Bankfull width <2.05m Then MEDIUM 
3) If (Gradient >=0.85% and <7.4%) and (Bankfull width >=2.05m and<8.05m) Then HIGH 
4) If (gradient >=0.85% and < 7.4%) and Bankfull width >=8.05m Then MEDIUM 
5) If gradient >= 7.4% then MEDIUM 
6) If Channel Type = Lake Then LAKE 

 
 
GIS derived maps of these habitat capacity categories are shown overlaying the defined ‘final’ upstream 
distribution extents (i.e., ‘best’ habitat probability thresholds + barrier passage probabilities) for Chinook 
salmon, coho salmon, bull trout and rainbow trout in Figures 3.22 to 3.25 respectively. 
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Figure 3.15. Catch per unit effort (CPUE) for juvenile electroshocking of our four selected species vs. mean 

channel (bankfull) width as measured in the field at FDIS survey sites in the Interior Freshwater 
Ecoregion. 
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RAINBOW TROUT COHO 

BULL 
TROUT 

CHINOOK 

Figure 3.16. Catch per unit effort (CPUE) for juvenile electroshocking of our four selected species vs. mean reach 
gradient as measured in the field at FDIS survey sites in the Interior Freshwater Ecoregion. 
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Figure 3.17. Catch per unit effort (CPUE) for juvenile electroshocking of our four selected species vs. reach 
confinement as qualitatively assessed in the field at FDIS survey sites in the Interior Freshwater 
Ecoregion. Box plots representing the median, interquartile range, and the highest and lowest non-
outlier observations of juvenile electrofishing CPUE (plus outliers). 
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CHINOOK COHO 

RAINBOW TROUT BULL TROUT 

 

Figure 3.18. Cross-validation plots of regression trees for our four selected fish species. The Y-axis shows the 
cross-validation relative error while the X-axis shows the size of the regression tree. Use of the 
standard cross-validation criteria failed to split CPUE data for any species, so rules were relaxed to 
generate splits. 
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Figure 3.19. Classification and regression tree (CART) splitting of macroreach habitat descriptors of mean 

catch per unit effort (CPUE) for juvenile electroshocking data from FDIS surveys for our four 
selected fish species within the Interior Freshwater Ecoregion. 
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RAINBOW TROUT COHO 

BULL TROUT CHINOOK 

Figure 3.20.  Box plots representing the median, interquartile range, and the highest and lowest non-outlier 
observations of juvenile electrofishing CPUE (plus outliers), at each terminal node in the fish species 
CART trees shown in Figure 3.19. 

 
 

73 



Developing Fish Habitat Models for Broad-Scale 
Forest Planning in the Southern Interior of B.C. 

 

Figure 3.21. Classification and regression tree (CART) splitting of macroreach habitat descriptors of mean catch 
per unit effort (CPUE) for electroshocking of juvenile coho salmon from the full provincial FDIS 
dataset. Shown for comparison to the CART splits for the Interior Freshwater Ecoregion derived from 
a much smaller fish dataset. 
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Figure 3.22. Predicted capacity of rearing habitat for juvenile Chinook salmon within the species defined ‘final’ 
distribution in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU). 
Green macroreaches = high capacity, yellow macroreaches = medium capacity, red macroreaches = 
low capacity, blue macroreaches = lake habitats (not evaluated) 
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Figure 3.23. Predicted capacity of rearing habitat for juvenile coho salmon within the species defined ‘final’ 
distribution in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU). 
Green macroreaches = high capacity, yellow macroreaches = medium capacity, red macroreaches = 
low capacity, blue macroreaches = lake habitats (not evaluated) 
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Figure 3.24. Predicted capacity of rearing habitat for juvenile bull trout within the species defined ‘final’ 
distribution in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU). 
Green macroreaches = high capacity, yellow macroreaches = medium capacity, red macroreaches = 
low capacity, blue macroreaches = lake habitats (not evaluated) 
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Figure 3.25. Predicted capacity of rearing habitat for juvenile rainbow trout within the species defined ‘final’ 
distribution in a subset of watershed groups within the Thompson Ecological Drainage Unit (EDU). 
Green macroreaches = high capacity, yellow macroreaches = medium capacity, red macroreaches = 
low capacity, blue macroreaches = lake habitats (not evaluated) 
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4. Discussion 

4.1 Distribution 

Past habitat models (Porter and Frid 2004; Porter and Nelitz 2006) developed for predicting BC fish 
species distributions at the 1:50,000 scale have used province-wide relationships. An approach that would 
improve the precision of model prediction is to delineate ecoregions or land-water ecosystems that 
encompass areas of homogeneous climate, geology, landform, soils, etc. and then develop models applied 
specifically to those prescribed areas (Fausch et al. 1998). When evaluated over broad scales, large 
regional gradients in key factors (e.g., hydrology, geology, climate, water temperature, and 
zoogeography) often seem to drive the large-scale spatial patterns in the distribution and abundance of 
fish (Creque et al. 2005). For example Pusey et al. (2000) found that regional landscape features 
explained most of the variation in species assemblages and fish density in Australian streams. We have 
adopted a regionally based approach in this project by employing the recently developed EAU BC GIS 
layer as the frame for our fish species models. EAU BC has delineated Freshwater Ecoregions and nested 
Ecological Drainage Units based on consistent zoogeographic, climatic and physiographic patterns that 
define homogeneous freshwater systems in the province (Ciruna et al. 2007). The fish models we 
developed are therefore intended for application only within the Thompson EDU of the Interior 
Freshwater Ecoregion, with the intent that further models would be created specific to different EAU BC 
defined Freshwater Ecoregions and/or EDU’s, with the possible scales of spatial resolution dependent on 
the intensity of existing fish inventory within the different Freshwater Ecoregions. For example the 
Thompson EDU represents a relatively rich source of fish data, but other areas with more sparse historical 
data will likely require additional fish inventories to generate sufficient sample sizes to generate 
Freshwater Ecoregion or EDU specific models. EAU BC’s hierarchical classification of freshwater 
systems shows promise as a way to improve prediction of fish response to habitat features. The province’s 
analogous terrestrial biogeoclimatic ecosystem classification system has already been shown helpful in 
predicting differences in water quality in small streams (Luider et al. 2006), and EAU BC’s aquatics-
based approach likely captures elements of more critical importance in shaping fish communities. 
Continuing validation of EAU BC aquatic unit delineations will likely be required, however, to bolster 
their usefulness as the frame for habitat models. Wright et al. (1998) cautioned that it is important to 
ensure that there is some congruence between patterns of biota and ecoregional designations if such 
designations are to be used as conservation planning tools. 
 
Predictive habitat models such as we attempting to develop are recognized as a useful tool in the 
management of fisheries resources (Ecometric 2000, Olden et al. 2002). Logistic regression models are 
particularly useful as they provide testable hypotheses about the influence of environmental variables on 
species occurrence. Such models provide an explicit quantitative link between multiple predictor 
variables and species response while accounting for interactions among the variables, and often have 
good predictive ability (Manel et al. 1999). Being able to evaluate the influence of multiple predictors is 
undoubtedly valuable. For example Rosenfeld et al. 2000 were unable to predict coho occurrence/or 
density in provincial streams based strictly on stream size (although they could for cutthroat trout), as 
presence of coho in both small streams and larger river sites made prediction of presence based on 
channel width alone unreliable. However, these logistic models are empirically based and provide only 
indirect evidence for causative relationships between habitat and the occurrence of fish species 
(Rosenfeld 2003). Unlike mechanistic models and true experiments, these descriptive approaches cannot 
indicate cause-effect relations. Additional research is needed to elucidate underlying mechanisms behind 
the broad scale relationships identified by such models. Logistic models like this also need to validated 
not only to evaluate their reliability at describing the current status of the system, but ultimately for their 
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ability to predict the future state of the system after major habitat change (e.g. barrier removal, 
temperature changes) (Rashleigh et al. 2005). 
 
Most studies that have explored habitat models for describing fish species distribution in streams have not 
(as we have done here) simultaneously included both watershed and reach-scale features in the models or 
considered competing models of reach and watershed scale variables (Rich et al. 2006). Some past 
analyses looking at scale affects on species occurrence have found that landscape features alone explain 
less variation than that explained by local-habitat features (Hawkins et al. 2000). It has been suggested 
that the predictive power of watershed-scale models may, in part, be due to high multicollinearity 
between watershed variables and local-habitat features (Rich et al. 2006). Although this would not 
exclude the utility of prediction based solely on watershed or else solely on stream reach characteristics, 
we feel that the nested watershed/macroreach hierarchical approach we have adopted for predicting 
occurrence in streams represents the best approach. In our analyses the role of spatial dependency (i.e., 
multiple stream reaches nested with a common watershed) as a predictor has been explicitly accounted for 
in our logistic regression models. The AIC-based model selection approach we adopted allowed us to 
evaluate competing models about factors most important for determining fish species occurrence in 
streams within a subset of the Thompson EDU. For some species the resultant best model predictions 
were from a mix of watershed and reach scale variables, for other species solely reach scale. But by 
taking the hierarchical approach we have greater confidence that the selected variables (watershed and/or 
reach-based) have true predictive power in regards to fish species occurrences in stream macroreaches, 
unrelated to spatial dependencies. 
 
A number of factors will contribute to limiting the upstream occurrence of fishes in stream networks, 
other than habitat suitability. Physical barriers, both natural and manmade, play a major role in restricting 
fish movement. Fish populations will not be found above certain barriers even when seemingly 
appropriate habitat is present, reflecting historical lack of access to these habitats or extirpation of these 
populations by some rare climatic or disturbance event (Fransen et al. 2006). Diminishing channel size is 
also an important factor in restricting distribution. For example, the upstream extent of fish distribution in 
Western Washington has been found to be heavily influenced by both stream size and channel gradient 
(Fransen et al. 2006). Within this pilot project we have developed a probability-based approach for 
incorporating both a continuum of habitat-based and discrete barrier-based elements into a composite 
prediction of the extent of upstream fish distribution. Currently the spatial resolution for our analyses has 
been the length of a defined 1:50K stream macroreach (which is variable). Through our understanding of 
the required GIS analyses developed through our work on this pilot, we can in the future extend this 
approach to further parse out stream networks into smaller sized sections (e.g., 100m, 200m long, etc.). 
We can now also calculate key channel morphology metrics (bankfull width, gradient) at those section 
breaks and in conjunction with the locations of identified barriers, we will be able to model predicted fish 
distribution limits with much greater precision. 
 

4.2 Abundance 

The use of a few GIS derived variables to predict broad categories of juvenile rearing capacity is 
dependent on establishing field-based relationships between those variables and fish abundance response. 
Although this approach has provided the basis for GIS modeling of ‘intrinsic potential’ of stream habitat 
capacity in the US Pacific Northwest (Agrawal et al. 2005; Burnett et al. 2007) our attempt to establish 
direct empirical relationships using the province’s FDIS data as the foundation was problematic. Our 
CART analysis approach was able to split our fish response dataset (CPUE) into low, medium and high 
categories based strictly on macroreach gradient and bankfull width (confinement  didn’t emerge as a 
strong predictor) for mapping of rearing habitat capacity for all selected species. However, our CART-
based habitat categories for relative CPUE were not statistically distinct for any of our species. This may 
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indicate that either our sample size or our limited set of predictor variables were not sufficient to define 
the shape of the fish response in the presence of considerable data noise. Although variations of this 
approach have been championed recently by Technical Recovery Teams in the US they do indicate 
instances where the assumptions of presumed capacity seem overly simplistic (Agrawal et al. 2005). 
Although the approach is promising, relating additional field-based habitat measurements to remote-
sensed surrogates that could be represented within a GIS may be necessary to improve the ability to 
model reach-level habitat capacity. This will involve further GIS analyses to derive such variables. 
Additionally, we based our habitat capacity categories on relationships derived empirically from FDIS 
field data; as such the approach can be constrained by the quality of this field data. An alternative 
approach is to determine predictor categories (index scores) of habitat capacity based on review of the 
published literature and a consensus of expert opinion. This has been the approach used recently by 
Burnett et el. (2007) for establishing intrinsic potential categories for coho salmon and steelhead in stream 
reaches in Oregon. Although not as statistically robust as the approach piloted in this report, it does 
provide a simpler and quicker way of generating agreed to categories of habitat capacity in stream 
reaches, perhaps through consensus on relationships attained through discussions at a workshop. 
However, any reach scale relationships agreed to in this manner would require extensive field validation. 

5. Conclusions and Management Implications 

A broadscale perspective is increasingly recognized as important for identifying critical habitat for 
salmonids and other fish (Burnett et al. 2007). Collection of field data in the province and associated 
analytical methods has had difficulty matching this need. The province’s FDIS sampling and related 
FHAT model (Ecometric 2000) have provided essential information for fish/forestry management at 
smaller spatial scales. However, comprehensive information on fish distributions and the location of 
stream reaches with the greatest potential to provide high quality rearing habitat for salmonids and other 
fish species is still generally lacking at the regional or provincial scale. Continued development of the 
broader ecoregionally-based species distribution and habitat capacity models that we have piloted here 
could be of considerable benefit to land managers. Such models (based on landscape features) should help 
regional managers evaluate the broader distribution of fish species of management concern, the current 
condition of freshwater habitat, the potential for future habitat impacts on different fish species, and the 
possible value of proposed restoration activities (Burnett et al. 2007). Environmental agencies in BC have 
increasingly restricted time, money and manpower to put toward field surveys. This limits the ability to 
comprehensively inventory and monitor aquatic systems in the province. In the absence of such critical 
information needs, landscape models such as these can provide managers with a useful input to their 
decision processes. More than anything else they are intended as a first step in directing managers to areas 
where new field-based surveys would be most beneficial. Model predictions (once generally vetted) from 
habitat models can also be used as benchmarks for comparison with actual survey data and for directing 
management effort to areas where there is a mismatch between predicted and observed species 
occurrence/abundance (Creque et al. 2005). 
 
It is becoming increasingly feasible to predict species distribution and abundance using GIS technology 
and statistical models, based on key landscape features that might drive fish species response. Such 
models can often make efficient use of site-scale data that have already been collected (Creque et al. 
2005). This is the approach we have adopted for this pilot, where we have attempted to link field-
collected distribution and abundance data available within historical fisheries datasets to habitat data 
available within GIS at the landscape scale. Maps developed within GIS to demonstrate varied model 
outputs provide an opportunity for biologists/managers to visually compare their own inherent spatial 
models of fish species occurrence and habitat capacity with those developed mathematically (McCleary & 
Hassan 2008). These mapped representations can facilitate continuing dialogue on how to improve 
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modeling approaches and advance our understanding of factors affecting fish distribution and abundance 
at broad scales. However, there are limits to the accuracy of prediction that can occur when only 
landscape data are used. Landscape scale analyses can suggest general habitat constraints and linkages to 
key local-scale habitat features that affect distribution and abundance. But longer term studies on smaller 
spatial scales are needed to identify biotic interactions such as predation and competition and impacts of 
habitat degradation that are important, but are unlikely to be evident at the landscape scale (Jordan 2003; 
Creque et al. 2005). Thus it is necessary to develop continuing analyses of fish habitat use at both local 
and landscape scales that will complement each other.  
 
Our approach to modeling habitat capacity was to use a set of field-collected data on juvenile abundance 
that we could relate to simple geomorphic variables that can also be reliably captured through remote 
sensed methods. We used this information to subsequently map the geographic distribution of high 
‘intrinsic potential’ stream reaches across our selected pilot area. The advantage of this approach is that it 
provides a way to consistently evaluate stream reaches over broad areas using remote sensed data (e.g., 
digital elevation, precipitation) that is now readily available for the province, and which will continue to 
be difficult to acquire using field-collection data methods. Habitat capacity models that incorporate only a 
few landform controls but not other abiotic or biotic factors will, however, have limitations (Burnett et 
a.2007). For example, stream reaches identified as having high intrinsic potential for coho salmon in the 
US southern Interior based on broadly defined stream geomorphology were ultimately eliminated as 
suitable habitat given elevated summer water temperatures (Agrawal et al. 2005). In addition, 
interspecific competition is well documented among stream fishes and thus the perceived suitability of a 
stream reach can be reduced due to the presence/density of competitors/predators. Such competitive 
interactions are difficult to evaluate at broad scales (Fausch 1998). Although our analyses were confined 
purposefully to fish data from a single region (the BC Interior) to minimize broader patterns that would 
have influence on juvenile abundances distinct from geomorphic considerations, it is possible that even at 
subwatershed scales there may be inherent differences in the capacity to support higher juvenile densities 
(Thompson and Lee 2000). Further work on refining habitat predictors of abundance that better reflect 
this inherent watershed variation in capacity, and can also be captured effectively through remote sensed 
techniques, will likely need to be pursued to allow reliable broad based mapping of differences in juvenile 
rearing capacity. 
 
Our models indicated that broad landscape-scale measurements obtained from GIS analysis have utility 
for predicting fish species distribution in watersheds and macroreaches at the 1:50K scale. The watershed 
models represent an improvement in data sources, GIS analysis and statistical validity over previous 
modeling exercises at this spatial scale (Porter and Frid 2004; Porter and Nelitz 2006). Further field 
validation is required to determine the reliability of these predictions at watershed scale. The macroreach 
models represent the first effort (to our knowledge) to model predicted fish species distribution using this 
1:50K hydrology layer. Again, field validation is required to evaluate the reliability of predictions of 
reach-specific species occurrences and the extent of upstream fish distributions. Several factors could 
account for incorrect classifications that occur within the species models. Since we have limited our 
analyses to broad scale metrics currently available from remote sensed data for BC we are undoubtedly 
not capturing some other important habitat characteristics, such as water chemistry (e.g. dissolved 
oxygen, pH, conductivity), that might also shape fish distribution. Additionally there are likely to be 
factors other than habitat and barriers that we have not captured in our models and that will also influence 
the presence/abundance of fish including species interactions (competition and predation), fishing 
pressure, and management actions (e.g., fish stocking) (Rashleigh et al. 2005).  
 
Further work beyond this pilot should: 
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1. Complete bankfull width calculations for the remainder of streams within the Thompson EDU, so 
as to allow generation of modeled predictions for species distribution and juvenile rearing 
capacity for other macroreaches in the drainage. 

2. Develop the ability for users to manipulate probability inputs in the models more interactively, 
such as adjusting the assumptions around passage probabilities at different barriers or revising 
species probability thresholds to err on the side of conservation (i.e., increase tolerance for false-
positives for a particularly at-risk species), etc. to see how predicted distributions and capacity 
assessments would change. 

3. Field validate model predictions of distribution at the watershed and macroreach scale and habitat 
capacity at the macroreach scale, and use to adjust probability thresholds to best capture reality. 

4. Determine (perhaps within a workshop setting) how to best pursue/extend modeling of habitat 
capacity/quality at 1:50K scale (empirically based, mechanistic). 

5. Seek to extend the 1:50K distribution models for nested watershed/macroreaches to additional 
provincial freshwater ecoregions. 

6. Continue to build up the database of useable remote sensed attributes that can be tied to 
watersheds and stream hydrologies within GIS and used to improve habitat models at the 1:50K 
or 1:20K scale (eventually). 

7. Further develop methods for evaluating passage probabilities at barriers that can justifiably be 
incorporated into modeled predictions of upstream fish distribution. 

8. Incorporate additional fish species that are of provincial/federal concern in the analyses. 
9. Incorporate (where possible) additional abiotic factors such as chemical water quality and landuse 

that will also have an influence on fish distribution and abundance. 
10. Seek to integrate into the distribution and abundance models the role of biotic factors such as 

competition, predation and prey productivity. 
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Appendix 1. Agenda - Fraser Basin Threats and Values 
Coordination Meeting 

June 1st, 2007 
L2 meeting room at 60 Front Street, DFO Offices, Nanaimo, BC 

 
Purpose: 
 

1. Coordinate development of carrying capacity models  
2. Develop list of data layers required for threats analysis    

 
9:00 a.m. Introductions and Review of Agenda (Art Tautz) 
 

 Watershed Values Session 
  

9:10 a.m. ESSA Carrying Capacity Project (Marc Porter) 
 
9:30 a.m. Chinook Habitat Model (Chuck Parken) 
 
9:50 a.m. Chinook Spawning update (Jim Irvine)  
 
10:10 a.m. WET tool linkages with wild salmon (Eric Parkinson) 
 
10:30 a.m.      Break 
 
10:45 a.m.  Business planning session for Carrying Capacity  
   (determine feasibility, identify tasks and issues) 
 
12:00   Lunch 
 
1:00 p.m.  Carrying Capacity business planning (continued) 
 

Threats Assessment  
 

1:30 p.m.  Water Stewardship Risk assessment (Martin Carver) 
 
1:50 p.m.  Nature Conservancy update (Sara Howard) 
 
2:20 p.m.  Data layers for ecoregional planning (Dave Nicholson) 
 
2:40 p.m.  DFO approach to habitat data   Karen Kalla 
 
3:00 p.m. Break 
 
3:15 p.m. Data requirements discussion and list  all 
         
4:00 p.m.    Wrap up  
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